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SUMMARY 

The 2ZERO Partnership, between the European Commission (EC) and the private sector 

(EGVIAfor2Zero), has a work programme of research and innovation actions advancing vehicle and 

mobility system solutions in Europe. 2ZERO has a defined set of Key Performance Indicators (KPIs) 

related to its General, Specific and Operational Objectives. These Objectives, together with their 

measures of success and the KPIs are given in the Partnership’s Strategic Research and Innovation 
Agenda (SRIA).  

The Objectives have been set towards achieving a climate-neutral and clean road transport system by 

2050, with the use of 100% renewable energy carriers in road transport, in order for Europe to become 

the first climate-neutral continent. The introduction of zero tailpipe emission powertrain vehicles, such 

as Battery Electric Vehicles (BEV) and Fuel Cell Electric Vehicles (FCEV), is crucial for achieving climate 

neutrality within the road transport sector. This aligns with the pathway identified as a priority in the 

European Green Deal, which prioritizes sustainability and the well-being of EU citizens in economic 

policy, and places sustainable development goals at the core of European policies and related actions.  

As a consequence, in the last three years, the 2ZERO Partnership has promoted several European-

funded projects that are focused on its General and Specific Objectives, which, as such, are aimed at 

increasing the deployment of zero tailpipe emission vehicles, mitigating carbon dioxide (CO2) and other 

Green House Gases (GHG) emissions, as well as reducing the energy intensity of road transport. While 

a range of project results will be captured within LeMesurier Work Package 1 (WP1), which relates to 

the accounting of the “Direct KPIs”, the activity within WP2 of LeMesurier relates to the accounting of 

the “Compound KPIs” of the 2ZERO Partnership. These Compound KPIs are indicators related to 

complex measures of success, where multiple sources contribute to give the necessary information to 

determine the value of the KPI for the years 2025 to 2035. The following Compound KPIs have been 

identified: 

• GO.KPI.4: Number of New Vehicle Registrations of zero tailpipe emission vehicles; 

• GO.KPI.3: Reduction of CO2 emission; 

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

• SO.KPI.1: Ability of determining realistically and reliably the energy intensity. 

As elaborated in LeMesurier Deliverable D2.1: “Selection of the relevant 2ZERO projects for evaluation”, 
there are 32 2ZERO projects currently identified as being of relevance for the KPIs LeMesurier is aiming 

to assess. From the existing 2ZERO projects, 29 have topics that would provide suitable data for WP2. 

Nevertheless, given the duration of the LeMesurier project, there are only about 18 projects that will, 

feasibly, give input by the end of LeMesurier. 

The LeMesurier methodology foresees building on these project outcomes, which might come in 

different formats (e.g. component, vehicle or system performance), to assess the overall impact of the 

2ZERO Partnership on road transport across the whole of the EU along the identified Compound KPIs. 

In doing so, project outputs are either directly fed into the LeMesurier modelling suite – comprising of 

the models COPERT/SIBYL, PRIMES-TREMOVE and MOVEID – or translated to relevant model inputs 

via a common approach using, where relevant, a project-specific or a LeMesurier-developed Digital 

Twin.  

The use of the three different models within LeMesurier gives a perspective on the likely variation of the 

Compound KPIs. It provides a range of projections and dispersion of results to account for the impact 

of the 2ZERO projects and it allows for sensitivity analysis and an estimation of uncertainties. The three 

LeMesurier models have also been used to produce the respective baselines of the KPIs for comparison 
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of the impact of the 2ZERO Partnership, taking into account the model’s unique characteristics and 

focus.  

In collecting the relevant modelling inputs from each project, the selected 2ZERO projects have been 

categorized based on their areas of focus and their expected type of outcomes: Vehicle, Component, 

Infrastructure or Miscellaneous projects. All projects have been approached during a common data 

collection exercise, with a questionnaire which includes both common and tailored questions, the latter 

based on the respective project category.  

The LeMesurier methodology has also been put to practice with a pair of projects (ESCALATE and 

ZEFES) where early projected outcomes where available. This piloting exercise proved the functionality 

of the LeMesurier Digital Twin and the models’ capability to work with project outcomes, to project 

impacts and scale them at an EU level, providing a proof of concept for the methodology. The results 

from this pilot modelling exercise also exhibited that, although 2ZERO projects may have a potentially 

significant impact on the Compound KPI values, their impact is amplified as the fleet renewal advances 

mostly after 2035, as can be also seen in Figure 1 which presents an example of the pilot results from 

using COPERT/SIBYL to assess the impact of the ESCALTE project outcomes on Energy consumption 

within the EU, as compared to the baseline values. 

 

Figure 1: Energy Consumption – Absolute difference of COPERT/SIBYL and ESCALATE scenario 

Initial data collection from the selected 2ZERO projects suggests that most projects will not be able to 

provide final outputs for most KPIs within the timeframe of LeMesurier (which is finishing at end of 2025) 

and in time for them to be used in full through the LeMesurier Digital Twin and modelling tools. This can 

be seen in Figure 2, presenting the expected timing of outcomes from the selected projects that 

responded to the survey, indicating also relevance of their outcomes for the selected Compound KPIs.  
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Figure 2: Year of the availability (and number of projects) 

 of the first results for each of the Compound KPs 

 
The current document contains final results of “Task 2.2: Translate project results into model inputs” 
and it is an updated version of the deliverable submitted in January 2025. 
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1. INTRODUCTION 

1.1 The LeMesurier project 

The 2ZERO Partnership Key Performance Indicators (KPIs) are multiple and various, relating to the 

three-layer approach for the Objectives of 2ZERO, as expressed in its Strategic Research and 

Innovation Agenda (SRIA)1. The LeMesurier Coordination and Support Action (CSA) is determining a 

common framework for monitoring these multiple and various KPIs (including their sources, methods 

and reporting formats). 

The project is generating values for the KPIs and their expected variation for the coming decade, based 

upon the results of the projects being conducted within the Partnership and the assessment of the impact 

of these projects' results. The project is also supporting the identification and quantification of the 

interactions, impacts and effectiveness and provides recommendations for development and analysis 

of the means of measurement and evaluation of the Partnership for the road transport sector. Finally, 

the project is disseminating and communicating its results to a wide range of stakeholders and to the 

public in general, via a range of media and events. 

The current document is the second deliverable of Work Package 2 (WP2), which is responsible for the 

accounting (i.e., measurement) of the Compound KPIs. 

1.2 Scope of D2.2 

The first 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 in order to 

measure the impact of 2ZERO on the road transport sector. WP2 looks into a number of carefully 

selected 2ZERO projects, as reported in D2.1 (Mammetti & al., April 2024), in order to retrieve the 

necessary input data. 

Figure 3 is a key figure of WP2 and summarises the main steps of work as follows. 

1. Selection of 2ZERO projects that can provide input to one or more of the Compound KPIs. 

2. Translation of project result into (vehicle parc) model inputs. 

3. Usage of the (vehicle parc) models and production of relevant outputs. 

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

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

It is to be remembered that within LeMesurier the term ‘baseline’ refers to values for year 2020 (or 2019 

in order to avoid the impact of CoVId-19 crisis), while ‘intermediate’ and ‘measured’ refer to values for 

the so-called ‘photo years’ 2025, 2030 and 2035. 

 
1 Strategic Research and Innovation Agenda (SRIA) - 2Zero Emission 

https://www.2zeroemission.eu/what-we-do/strategic-research-and-innovation-agenda-sria/
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Figure 3: Key figure of accounting for the Compound KPIs 

The current deliverable presents the work performed within Task 2.2 (T2.2) of WP2. This task focuses 

on Step 2 of Figure 3. Specifically, within this task, the identified 2ZERO project results are being 

translated into (vehicle parc) model inputs used to assess the impact of 2ZERO Partnership on the 

Compound KPIs. This operation requires the establishment of the baseline values for the Compound 

KPIs. In addition, T2.2 is meant to develop an interface layer that collects and aggregates project results 

in order to evaluate the possible improvements that they can bring. This evaluation is being achieved 

by comparing the ‘measured’ against the ‘intermediate’ KPI values, i.e., values taking into account the 

impact of 2ZERO against the current values of the vehicle parc models (without considering 2ZERO). 

In this deliverable, a proof of concept is provided of the LeMesurier method’s ability to deliver values for 

the Compound KPIs. This is performed by applying a pilot impact assessment of the results of a small 

number of projects and by using the simulation tools and vehicle parc models that the consortium 

partners already have. A key finding at the time of writing this report is that the relatively early stage of 

most of the 2ZERO projects creates some difficulties in obtaining detailed information and data inputs. 

The current document is an updated version of the deliverable submitted in January 2025, as planned. 

1.3 Structure of D2.2  

Apart from this introductory section, this deliverable contains the following sections. 

• Section 2 presents our approach for translating the project results into model inputs. Specific 

subsections are: 

o Selection of relevant 2ZERO projects. 

o Collection of input data. 

▪ Description of the questionnaire – questions related to Compound KPIs that 

have been addressed to the projects (in cooperation with WP1). 

▪ Introduction to the LeMesurier Digital Twin (DT). 

o Description of the three vehicle parc models. 

o A specific case study, i.e., an example of translation of project results into model inputs, 

for each vehicle parc model. 

• Section 3 provides the baseline values for the Compound KPIs. 
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• Section 4 presents the assessment of the project responses to the questionnaire and describes 

the project interviews that have been performed. In addition, it provides details about all the use 

cases and the final results of the LeMesurier DT simulation runs. 

The deliverable also includes two Annexes with further information, namely, ‘Annex 1: Additional details 

of the questionnaire – WP2 related questions’ and ‘Annex 2: Additional details of the vehicle parc 

models’. 
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2. OUR APPROACH 

Our approach for translating the project results into (vehicle parc) model inputs is summarised below. 

• Selection of relevant 2ZERO projects (work presented in D2.1). 

• Identification of (vehicle parc) modelling requirements and collection of relevant necessary data 

from the projects. 

• Translation of project results into (vehicle parc) model inputs; use of own (i.e. within LeMesurier) 

tools if needed in case of insufficient data. 

• Run of the (vehicle parc) models and calculation of Compound KPIs (work for next tasks T2.3 

and T2.4). 

More details are provided in the following subsections. 

2.1 Selection of relevant 2ZERO projects 

This subsection is a brief summary of the work presented in D2.1, in the framework of T2.1. 

Specifically, existing 2ZERO projects have been screened to identify those that could be used to derive 

results relevant to the WP2 Compound KPIs. A total of 29 projects have been selected (April 2024). 

However, given the duration of the LeMesurier, only 18 projects have been identified as appropriate to 

possibly provide relevant results on time and, therefore, these 18 projects are being approached. The 

selected projects have been allocated into four categories as follows, based on the function of the final 

demonstrator and focus area of their expected innovations. 

• Vehicle projects. 

• Component projects. 

• Infrastructure projects. 

• Miscellaneous projects. 

T2.1 identified the following 2ZERO Objectives with Compound KPIs2. 

General Objectives 

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

• GO.KPI.4: Number of new vehicle registrations of zero tailpipe emission vehicles3. 

Specific Objectives 

• SO.KPI.1: Ability to determine, realistically and reliably, the energy intensity (tank-to-wheel)4. 

• SO.KPI.2: Reduce greenhouse gas (GHG) emission of mobility of people and goods (expressed 

in t CO2eq./p.km or t.km, and toe/p.km or t.km). 

For GO.KPI.3 and SO.KPI.1, the identification of the relevant projects has been performed by looking 

for keywords related to energy and efficiency in the expected outcomes of the call. For SO.KPI.2, since 

the vehicles of the 2ZERO projects are always Battery Electric Vehicles (BEV) and/or Fuel Cell Electric 

 
2 The numbering is the one used in the framework of LeMesurier. 
3 In fact, this is not a Compound but rather a Direct KPI addressed in WP1. However, it is very closely related to 
the work performed in WP2 and, for this reason, it is also mentioned here. 
4 Of road vehicles. 
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Vehicles (FCEV), the GHG emission reduction is expected to come from the replacement of 

conventional internal combustion engine (ICE) vehicles with BEVs and FCEVs in the European vehicle 

fleet. 

2.2 Collection of input data 

LeMesurier has envisaged, already since the writing of its proposal, two ways of acquiring input data for 

the vehicle parc models5. The first option is to receive the data from the 2ZERO project results, either 

directly or using a Digital Twin (DT). If this is not possible (i.e., due to the fact that many project results 

are expected after LeMesurier ends), then the necessary data can be generated by the so-called 

LeMesurier DT, i.e., using a simulation tool already possessed by members of the LeMesurier 

consortium. 

The following paragraphs describe the WP2 related questions that have been addressed to the 2ZERO 

projects6 through a common with WP1 questionnaire. The process of collecting this feedback from the 

projects took place in the period November – December 2024 and the aim was to collect data that can 

be used by the vehicle parc models in order to assess the impact of 2ZERO projects on the Compound 

KPIs. More information, i.e., the detailed list of questions, is provided in ‘Annex 1: Additional details of 
the questionnaire – WP2 related questions’. 

After the description of the questionnaire, the LeMesurier DT is introduced. 

2.2.1 Questionnaire – questions related to Compound KPIs 

Structure of questions 

For each Compound KPI there is a top-level question related to “whether the project contributes to the 

specific KPI”. Depending on the answer, i.e., ‘yes’, ‘no’, ‘partially’, there is a subset of additional 

questions related to: 

• Description of methods and tools utilised for the contribution to the KPI. 

• Timing – estimate of when project results are expected. 

• Values (absolute or percentage) of expected improvement compared to a baseline/reference 

technology and year. 

• Cost implications. 

• Life cycle analysis (LCA) assessment. 

• Issues and problems encountered. 

• Publications and other results. 

Baseline values are provided for each KPI based on the work of the three vehicle parc models (see 

Subsection 2.3 and Section 3). 

Project specific questions for detailed information 

For each question there is an accompanying Excel file to collect additional and detailed project specific 

information. In this file there are specific questions per project category as follows: 

• Infrastructure projects: questions related to energy efficiency and renewable sources. 

 
5 For example, energy vs. speed curves for electric vehicles. 
6 In the period Nov. – Dec. 2024. 
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• Component projects: questions related to energy improvement. 

• Vehicle projects: questions related to energy consumption vs. speed and other parameters, and 

questions related to driving cycles. 

Further information is requested: 

• Vehicle characteristics (weight, battery specifications and efficiency). 

• Year of expected market deployment, annual mileage and daily range. 

There are also general questions related to costs, market, manufacturing and LCA. Comparison with 

the baseline/reference technology and year is allowed by asking for relevant information before and 

after the project (delta in percentage). 

2.2.2 LeMesurier Digital Twin 

A Digital Twin (DT) is developed within the LeMesurier project in order to generate the input data (energy 

consumption) for the vehicle parc models, ensuring data availability in case the 2ZERO projects cannot 

provide the necessary data or they do not have their own DT to provide such information, or the data 

cannot be provided on time for the needs of LeMesurier. The LeMesurier DT is based on a simulation 

tool with a physics-based approach that enables the demonstration of use-cases on a vehicle and 

component level within the selected projects. It also enables simulations for vehicle categories and 

segments7 that are within the scope of 2ZERO. 

The modelling environment of the DT is based on a multiscale platform accounting for vehicle dynamics, 

energy storage systems, and thermal management concepts, which are all critical for achieving high 

accuracy in the generated input data. For each vehicle segment and powertrain that is represented in 

the demonstration use-cases of the 2ZERO projects, a physics-based model is set up, parameterised 

and validated. 

This process involves the collection of detailed information from the respective use-cases, as inferred 

by the 2ZERO projects public deliverables. If public information is not available or the deliverables do 

not contain the required information, then estimates and assumptions are used, based on the relevant 

engineering experience of consortium members. It is noted that in case of a specific vehicle segment 

(with a given powertrain) is studied by multiple use-cases, then the data is filtered and selected in a way 

that represents an ‘average’ vehicle which results from these use-cases. This approach simplifies the 

use of the DT, while it also provides a strong indication of the impact of the 2ZERO projects. 

Both BEV and FCEV vehicle models are developed within the DT. These are highly adaptable, enabling 

future modifications and refinements. As a consequence, the assessments on a component level are 

also possible and component projects are studied along with vehicle projects. 

In terms of operating conditions, the impact of driving patterns, environmental and load factors, 

especially in logistics applications, are studied. The selection of appropriate drive cycles for each vehicle 

category and segment allows for the generation of high-quality input data over a wide range of vehicle 

applications, particularly when conducted under diverse temperature and loading conditions. 

Additional information for the use cases and simulation runs with the LeMesurier DT is provided in the 

Subsection 4.3. 

 
7 A detailed list of all vehicle categories, fuel (energy) subcategories, segments etc., is provided in ‘Annex 2: 
Additional details of the vehicle parc models’. 
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2.3 The three vehicle parc models 

Three vehicle parc models are available within LeMesurier, namely: 

• COPERT/SIBYL. 

• PRIMES-TREMOVE. 

• MOVEID. 

A short description of each model is provided below. 

2.3.1 COPERT/SIBYL 

Introduction 

COPERT/SIBYL8 is the main tool of EMISIA for emission modelling and impact assessment studies of 

environmental policies related to the road transport sector. It provides a complete, consistent and 

detailed dataset of vehicle stock, activity, energy, greenhouse gas and air pollutant emissions for each 

one of the EU27 countries (plus 10 additional countries) for the period 1990-2050 on a per year basis. 

Figure 4 shows an overview of the COPERT/SIBYL datasets, i.e., historical and projections. Statistical 

fleet and activity data, and other related parameters (i.e. ambient temperature, vehicle speeds etc.) are 

the main inputs needed. A robust methodology for gap filling and internal consistency checks is applied. 

The first output is the calculation of GHG and air pollutant emissions for past years. Based on this, and 

following all relevant EU legislation and regulations for the road transport sector, similar calculations are 

performed in order to produce the projections, i.e., values for future years. 

 

Figure 4: Overview of COPERT/SIBYL datasets 

Main inputs needed 

Detailed fleet data (per vehicle category, fuel, segment and Euro emission standard) 

Detailed data for the vehicle fleet size and composition is essential for reliable GHG and air pollutant 

emission calculations. This includes total vehicle stock, new registrations (i.e., new vehicle sales), 

second-hand registrations, age distributions and technology matrices indicating when a new technology 

(i.e., Euro emission standard) enters into the fleet. The main data sources are summarized in Table 1. 

  

 
8 COPERT | Calculations of Emissions from Road Transport and SIBYL Baseline | COPERT 

https://copert.emisia.com/
https://copert.emisia.com/sibyl-baseline/
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Table 1: Main data sources for COPERT/SIBYL 

Source Information provided 

Eurostat 
Stock and new registrations per fuel and engine capacity / gross 

vehicle weight (GVW) 

EC Statistical Pocketbook (EU 

Transport in figures) 
Stock and new registrations 

ACEA Stock per fuel, new registrations per fuel and per segment / GVW 

ACEM Stock, new registrations per fuel and engine capacity (L-Category) 

CO2 monitoring database from the 

European Environment Agency 

(EEA) 

New registrations per fuel and segment (PCs and LCVs) 

European Alternative Fuels 

Observatory (EAFO) 

Stock and new registrations of alternatively fuelled vehicles 

(LPG, CNG/LNG, electric or hydrogen) 

United Nations Framework 

Convention on Climate Change 

(UNFCCC) 

Fuel sold, based on Eurostat and disaggregated per vehicle 

category 

National statistical institutes Various information (level of detail is country-dependent) 

 

Once the data is collected, a comparison between the different sources is performed in order to identify 

possible differences. Then, a robust methodology for gap filling and internal consistency checks is 

applied; the outcome of this data processing is a complete and consistent dataset produced by 

synthesizing information from the various sources. The various road vehicle categories and 

subcategories are shown in ‘Annex 2: Additional details of the vehicle parc models’, following the 

classification of the United Nations Economic Commission for Europe (UNECE), which is also adopted 

by the EU. 

Mileage 

This is the average annual distance driven (in km per vehicle per year). Detailed mileage information 

from a single source for all countries, years and vehicle subcategories is not available. Partial data at 

aggregated level can be found only for some countries (i.e., from ACEA reports). Indicative values that 

have been used in previous relevant projects, i.e., (Papadimitriou & al., 2022) and additional references 

therein, are provided in ‘Annex 2: Additional details of the vehicle parc models’. 

Other activity related parameters 

Apart from mileage, additional activity related parameters are needed in order to calculate the GHG and 

air pollutant emissions, since the relevant emission factors depend on them. The most important of 

these parameters are: 

• Average vehicle speed (in km/h). 

• Share of mileage (i.e., share of vehicles’ activity) in urban, rural and highway areas (as 
percentage %). 

• Min./max. monthly average temperatures and mean humidity. 
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Collecting detailed country specific information for these parameters has many difficulties, since 

statistical data with complete time series for all countries is not available. Hence, the approach that is 

usually being followed in relevant studies is to use reasonable estimates, i.e., the so-called ‘typical’ 
values (Papadimitriou & al., 2022). 

Energy consumption factors and emission factors 

Real-world energy consumption factors (ECFs) and emission factors (EFs) are in the core methodology 

of COPERT/SIBYL, which is part of the relevant EMEP/EEA air pollutant emission inventory guidebook 

– road chapter (EMEP/EEA, 2023) and consistent with the 2006 IPCC Guidelines for the calculation of 

GHG emissions. These factors are developed with a combination of on-road and laboratory tests, 

vehicle simulations, and literature research. More details are provided in ‘Annex 2: Additional details of 
the vehicle parc models’. Figure 5 visually shows an indicative summary of the steps that are being 

followed for the development of these factors. 

 

Figure 5: Visual indicative summary of the steps for the development of emission factors 

Main outputs 

The main output of the calculations is the energy and GHG and air pollutant emissions for both past and 

future years (i.e., historical and projection datasets). More details are provided in ‘Annex 2: Additional 
details of the vehicle parc models’. 

2.3.2 PRIMES-TREMOVE 

Introduction 

PRIMES-TREMOVE is a large-scale, economic-engineering model of passenger and freight transport 

and is part of the PRIMES modelling suite, a family of linked models covering all aspects of the energy 

system across all demand and supply sectors. It has the capability of modelling a large range of 

measures for transport including soft measures (e.g. eco-driving), economic measures (e.g. subsidies 

and taxes on fuels, vehicles and emissions and other externalities i.e. pollution, accidents and noise), 

infrastructure policies for alternative fuels, regulatory measures (e.g. fuel and vehicle emission 

standards) as well as techno-economic scenarios illustrating alternative technology development 

trajectories. For this purpose, the model consists of a demand module that projects demand for transport 

services of passenger and freight mobility, and a supply module that matches supply with this demand 

via an optimum technology taking into account vehicle capacity and fuel mix participation while meeting 

regulatory requirements and other sectoral/technology constraints. The supply module interacts with the 



 

      27 

demand module through the so-called generalised prices of transportation (measured in Euro per 

passenger or tonne kilometres). 

Model inputs 

Data sources 

The PRIMES-TREMOVE transport model is calibrated to 2005, 2010 and 2015 historical data. The main 

data that are used as inputs come from various sources and available databases. An overview of the 

model inputs and their sources is provided in Table 2. 

Table 2: Inputs and data sources for PRIMES-TREMOVE 

Data/input Source 

Transport activity 

(by main transport mode) 

Eurostat, DG MOVE Statistical pocketbook 

(further disaggregation part of model calibration routines) 

Transport activity split 

(by stylised trip, purpose and distance) 
e.g. Transport models SCENES and/or TRANSTOOLS 

Final energy consumption 

(by main means of transport) 

Eurostat 

(further disaggregation part of model calibration routines) 

Stock 

(total stock and by technology) 

Eurostat, EAFO, ACEA, TRACCS project (2013)9, NMP 

project (2022)10 

(further disaggregation e.g. Euro standards part of model 

calibration routines) 

Specific energy consumption 

(by vehicle type, fuel, age and trip type) 
COPERT 

Vehicle scrapping 
Gompertz functions based on FLEETS project (2008)11 

and TRACCS project (2013) (to be updated) 

Mileage TRACCS project (2013) 

Occupancy rates and load factors 

(by stylised trips, purpose and distance) 
Output of model calibration routines 

Detailed fuel prices PRIMES model database (fuel taxes from DG TAXUD) 

Technology costs 
EU Reference Scenario 202012, Impact Assessment on 

Climate Target Plan 204013 

Negative Externalities 
CE DELFT (2019) – Handbook on External Costs of 

Transport14 

 
9 TRACCS 
10 Study on new mobility patterns in European cities - Publications Office of the EU 
11 tremove 
12 EU Reference Scenario 2020 - European Commission 
13 2040 climate target - European Commission 
14 CE_Delft_4K83_Handbook_on_the_external_costs_of_transport_Final.pdf 

https://traccs.emisia.com/
https://op.europa.eu/en/publication-detail/-/publication/fcf47d76-81ad-11ed-9887-01aa75ed71a1/language-en
https://www.oekopol.de/oekopol_archiv/en/Archiv/U-Politik%20und%20Kommunikation/459_tremove/459_tremove.php
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en
https://cedelft.eu/wp-content/uploads/sites/2/2021/03/CE_Delft_4K83_Handbook_on_the_external_costs_of_transport_Final.pdf
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Cost-efficiency improvement curves 

Energy efficiency improvement possibilities as an increasing function of unit cost are represented for all 

types and technologies of transport means. The cost-efficiency curves are projected to change over 

time (see for example Figure 6) because of autonomous (market-driven as opposed to policy-driven) 

technical progress. Depending on the scenario context, the projected carbon prices or other shadow 

prices associated to policy targets are modelled as drivers of consumer choices towards more efficient 

transport means, which have nonetheless higher unit costs. Therefore, the level of efficiency progress 

is endogenous in the model and is derived simultaneously with other variables from economic 

optimisation of consumer choices. 

 

Figure 6: Cost-efficiency improvement curve per vehicle technology 

Policy measures 

The policy measures can be grouped in soft, economic, regulatory and infrastructure measures. 

Soft measures include the coordination between the public and the private sector, information 

campaigns, certification of services and labelling, partnerships between the public and the private sector 

aiming at enhancing knowledge and at using resources more efficiently. 

Economic measures aim at influencing consumer choices by modifying relative costs and prices of fuels 

and technologies. They include subsidies and taxes on fuels, vehicles, emissions, congestion and other 

externalities such as air pollution, accidents and noise15. Certificate systems such as the Emissions 

Trading System (ETS) are also explicit in the model. The level of the ETS carbon price is determined in 

the core PRIMES model. Measures supporting R&D influence costs and performance characteristics of 

new technologies. 

Regulatory measures include the setting of targets and technology standards. Energy efficiency 

performance standards for all road transport modes have been integrated in the model; these standards 

set an efficiency constraint on new vehicle registrations. The current, as well as future, Euro standards 

 
15 Unit values for external costs including noise are from the Handbook of the external costs of transport (CE 
Delft, 2019) from which marginal cost are applied to km driven per type of vehicle. (see table 37). These unit 
values have been further updated for different vehicle technologies.  

https://op.europa.eu/en/publication-detail/-/publication/9781f65f-8448-11ea-bf12-01aa75ed71a1
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on road transport vehicles are explicitly implemented and are important for projecting the future volume 

of air pollutants in the transport sector and determining the structure of the fleet. The model includes a 

special routine, which simulates how the regulations imposing standards influence supply (structure by 

technology and vehicle prices) by vehicle manufacturers to influence consumer choices, therefore 

allowing compliance with standards. Technology standards are also handled in the model for non-road 

transport technologies. 

Development of refuelling/recharging infrastructure for alternative fuels (electricity, hydrogen, LNG, 

CNG etc.) is policy driven. Geographic coverage is determined as part of the policy assumption and 

concerns road and maritime transport. The model simulates the perception of infrastructure availability 

by consumers and depending on the matching between geographic coverage and trip type availability, 

influences consumer choices. Investment cost recovery options are included. 

Model outputs 

The PRIMES-TREMOVE model gives standardised outputs independently if the requirements refer to 

a baseline, scenario or variant. The set of information and the Excel files delivered are the same. The 

dynamic projections cover the period until 2050 by 5-year steps and for each Member State and the 

base year of the model is 2015. The model outputs include transport activity, final energy demand, CO2 

and air pollutant emissions, vehicle stock, refuelling/recharging infrastructure, investment expenditures, 

and various cost and tax parameters. More details are provided in ‘Annex 2: Additional details of the 
vehicle parc models’. 

2.3.3 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. 

Model inputs and outputs 

The linear optimisation model requires three key sets of data input as follows. 

• Per-vehicle requirements for all vehicle segments and powertrain technologies. 

Requirements of the different vehicle segments and powertrain technologies on a per-vehicle 

basis. 

• Associated raw material demand, GHG emissions and cost. 

MOVEID utilises the associated raw material demand, GHG emissions and costs by vehicle 

segment and powertrain technologies on a per-vehicle basis. 

• 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 (FVV, 2023). 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. Figure 7 provides 

a schematic overview of the exact inputs required by MOVEID as well as the outputs made available by 

the model. 
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Figure 7: Schematic overview of MOVEID inputs and outputs 

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. More details are provided in ‘Annex 2: 
Additional details of the vehicle parc models’. 

2.3.4 The benefit from the usage of the three vehicle parc models 

The use of the three different vehicle parc models within LeMesurier gives a perspective on the likely 

variation of the Compound KPIs. It gives a range of projections and dispersion of results to account for 

the impact of the 2ZERO projects and it allows for sensitivity analysis and estimation of uncertainties. 

Key characteristics of each model are summarised below. 

COPERT/SIBYL (detailed GHG and air pollutant emission modelling) 

COPERT/SIBYL follows a bottom-up approach to provide a complete, consistent and detailed dataset 

of vehicle stock, activity, energy, GHG and air pollutant emissions for each one of the EU27 countries 

(plus 10 additional countries) for the period 1990-2050 on a per year basis. It uses up-to-date statistical 

data and relevant legislation, future policies and targets for the projections. The main inputs to the model 

are the vehicle stock and activity, while the outputs are the energy, GHG and air pollutant (real-world) 

emissions. 

The model has a very detailed granularity per vehicle category, fuel/energy type, segment, Euro 

standard and age distribution. Its methodology is consistent with the EMEP/EEA air pollutant emission 

inventory guidebook – road chapter (EMEP/EEA, 2023), used for the CLRTAP16 and NECD17 inventory 

reporting, and is consistent with the 2006 IPCC Guidelines for the calculation of GHG emissions. 

 
16 National emissions reported to the Convention on Long-range Transboundary Air Pollution (LRTAP 
Convention) 
17 National Emission reduction Commitments Directive | European Environment Agency's home page 
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COPERT/SIBYL performs Well-to-Wheel (WtW) emissions calculations and can incorporate Life Cycle 

Assessment (LCA) analysis in its broader evaluations. However, for the scope of this LeMesurier project, 

LCA assessment will not be considered. 

PRIMES-TREMOVE (macroeconomic and demand modelling) 

PRIMES-TREMOVE offers macroeconomic modelling and projections of transport demand, vehicle 

stock turnover and energy consumption. The model allows for detailed scenario-based simulations that 

consider the effects of regulatory frameworks, fuel prices and policy incentives. It models how transport 

demand evolves over time under cost constraints, such as taxes or subsidies, and technology 

availability, thus offering activity-based projections. It is used for modelling of the EU Reference 

Scenarios and the 2040 Climate Target Plan scenarios, thus, ensuring that the most updated regulatory 

framework and macro-economic conditions are taken into account. 

PRIMES-TREMOVE simulates well-to-wheel (WtW) energy consumption and emissions across different 

scenarios, considering factors such as energy efficiency and target-driven regulations. Through its 

detailed representation of all competing modes of transport18, the model captures not only structural 

shifts in transport behaviour, such as the impact of modal shifts or logistical improvements, which affect 

overall transport efficiency but also the potential impacts of technology innovations on the 

competitiveness of each mode of transport. 

MOVEID (target-based optimisation) 

MOVEID identifies optimal pathways for reaching GHG neutrality in the transport sector by 2050. It 

considers infrastructure constraints and material bottlenecks to optimize vehicle technology adoption. 

By using linear optimization, MOVEID minimizes cumulative GHG emissions and lifecycle costs for 

different vehicle categories. The model also integrates CAPEX and OPEX, providing an economic 

perspective on each technology's cost-efficiency and readiness. Moreover, MO EID’s ability to optimize 
across multiple drivetrain technologies allows policymakers to compare technical bottlenecks and their 

impacts on the rapid adoption of carbon-neutral technologies. 

2.4 Example of translation of project results into model inputs 

This subsection presents examples of our approach for translating the project results into vehicle parc 

model inputs in order to assess the potential impact of the 2ZERO Partnership. This can be considered 

as a pathway of the LeMesurier approach in order to measure the Compound KPIs and it has been 

presented during the General Assembly meeting of the project on the 20th of June 2024. 

The examples are shown for each vehicle parc model separately, by using the results of a selected 

2ZERO project in each case. Since the final actual results of the projects were not available at the time 

of performing this exercise, they have been derived by using own simulations (i.e., LeMesurier DT). 

2.4.1 ESCALATE in COPERT/SIBYL  

The focus of this example is on the energy consumption factors (i.e., energy vs. speed - curves) for 

various categories of Zero Emission Vehicles (ZEVs). This is an important input parameter needed for 

the COPERT/SIBYL model19 and the unit is in kW.h/km. 

Pilot vehicle: BEV heavy duty truck 

Given that many of the 2ZERO Horizon projects are still ongoing and have not yet delivered results, a 

preliminary analysis was conducted using the LeMesurier DT model approach. This model was 

 
18 including road, rail, inland navigation, maritime and aviation. 
19 Currently, the model uses estimates based on relevant literature. These estimates may be updated with 
probably more accurate real-world values by using the appropriate simulation tools and the latest modelling 
information, as more and more electric vehicles appear in the market and enter into the European fleet. 
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developed based on data from the ESCALATE project (ESCALATE, 2023) with a focus on a rigid Battery 

Electric Vehicle Heavy-Duty Truck (BEV HDT) from Pilot 3, Variant C, as an early example. Despite 

limited data availability, our team succeeded in developing a physics-based model which integrates 

vehicle dynamics, thermal management and energy systems, based on some real-world operating 

conditions. The primary goal of this effort was to develop speed-dependent Energy Consumption Factor 

(ECF) curves (kW.h/km) that could serve as input for the COPERT/SIBYL model. These new simulation-

based data, derived from the ESCALATE project truck, were then compared with the existing ECF 

values used in COPERT. 

As outlined in Subsection 2.4.1, the ECFs and EFs used in COPERT are primarily derived from on-road 

measurements or laboratory tests. In cases where reliable measurement data is lacking, particularly for 

alternative fuel vehicles or emerging powertrain technologies, average factors are applied, one per each 

different driving mode (urban peak, urban off-peak, rural or highway). Specifically, for BEV HDTs, 

COPERT currently uses generalized average ECFs which are provided by literature (JEC, 2020). These 

average values are applied uniformly across all HDT BEV segments, without differentiation between 

specific categories, such as rigid or articulated trucks, or different weight classes. This approach of using 

a single, average ECF value for all BEV HDT segments in COPERT/SIBYL overlooks the potential 

variations in energy consumption across these different segments. In contrast, the ECF values 

generated in this study are specific to a particular BEV HDT segment (Rigid>32t). For the purposes of 

this analysis, the COPERT/SIBYL model has been updated to include the ECF value specific to the 

Rigid BEV HDT segment. However, this approach assumes that the energy consumption characteristics 

of this rigid truck are representative of all BEV HDTs, which may not be the case. As such, the results 

of this analysis should be interpreted with caution, as they may not fully capture the variations in energy 

consumption across other BEV HDT segments. Additionally, it should be noted that the ECF values 

derived from the physics-based model are preliminary and will be refined as the LeMesurier project WP2 

progresses, improving the accuracy and robustness of future analyses. 

The process followed was as follows: 

• Model development in a multiscale platform: We created a model that accounts for vehicle 

dynamics, energy systems and thermal management under various operating conditions. 

• Data collection and assumptions for model parametrization: We collected from the 

ESCALATE project as many specifications as were available to support the model development. 

In parallel, several assumptions were made to address gaps in the data, including battery 

specifications, motor maps etc. These assumptions are subject to refinement as the project 

advances. 

• Energy consumption calculations: The model conducted 36 simulations across different 

payloads (0%, 50% and 100%) and temperature conditions, generating detailed ECF curves 

(kW.h/km) at various speeds. 

• Comparison with existing COPERT/SIBYL values: The generated ECF curves were used as 

inputs to the COPERT/SIBYL model to develop a new fleet-level scenario, which was then 

compared to the existing COPERT/SIBYL baseline. 
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Figure 8: ESCALATE project BEV HDT example 

A single driving (speed) profile was used for all 36 simulations, specifically selected to reflect the planned 

route for the ESCA ATE’s pilot 3 (Sofia - Istanbul), which predominantly consisted of motorway driving. 

This profile was not available yet from the project, so it derived from real-world data collected using the 

EMISIA GreenLight tool20. Given the nature of the route, where approximately 90% of the driving 

occurred at the speed range 60-85 km/h, the simulation results should be interpreted with caution, with 

a particular emphasis on higher-speed performance. The results for lower speeds might not be fully 

representative, as the driving cycle primarily reflected conditions associated mainly with constant higher-

speed travel. The profile is illustrated in the top right corner of Figure 8. After the completion of the 36 

simulations, some indicative results were produced and are shown in the next figures. 

Energy Consumption Factor (ECF) vs Vehicle Speed: 

Figure 9 presents the ECF as a function of vehicle speed for the BEV HDT, with three distinct curves 

corresponding to different load conditions (0%, 50% and 100% payload). The ECFs shown in this figure 

are based on the average values derived from simulations conducted across 12 different temperature 

conditions (one for each month of the year), reflecting the typical mean annual temperature for the EU. 

As the load increases, the curve shifts upwards, indicating higher energy consumption at each speed. 

These observations are context-specific and could change significantly if different driving cycles were 

considered or some parameters of the model are further refined. For instance, incorporating a broader 

range of driving conditions, including urban and rural cycles, would provide a more comprehensive 

understanding of energy consumption across all speeds. The current analysis primarily reflects 

behaviour on highway speeds, where lower speed data is limited. By using diverse driving cycles that 

cover more extensive and realistic driving conditions, we could achieve a more accurate and holistic 

 
20 GreenLight EMISIA 

https://emisiasa.sharepoint.com/sites/LeMesurier/Shared%20Documents/General/Deliverables/D2.2%20-%20Selected%20model%20inputs%20including%20translation%20of%20the%202Zero%20project%20outputs%20(with%20an%20update%20in%20M17)/GreenLight%20EMISIA
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representation of HDT energy consumption patterns. This approach is planned to be integrated into the 

upcoming work of the LeMesurier WP2 in the following months. 

 

Figure 9: ECF vs Speed – ESCALATE example – 3 different payloads 

COPERT baseline vs ESCALATE example – fleet level comparison: 

The projected tank-to-wheel energy consumption of the entire BEV truck fleet in the EU27 was analysed 

across two distinct future scenarios: one based on the COPERT/SIBYL baseline, and the other based 

on the ESCALATE example integrated within the COPERT model. Both scenarios assumed the same 

powertrain fleet mix over the years and load capacity of HDTs (50% load) but differed in the ECFs 

applied to the BEV HDTs. The ESCALATE example, which incorporates more specific and detailed 

data, shows lower overall energy consumption projection for the fleet compared to the COPERT/SIBYL 

baseline. Over time, the variation in energy consumption between the two scenarios increases, with the 

ESCALATE scenario showing a lower total energy demand for the entire fleet (Figure 10).  

 

Figure 10: Energy Consumption from 2020 to 2050 for the whole EU HDT fleet 
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Figure 11 illustrates the absolute difference in energy consumption for the BEV HDT fleet between the 

ESCALATE example and COPERT/SIBYL scenarios for the years 2025, 2030, 2035 and 2050. The 

absolute difference in energy consumption between the two scenarios is projected to be 1 billion (109) 

kW.h in 2025, 4 billion kW.h in 2030, 12 billion kW.h in 2035 and 76 billion kW.h by 2050. These values 

underscore the growing divergence in energy consumption between the two scenarios over time. The 

findings suggest that the ESCALATE project may reveal energy efficiency improvements for BEV HDTs 

that go beyond the assumptions currently used in the COPERT/SIBYL model. This indicates that the 

advancements emerging from the 2ZERO projects could lead to significantly greater benefits in fleet 

energy consumption than currently anticipated. 

 

Figure 11: Energy Consumption – Absolute difference of COPERT/SIBYL and ESCALATE scenario 

As mentioned thoroughly above, the ESCALATE example presented here is based on a specific Rigid 

>32t BEV HDT, which was assumed to represent the energy consumption of the total fleet. Therefore, 

the results should be interpreted with caution, as they are specific to this segment and may not fully 

reflect the energy consumption of other BEV HDT categories. These findings will be subject to further 

refinement as more data becomes available. 

Broader Application to Vehicle Categories 

Moving forward in WP2 of the LeMesurier project, additional models representing different vehicle 

categories will be deployed within this multiscale platform, based on the innovations from other 2ZERO 

projects. As these models are integrated, new ECFs will be derived for each vehicle category, and their 

impact on the overall EU road vehicle fleet’s energy consumption and  H  emissions will be assessed.  
While this analysis highlights the results of one example from the ESCALATE project, outputs from other 

2ZERO projects addressing similar vehicle categories will also be incorporated in the next steps. This 

will enable a more comprehensive assessment of the collective impact on the total fleet and provide 

deeper insights into the future energy and emissions landscape. 

2.4.2 ESCALATE in PRIMES-TREMOVE 

The pilot scenario performed by PRIMES-TREMOVE was based on the results of a specific 2ZERO 

Horizon Europe project that served as an example of how the entire process would proceed. The project 

selected for this purpose was the ESCALATE research project. In this pilot application, the focus was 

specifically on the project impacts on > 32 tons GVW electric heavy-duty vehicles.  
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One of the main data inputs for the supply module of PRIMES-TREMOVE model is the specific energy 

consumption by vehicle type, fuel, age and trip type calculated based on the COPERT methodology. 

The specific fuel consumption of each vehicle type is endogenously determined by the model. The 

COPERT methodology enables calculation of fuel consumption of road vehicles as a function of their 

speed, which is determined by the endogenously calculated travelling time and the average mileage of 

trips per type of road transport mode, the occupancy factor for passenger trips and the load factor for 

freight transportations. The complete COPERT methodology has been integrated into the model 

providing a strong analytical tool for the calculation of the consumption of various fuels and consequent 

calculations of costs. The COPERT implementation in the model also serves to calculate emissions of 

pollutants, including CO2, NOx, CO, SO2, PM and VOC. For other technologies not included until now in 

COPERT methodology, such as BEVs and FCEVs, data from literature and other studies are used within 

PRIMES-TREMOVE to derive a speed-energy consumption function.  

The aim of the pilot scenario is to update the pre-existing speed-energy consumption function in 

PRIMES-TREMOVE with a curve from the COPERT/SIBYL model for electric heavy-duty vehicles over 

32 tons, as developed based on 2ZERO project results. 

First, the composition of the heavy-duty vehicle fleet as projected in the PRIMES-TREMOVE Baseline 

scenario21, is presented in the following graph as split by powertrain technology. As seen in Figure 12, 

until 2035, the majority of vehicles are diesel conventional engines. However, from 2035 to 2050, the 

introduction of Zero Emission Vehicles increases significantly. Specifically, BEV HDVs make up 5.3% 

of the total fleet in 2035 and increase to 27.6% in 2050.  

 

Figure 12: Fleet composition in PRIMES-TREMOVE baseline scenario from 2020 to 2050 

The next step in the analysis is to calculate the energy consumption of the BEV HDVs using the pre-

existing methodology followed by the PRIMES-TREMOVE model and then using the new speed-energy 

consumption curve derived from ESCALATE after using the COPERT/SIBYL model.  

Figure 13 below shows the function linking energy consumption to speed for trucks over 32 tons as 

initially existing in the PRIMES-TREMOVE baseline (dotted line). This was represented as a constant 

consumption independent of speed, load factor or geographical differentiation. The energy consumption 

 
21 The Baseline scenario is based on the 2040 Climate Target Plan S3 scenario and further elaborated in Section 
3. 
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curves derived from the ESCALATE project analysis are presented for an indicative set of different load 

factors (0%, 50% and 100%).  

 

Figure 13: Energy Consumption – Speed Curves from PRIMES-TREMOVE baseline scenario and 

ESCALATE project related to load factor 

Implementing the updated curve based on the ESCALATE project results for a 100% load factor, the 

main area of energy consumption saving is for trips with higher average speeds, such as those taking 

place in rural areas and highways. For the pilot run, the higher load factor curve was chosen to represent 

a potential energy saving comparable with pre-existing PRIMES-TREMOVE assumptions. Figure 14 

(below) presents the energy consumption of the whole EU fleet of electric heavy-duty vehicles over 32 

tons before (black curve) and after (orange curve) the implementation of the ESCALATE project inputs. 

The total energy consumption for the growing BEV fleet, after the implementation of the ESCALATE 

project improvements, is significantly lower than before, presenting savings of almost 50% for 2030 

which is the most notable difference among years, a 48% reduction by 2035 and more than a 33% 

reduction by 2050. These savings naturally increase as the introduction of BEVs ramps up across the 

fleet: after 2050, when BEV participation stabilizes, so do the energy savings achieved.      
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Figure 14: Energy Demand from 2020 to 2050 for BEV HDVs >32t 

In this pilot run, we have assumed the introduction of the ESCALATE improvements to the energy 

demand taking place from 2025. Given that ESCALATE project results will likely need more time to 

reach the market, when updating the model runs, a more detailed assessment will be made as to the 

timing for introducing updates to the speed-energy-consumption curve. Naturally, a later implementation 

of project innovations will result in a smaller part of the vehicle fleet adopting such improvements and 

thus reduce expected impacts also in the longer term. 

Given this assumption, the impact of ESCALATE project on energy consumption is smaller when taking 

the perspective of the entire HDV fleet, as seen in Figure 15. This is particular true until 2035 when BEV 

introduction is still low, (as illustrated in Figure 12). From 2035 to 2050 a more significant improvement 

is observed, as the energy consumption of HDVs over 32 tons accounts for half of total energy 

consumption of all trucks and BEVs make up approximately 15% of the energy consumption in HDVs 

over 32 tons. It needs to be noted here, that were the speed-energy consumption function updates 

derived from ESCALTE be also applied to the HDV fleet below 32 tons, the estimated energy savings 

would have increased accordingly. 
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Figure 15: Energy Demand from 2020 to 2050 for whole fleet 

Figure 16 below presents energy consumption savings as an absolute number for electric heavy-duty 

vehicles fleet over 32 tons in photo years 2025, 2030, 2035 and 2050. For these pilot runs, ESCALATE 

was assumed to deliver initial results already by 202522. Thus, in 2025, a reduction in energy 

consumption of 3 kilotonnes of oil equivalent (ktoe) can be observed. By 2030, energy consumption will 

be 103 ktoe lower compared to the baseline scenario and 403 ktoe by 2035. Finally, by 2050, energy 

savings for electric trucks over 32 tons will reach nearly 1.5 Mtoe. 

 

 

Figure 16: Energy Demand reduction in ktoe for 2025, 2030, 2035 and 2050 in BEV HDVs >32t 

 

 
22 This assumption is to be revised with an updated start date for project impacts, when relevant data are 
collected from the projects. It is likely that some of the ESCALTE project impacts will only materialise post-2025 



 

      40 

2.4.3 ZEFES in MOVEID 

In the pilot model run for MOVEID, the ZEFES project implications on MO EID’s base scenario (FVV, 

2023) were studied. Adjustments were made, according to project findings, to the battery electric vehicle 

(BEV) and fuel cell electric vehicle (FCEV) powertrain assumptions. 

The ZEFES project investigates the feasibility and operational performance of zero-emission 

powertrains, including battery-electric and fuel cell electric trucks, under real-world conditions across 

trans-European freight corridors, focusing on their energy efficiency, range capabilities and compatibility 

with European transport infrastructure.  

For this pilot model run, the following ZEFES project targets were translated into MOVEID-compatible 

input: 

• Develop and test high-efficiency heavy-duty vehicle (HDV) truck-trailer combinations capable 

of a 750 km range. 

• Maintain a maximum gross vehicle weight (GVW) of at least 40 tons under real-world conditions. 

• Conduct real-world demonstrations over at least 6 months involving multiple stakeholders (e.g., 

manufacturers, logistics providers). 

• Cover long-haul operations with routes over 500 km. 

• Achieve a minimum energy efficiency of 44% for BEVs and 82% for FCEVs in "tank-to-wheel" 

scenarios. 

• Ensure vehicles demonstrate a load capacity not less than 90% of that of conventional vehicles. 

• Demonstrate fast charging concepts for BEVs, with a range recovery of at least 400 km in 45 

minutes. 

• Develop scalable power levels for FCEVs to enable refuelling in less than 15 minutes. 

Converting ZEFES implications into changes in fuel efficiency 

As a first step, we use the Vehicle Energy Consumption Calculation Tool (VECTO) to translate ZEFES 

project targets into changes in fuel efficiencies for BEVs and FCEVs. Below is an outline of the process: 

• Baseline Simulation: 

o VECTO simulations were conducted for a diesel-powered low scenario to establish the 

vehicle traction power demand across specific vehicle classes and operational 

cycles. This served as the baseline for subsequent analysis. 

• Scenario-Based Analysis: 

o Low Scenario: The chain efficiencies, weight penalties and recuperation potential for 

BEV and FCEV powertrains were assessed. This helped estimate the status quo 

energy consumption for each type of vehicle. 

o Balanced Scenario: Vehicle improvements were introduced, such as enhanced 

efficiency technologies, to calculate improved cycle energy consumption while 

maintaining operational feasibility. 

o All-In Scenario: Further advancements, including vehicle design factors, were 

incorporated to project an optimized level of fuel efficiency for BEVs and FCEVs. 

• Fuel Efficiency Adaptation: 

o The process outlined the comparative energy demands between existing MOVEID 

model catenary electrification and newer (ZEFES) battery electrification solutions for 

long-haul and super long-haul trucks. Gains in battery capacity (e.g., 1670 kW.h for 

long-haul trucks) and adjusted fuel efficiencies (e.g., changing energy use from 1.610 

kW.h/km to 1.899 kW.h/km) were modelled. 
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Changes in vehicle characteristics and infrastructure requirements 

We then used the updated energy efficiencies and vehicle characteristics to calculate new infrastructure 

requirements for vehicle ramp-ups. 

Figure 17 illustrates how fuel efficiency improvements achieved through the ZEFES project impact the 

infrastructure requirements for N3 FCEVs. With energy efficiency improving from 2.94 kW.h/km and 

2.68 kW.h/km to 2.90 kW.h/km and 2.62 kW.h/km, the energy demand per kilometre decreases, 

reducing the burden on infrastructure components. For example, offshore wind requirements are slightly 

reduced from 3.66 kW to 3.5 kW, and onshore wind decreases from 51.97 kW to 50.90 kW, while PV 

standalone generation also drops. Similarly, the electrolyser capacity requirement decreases from 

104.03 kW to 101.90 kW. Additionally, the transmission pipeline needs, including new builds and 

retrofits, are marginally reduced, reflecting the lower energy demand. The Low scenario is used until 

2025, after which the balanced scenario is assumed. 

 

Figure 17: Translation of ZEFES improvements into changes in infrastructure requirements per N3 

FCEV in 2050 

The shift from catenary electrification to battery electrification leads to a considerable increase in battery 

capacities to meet the demands of long-haul and super long-haul operations. For instance, the battery 

size for long-haul trucks increased from 268 kW.h under catenary electrification to 1670 kW.h in the new 

battery electrification scenario. Similarly, super long-haul trucks required a capacity increase from 355 

kW.h to 2220 kW.h. These increases enable extended ranges but come with an increase in energy 

consumption, such as for long-haul trucks, from 1.610 kW.h/km to 1.899 kW.h/km. The shift also 

necessitates introducing new 1MW fast chargers as well as depot chargers for larger trucks. Whilst, 

clearly overhead grid requirement is removed. Figure 18 shows the effect of these changes on the 

infrastructure requirements: 
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Figure 18: Translation of ZEFES improvements into changes in infrastructure requirements per N3 

BEV in 2050 

Exemplary output after adapting ZEFES changes to FCEV powertrain 

As an example, Figure 19 shows the effect of the changes made to the FCE  assumptions on MO EID’s 
optimal fleet forecast. 

 

Figure 19: Translation of ZEFES improvements into changes in the optimal vehicle mix ramp-up 

Table 3 details the resulting stock of FCEVs in 2050 and their share in the total fleet, increasing from 

about 21.1 million (5.5%) to about 26.9 million vehicles (6.1%) after making the adjustments. 

Table 3: FCEV stock in updated optimal vehicle mix in 2050 

Model scenario FCEV stock 2050 Total stock 2050 FCEV Share 

Optimal run study IVb 21,101,439 380,318,220 5.50% 

Optimal run with updated long-

haul FCEV energy consumption 
26,911,505 380,318,220 6.10% 
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Figure 20: Translation of ZEFES improvements into changes in cumulative emissions in the EU27+UK 

road sector 

  

22,   

22,1  

22,2  

22,3  

22,   

22,5  

22,   

2  5 2   2   2   2   2 5 

 
  

  
  
  
  
  

  
  
  

  
  

  
 
  

  

Study I b ZEFES update



 

      44 

3. DEVELOPING THE 2ZERO BASELINE 

COMPOUND KPI VALUES 

This section presents the baseline values for the Compound KPIs considered as a point of departure 

for the implementation of the 2ZERO project improvements in each model. As the aim of this exercise 

is not to necessarily converge model operation and results, this section provides a description of the 

baseline values for the Compound KPI figures per model.  

3.1 Brief policy context 

The models take different approaches to reflecting the current policy context: COPERT/SIBYL and 

PRIMES-TREMOVE use the latest policy developments and projections as the baseline for the 

modelling exercise. The models incorporate the policy developments and projections aligned with the 

policy context as described in the S3 scenario of the 2040 Climate Target Plan, which has been put 

forward as a proposal from the European Commission in February 2024 (European Commission, 2024). 

This sets a target of 90% overall emissions reduction by 2040 and complete climate neutrality by 2050. 

It also incorporates the 2030 climate target of reducing emissions by 55% (European Commission, 

2020) in the context of the European Green Deal (European Commission, 2019) and the Fit for 55 

package of measures (European Council, 2024).  

This means that the baselines used by COPERT/SIBYL and PRIMES-TREMOVE incorporate key 

legislation from the Fit for 55 package that impact the road sector, the introduction of ZEVs specifically, 

such as the Alternative Fuel Infrastructure Regulation (European Commission, 2023) that mandates 

certain levels of availability of charging points linked to the penetration rate of for electric vehicles in the 

EU fleet, and CO₂ emission performance standards for cars and vans (European Commission, 2023) 

that set emission reduction targets for all new cars and vans registered up to 2034 while setting a 100% 

emission reduction target from 2035. The 2040 Climate Target Plan implementation according to the S3 

scenario is also expected to bring a similar requirement for 100% reduction in CO2 emissions from 2040 

onwards for heavy duty vehicles (HDVs). 

This decarbonisation policy context (in COPERT/SIBYL and PRIMES-TREMOVE) suggests that in the 

expected baseline projection, a rapid decarbonisation of road transport should be seen. In this case, the 

identified KPIs are expected to capture this significant shift away from fossil fuels in their performance 

over time. 

As mentioned in Section 2.3.3, MOVEID does not consider the regulatory framework as an explicit 

constraint in the optimisation. Instead, the model minimises emissions arising from the transport sector 

given the technical constraints in the market (such as the ramp-up speeds of vehicle manufacturing or 

infrastructure roll out). With regard to the policy framework, this approach implicitly assumes that 

regulation will enable this “optimised” ramp up of zero emission technologies.  

3.2 Assessing the 2ZERO Compound KPIs 

The baseline values are provided for the following KPIs for each model: 

• GO.KPI.4: Number of New Vehicle Registrations of zero tailpipe emission vehicles; 

• GO.KPI.3: Reduction of CO2 emission; 

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

• SO.KPI.1: Ability of determining realistically and reliably the energy intensity. 
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3.2.1 GO.KPI.4: Number of New Vehicle Registrations of zero tailpipe 
emission vehicles 

The Number of New Vehicle Registrations (NVR) of Zero Tailpipe Emission Vehicles (ZEVs) gives a 

measure of the adoption rate of vehicles that produce no direct emissions from the exhaust, these 

include battery electric vehicles and hydrogen fuel cell. This KPI tracks the growth in the use of cleaner, 

more sustainable transport options, reflecting progress toward reducing greenhouse gas emissions and 

air pollution in the transportation sector. Increasing registrations of zero-emission vehicles is a critical 

step in achieving long-term, environmental and climate goals. This section presents the baseline figures 

for this indicator for 2020 and then in 5-year steps up until 2050 as developed and used by the three 

models applied in the LeMesurier method23. 

COPERT/SIBYL  

Table 4 below presents the COPERT/SIBYL projected new registrations of zero tailpipe emission 

vehicles within various vehicle categories across the EU27 road transport sector. The data covers the 

period from 2020 to 2050, with projections provided every five years, and is measured in thousands of 

vehicles. 

Table 4: New Registration of zero tailpipe emission vehicles per category – vehicles (in thousands) 

 2020 2025 2030 2035 2040 2045 2050 

Buses + Coaches 1.7 10.6 30.8 33 51.2 61.4 68.3 

Passenger Cars 543.6 2,877 6,487 11,955 18,839 19,843 20,010 

L-Category 88.1 330.8 612.7 975 1,751 2,516 3,479 

Heavy Duty Trucks 1.1 17.3 73.2 142.5 321.2 429.7 572 

Light Commercial 

Vehicles 
28.8 235.4 787.2 1,649 2,472 2,753 2,830 

Total  575.2  3,471 7,991 14,754 23,434 25,603 26,960 

 

In addition, Table 5 presents the projected total stock of ZEVs over the same period, providing a 

comprehensive view of the cumulative number of zero tailpipe emission vehicles in operation within the 

EU27 road transport sector. This table illustrates the overall growth of the ZEV fleet over time, offering 

a long-term perspective on the development of the vehicle stock in the EU27. Although it represents a 

different indicator, it is included here to maintain continuity and alignment with the data provided by the 

other models in the following subsections. 

Table 5: Total stock of zero tailpipe emission vehicles per category – vehicles (in thousands) 

 2020 2025 2030 2035 2040 2045 2050 

Buses + Coaches 4.9 33.1 140.3 278.3 422.3 620.7 801.6 

Passenger Cars 1,171 9,566 33,680 77,694 146,547 213,262 254,542 

 
23 Deviations in the number of new vehicles registered by each of the models can be attributed to their 
development in different times when different datasets on vehicle registrations where available. 
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L-Category 318.8 1,332 3,451 6,457 11,628 18,393 26,907 

Heavy Duty Trucks 2.2 37.2 286.9 822.3 1,984 3,550 5,409 

Light Commercial 

Vehicles 
120.3 718.1 3,280 9,196 18,551 28,055 34,257 

Total 1,617 11,686 40,838 94,447 179,132 263,881 321,916 

The data shows a significant upward trend in the total stock of ZEVs, particularly within the passenger 

car category. From 1.17 million units in 2020, the stock is projected to grow substantially to 

approximately 255 million vehicles by 2050. Additionally, the L-Category is expected to show remarkable 

growth, with projections rising from 319 thousand in 2020 to around 27 million by 2050. Light commercial 

vehicles are also projected to see significant increases, growing from 120 thousand in 2020 to more 

than 34 million by 2050. In terms of HDTs, the data reflects a gradual but noteworthy increase in ZEV 

stock. HDTs are expected to rise from 2 thousand units in 2020 to almost 5.4 million by 2050. Buses, 

though starting from a lower base, show a similar upward trend, with projections rising from 5 thousand 

units in 2020 to 802 thousand by 2050.  

Looking at 2035, we can see that this year marks an important point of acceleration for several 

categories. The passenger car stock is expected to reach 77.7 million in 2035, more than doubling from 

33.7 million in 2030, reflecting a sharp rise in adoption driven. Similarly, HDTs are projected to increase 

significantly, from 287 thousand in 2030 to 822 thousand in 2035, signalling a growing shift towards 

cleaner freight transport. Additionally, the buses category is also expected to experience a notable 

increase, with the stock projected to reach 278 thousand in 2035, compared to 140 thousand in 2030, 

reflecting efforts to electrify public transportation systems. Therefore, 2035 marks the point where the 

adoption of ZEVs starts to take off more rapidly across multiple vehicle categories. 

The anticipated growth in ZEV stock deriving from the COPERT/SIBYL scenario is a direct result of 

adhering to the European Commission’s policies and regulations such as the European Green Deal, Fit 

for 55 and the 2040 Climate Target Plan. 

PRIMES-TREMOVE 

The PRIMES-TREMOVE model has the total projected number of ZEVs for each vehicle category in 5-

year steps, these are presented in this section. Therefore, the figures below represent the total number 

of ZEVs existing in the EU vehicle fleet, not the number of new ZEV registrations. While the two 

indicators would be relatively close initially, we expected that increasing ZEV replacements towards the 

end of their lifespan would mean that actual vehicle registrations would be somewhat higher. These 

later ZEVs would not be captured by the index presented below. 

As seen in Figure 21, the stock of ZEVs shows consistently increasing emissions between 2020 to 2050 

across all vehicle categories. 
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Figure 21: Zero Tailpipe Emissions vehicles – in millions 

The most significant growth, in ZEVs in absolute terms, is observed in private cars, which is the largest 

vehicle segment. These, grow from 0.3 million vehicles in 2020 to a projected more than 80 million in 

2035 and are expected to reach nearly 243 million by 2050.  

Light commercial vehicles are also expected to see a sharp increase to an expected 3.9 million vehicles 

in 2035, and to more than 35 million in 2050, compared to just 0.1 million in 2020. Heavy-duty vehicles 

(HDVs) will reach 1.1 million vehicles in 2035, which marks a notable increase from a negligible stock 

in 2020. The number of ZEV HDVs is expected to further rise to nearly 6 million by 2050. Bus and coach 

fleets are also expected undergo a transition to ZEVs, with the stock of zero-emission buses in 2020 

being about 3 thousand and less than a thousand coaches. These increase to a projected 0.2 million 

buses and 0.1 million coaches in 2035 and 0.4 million and 0.5 million in 2050 respectively. Two-wheelers 

are expected to reach 13.6 million vehicles in 2035 and 36.5 million in 2050, up from zero stock in 2020. 

This increase highlights significant growth in the number of zero-emission vehicles (ZEVs) within this 

transport mode as well.    

Table 6 below presents in detail the rise of zero tailpipe emission vehicles over the years. 

Table 6: Stock of zero tailpipe emission vehicles per category (million vehicles) 

 2020 2025 2030 2035 2040 2045 2050 

Buses     0       0       0.1   0.2   0.3  0.4     0.4  

Coaches      0      0  0  0.1    0.2  0.4     0.5  

Private Cars    0.3   5.6    39.3   80.6   165.0  218.2    242.7 

2 wheelers    0       0     1.5    13.6      24.4    31.7    36.5  

Heavy duty vehicles       0         0      0.3   1.1     2.7     4.5     5.9  

Light duty vehicles   0.1      0.2        0.8   3.9    17.0     27.6   35.9  

Total  0.4   5.8    42.0  99.5    209.6   282.8  321.9 
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In the following, Figure 22, the total stock of ZEVs in road transport for the period 2020-2050 is presented 

in 5-year steps. This illustrates the rapid rise in the total number of zero-emission vehicles. The total 

stock of zero tailpipe emission vehicles rises sharply from around 5.5 million in 2025 to 36 million by 

2030, 57.6 million by 2035 and 39 million by 2050 respectively, reflecting the increasing adoption of 

cleaner vehicle technologies. This trend highlights the shift towards decarbonizing road transport, with 

some initial progress expected by 2030 but more a more significant and sustained growth is realised 

until 2050. 

 

Figure 22: Total stock of Zero Tailpipe Emissions vehicles – in millions for Road Transport 

Table 7 presents the 5-year change in the number of Zero Tailpipe Emission Vehicles for each transport 

mode from 2020 to 2050. 

Table 7: 5-year change in stock of zero tailpipe emission vehicles per category (million vehicles) 

 2020 2025 2030 2035 2040 2045 2050 

Buses     0      0       0.1      0.1         0.1          0.1     0  

Coaches     0      0         0      0.1        0.1         0.1     0.1   

Private Cars   0.2   5.5   33.7 41.3   84.3    53.3  24.5 

2 wheelers     0      0    1.5   12.2   10.8      7.2    4.8  

Heavy duty vehicles     0      0        0.2       0.8   1.6   1.9   1.3  

Light duty vehicles     0     0.1        0.6    3.1   13.1   10.6   8.3  

Total   0.2   5.6  36.1  57.6  110.0  73.2   39.0 

 

MOVEID 

Following the underlying logic of the model, the ramp up of ZEV vehicles in MOVEID reflects the fastest 

technologically possible ramp-up. In the mixed scenario considered for the LeMesurier project, the 

model can select from a range of different decarbonisation options to minimise emissions and avoid 

bottlenecks. All segments of the road sector (from small passenger cars to long-haul trucks) are powered 
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by a GHG-neutral fuel with the aim of minimising cumulated GHG emissions until 2050. In case technical 

bottlenecks prevent new registrations of GHG-neutral vehicles in a given year, the registration of fossil 

fuelled vehicles  gasoline or diesel  remains available as a “fallback option” in order to meet the mobility 
demand assumed for EU27+UK in the respective year. MOVEID optimises new vehicle registrations by 

vehicle category and fuel on an annual basis.  

As Figure 23 shows, the number of ZEV increases consistently from 2025 onwards, with the quickest 

ramp up occurring between 2025 and 2035. Private cars experience the fastest ramp up, followed by 

light duty vehicles. The fast ramp up is consistent with the objective of the model – the earlier vehicles 

are replaced by zero-emissions in the long term, the quicker emissions can be reduced.  

 

Figure 23: Zero Tailpipe Emission vehicles - in thousands 

Table 8 further emphasises these results. In its baseline specification, MOVEID introduces the majority 

of ZEV between 2030 and 2035. A majority of the technical bottlenecks which currently constrain the 

ramp-up of certain ZEV technologies (such as grid expansion for electric vehicles) can be overcome 

until then, so that increasingly more ZEV can be registered. 

Table 8. Stock of zero tailpipe emission vehicles per category (thousand vehicles) 

 2020 2025 2030 2035 2040 2045 2050 

Buses  -     184   359   598   634   655   695  

Coaches  -     54   99   154   162   169   187  

Private Cars  1,787   6,525   83,437   224,926   263,355   274,954   286,806  

2 wheelers  -     -     -     -     -     -     -    

Heavy duty vehicles  6   269   2,378   6,375   6,473   6,600   6,752  

Light duty vehicles  310   345   8,817   27,235   32,969   34,379   35,929  

Total  2,102   7,377   95,089   259,288   303,593   316,757   330,370  
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The change in total number of ZEV is illustrated in Figure 24 as a proxy to new ZEV registrations. In 

order to minimise the cumulative emissions, MOVEID introduces as many ZEV as early as the technical 

bottlenecks allow. As the decarbonisation of the fleet increases, the change in number of ZEV ramps 

down.  

  

Figure 24: 5-year change in stock of zero tailpipe emission vehicles (thousands) 

The following table presents the change in the total number of Zero Tailpipe Emission Vehicles for each 

transport mode from 2020 to 2050. 

Table 9: 5-year change in stock of zero tailpipe emission vehicles per category (thousand vehicles) 

 2020 2025 2030 2035 2040 2045 2050 

Buses  -     184   175   239   37   21   40  

Coaches  -     54   45   55   8   7   18  

Private Cars  1,787   4,738   76,912   141,489   38,429   11,599   11,853  

2 wheelers  -     -     -     -     -     -     -    

Heavy duty vehicles  6   263   2,109   3,997   98   127   152  

Light duty vehicles  310   35   8,472   18,418   5,734   1,411   1,550  

Total  2,102   5,274   87,712   164,199   44,305   13,164   13,613  

 

3.2.2 GO.KPI.3: Reduction of CO2 emission 

With the reduction of CO 2 emissions Compound KPI the change in the total amount of emissions by the 

entirety of the EU road transport fleet is measured. This metric takes into account reductions in 

emissions by all vehicles operating in the EU (existing stock and new registrations) as this can be 

affected by both energy efficiency improvements in traditional ICE engine technology, as well as the 
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introduction of new powertrain technologies such as hybrids, plug-in hybrids, battery electric or hydrogen 

ICE or fuel cell vehicles. 

COPERT/SIBYL  

The following Table 10 illustrates the evolution of CO2 emissions across various vehicle categories in 

road transport, presenting data for the period 2020–2050. These values consider CO2, CH4, and N2O 

emissions. 

Table 10: CO2 emissions from road transport for all vehicle categories in kt. 

 2020 2025 2030 2035 2040 2045 2050 

Buses + Coaches 29,166 29,863 25,582 19,282 12,800 6,610 3,539 

Passenger Car 418,248 482,434 418,838 299,764 129,605 35,960 7,475 

L-Category 8,913 9,323 8,646 7,595 6,273 4,649 4,005 

Heavy Duty Trucks 183,722 205,704 206,035 192,220 147,852 98,270 56,294 

Light Commercial 

Vehicles 
84,823 100,760 95,520 77,106 41,053 13,314 2,608 

Total 724,872 828,084 754,621 595,967 337,583 158,803 73,921 

 

Notably, the lower emissions recorded in 2020 reflect the significant impact of the covId-19 pandemic, 

which caused a temporary dip in global road transport activity. As the data shows, passenger cars 

emissions dropped to around 418,000 kt in 2020, a sharp decline compared to previous years. However, 

with the resumption of road transport and the normalization of economic activity, CO2 emissions are 

projected to rise again by 2025, returning to levels like those seen in 2019, just before the pandemic. 

Passenger car emissions are expected to increase to 482,500 kt in 2025, closely matching the peak 

emissions of 2019. 

Likewise, light commercial vehicles emissions are projected to rise from 84,800 kt in 2020 to 100,800 kt 

in 2025, reflecting a return to pre-pandemic activity levels. Bus emissions, which were 29,200 kt in 2020, 

are expected to increase slightly to 29,900 kt by 2025. For heavy-duty trucks, emissions are forecasted 

to climb from 183,700 kt in 2020 to 205,700 kt by 2025, echoing the rise in road freight seen pre-

pandemic. L-Category emissions are projected to follow a stable trend, rising only slightly from 8,900 kt 

in 2020 to 9,300 kt in 2025. 

In general, the 2025 projections suggest a near return to the 2019 emission levels for most vehicle 

categories as road transport fully rebounds from the pandemic. However, beyond 2025, CO2 emissions 

are expected to steadily decline, as the adoption of electric vehicles and other clean technologies 

accelerates. The exception is heavy-duty trucks, whose CO₂ emissions are projected to remain relatively 

stable between 2030 and 2035, before beginning to decline thereafter. By 2050, passenger car 

emissions are forecasted to be lower than 8,000 kt, while light commercial vehicles will drop below 3,000 

kt. Buses and heavy-duty trucks will also experience significant reductions, with bus emissions 

decreasing to under 4,000 kt and heavy-duty trucks falling to almost 56,000 kt by 2050. L-Category 

emissions are expected to reduce to around 4,000 kt by 2050. 

These trends suggest that, while emissions may temporarily return to pre-pandemic levels by 2025, the 

long-term trajectory points towards substantial reductions across each vehicle category, due to cleaner 

technologies and policy measures. 
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PRIMES-TREMOVE 

In this section, the baseline projected trajectory of CO2 emissions in road transport from various vehicle 

categories over time is given from using the PRIMES-TREMOVE model.  

The figure below (Figure 25) shows CO2 emissions, measured in kilotons, for different road transport 

modes from 2020 to 2050. As new technologies, such as ZEVs, are adopted, CO2 emissions steadily 

decline for all vehicle categories. 

 

Figure 25: CO2 emissions per vehicle category – in Mt 

The total road transport emissions are projected to drop from approximately 635 Mt in 2020 to less than 

548 Mt in 2030, to almost 321 Mt in 2035 and to just 1.6 Mt in 2050, demonstrating a significant progress 

towards decarbonizing road transport (see Table 11). 

The reduction in CO2 emissions is obvious across all vehicle categories, with private cars showing the 

largest decrease from over 396 Mt in 2020 to just 179 Mt by 2035 and 0.8 Mt by 2050. Light commercial 

vehicles will see also a significant reduction to 30.6 Mt in 2035 and almost 0 Mt in 2050 compared to 56 

Mt in 2020. The contribution of heavy-duty vehicles to emission reductions will be significant, with CO₂ 

levels projected to reach 77 Mt in 2035 and just 0.3 Mt in 2050, from more than 118 Mt in 2020.  CO2 

emissions from public transport are projected to see an important reduction, aligning with trends in 

private sector. Emissions from buses will reach to 4.7 and 0.5 Mt in 2035 and 2050 respectively, down 

from 7.7 Mt in 2020. A similar trend is observed in coaches, with emissions projected to decrease from 

more than 11 Mt in 2020 to 9.4 Mt in 2035 and almost 0 Mt in 2050. Finally, two-wheelers will also see 

a reduction, from approximately 10 Mt in 2020, down to 4.4 Mt in 2035 and tending to 0 Mt in 2050. 

Table 11 below, presents in detail the trajectory of CO₂ emissions per vehicle category over the years. 
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Table 11: Reduction of CO2 emission from road transport for all types of vehicles in Mt 

 2020 2025 2030 2035 2040 2045 2050 

Buses  7.7   9.9     7.3    4.7      2.2        0.8     0.5  

Coaches  11.2   13.7   13.9     9.4       3.5         0.5     0  

Private cars  396.4   420.0 319.4   179.1  52.3     8.5     0.8  

2 wheelers   9.9    9.4      8.8     4.4      1.4    0.3     0  

Light duty vehicles (passenger)   56.0   57.3     50.2   30.6     8.0       1         0  

Heavy duty vehicles 118.5   136.2   119.8    77.2    28.3     3.7      0.3  

Light duty vehicles (freight)   35.7    32.5  28.0   15.9      5.2        0.5        0  

Total  635.4 679.0  547.4 321.3  100.9   15.3  1.6 

 

MOVEID 

Similar to the other models, and in line with its modelling target, MOVEID shows a quick decrease in 

annual GHG emissions from the transport sector starting from 2025 (as can be seen in Figure 26). 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 PRIMES-TREMOVE and COPERT, 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 models.   

   

Figure 26: CO2 emissions per vehicle category - in ktCO2-eq 

Table 12 illustrates the decrease in GHG emissions across vehicle segments. Despite the smaller 

number of vehicles (as shown in Figure 26), the heavy duty vehicles category and the private cars 
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category emit almost the same amount of greenhouse gases. Both experience a substantial decline 

between 2025 and 2035. Due to emissions from manufacturing, which partially occurs outside of 

Europe, emissions approach zero more slowly from 2035 onwards. 

Table 12: Annual GHG emissions from road transport for all vehicle categories in ktCO2eq 

 2020 2025 2030 2035 2040 2045 2050 

Buses  24,209   18,804   9,225   1,895   1,065   282   258  

Coaches  9,280   6,921   3,075   499   164   287   112  

Private cars  594,737   684,244   441,010   136,897   85,209   61,061   21,793  

Light duty vehicles 
(passenger) 

 108,374   126,608   89,398   30,328   12,277   11,798   4,183  

Heavy duty vehicles  516,417   479,863   272,359   22,474   21,323   16,279   6,697  

Light duty vehicles 
(freight) 

 -     -     -     -     -     -     -    

Total 1,253,016  1,316,442   815,067   192,093   120,038   89,707   33,044  

 
 

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

This indicator measures the greenhouse gas emissions (GHG) per passenger-kilometre (p.km) or ton-

kilometre (t.km), reflecting the progress in lowering the environmental impact of transportation and any 

changes in the capacity in use.  

COPERT/SIBYL  

Assessing GHG intensity, measured per vehicle-kilometre (v.km), passenger-kilometre (p.km) or ton-

kilometre (t.km), is essential for understanding the effectivity of the transport sector in reducing 

emissions, beyond simply evaluating total CO2eq emissions. The following tables present the GHG 

intensity for various vehicle categories, measured in kt CO2eq per vehicle-kilometre (v.km) (Table 13) 

or per passenger per ton-kilometre (Gp.km or Gt.km) (Table 14). These values illustrate data for the 

period from 2020 to 2050 and consider CO2, CH4 and N2O emissions, as well as changes in the capacity 

or use of the vehicles. 

Table 13: GHG intensity - in kt CO₂eq/Gv.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 902 856 694 498 314 153 77 

Passenger Car 190 177 148 102 43 12 2 

L-Category 99 89 77 65 51 38 31 

Heavy Duty Trucks 708 718 660 579 439 285 158 

Light Commercial 
Vehicles  

245 236 212 163 85 27 5 
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The projections indicate a significant decline in GHG intensity across all vehicle categories, driven by 

technological advances including increased electrification. However, this assessment does not 

specifically foresee any change in the load capacity or factor of vehicles over time. 

By 2050, the GHG intensity for private cars is expected to reach near-zero levels, while light-commercial 

vehicles will follow a similar trajectory. These trends emphasize the movement toward decarbonization 

in mobility, supported by cleaner technologies and energy efficiency measures. 

Table 14: GHG intensity - in kt CO₂eq/Gp.km or /Gt.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 90 60 49 35 22 11 5 

Passenger Cars 121 112 94 65 28 8 2 

L-Category 86 78 67 57 45 33 27 

Heavy Duty Trucks 118 120 110 97 73 47 26 

Light Commercial Vehicles (freight) 402 386 347 267 139 43 8 

 

It is important to emphasize that these GHG intensity figures are based on the COPERT/SIBYL model 

outputs, particularly v.km data. The model ensures that emissions are calculated using the original fuel 

consumption factors from COPERT, meaning that the v.km data accurately reflects the fuel sold and 

the real-world vehicle activity, without being artificially adjusted to match statistical figures. However, it 

should be noted that the p.km and t.km data have been aligned with statistical values to match national 

or regional datasets. This means any over or underestimations in the statistical p.km and t.km figures 

are reflected in the GHG intensity results for these metrics. Nonetheless, the combination of these two 

approaches, accurate v.km data from the model and statistically adjusted p.km and t.km, offers a 

comprehensive and balanced perspective of GHG intensity trends across different vehicle categories 

and transport sectors, whilst not accounting for any possible changes in capacity or consequential use 

of these vehicles in the future. This methodology ensures an estimate of emissions in relation to both 

freight and passenger mobility, providing insights for the assessment climate action strategies to a 

certain extent.  

PRIMES-TREMOVE 

In the following paragraph, the reduction of GHG Intensity indicator for mobility of people and goods as 

determined within the PRIMES-TREMOVE model is presented.  

Figure 27 and Figure 28 below show the GHG intensity for different transport modes, split into passenger 

and freight transport from 2020 to 2050, expressed in kt CO₂eq per billion passenger-kilometre (Gp.km_ 

and billion tonne-kilometre (Gt.km), respectively. Across all vehicle types, a significant reduction in GHG 

intensity is projected, driven by technological improvements such as the increasing uptake of zero-

emission vehicles and the improved energy efficiency of conventional fuel technologies, highlighting the 

progress made towards decarbonizing mobility and reducing the environmental footprint of both people 

and goods transport. However, this assessment does not specifically foresee any change in the load 

capacity or factor of vehicles over time. 



 

      56 

 

Figure 27: GHG Intensity of Passenger Transport – in kt CO2eq/Gp.km 

For passenger transport as seen in the Figure 27 above, GHG intensity is set to decline significantly by 

2050. Private cars, which have been the largest contributors to GHG emissions, will see their average 

GHG intensity fall from 121 kt CO₂eq/Gp.km in 2020 to 42 kt CO₂eq/Gp.km in 2035, with a trajectory 

leading to complete decarbonization by 2050. Similarly, light commercial vehicles for passenger 

transport are estimated to have an average 185 kt CO₂eq/Gp.km in 2020 and will see a reduction to 76 

kt CO₂eq/Gp.km by 2035, and complete decarbonization by 2050. Public transport is similar, with the 

GHG intensity of buses decreasing from 89 kt CO₂eq/Gp.km in 2020 to 26 kt CO₂eq/Gp.km in 2035 and 

just 2 kt CO₂eq/Gp.km in 2050. Coaches follow a similar trajectory starting at 54 kt CO₂eq/Gp.km in 

2020 and reaching 23 kt CO₂eq/Gp.km in 2035, achieving total decarbonization in 2050. Last but not 

least, two-wheelers also exhibit a reduction in GHG, as their intensity is expected to decrease from 97 

kt CO₂eq/Gp.km in 2020 to 34 kt CO₂eq/Gp.km in 2035 and reach zero by 2050. However, this 

assessment does not specifically foresee any change in the load capacity or factor of vehicles over time. 

 

Figure 28: GHG Intensity of Freight Transport – in kt CO2eq/Gt.km 
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Figure 29 represents the performance of freight transportation in reducing GHG intensity. Heavy-duty 

vehicles will reduce their GHG intensity from 68 kt CO₂eq/Gt.km in 2020 to 38 kt CO₂eq/Gt.km by 2035 

and lead to complete total decarbonization by 2050. Light-duty vehicles used for freight transport follow 

a similar trend. Their GHG intensity are expected to decrease significantly from 441 kt CO₂eq/Gt.km in 

2020 to 157 kt CO₂eq/Gt.km in 2035 and reaching zero by 2050. However, this assessment does not 

specifically foresee any change in the load capacity or factor of vehicles over time. 

 

Figure 29: GHG Intensity of Freight Transport – in kt CO2eq/Gv.km 

Overall, both passenger and freight transport sectors are progressing towards the long-term goal of 

decarbonization by 2050, supported by technological advances. 

The following table (Table 15) presents analytically the GHG intensity trends for both passenger and 

freight transport in 5-year steps, showing a clear downward trajectory from 2020 to 2050 across all 

vehicle types. 

Table 15: GHG intensity - in kt CO₂eq/Gp.km or /Gt.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses  89    72   43       26      12    4       2  

Coaches   54      42    36         23       9   1       0  

Private cars   121    104     77      42        12    2        0  

2 wheelers    97        81   72         34        10    2         0  

Light duty vehicles 
(passenger) 

 185   152     129        76         19    2         0  

Heavy duty vehicles    68       72   62        38          14    2        0  

Light duty vehicles (freight)    441    353    290     157           49   5         0 
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MOVEID 

When focussing on tailpipe emissions relative to the transport demand, MOVEID, similar to the other 

models, clearly shows a decrease in emissions across all vehicle categories (Figure 30). In line with the 

findings for total emissions, the emissions per Gt.km/Gp.km decrease sharply between 2025 and 2035 

as new technologies are introduced and registrations of zero emission vehicles increase.  

  

Figure 30: GHG intensity of passenger transport - in kt CO2eq/Gp.km 

As Figure 31 shows, the findings are similar for heavy duty vehicles. From 2035 onwards, heavy duty 

vehicles are projected to operate at an emission intensity close to 0 ktCO2eq/Gt.km.  

  

Figure 31: GHG intensity of freight transport - in kt CO2eq/Gt.km 

Following its optimisation objective, the results of MOVEID show a continuous decrease of the emission 

intensity over time across different vehicle types. As for the overall decarbonisation, the largest change 
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in emission intensity occurs between 2025 and 2035 once initial bottlenecks have been overcome and 

new, low-emission technologies are available to the market. The total demand for road mobility is 

assumed to increase slightly over the time period considered (following 2016 EU Reference Scenarios), 

so that the decrease in emission savings overcompensates additional emissions from an increase in 

mobility.    

Table 16: GHG intensity - in kt CO2eq/(Gp.km or Gt.km) 

 2020 2025 2030 2035 2040 2045 2050 

Buses  54   40   19   4   2   1   0  

Coaches  78   57   24   4   1   2   1  

Private cars  113   125   78   23   14   10   3  

Light duty vehicles 
(passenger) 

 150   162   110   34   13   12   4  

Heavy duty vehicles  245   211   111   9   8   6   2  

 

3.2.4 SO.KPI.1: Ability of determining realistically and reliably the energy 
intensity 

This KPI refers to the energy intensity expressed in a tank-to-wheel perspective. This key indicator 

provides insights into the efficiency of different transport modes and their progress toward reduced 

energy consumption. Like the GHG intensity discussed earlier, assessing energy intensity—measured 

in kilotons of oil equivalent per vehicle-kilometre (v.km), passenger-kilometre (p.km) or ton-kilometre 

(t.km)—is vital for understanding the effectivity of the transport sector. While GHG intensity focuses on 

emissions, energy intensity reveals how effectively the sector is using energy to deliver mobility services. 

This indicator highlights improvements in fuel efficiency and electrification, but also vehicle capacity 

(number of passengers or the load carrying capacity, or the number of vehicles need to maintain 

capacity in relation to demand) offering insights into how the transport system is managing its energy 

demand as it strives to meet sustainability goals and societal needs. 

COPERT/SIBYL  

The following tables present the energy intensity for various vehicle categories, measured in kilotons of 

oil equivalent (ktoe) per vehicle-kilometre (Gv.km) (Table 17) and per ton-kilometre (Gt.km) or per 

passenger-kilometre (Gp.km) (Table 18). These values illustrate historical trends from 2005 to 2020 and 

projections to 2050. 

Table 17: Energy intensity - in ktoe/Gv.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 289 279 253 228 211 200 202 

Passenger Car 61 58 52 41 28 21 19 

L-Category 32 29 26 22 18 14 12 

Heavy Duty Trucks 223 227 218 208 192 173 157 

Light Commercial 

Vehicles 
78 75 69 58 40 27 22 
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Table 18: Energy intensity - in ktoe/Gt.km or ktoe/Gp.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 29 20 18 16 15 14 14 

Passenger Car 39 37 33 26 18 14 12 

L-Category 28 25 22 19 16 12 11 

Heavy Duty Trucks 37 38 36 35 32 29 26 

Light Commercial 

Vehicles 

(freight) 

128 123 114 95 66 44 37 

 

The projections indicate a significant decline in energy intensity across all vehicle categories, driven by 

technological advances and increased electrification. Buses are expected to see consistent 

improvements in energy efficiency, while passenger cars will experience one of the most substantial 

reductions, reflecting the growing shift towards energy-efficient technologies. For L-Category, 

electrification will play a major role in drastically lowering energy intensity. In the freight sector, heavy-

duty trucks are projected to achieve notable advancements in energy efficiency, and light commercial 

freight vehicles will also see a sharp decrease in energy consumption per ton-kilometre. Finally, 

passenger light commercial vehicles will undergo improvements in efficiency, contributing to a 

widespread reduction in overall energy demand across the transport sector. However, this assessment 

does not specifically foresee any change in the load capacity or factor of vehicles over time. 

As with the GHG intensity analysis, these energy intensity figures are based on COPERT/SIBYL model 

outputs using reliable v.km data, which reflect actual fuel consumption. While p.km and t.km values are 

aligned with statistical data, the combination of these two approaches, accurate model-based v.km and 

statistically adjusted p.km/t.km, provides a comprehensive view of energy consumption trends. 

PRIMES-TREMOVE 

PRIMES-TREMOVE accurately projects the energy consumed per unit of passenger or freight transport. 

The Figure 32 and Figure 33 below illustrate the development of energy intensity across various vehicle 

categories from 2020 to 2050, expressed in kilotonnes of oil equivalent (ktoe) per Gp.km or Gt.km. 

These figures highlight the significant reduction in energy consumption for private cars, heavy-duty 

vehicles, light-duty vehicles, public transportation and two-wheelers over time, reflecting improvements 

in energy efficiency and the increasing shift toward sustainable transport options. A more detailed 

analysis is presented in Table 19 and Table 20 below which serve as the main sources of the figures 

below (Figure 32 and Figure 33). 
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Figure 32: Energy Intensity of Passenger Transport – in ktoe/Gp.km 

For passenger transport, light-duty vehicles remain the largest consumers of energy up until 2050. 

Energy demand for private cars is projected to decline from 142 Mtoe in 2020 to 93 Mtoe by 2035, 

continuing to decrease dramatically to just 39 Mtoe by 2050. This reduction mirrors the sharp drop in 

energy intensity, which is expected to fall from 43 ktoe/Gp.km in 2020 to 21 ktoe/Gp.km in 2035 and 

just 9 ktoe/Gp.km in 2050. Light-duty vehicles used for passenger transport follow a similar trajectory, 

with energy demand decreasing to 14.3 Mtoe in 2035 and 7 Mtoe in 2050 from more than 19 Mtoe in 

2020. The relevant indicator of energy intensity presents a similar reduction from 65 ktoe/Gp.km in 2020 

to 35 ktoe/Gp.km in 2035 and 16 ktoe/Gp.km in 2050. Public transportation follows a similar trend in 

their energy intensity. Specifically, buses will also see a slight reduction in energy intensity, down to 14 

ktoe/Gp.km by 2035 and 10 ktoe/Gp.km by 2050 from 34 ktoe/Gp.km in 2020. Coaches follow a similar 

trajectory, with energy intensity decreasing from 19 ktoe/Gp.km in 2020 to 12 ktoe/Gp.km in 2035 and 

just 6 ktoe/Gp.km in 2050. Finally, two-wheelers are expected to decline from 35 ktoe/Gp.km in 2020 to 

17 ktoe/Gp.km in 2035 and less than 10 ktoe/Gp.km in 2050. 

 

Figure 33: Energy Intensity of Freight Transport – in ktoe/Gt.km 
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For freight transport, energy demand for both light-duty and heavy-duty vehicles is set to decline steadily 

by 2050. Light-duty vehicles for freight will see their energy intensity drop to 77 ktoe/Gt.km in 2035 and 

to 38 ktoe/Gt.km in 2050 from 155 ktoe/Gt.km in 2020, indicating better energy efficiency in commercial 

transport operations. Although heavy duty vehicles are consistently more energy efficient that light 

commercial vehicles, the energy intensity of heavy-duty vehicles shows slower progress than that of 

light commercial vehicles. However, there is a clear reduction from 24 ktoe/Gt.km in 2020 down to 19 

ktoe/Gt.km in 2035 and finally 14 ktoe/Gt.km in 2050. These trends highlight the ongoing efforts to 

reduce energy consumption and improve the sustainability of freight transport. In summary, both 

passenger and freight transport are expected to witness significant reductions in energy demand and 

intensity across all vehicle types from 2020 to 2050. However, this assessment does not specifically 

foresee any change in the load capacity or factor of vehicles over time. 

Table 19 and Table 20 below present in detail the trajectory of energy demand and energy intensity for 

all road transport modes. 

Table 19: Energy Demand in Mtoe 

 2020 2025 2030 2035 2040 2045 2050 

Buses 2.8 3.5 3.0 2.5 2.1 2.1 2.2 

Coaches 3.9 4.8 5.1 4.7 3.9 3.3 3.0 

Private cars 141.4 151.4 122.7 92.3 61.8 46.4 38.6 

2 wheelers 3.5 3.4 3.2 2.2 1.4 1.1 1 

Light duty vehicles 
(passenger) 

19.6 20.1 17.9 14.3 9.9 7.8 6.8 

Heavy duty vehicles 41.6 48.1 44.7 39.4 34.1 31.0 29.2 

Light duty vehicles 
(freight) 

12.5 11.5 10.1 7.8 5.9 4.6 4.2 

Total 225.3 242.8 206.7 163.2 119.1 96.3 85.0 

 

Table 20: Energy intensity - in ktoe/Gt.km or ktoe/Gp.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 32 25 18 14 12 10 10 

Coaches 19 15 13 12 9 8 6 

Private cars 43 37 30 21 14 10 9 

2 wheelers 35 29 27 17 11 8 6 

Light duty vehicles 
(passenger) 

65 53 46 35 23 18 16 

Heavy duty vehicles 24 26 23 19 16 15 14 

Light duty vehicles (freight) 155 124 105 77 57 43 38 
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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 34. The energy intensity of freight transport continues to 

decrease as shown in Figure 35 as the model prefers battery electric and fuel cell electric drivetrains for 

heavy duty vehicles. Table 21 and Table 22 detail the energy demand and energy intensity projections 

of the fleet in ktoe and ktoe/Gt.km or ktoe/Gp.km, respectively. 

 

Figure 34: Energy intensity of passenger transport - in ktoe/Gp.km 

  

Figure 35: Energy intensity of freight transport - in ktoe/Gt.km 
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Table 21: Energy demand - in ktoe 

 2020 2025 2030 2035 2040 2045 2050 

Buses 6,814 5,340 4,229 3,333 3,581 4,321 5,560 

Coaches 2,583 1,908 1,651 1,617 2,001 2,088 2,311 

Private cars 164,544 149,223 128,627 109,944 112,959 126,210 139,222 

Light duty vehicles 
(passenger) 

30,216 28,981 27,291 27,388 28,137 29,702 30,995 

Heavy duty 
vehicles 

144,844 116,610 90,849 85,133 81,339 67,460 62,749 

Total 349,001 302,062 252,647 227,415 228,016 229,781 240,837 

 

Table 22: Energy intensity - in ktoe/Gt.km or ktoe/Gp.km 

 2020 2025 2030 2035 2040 2045 2050 

Buses 15 11 9 7 7 8 11 

Coaches 22 16 13 12 15 15 16 

Private cars 31 27 23 19 19 21 22 

Light duty vehicles 
(passenger) 

42 37 34 31 30 31 32 

Heavy duty vehicles 69 51 37 33 30 24 22 

  



 

      65 

4. 2ZERO PROJECT IMPACTS 

This section presents the 2ZERO project results collected for this Deliverable. Section 4.1 presents the 

data that have been already collected by the 2ZERO projects and collated by the LeMesurier team. It 

also presents what data are expected to become available over the course of the LeMesurier project. In 

Section 4.2 (updated) the project interviews are reported. Section 4.3 (also updated) presents use cases 

where simulation runs by the LeMesurier Digital Twins are needed to produce any further data points 

required to model the impact of the 2ZERO Partnership as a consequence of its projects. 

4.1 Project results 

The initial step in collecting project results has been by means of a common questionnaire, developed 

within WP1 and WP2, aiming, in a single approach, to collect information from the projects that aim to 

produce results relevant for the Direct and the Compound KPIs. This questionnaire has been first piloted 

by between partners of the LeMesurier project involved in selected 2ZERO projects, to test the clarity 

of the questions and assess the usefulness of responses. After this exercise, the questionnaire was 

reviewed and finetuned before being distributed to the coordinators of the 2ZERO projects and those 

responsible for the project clusters. The questionnaire for Compound KPIs is available, in detail, in 

Annex 1. At this first data collection iteration, the collected data focused on information already available 

to the projects. A set of follow-up interviews is planned with project coordinators to further understand 

the expected results and their relevance to the KPIs. In this iteration of this report, in M17 of the 

LeMesurier project, a further updated version of the project impact data is presented based on the 

information gathered through these interviews. 

Impacts of 2ZERO projects on the Compound KPIs  

This section presents the results of the questionnaire in relation to the Compound KPIs and the 

availability or aim of the 2ZERO projects to produce data for these KPIs over their project duration. The 

main purpose of the questions posed was to gather information from the projects that will allow the 

projection of the EU road transport sector total GHG emissions, GHG emission intensity and energy use 

for the defined photo-years (2025, 2030 and 2035). This projection was to be done by introducing input 

data to the vehicle parc models, in terms of technological improvements likely to be produced by the 

2ZERO projects, for their respective applicable vehicle categories. 

A total of 31 projects were targeted with this questionnaire,  all of them participated to the survey and  

24  gave positive responses regarding their intention to produce innovations contributing to at least one 

Compound KPI. The projects replying positively are listed in Table 23, they are distributed into four 

groups, as described in D2.1, based on the project’s focus area. It is positive that all project groups are 

present in this listing, it is reassuring that different types of project innovations can be captured through 

the LeMesurier methodology for measuring the Compound KPIs. 

Table 23: 2ZERO projects indicating existing or expected impacts on the Compound KPIs 

Vehicles Infrastructure Components Miscellaneous 

eBRT2030 
EFFERST 
EMPOWER 
ESCALATE 
MINDED 
NextETRUCK 
ZEFES 
ZEV-UP 

EV4EU 
XL-CONNECT 
FLOW 
DriVe2X 

ClimaFlux 

EM-Tech 

HighScape 

HiPE 

InnoBMS 

MAXIMA 

SCAPE 

VOLTCAR 

PowerDrive 

metaCCAZE 
MOBILITIES FOR EU 
ZEvRA 
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Few quantitative inputs were already made available that could be readily used by the models in the 

LeMesurier assessment of the Compound KPIs. Quantitative project impacts have been collected 

mainly from the declared project objectives, confirmed or updated via simulations. Based on the 

responses, the number of projects affecting each of the Compound KPIs is shown in Figure 36. 

 

 

Figure 36: Number of projects expected to provide inputs for each Compound KPI 

Most of the 24 projects that positively responded to the survey (20) declared they would contribute to 

the reduction of CO2 emissions from the road sector (GO.KPI.3). Slightly more than half (15 out of 24) 

indicated they would aim to reduce GHG emissions (SO.KPI.2), while only 7 out of the 24 respondents 

expected they would contribute to reducing energy intensity (SO.KPI.1). 

The focus area of a project also determines the types of impacts they have. Taking into account the 

categorization of these projects along the four groups (Vehicles, Components, Infrastructure and 

Miscellaneous, as reported in D2.1), we can expect direct input in terms of energy intensity from the 

projects in the Vehicle and Miscellaneous groups. Improvements, in terms of energy savings at a vehicle 

level, can be expected from the projects in the Component group, while the Infrastructure group is 

expected to produce energy savings impacts at a system level. This implies that impacts produced by 

the Vehicles, Miscellaneous and Components group projects will need to be run through the LeMesurier 

Digital Twin models to be translated into data to be used in the vehicle parc models applied. 

From this, one can infer that all 20 projects responding positively to dealing with at least one of the three 

Compound KPIs, will provide some type of relevant outputs. These will either be used directly or via the 

application of a project or the LeMesurier Digital Twin, to deduce relevant vehicle parc model inputs to 

assess the 2ZERO Partnership KPIs. 

Timing of project results 

As many projects are at early stages, relevant results are expected to be made available later and, in 

many cases, after the LeMesurier project is completed. This is confirmed by the timings estimated as to 

when the projects will have data available for the KPIs, as seen in Figure 37. From this, it is apparent 

that most projects aim to produce relevant results within years 2026 and 2027: only a handful of project 

results are expected to be produced by the end of 2025, when the LeMesurier project will finish. 
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Figure 37: Year of the availability of the first results for each of the Compound KPs 

Expecting project results at best in late 2025, and assuming that at least a few years are required for 

the commercialisation of these innovations, we can expect that 2ZERO project innovations will, at best, 

be first deployed in the photo-year 2030. Even more, expecting a considerable impact from these 

innovations would mean allowing sufficient time for them to be rolled out and replace a significant part 

of the vehicle fleet. This means that 2035 would probably be the first photo-year where considerable 

impact could be expected to be visible.  

A phase of interviews with project coordinators has taken place, to explain the inputs needed for the 

LeMesurier modelling and ensure alignment in the understanding and format of the expected project 

results, together with their expected timing (in preliminary or final form). The first set of project outputs 

collected, based on the projects’ declared objectives, has been updated and detailed with the insights 

from these interviews. This information has been used to produce an up-to-date set of expected impacts, 

in the updated version of D2.2 in M17. 

With the inputs collected through this process, we will be able to produce an estimated preliminary set 

of impacts of the 2ZERO Partnership for the Compound KPIs. This will be performed by running the 

vehicle parc models (COPERT/SIBYL, PRIMES-TREMOVE and MOVEID) either directly or after 

producing the appropriate inputs with the LeMesurier Digital Twin tool. However, a more accurate 

assessment of the 2ZERO Partnership’s KPIs would require, as inputs, more mature project results 

being available: there would be benefit from continuing the assessment at least until 2026. 

4.2 Project interviews 

While the questionnaire approach described in the previous section provided valuable qualitative 

insights into the expected contributions of the 2ZERO projects, it did not yield specific quantitative values 

that could be directly used as inputs to the LeMesurier vehicle parc models. This limitation underlined 

the need for a more targeted and technically grounded approach to data collection, prompting the 

implementation of a structured interview process with 2ZERO projects’ coordinators. 

The primary objective of the interviews was to obtain detailed information regarding the technological 

improvements envisaged by each project, in order to generate vehicle parc model-ready inputs. These 

inputs will support the projection of total GHG emissions, GHG emission intensity and energy use in the 

EU road transport sector for the designated photo-years (2025, 2030 and 2035). 

To ensure a meaningful and informed dialogue with the representatives of the 2ZERO projects, the 

LeMesurier team, drawing on internal technical expertise, undertook preparatory work prior to the 

interviews. This involved developing preliminary simulations using the LeMesurier Digital Twin (DT), 
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which will be thoroughly described in Section 4.3, incorporating known or assumed technological 

characteristics of each project based on available documentation and questionnaire responses. The 

preliminary results were then used during the interviews to encourage engagement and invite feedback 

from project coordinators, including validation of assumptions and comparison with project-internal 

projections. At this stage, projects were selected based on the anticipated availability of preliminary 

results within the timeframe of the LeMesurier project. 

Coordination with project contacts was initiated and potential interview time slots were proposed. Finally, 

online interviews were held with the EV4EU, GIANTS, ZEV-UP project. Details of the interview schedule 

and participating organisations are provided in Table 24. 

Table 24: 2ZERO project interviews – dates and participants 

Projects EV4EU GIANTS ZEV UP 

Category Infrastructure Vehicle Vehicle 

Date of interview 27.2.2025 28.2.2025 28.2.2025 

Participating 
Organisations 

AVL 
CERTH 
EMISIA 
IDIADA 
Ricardo 
UEMI 

AVL 
CERTH 
EMISIA 
IDIADA 
Ricardo 
UEMI 

AVL 
CERTH 
EMISIA 
ERTICO 
IDIADA 
Ricardo 
UEMI 

 

The outcomes of these interviews are summarised below: 

• Constructive exchanges were established with all interviewed projects, and detailed minutes 

were recorded. 

• Coordinators expressed strong interest in the technical work undertaken using the LeMesurier 

DT, particularly regarding the modelling assumptions and early outputs. 

• It was agreed to maintain open communication channels, with the LeMesurier team providing 

the relevant presentation materials and simulation results for further review and comment. 

Despite the collaborative nature of the discussions and the mutual interest in the modelling approach, 

no specific quantitative data suitable for direct integration into the vehicle parc models were obtained at 

this stage. However, this phase laid important groundwork for further interaction, clarification of project 

outputs and refinement of modelling parameters. 

Following the interviews, presentation materials were shared with all participating projects. Initial 

feedback has already been received from the GIANTS project, particularly in relation to the assumptions 

embedded in the DT modelling. This feedback is under review and will be used to refine subsequent 

iterations of the LeMesurier simulations. 

The interview process provided a valuable foundation for technical exchange and mutual understanding 

between the LeMesurier team and project coordinators. As a next step, the focus will shift toward sharing 

the updated simulation results produced using the LeMesurier Digital Twin with a broader group of 
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2ZERO projects. This will allow for validation, clarification of assumptions, and integration of project-

specific feedback where possible. 

4.3 Use cases and simulation runs with LeMesurier DT 

To ensure data availability from all 2ZERO projects, the necessary simulation runs within the LeMesurier 

DT were defined. A list of all 2ZERO projects use-cases was compiled and the vehicles were classified 

per category, segment and powertrain. An analysis per project group (vehicle and/or component level) 

was then performed. Table 25 shows the detailed subsequent simulation runs matrix. 

Table 25: Matrix of simulation runs within the LeMesurier DT 

Vehicle 

Category 

Vehicle Segment Vehicle 

Project 

Component Project 

BEV FCEV Advanced 

Power 

Electronics 

High Efficiency 

& Low Cost  

E-Motors 

HDVs Rigid 14 - 20 t X    

Rigid >32 t24 X    

Articulated 40 - 50 t X X   

Articulated 50 - 60 t  X   

Buses Urban Buses Midi <= 15 t X    

Urban Buses Articulated >18 t X    

Passenger Cars Medium X  X X 

L-Category L5e X    

 

Once again, it is clarified that several vehicle segments stated in Table 25 might have overlapping use-

cases, in which case only one simulation run per segment was conducted, with an average vehicle 

resulting from those use-cases. Concerning the component projects, these are not deemed necessary 

for all vehicle categories, since most vehicle projects already come with optimized components (e.g., 

those HDV or bus projects). For this reason, the component impacts were only assessed on passenger 

cars, for demonstration purposes. In addition, it is noticed that not all vehicle segments (Annex 2, Table 

34) are included in Table 25, which basically indicates that they are not covered explicitly by any 2ZERO 

project. Therefore, estimation methods (i.e., interpolation or extrapolation) were used for these 

segments, to generate the input data for the three vehicle parc models. Figure 38 clearly shows the 

vehicle segments for which estimation methods were used. 

Two alternatives were examined for the estimation methods; linear and power-law 

interpolations/extrapolation. 

 
24 Α Rigid >32 t HDV was expected to be the outcome of one of the ESCALATE project pilots (Pilot 3). Therefore, 
a simulation model of it had been created and used as part of the simulation runs 



 

      70 

Linear: 𝑦 =  𝑦0 + (𝑦1−𝑦0)
(𝑥1−𝑥0)

· (𝑥 − 𝑥0) 

Power-Law: 𝑦 = 𝑦0 · ( 𝑥
𝑥0

)𝑎 

where 𝑦: energy consumption (kW.h/km), 𝑥: vehicle mass (t), and 𝑎: scaling exponent. 

Both approaches have their own advantages and disadvantages, their application depends on the 

available data. Obviously, the data used for the estimations is derived from the results of simulation runs 

within the DT. It has been observed that for such data the power-law method is more representative in 

most cases, since there is a non-linear relationship between energy consumption and vehicle weight. 

 

Figure 38. Identification of vehicle categories and segments based on COPERT/SIBYL for which 

estimation methods were used 

To generate the project output data by using the DT, simulations were performed for each category, 

segment and powertrain, as presented in Table 25, under various driving, climatic and load conditions. 

For the driving conditions, suitable drive cycles have been specified and tested for each vehicle 

category. Several drive cycles have also been adjusted (e.g., shortened in terms of duration or 

reduced/increased in terms of speed) to fulfil the requirements of other categories and perform a more 

robust analysis. 

Moreover, the drive cycles were further analysed in terms of drive cycle metrics, such as 

average/minimum/maximum acceleration/deceleration, stops per km, percentage of cruising, idling etc. 

to better understand the results of simulation runs. Table 26 summarises the drive cycles for HDVs, 

buses, passenger cars and L-Category vehicles. 
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Table 26: Drive cycles used in simulation runs per vehicle category 

HDVs 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 
NEDC 

(Shortened) 

CUEDC_NCH VECTO Heavy Urban CLTC-P NYCC 

HHDDT Cruise VECTO Interurban FTP75 
RTS95 

(Shortened) 

HHDDT Cruise 

50mph 
VECTO Suburban HWY 

UDDS 

(Shortened) 

HHDDT Transient VECTO Urban JC08 WMTC Class 1 

HUDDS WHVC Motorway LA92DDS 
WMTC Class 1 

(Reduced) 

JE05 WHVC Rural LA92SDDS  

WHVC  NEDC  

WHVC Motorway  NYCC  

WHVC Rural  RTS95  

WHVC Urban  SC03  

VECTO 

Interurban* 
 

UDDS 
 

VECTO Long 

Haul* 
 

US06 
 

VECTO Regional 

Delivery* 
 

WLTC Class 3 
 

VECTO 

Suburban* 
 

 
 

VECTO Urban*    

VECTO Urban 

Delivery* 
   

* VECTO applicability per HDV segment depends on vehicle specifications 

Given the drive cycles for each category, the simulation runs for the segments and powertrain 

configurations under examination were conducted at three different temperatures (5, 20 and 35 oC), two 

payload factors (50% and 75%) for freight (HDVs, L-Category) and passenger transport (Buses), and 

occupancy rate for passenger cars equal to the European average 1.4 persons (including the driver). 

This parametric analysis facilitates the generation of input data (ECFs) for the three vehicle parc models, 

encompassing a range of operating conditions across Europe, with a focus on driving conditions, 

climatic variations and logistical capabilities. Since the simulation runs and estimation methods cover a 

wide range of EV categories, segments and operational conditions, indicative results for each category 

are presented here for the sake of brevity. Similar outcomes are observed across other segments within 

the same category, as well as other operational conditions within the same segment. 

Simulation runs 

HDVs 

Following curve fitting techniques to fit the simulation data points (energy consumption per drive cycle), 

the generated input data for the Heavy-Duty Articulated 40 – 50 t BEV at an ambient temperature of 20 
oC for 50% and 75% payload is presented in Figure 39. The energy consumption per km is obviously 
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lower at 50% payload, ranging from 1.11 - 1.36 kW.h/km (depending on speed), while at 75% the 

respective range is 1.27 - 1.61 kW.h/km. In terms of energy consumption per t.km, the performance is 

better at 75% payload (0.07 - 0.09 kW.h/t.km) compared to 50% (0.09 - 0.11 kW.h/t.km). The detailed 

data per driving mode is summarised in Table 27. 

 

Figure 39. Energy consumption per km and t.km for Heavy-Duty Articulated 40 - 50 t BEV at ambient 

temperature 20 oC for 50% and 75% payload 

Table 27. ECF per driving mode for Heavy-Duty Articulated 40 - 50 t BEV at an ambient temperature 
of 20 oC 

LeMesurier DT values 
Driving Modes 

Urban (30 km/h) Rural (60 km/h) Highway (85 km/h) 

ECF (kW.h/km) 
Load 50% 1.18 1.14 1.36 

Load 75% 1.44 1.28 1.53 

ECF (kW.h/t.km) 
Load 50% 0.10 0.09 0.11 

Load 75% 0.08 0.07 0.08 

 
Figure 40 shows the energy consumption per km for the Heavy-Duty Articulated 40 - 50 t BEV at the 

three different ambient temperatures. The highest energy consumption is observed at 5 oC, where 

auxiliaries consume a significant amount of energy (cabin and battery heating), while at 35 oC the energy 

consumption is slightly higher compared to 20 oC, again due to the usage of auxiliaries (cabin and 

battery cooling). The impact of auxiliaries is better highlighted in the example of 5 oC, where the 

scattering of simulations, both with and without auxiliaries, is shown. If auxiliaries were deactivated, a 

completely different fitted curve with a lower energy consumption would be created (red rectangle). A 

similar observation is made at 20 oC, but this time due to the impact of regenerative braking. As shown, 

regenerative braking results in significant energy saving, benefiting the energy usage in HDVs. 

The simulation results of FCEVs are also very interesting. Equivalent to the Heavy-Duty Articulated 40 

- 50 t BEV (Figure 39), the generated input data for the Heavy-Duty Articulated 50 - 60 t FCEV at an 

ambient temperature of 20 oC for 50% and 75% payload is presented in Figure 41. While similar trends 

are observed for the payload, it is worth mentioning that energy consumption per km is higher in the 

FCEV, which is not only explained by the increase of vehicle weight but mainly due to the lower efficiency 

the FCEV compared to the BEV. 

Table 28 summarises the ECFs per driving mode. 
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Figure 40. Energy consumption per km for Heavy-Duty Articulated 40 - 50 t BEV at ambient 

temperatures 20, 5 and 35 oC for 50% payload. Impact of auxiliaries and regenerative braking 

highlighted (red rectangle) 

 

Figure 41. Energy consumption per km and t.km for Heavy-Duty Articulated 50 - 60 t FCEV at ambient 

temperature 20 oC for 50% and 75% payload 
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Table 28. ECF per driving mode for Heavy-Duty Articulated 50 - 60 t FCEV at an ambient temperature 
of 20 oC 

LeMesurier DT values 
Driving Modes 

Urban (30 km/h) Rural (60 km/h) Highway (85 km/h) 

ECF (kW.h/km) 
Load 50% 2.71 2.01 2.24 

Load 75% 3.33 2.38 2.65 

ECF (kW.h/t.km) 
Load 50% 0.12 0.09 0.10 

Load 75% 0.10 0.07 0.08 

 

When comparing the energy consumption per km for the Heavy-Duty Articulated 50 - 60 t FCEV at the 

three different ambient temperatures (Figure 42) for 50% payload, only very small differences are 

observed. This implies that the auxiliaries affect the energy consumption of the FCEV less than BEVs, 

which is again related to the lower efficiency of the FCEV. Τhe lower efficiency of the FCE  results in a 
higher energy consumption, which makes the proportion of required energy related to auxiliaries less 

important than in BEVs.  

 

 

Figure 42. Energy consumption per km for Heavy-Duty Articulated 50 - 60 t FCEV at ambient 

temperatures of 5, 20 and 35 oC for 50% payload 

Buses 

As an example for the simulated buses, the fitted energy consumption curves for the Urban Bus 

Articulated >18 t BEV at an ambient temperature of 20 oC for 50% and 75% payload (in terms of 

passengers) are shown in Figure 43. Here, the ECFs that are taken into consideration are the energy 

consumption per km and per p.km. The latter replaces the energy consumption per t.km, since buses 

are used for passenger transport rather than freight transport. Table 29 shows ECFs per driving mode. 
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Figure 43. Energy consumption per km and p.km for Urban Bus Articulated >18 t BEV at an ambient 

temperature of 20 οC for 50% and 75% payload 

Table 29. ECF per driving mode for Urban Bus Articulated >18 t BEV at an ambient temperature of 20 
oC 

LeMesurier DT values 
Driving Modes 

Urban (30 km/h) Rural (60 km/h) Highway (85 km/h) 

ECF (kW.h/km) 
Load 50% 1.99 1.76 1.72 

Load 75% 2.19 1.88 1.78 

ECF (kW.h/p.km) 
Load 50% 0.028 0.025 0.025 

Load 75% 0.021 0.018 0.017 

 
Auxiliaries significantly affect the energy consumption in buses, due to the high cooling and heating 

requirements of both cabin and battery. Figure 44 shows the energy consumption per km at the three 

different ambient temperatures. 

Once again, cold temperatures (5 oC) result in slightly higher energy consumption compared to high 

temperatures (35 oC), implying that cooling requires more energy than heating. At 5 oC, the average 

energy consumption increases by 38% compared to mild conditions (20 oC), while the respective 

number at 35 oC is 22%. 

It is also clear that with deactivated auxiliaries (red rectangle), the energy consumption would decrease 

dramatically, especially at low speeds. Finally, regenerative braking in the BEV bus seems to only 

slightly improve the ECFs, as shown for the results at 20 oC. 



 

      76 

 

Figure 44. Energy consumption per km for Urban Bus Articulated >18 t BEV at ambient temperatures 

of 20, 5 and 35 oC for 50% payload. Impact of auxiliaries and regenerative braking highlighted (red 

rectangle) 

Passenger Cars 

As already discussed and shown in Table 25, the generated input data for BEV passenger cars includes 

both the energy consumption of the 2ZERO projects’ reference25 vehicles, as well as the optimised 

components’ impacts on energy consumption of this vehicle.  

 
25 The reference vehicle represents an average typical passenger car derived from the use-cases of 2ZERO 
projects. This reference vehicle is not directly related to any single project but serves as a benchmark vehicle 
for evaluating the impact of optimized components developed across the 2ZERO portfolio. 
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Figure 45. Energy consumption per km for Medium Passenger BEV at an ambient temperature of 20 
oC and occupancy rate 1.4 persons for three different use-cases; Typical/Reference 2ZERO Vehicle, 

Vehicle with Advanced Power Electronics, and Vehicle with High-Efficiency and Low-Cost E-Motor 

Figure 45 shows the energy consumption per km for the three different use-cases of the Medium 

Passenger BEV at an ambient temperature of 20 oC and an occupancy rate of 1.4 persons (including 

the driver). When the vehicle comes with a high-efficiency and low-cost e-motor, the energy 

consumption decreases compared to the typical/reference 2ZERO vehicle and/or the vehicle supported 

by advanced power electronics, especially at high speeds. This is attributed to the optimised motor 

efficiency, since all other factors remain the same (e.g., aerodynamics). The only exception occurs at a 

small region including low speeds, where the high-efficiency e-motor cannot be optimised due to design 

constraints, leading to an increased energy consumption per km compared to the other two vehicles. 

Moreover, the vehicle including advanced power electronics has on average a 7% lower energy 

consumption compared to the typical/reference 2ZERO vehicle. The detailed results per driving mode, 

including also energy consumption per p.km, are summarised in Table 30. 

Table 30. ECF per driving mode for Medium Passenger BEV (three use-cases) at an ambient 
temperature of 20 oC 

LeMesurier DT values 

Driving Modes 

Urban  

(30 km/h) 

Rural  

(80 km/h) 

Highway 

(130 km/h) 

Typical/Reference 

2ZERO 

ECF (kW.h/km) 

Occupancy Rate 

1.4 persons 

(Incl. the Driver) 

0.15 0.19 0.27 

ECF (kW.h/p.km) 0.11 0.13 0.19 

Advanced Power 

Electronics 

ECF (kW.h/km) 0.14 0.17 0.25 

ECF (kW.h/p.km) 0.10 0.12 0.18 

High-Efficiency & 

Low-Cost E-Motor 

ECF (kW.h/km) 0.15 0.17 0.24 

ECF (kW.h/p.km) 0.11 0.12 0.17 
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Figure 46. Energy consumption per km and p.km for Medium Passenger BEV (Typical/Reference 

2ZERO) at ambient temperatures of 5, 20 and 35 oC for occupancy rate 1.4 persons 

The energy consumption per km and p.km at different ambient temperatures (5, 20 and 35 oC) and an 

occupancy rate 1.4 persons (including the driver) for the Typical/Reference 2ZERO Vehicle is presented 

in Figure 46. At low speeds, there are major differences for the various temperatures, implying the 

significant impact of auxiliaries. 

On the other hand, minor differences occur at high speeds, which indicates that aerodynamic effects 

dominate the energy losses, neutralising the effect of auxiliaries on energy consumption. Nevertheless, 

auxiliaries at 5 oC, i.e., mainly cabin and battery heating, may increase the energy consumption (both 

per km and p.km) by up to 48% on average compared to 20 oC, while the respective number at 35 oC 

does not surpass 26%. 

L-Category 

For the L-Category, the generated input data for the L5e-B BEV (commercial tricycle) at an ambient 

temperature of 20 oC for 50% and 75% payload is shown in Figure 47. Since it is used for freight 

transport, the energy consumption per t.km is used along with the energy consumption per km. When 

increasing the payload, the increase in energy consumption per km is very low, but the energy 

consumption per t.km decreases drastically. The detailed values of the LeMesurier DT for the urban and 

rural driving modes are summarised in Table 31. 

 

Figure 47. Energy consumption per km and t.km for L5e-B BEV at an ambient temperature of 20 oC 

for 50% and 75% payload 
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Table 31. ECF per driving mode for L5e-B BEV at an ambient temperature of 20 oC 

LeMesurier DT values 
Driving Modes 

Urban (30 km/h) Rural (60 km/h) 

ECF (kW.h/km) 
Load 50% 0.066 0.048 

Load 75% 0.07 0.05 

ECF (kW.h/t.km) 
Load 50% 0.38 0.27 

Load 75% 0.26 0.19 

 

The effect of the different ambient temperatures on the energy consumption of the L5e-B BEV, as well 

as the impact of auxiliaries and regenerative braking at 20 oC, for 50% payload, are shown in Figure 48. 

The L5e-B BEV operation in cold climates (5 oC) requires battery heating, while in hot climates (35 oC) 

cooling of the battery is necessary. The activation of the required auxiliaries consumes on average an 

extra 46% of energy at 5 oC compared to 20 oC. The respective number at 35 oC is 27%. These numbers 

are extremely high, considering that cabin heating/cooling is usually not activated (or does not even 

exist) in such kind of vehicles. To better isolate the impact of auxiliaries, Figure 48 also shows the 

scattering of simulations with activated auxiliaries (dotted), for which the ECF curve is fitted (green line), 

and with deactivated auxiliaries (red rectangle). Since the kinetic energy is relatively low for the L5-e 

BEV, even the idling of auxiliaries at moderate temperatures consumes much energy, i.e., auxiliaries 

have a strong impact even at 20 oC. Finally, the same graph shows that regenerative braking (blue 

rectangle) saves some energy, approximately 9% at 20 OC and 50% payload, compared to when there 

is no regenerative braking in this vehicle. 

 

 

Figure 48. Energy consumption per km for L5e-B BEV at ambient temperatures of 5, 20 and 35 oC for 

50% payload. Impact of auxiliaries (red rectangle) and regenerative braking (blue rectangle) at 20 oC 

Estimation methods 

In this section, the results that are presented include all segments in each respective category. However, 

it is once again noted that, due to the large available datasets, only several operational conditions are 

presented. In particular, all estimation methods refer to an ambient temperature of 20 oC and 50% 

payload (freight transport for HDVs and LCVs, passenger occupancy rate in Buses) or 1.4 occupancy 

rate (passenger transport in Cars). Similar estimations have been performed for the rest of the 

operational conditions, i.e., 5 and 35 oC, 75% payload, which are not explicitly shown in this deliverable. 

HDVs 

The interpolated and extrapolated curves for Heavy-Duty Rigid BEVs are shown in Figure 49. Since 

simulation runs were performed for Rigid 14 - 20 t and Rigid >32 t BEVs, it was possible to interpolate 

or extrapolate the energy consumption (kW.h/km) for the remaining Rigid segments. As noticed, ECFs 

scale non-linearly with weight, justifying the usage of the power-law method. In addition, aerodynamic 
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effects are considered based on the vehicle specifications drawn from the 2ZERO projects. For 

example, despite weighing less, the Rigid 14 - 20 t (blue line) has a higher aerodynamic drag factor 

(CdA) than the Rigid >32 t BEV (red line), resulting in greater energy losses at high speeds. Since all 

estimations were based on the simulation results of these segments, this trend, i.e., higher aerodynamic 

losses at segments weighing less, is also reflected in all estimated values. 

 

Figure 49. Estimated ECFs for Heavy-Duty Rigid BEVs at an ambient temperature of 20 oC for 50% 

payload 

Figure 50 depicts the interpolated and extrapolated curves for Heavy-Duty Articulated BEVs. The 

simulations focus on vehicles with weight 40-50 t, hence, all estimated ECFs share the same shape. 

Again, the power-law method was applied. 

 

 

Figure 50. Estimated ECFs for Heavy-Duty Articulated BEVs at an ambient temperature of 20 oC for 

50% payload 

The estimated ECFs for Heavy-Duty Articulated FCEVs are presented in Figure 51. In contrast to Heavy-

Duty BEVs, the linear extrapolation method yielded more reliable results for FCEVs. The power-law 

method was disregarded, since results similar to those of the Articulated BEVs were produced, which 

cannot be easily justified, since FCEVs have a lower efficiency than BEVs. As the curves show, there 

is a non-proportional energy consumption increase at lower speeds for heavier FCEVs. Moreover, 
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FCEVs spend a lower proportion of their energy overcoming aerodynamic drag than BEVs due to their 

lower efficiency, explaining a potentially increased ECF at low and/or moderate speeds than at high 

speeds, especially for vehicle segments with more weight. 

 

 

Figure 51. Estimated ECFs for Heavy-Duty Articulated FCEVs at an ambient temperature of 20 oC for 

50% payload 

Buses 

For BEV buses, interpolations were performed for Urban Buses Standard 15 - 18 t and Coaches 

Standard <=18 t BEVs by using the available simulation data from the Urban Bus Midi <=15 t and Urban 

Bus Articulated >18 t BEVs. The power-law method was used, and the results are shown in Figure 52. 

Obviously, Coaches Standard <18 t (yellow line) have a slightly higher energy consumption than Urban 

Buses Standard 15 - 18 t BEVs (grey line) due to their weight. 

 

Figure 52. Estimated ECFs for BEV Buses at an ambient temperature of 20 oC for 50% payload  

Passenger Cars 

The extrapolated curves for BEV passenger cars, and specifically for the use-case of High-Efficiency 

and Low-Cost E-Motor (component 2ZERO projects), are shown in Figure 53. Similarly to Heavy-Duty 

Articulated BEVs, simulations were limited to a single segment in this category (Medium Passenger 
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BEV), hence all estimated ECFs share the same shape. The power-law method was applied. Similar 

outcomes for the Typical/Reference 2ZERO BEV (vehicle projects) and BEV with Advanced Power 

Electronics (component projects) were produced. 

 

Figure 53. Estimated ECFs for Passenger BEVs (High-Efficiency and Low-Cost E-Motor use-case) at 

an ambient temperature of 20 oC and occupancy rate 1.4 persons (incl. driver) 

LCVs 

The final category for which estimation methods were applied are light commercial BEVs. Recognising 

that no LCVs were being investigated within the current 2ZERO project portfolio, an approach to 

estimate their ECFs was deemed necessary. The main idea here was that electrified LCVs can be 

considered a mix of BEV passenger cars and Heavy-Duty Rigid BEVs. As a result, the Medium 

Passenger BEV (LeMesurier DT values) and the Rigid <=7.5 t BEV (extrapolated values from previous 

estimation) were used to interpolate the ECFs for the N1-I, N1-II and N1-III BEVs. Figure 54 shows the 

results. 

 

Figure 54. Estimated ECFs for Light Commercial BEVs at an ambient temperature of 20 oC for 50% 

payload 
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5. CONCLUSION 

This deliverable presents the work performed to date in Work Package 2 addressing the assessment of 

the impact of 2ZERO projects on the Compound KPIs. Within the LeMesurier project, a comprehensive 

methodology has been developed to address these KPIs. In the first 12 months of the project, this 

methodology has been put to practice with a pilot set of projects, while data collection and engagement 

with the relevant 2ZERO projects has progressed. Although the collection of final data from the 2ZERO 

projects is not yet concluded, this has been updated in M17 of the project: useful conclusions can be 

reached: 

• The LeMesurier methodology provides a tailored approach to collecting data from the relevant 

projects of the 2ZERO Partnership, depending on the focus of their innovations. The initial 

engagement with the targeted projects has proven that these are, to a large extent, relevant, 

impacts in the areas of the indicators defined as Compound KPIs. 

• Projects considered are allocated in four categories based on the area of focus of their 

innovations (Vehicle, Components, Infrastructure and Miscellaneous). This differentiation result 

in the project outputs not being consistently expressed, not in a comparable manner. To address 

this discrepancy, LeMesurier has developed a Digital Twin that converts the expressed project 

results into coherent inputs for the modelling suites used, that which considers the different 

vehicle categories. 

• LeMesurier brings together three models - COPERT/SIBYL, PRIMES-TREMOVE and MOVEID 

- the use of which gives a perspective on the likely variation of the Compound KPIs. These three 

models provide a range of projections and dispersion of results when accounting for the impact 

of the 2ZERO projects, allow for sensitivity analysis and an estimation of uncertainties. The 

three LeMesurier models have also been used to produce the baseline values of the different 

Compound KPIs, to establish the projected impact of the 2ZERO Partnership at the different 

photo years, taking into account the model’s different characteristics.  

• A pilot implementation of the LeMesurier methodology, including the use of the Digital Twin, has 

been applied with sample outputs of the ESCALATE and ZEFES projects. This resulted in a 

proof of concept of the methodology, proving that LeMesurier - with the three models used - can 

assess the impacts of the 2ZERO projects at an EU-level. Nonetheless, the timeframe of the 

analysis (up to 2035) does not allow for a full capture of project impacts, which become more 

apparent as the fleet renewal progresses and project innovations are picked-up later in time. 

• Data collection from the selected 2ZERO projects has been performed via a questionnaire to 

project coordinators, the answers to which give the potential of the projects to provide inputs 

relevant to the Compound KPIs. The initial identification of relevant data was further 

complemented and substantiated with the in-depth follow-up interviews with the 2ZERO project 

coordinators. 

• The aim of this data collection exercise is to consolidate the impact of the 2ZERO projects into 

a comprehensive narrative regarding the expected impact of the Partnership. This narrative has 

been developed alongside a refreshed set of model input data for the update of this deliverable 

in M17. 

• Nevertheless, the initial data collection also identified that the majority of 2ZERO projects are 

quite early in their duration, are not expected to provide conclusive results soon. For most 

projects, inputs for the LeMesurier methodology are only expected to be made available towards 

their conclusion in 2026 or 2027. 
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ANNEX 1: ADDITIONAL DETAILS OF THE 

QUESTIONNAIRE – WP2 RELATED QUESTIONS 

The complete questionnaire – WP2 related questions for the Compound KPIs is provided in Table 32. 

Table 32: Complete questionnaire – WP2-related questions 

General 

objectives 

Contribute to Europe having 

the first carbon-neutral road 

transport system by 2050; 

Technology leadership 

supporting economic growth 

and safeguarding jobs 

creation all over Europe; 

Ensure European 

competitiveness thanks to 

solutions for an integrated 

carbon-neutral road 

transport ecosystem; 

Improve the health and 

quality of life of EU citizens 

and ensure mobility for 

people and goods. 

GO.KPI.3 

Reduction of CO2 emission from road transport for all types of 

vehicles  

  

Target: Contribution to the overall target of 55% reduction of CO2 emission in 

2030 (public target) e.g. number of projects contributing to CO2 reduction. 

Suggested Baseline:  

Year: 2019  

Value: ~ 782 million tonnes CO2 (TtW) 

  

A) Does your project contribute to reduce CO2 emission from road 
transport? 

☐ Yes                 ☐ No                     ☐ Partially                ☐ I do not know 

  

If your answer is ‘I don’t know’, please point us towards a source that 

may be able to answer questions about your project’s contributions to this 
particular KPI. 

If your answer is ‘yes’ or ‘partially’, please provide: 
B) Please generally describe innovative methods and/or tools developed 
or used in your project. 
C) Please give an estimate when relevant project results are expected. 
D) At the time of submission, what value and year did your proposal use 
as a reference to measure the reduction of CO2 emissions against?  
E) As of today (or the end of your last reporting period, if applicable), how 
much do you expect to reduce CO2 compared to the baseline technology? 
(e.g. in % or the difference in terms of: tonnes of CO2 (tCO2) per 
passenger-km (p.km) or per tonne-km (t.km) or alternative metric). Please 
also specify what vehicle segments these CO2 reduction potential 
concerns. 
F) What do you expect to be the cost implication of achieving these 
impacts at a vehicle level? Please specify the purchasing price of the 
reference vehicle before and after the project innovation. 
G) If you have more detailed information available, please provide 
project-specific data, as listed in the annex 

“project_specific_questions”26. 

H) Would this question benefit from an interview because it cannot be 

answered appropriately in a questionnaire?       ☐ Yes      ☐ No     

I) Does your project achieve a reduction of CO2 emissions using a 
comparative life-cycle assessment? 

 
26 Accompanying excel file asking for additional and detailed project specific information. 
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J) Please explain how your project achieves a reduction of CO2 emissions 
using a comparative life-cycle assessment. 
K) Please cite project publications or results that support your statements. 

Please provide web-links, where feasible.  

L) Have you encountered any specific issues when reducing the CO2 
emissions from the mobility of people and goods? If so, please describe 
the issues (regulatory/technological/ skills/financial/other) you have faced 
in more detail. 
M) Would answering one or more of the questions above cause a potential 
confidentiality issue? If so, please explain. 

Specific 

objectives 

Develop zero tailpipe 

emission, affordable user-

centric solutions 

(technologies and services) 

for road-based mobility all 

across Europe and 

accelerate their acceptance 

to improve air quality in 

urban areas and beyond. 

SO.KPI.1 

Ability of determining realistically and reliably the energy intensity 

(tank-to-wheel). 

  

Target: Reduction of GHG and energy intensity of mobility by 30% for personal 

mobility and 25% for freight by 2030. 

Suggested Baseline:  

Year: 2019 

Value: ~ 901 GW.h/Gv.km energy intensity per vehicle kilometre 

  

A) Does your project contribute to realistically and reliably determining 
vehicle energy intensity (tank-to-wheel)? 

☐ Yes                 ☐ No                     ☐ Partially                ☐ I do not know 

  

If your answer is ‘I don’t know’, please point us towards a source that 

may be able to answer questions about your project’s contributions to this 
particular KPI. 

If your answer is ‘yes’ or ‘partially’, please provide:   
B) Please generally describe how your project contributes or will contribute 
to realistically and reliably determining vehicles energy intensity (tank-to-
wheel). 
C) Please give an estimate of when relevant project results are expected. 
D) Is your project introducing any innovative methods or tools for 
measuring tank-to-wheel energy intensity for passenger transport? 
E) (If yes) At the time of submission, what value and year did your proposal 
use as a reference to measure the reduction of energy intensity against? 
F) (If yes) As of today (or the end of your last reporting period, if 
applicable), how much do you expect to reduce energy intensity compared 
to the baseline technology (e.g. in % or the difference in terms of [kW.h] 
or [kW.h/km])? 
G) Is your project introducing any innovative methods or tools for 
measuring tank-to-wheel energy intensity for freight transport? 
H) (If yes) At the time of submission, what value and year did your proposal 
use as a reference to measure the reduction of energy intensity? 
I) (If yes) As of today (or the end of your last reporting period, if applicable), 
how much do you expect to reduce energy intensity compared to the 
baseline technology (e.g. in % or the difference in terms of [kW.h] or 
[kW.h/km])? 
J) Please cite project publications or results that support your statements. 
Please provide web-links, where feasible. 
K) Have you encountered any specific issues when determining 
realistically and reliably the energy intensity (tank-to-wheel)? If so, 
please describe the issues (regulatory/technological/ 
skills/financial/other) you have faced in more detail. 
L) If you have more detailed information available, please provide project-

specific data, as listed in the annex “project_specific_questions”. 
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M) Would this question benefit from an interview because it cannot be 

answered appropriately in a questionnaire?       ☐ Yes     ☐ No     

N) Would answering one or more of the questions above cause a potential 
confidentiality issue? If so, please explain. 

  

SO.KPI.2 

Reduce GHG of mobility of people and goods (expressed in tonnes 

of CO2eq. /p.km or t.km and toe /p.km and toe/t.km) 

  

Target: Reduction of GHG and energy intensity of mobility by 30% for personal 

mobility and 25% for freight by 2030. 

Suggested Baseline:  

Year: 2019 

Value: ~ 241 kt CO2eq./Gv.km GHG intensity per vehicle kilometre 

  
A) Does your project work on reducing GHG emissions? 

☐ Yes                 ☐ No                     ☐ Partially                ☐ I do not know 

  

If your answer is ‘I don’t know’, please point us towards a source that 

may be able to answer questions about your project’s contributions to this 
particular KPI. 

If your answer is ‘yes’ or ‘partially’, please provide: 
B) Please generally describe how your project contributes or will contribute 
to the reduction of GHG emissions of mobility of people and/or goods. 
C) Please give an estimate of when relevant project results are expected. 
D) Is your project working on reducing GHG emissions from passenger 
transport? 
E) (If yes) At the time of submission, what value and year did your proposal 
use as a reference to measure the reduction GHG emission per passenger 
kilometre against? 
F) (If yes) As of today (or the end of your last reporting period, if 
applicable), how much do you expect to reduce GHG compared to the 
baseline technology (e.g. in % or the difference in terms of tonnes of CO2 
equivalent (tCO2eq.) per passenger-km (p.km) or an alternative metric)? 
G) Is your project working on reducing GHG emissions from freight? 
H) (If yes) At the time of submission, what value and year did your proposal 
use as a reference to measure the reduction in GHG emission per tonne-
kilometre? 
I) (If yes) As of today (or the end of your last reporting period, if applicable), 
how much do you expect to reduce GHG compared to the baseline 
technology (e.g. in % or the difference in terms of tonnes of CO2 equivalent 
(tCO2eq.) per tonne-kilometre (t.km) or an alternative metric)? 
J) Please cite project publications or results that support your statements. 
Please provide web-links, where feasible. 
K) Have you encountered any specific issues when reducing the GHGs 
associated with the mobility of people and goods? If so, please describe 
the issues (regulatory/technological/ skills/financial/other) you have faced 
in more detail. 
L) If you have more detailed information available, please provide project-

specific data, as listed in the annex “project_specific_questions”. 
M) Would this question benefit from an interview because it cannot be 

answered appropriately in a questionnaire?       ☐ Yes      ☐ No  

N) Would answering one or more of the questions above cause a potential 
confidentiality issue?   If so, please explain. 

 
The project specific questions in the accompanying excel file asking for additional and detailed 

information in points G) for GO.KPI.3 and L) for SO.KPI.1 and SO.KPI. 2 are shown in Table 29.
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Table 33: Project specific questions for additional and detailed information 
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The questionnaire was distributed to selected 2ZERO projects. The results presented hereafter consider 

all responses received in the survey phase after the questionnaire was sent out. This analysis will be 

updated at a later stage, during the interview phase. 

From the first seventeen projects that filled the online questionnaire, thirteen answered that information 

related at least one of the Compound KPIs was an expected output of their project.  

A deeper analysis has been performed for GO.KPI.3 (CO2 emissions) summarising the main content of 
the answers on the basis of the type of information collected regarding potential project inputs to the 
KPI. Responses could be either in the form of receiving actual quantitative values addressing the KPI, 
an assessment of the year of availability of the results or assessments related to impacts on costs or 
the LCA impact of the innovations produced. 

 
The number of projects providing different types of inputs relevant to GO.KPI.3 are: 8 out of the 17 
respondents provided some sort of expected project result relevant to this KPI, 10 projects indicated 
their expected timeframe for reaching project outputs relevant to this KPI, 5 projects indicated they 
expected to deliver an assessment of relevant impacts on costs and 7 on the LCA of vehicles. 

 
The expected timing of availability of project results is a point identified as restricting the immediate 
measurement of the Compound KPIs. The majority of projects indicating potential outputs relevant to 
GO.KPI.3 (CO2 emissions), suggested these would become available in 2026. When considering the 
timing of expected results relevant to SO.KPI.2 (GHG emissions), 11 projects indicating relevant 
outputs, suggested these would become available within 2025. Finally, projects but one indicating 
relevant outputs for SO.KPI.1 (energy intensity) suggested these would become available in 2026. 

 
It can be concluded that collecting relevant project results will be an on-going process, with better quality 
and more certain data becoming available over time. A second iteration of the questionnaire with project 
coordinators is planned before the update of this Deliverable in M17. 

Trial Phase 

In fact, depending on the respondent’s role in the project, the answers were more complete when they 
had an overall vision of the project or more incremental in case they were involved in a few or secondary 

tasks. Through this trial, it was possible to infer statistics of the expected answers for the eventual 

questionnaire when sent to the project coordinators. Hence, this activity was devoted to support the 

review and fine tuning of the questionnaire before launching it officially to the project coordinators and 

those responsible for the project clusters. 

Pilot questionnaire results analysis 

The projects that have been included in this questionnaire pilot for WP2 with IDIADA’s colleagues were 
the following: 

• ZEFES 

• eBRT2030 

• InnoBMS 

• Minded 

• XL-CONNECT. 

For ZEFES and XL-CONNECT, Ricardo also provided feedback. 

The respondents indicated that the questionnaire completion required between 1 and 2 hours to be filled 

in.  

In general, the questions were easily understood since the 2ZERO SRIA Objectives were known and 

the majority of the projects are well focussed on the General Objectives, especially for the Compound 

KPIs of direct interest of WP2. For the Operative and Specific Objectives, very often, the answer was 

that “other partner” were responsible for the task but it was known that, at the end of the project, a 
possible answer could be received. 
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The number of questions (Q) in the pilot questionnaire was ninety, for all the Objectives, distributed as 

follows: 
• Q.GO:  6 

• Q.SO:  44 

• Q.OO:  40. 

The number of completed questions indicating relevance to the following Key Performance Indicators of 

General (GO), Specific (SO) or Operational (OO) Objectives, were distributed as follows:  

• KPI.GO: 1 

• KPI.SO: 12 

• KPI.OO: 9. 

 

Each of the Objectives gave rise to a direct question of the type, “Does your project contribute to…” 
mentioning the objective under analysis; to which the possible answers could be “Yes”, “No”, “Partially” 
or “not known”. Hence, as a starting point, the evaluation prioritized as assessment of whether the 

project can cover (fully, partially or not at all) he SRIA objectives as explained below. 

Some direct questions had, subsequently, sub-questions (SQ). In total there were a total of 64 sub-

questions, distributed as follows: 
• SQ.GO: 2 

• SQ.SO: 28 

• SQ.OO: 34 

 

The answers have been allocated into the following types (direct occurrences): 
• Affirmative  

• Negative 

• Partially 

 

Further allocation of the type of answer was made to the following qualitative occurrences: 
• Not Applicable 

• Not known now 

• Need to be more specific 

• Other partner is in charge of 

• Precise value 

The latter representing a value or a quantity that allowed a completely satisfactory answer to obtained 

from the questionnaire. 

For the Compound KPIs, further specific questions were necessary to obtain the quantitative input that 

is needed to calculate the impact of the project. A list of quantities, as reported Section 2.2.3, were 

requested in three different groups: Specific (SQ), Additional (AQ) or General Questions (GQ). Hence, 

there was a total of 40 questions for the Compound KPI. The resulting answers from the pilot were 

distributed as follows: 

• SQ: 15 

• AQ: 12 

• GQ: 13 

 

After the trial phase, the project coordinators were approached with the questionnaire: a further analysis 

can be done on their answers, the results of this are presented at the end of this section. 
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Summary of the Pilot Questionnaire results  

In this section, two example sets of answers are given, representing the case i) of complete knowledge 

of the project by the responder or ii) partial knowledge in which just one task, at the beginning of the 

project (in target definition phase) or at the final end of the project (in final testing validation for instance) 

is known. 

ZEFES Project 

The ZEFES project is focussed on “Zero tailpipe emission vehicles for long-distance heavy-duty freight 

transport” with  attery or Fuel Cell Electric propulsion systems. ZEFES corresponds to first case of 
answers, where IDIADA is involved in simulation activities, testing and regulatory aspects, participating 

in several work packages. 

43% of the first, direct questions were answered positively, whilst almost 40% were answered negatively 

since the OO.KPIs rarely applied to the ZEFES project. This distribution is shown below.  

 

For the subsequent questions, 35% out of 90 responses were collected. In 75% of the cases, the 

answers were given with a “precise value”. 

 

 

62% of the 40 specific questions were answered, with the distribution of answers shown in the next 

figure. 
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In such cases, it is very likely that there will be a valid answer but it will be provided by other partners. 

Minded Project 

The Minded project is focussed on “Thermal and energy Management for INcreased Driving range of 
an Electric minibus including improved user centric Design and thermal comfort”. This project 
corresponds to the second case, as IDIADA is involved in testing and simulation aspects that allow to 

have a partial overview based on few work packages and tasks. 

Seventy percent of the initial direct questions related to the 22 Objectives were answered negatively, as 

the OO.KPIs rarely apply to the Minded project as it is shown by the distribution of response in the figure 

below. 

 

For the other ninety questions, answers were given to a third of them, with the distribution of answers 

shown in the next figure. However, in 70% of the cases, the answers would require another partner. 

 

The specific questions of the list were answered in the 70% out of the 40 questions of the cases with 

the distribution that is shown in the next figure. 
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In summary, it was concluded that the quantitative results from the projects, necessary for the 

measurement of the Compound KPIs, will be available and that the project coordinator and other 

partners should be able to provide the data. 

Further examples are available in the Annex 2. 
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ANNEX 2: ADDITIONAL DETAILS OF THE VEHICE 

PARC MODELS 

This annex provides additional details for the vehicle parc models, i.e., vehicle granularity (categories 

and subcategories per fuel/segment/Euro standard), indicative mileage values, and other relevant 

information for emission calculations and model outputs. 

COPERT/SIBYL 

General information 

COPERT 

COPERT (COmputer Program to calculate Emissions from Road Transport) is the standard road 

transport emissions calculator and the official inventory compilation software for most of the EU 

countries. It utilises vehicle stock, mileage, speed and other data, in order to calculate energy and 

emissions from the road transport sector of a given country or region. 

The development of COPERT is coordinated by EEA through consecutive European Topic Centre (ETC) 

programmes and is technically supported by EMISIA. The Joint Research Centre (JRC) of the EC 

oversees its scientific development. 

SIBYL 

SIBYL is the projection tool for the future impact assessment of various technological advancements 

and changes in the market trends and fleet composition. By utilising recent statistical data and 

incorporating all relevant European legislation and regulations (i.e., the European Green Deal 2030 

zero-emissions target27, the 2040 Climate Target28, and the Fit for 55 package29), it produces time series 

up to 2050 for the fleet evolution, activity, and GHG and air pollutant emissions. 

The stock/activity growth and fuel (energy) mix follows the latest EU Reference Scenario30, including 

the 2040 Climate Target Plan S3 scenario policies. Other key elements of the tool are the low- and zero-

emission vehicles and other technological improvements that enhance vehicle efficiency and reduce the 

road transport carbon footprint. 

Figure 55 shows a schematic diagram (i.e. flowchart) of the various steps of the methodology being 

followed within the SIBYL projection tool. 

 
27 2030 zero-emissions target for new buses and trucks 
28 2040 climate target - European Commission 
29 ‘Fit for 55’: Council adopts regulation on CO2 emissions for new cars and vans - Consilium 
30 EU Reference Scenario 2020 - European Commission 

https://ec.europa.eu/commission/presscorner/detail/en/ip_23_762
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en
https://www.consilium.europa.eu/en/press/press-releases/2023/03/28/fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-and-vans/
https://energy.ec.europa.eu/data-and-analysis/energy-modelling/eu-reference-scenario-2020_en
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Figure 55: Schematic diagram (i.e. flowchart) of SIBYL projection tool 

  



  

     97 

Vehicle classification 

Figure 56 summarises the vehicle categories and subcategories of COPERT/SIBYL, while Table 34 

provides a complete list of all segments. 

 

Figure 56: Vehicle classification in COPERT/SIBYL 
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Table 34: Complete list of segments in COPERT/SIBYL 

 Vehicle category Segment 

Passenger cars 

Mini 

Small 

Medium 

Large-SUV-Executive 

Light commercial vehicles 
N1-I 

N1-II 

N1-III 

Buses 

Urban Buses Midi <=15 t 

Urban Buses Standard 15 - 18 t 

Urban Buses Articulated >18 t 

Coaches Standard <=18 t 

Heavy duty trucks 

Rigid <=7.5 t 

Rigid 7.5 - 12 t 

Rigid 12 - 14 t 

Rigid 14 - 20 t 

Rigid 20 - 26 t 

Rigid 26 - 28 t 

Rigid 28 - 32 t 

Rigid >32 t 

Articulated 14 - 20 t 

Articulated 20 - 28 t 

Articulated 28 - 34 t 

Articulated 34 - 40 t 

Articulated 40 - 50 t 

Articulated 50 - 60 t 

L-Category vehicles 

Mopeds 2-stroke <50 cm³ 

Motorcycles 2-stroke >50 cm³ 

Motorcycles 4-stroke <250 cm³ 

Motorcycles 4-stroke 250 - 750 cm³ 

Motorcycles 4-stroke >750 cm³ 

Mini-cars and ATVs 
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Mileage 

Table 35 shows indicative average annual mileage values for new vehicles, i.e., during their first year of 

circulation. The ranges in this table correspond to differences between countries (in the EU27 group). It 

is generally assumed that the mileage decreases as the vehicles grow older, i.e., during their 2nd, 3rd, 

4th etc. year of circulation (Papadimitriou & al., 2022). This implicitly means that the older vehicles remain 

in the fleet (i.e. are not deregistered) but are driven less, i.e., their activity is lower compared to the 

newer vehicles. This assumption is generally accepted, and existing evidence supports it31. Small 

adjustments are made in the mileage values, so that the calculated fuel (energy) consumption is 

consistent with the corresponding statistical value from Eurostat and UNFCCC. 

Table 35: Average annual mileage for new vehicles 

Vehicle category Mileage 

Passenger cars petrol (and alternative fuels) 11,000-15,000 km 

Passenger cars diesel 18,000-21,000 km 

Buses petrol (and alternative fuels) 50,000 km 

Buses diesel 70,000-77,000 km 

Mopeds 3,000 km 

Motorcycles 4,500-5,500 km 

Light mini-cars 5,000 km 

ATVs 800 km 

Light commercial vehicles petrol (and alternative fuels) 13,000 km 

Light commercial vehicles diesel 19,000 km 

Heavy duty trucks petrol (and alternative fuels) 40,000-56,000 km 

Heavy duty trucks diesel 56,000-98,000 km 

 

  

 
31 ● Germany (BASt): “Tabellenanhang zur Inländerfahrleistung (Tabelle 42 onwards)” 
https://www.bast.de/BASt_2017/DE/Publikationen/Berichte/unterreihe-v/2018-2017/Daten/V290-
Tabellenanhang.xlsx 
● France (Service de l’ observation et des statistiques): “Les véhicules utilitaires légers au 1er janvier 2011” 
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-
11/Chiffres%20et%20stats%20310%20V%C3%A9hicules%20utilitaires%20l%C3%A9gers%20au%2001%2001%2
02011%20-%20avril%202012.pdf 
● UK (thesis by M. Craglia 2020): “The role of technical improvements in decarbonising passenger transport” 
https://www.repository.cam.ac.uk/bitstream/handle/1810/312263/Thesis.pdf?sequence=2 
Norway (Institute of Transport Economics): “A stock-flow cohort model of the national car fleet” 
https://link.springer.com/content/pdf/10.1007/s12544-016-0210-z.pdf 
● EU (report by CE Delft): “Vans use in Europe and their environmental impact” 
https://www.cedelft.eu/en/publications/1968/van-use-in-europe-and-their-environmental-impact 

https://www.bast.de/BASt_2017/DE/Publikationen/Berichte/unterreihe-v/2018-2017/Daten/V290-Tabellenanhang.xlsx
https://www.bast.de/BASt_2017/DE/Publikationen/Berichte/unterreihe-v/2018-2017/Daten/V290-Tabellenanhang.xlsx
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-11/Chiffres%20et%20stats%20310%20V%C3%A9hicules%20utilitaires%20l%C3%A9gers%20au%2001%2001%202011%20-%20avril%202012.pdf
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-11/Chiffres%20et%20stats%20310%20V%C3%A9hicules%20utilitaires%20l%C3%A9gers%20au%2001%2001%202011%20-%20avril%202012.pdf
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-11/Chiffres%20et%20stats%20310%20V%C3%A9hicules%20utilitaires%20l%C3%A9gers%20au%2001%2001%202011%20-%20avril%202012.pdf
https://www.repository.cam.ac.uk/bitstream/handle/1810/312263/Thesis.pdf?sequence=2
https://link.springer.com/content/pdf/10.1007/s12544-016-0210-z.pdf
https://www.cedelft.eu/en/publications/1968/van-use-in-europe-and-their-environmental-impact
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Emission factors and emissions 

COPERT/SIBYL uses detailed32 emission factors and considers emissions during thermal stabilized 

engine operation (‘hot’ emissions), as well as emissions generated during the warming-up phase (‘cold-

start’ emissions). In addition, it accounts for non-exhaust emissions originating from fuel evaporation, 

tyre and brake wear, and road abrasion. 

The emission factors are calculated with the following activities: 

• On-road tests: Real-world driving tests are performed using advanced testing equipment in 

order to measure real driving emissions (RDE) over various routes, conditions and actual driving 

behaviours. 

• Laboratory tests: In a controlled laboratory environment, state-of-the-art vehicle testing 

equipment is used in order to simulate different driving cycles. These lab tests allow for precise 

measurement of energy consumption and emissions under standardized conditions, ensuring 

consistency and repeatability of the data. 

• Vehicle simulations: Detailed vehicle simulations are performed with sophisticated software 

tools. These simulations assist in refining and validating the data, and in producing energy 

consumption and emission vs. speed curves for various vehicle categories. 

• Literature research: Extensive literature review is performed in order to identify and use 

established values and findings from relevant studies, thus, ensuring consistency with the latest 

scientific research. 

The main outputs, i.e., energy and various groups of pollutants, are summarised in Table 36 below. 

  

 
32 I.e., per vehicle category, fuel, segment, Euro standard and also depending on vehicle speed, ambient 
temperature and other parameters. 
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Table 36: Main outputs of COPERT/SIBYL: energy, GHG and air pollutants 

Output Description Relevant information 

Energy 

consumption 

Energy used for the operation (i.e., circulation) 

of road vehicles – consistent with statistical data 

(i.e., Eurostat and UNFCCC) 

Consistency with statistical 

values is achieved with minor 

adjustments in mileage 

Group 1 

pollutants 

Carbon monoxide (CO), Nitrogen oxides (NO, 

NO₂), Volatile organic compounds (VOCs), 

Methane (CH₄), Non-methane VOCs 

(NMVOCs), Nitrous oxide (N₂O), Ammonia 

(NH₃), Particulate matter with a dimeter of 2.5 

μm or less  PM₂.₅), Particulate matter with a 

dimeter of 1  μm or less  PM₁₀), Particle 

number (PN) and surface area 

Pollutants for which a 

detailed methodology exists, 

based on specific emission 

factors 

Group 2 

pollutants 

Carbon dioxide (CO₂), Sulphur dioxide (SO₂), 

Lead (Pb), Copper (Cu), Chromium (Cr), Nickel 

(Ni), Selenium (Se), Zinc (Zn), Mercury (Hg), 

Arsenic (As) 

Pollutants which are 

estimated based on fuel 

(energy) consumption 

Group 3 

pollutants 

Polycyclic aromatic hydrocarbons (PAHs), 

Persistent organic pollutants (POPs), 

Polychlorinated dibenzo dioxins (PCDDs), 

Polychlorinated dibenzo furans (PCDFs) 

Pollutants for which a 

simplified methodology is 

applied, mainly due to the 

absence of detailed data 

Group 4 

pollutants 

Alkanes (CₙH₂ₙ₊₂), Alkenes (CₙH₂ₙ), Alkynes 

(CₙH₂ₙ₋₂), Aldehydes (CₙH₂ₙO), Ketones 

(CₙH₂ₙO), Cycloalkanes (CₙH₂ₙ), Aromatic 

compounds 

Pollutants which are derived 

as a fraction of total NMVOC 

emissions 
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PRIMES-TREMOVE 

General information 

The following paragraphs provide more details about the PRIMES-TREMOVE model. They can be 

considered as a continuation of the introduction given in the beginning of Subsection 2.3.2. 

Different generalised prices are calculated for various alternative trip possibilities that depend on the 

area, time and distance by transport mode, of the demand module. When the generalised prices differ 

from the baseline scenario, the model determines the new demand (for each of the various possible 

trips) based on the price differential relative to the baseline scenario and the elasticities of substitution 

(different among the various options) while respecting the overall budget (microeconomic foundation). 

Figure 57 shows a schematic flowchart illustrating the interactions of the actors related to passenger 

transportation of households, as modelled in PRIMES-TREMOVE. The model covers not only road but 

also rail, aviation and maritime33 transport for the EU27 countries plus the UK. As such, it also illustrates 

modal competition and assesses modal shifts due to policies or socio-economic developments. 

PRIMES-TREMOVE represents a dynamic equilibrium system of multi-agent choices (see Figure 57 as 

well) under several constraints, which are not necessarily simultaneously binding. 

The fuel and vehicle choice of agents is endogenous in the model and is based on: (a) internal costs, 

(b) perceived costs, i.e. market acceptance for each technology, (c) infrastructure availability for the 

energy carriers. For the purchasing of new vehicles, a range of technology options is considered; the 

available technology portfolio for vehicle technologies includes different configurations, different 

technologies with an impact on fuel consumption and fuel types. The purchase choice of vehicle 

technologies and fuels follows the approach of discrete choice modelling. Cost elements include all 

costs over the lifetime of the candidate transport means: purchasing cost, annual fixed costs for 

maintenance, insurance and ownership/circulation taxation, variable costs for fuel consumption 

depending on trip type and operation conditions, other variable costs including congestion fees, parking 

fees and tolled roads. Energy and pollutant emissions calculations are based on the COPERT 

methodology. PRIMES-TREMOVE also includes a vehicle stock sub-module which calculates the stock 

of transport means from previous time periods in order to determine the changes needed to meet 

demand. It tracks vehicle vintages and formulates the dynamics of vehicle stock turnover by combining 

scrapping and new registrations. 

The PRIMES-TREMOVE model has contributed to relevant studies so as to examine the impact of EU 

policies affecting transport from an environmental, social and economic perspective. A key recent 

example is its participation in technical studies that supported the revised CO₂ standards regulations for 

light-duty and heavy-duty vehicles. The quantification of scenarios with PRIMES-TREMOVE allows for 

the consistent development of a set of policy scenarios to evaluate the interactions, trade-offs and/or 

synergies with other policies, including policies related to the energy system and the transport sector. 

The policy scenarios assume different CO2 emission performance standards, technology costs and 

maturities and other mechanisms for the road passenger and freight transport sector (cars, vans and 

heavy-duty trucks) and the public road passenger transport sector (buses and coaches) for the EU27 

up to 2050. 

Extensive technical improvements were made in PRIMES-TREMOVE in order to explicitly cover a more 

refined representation of the vehicle groups, new powertrains, updated and additional techno-economic 

data.  The scope of CO2 standards in the period 2025-2029 includes large lorries (i.e., lorries in vehicle 

VECTO groups 4, 5, 9 and 10), which are weighted according to their mileage and payload weighting 

factor as described in Regulation (EU) 2019/1242. In the period 2030-2050, in all scenarios (apart from 

those specified), the scope of the targets applies to the whole fleet of HDVs, with the exception of: lorries 

 
33 Limited to domestic maritime transport for each Member State. 
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in the categories 6, 7, 8, 13, 14, 15 and 17; buses and coaches below 7.5 t; and all lorries < 5 t (for all 

vehicle groups). 

The policy scenarios were quantified within a context underpinning the EU’s Fit for 55 policy proposal 
package, which aligns with long-term targets set by the European Climate Law – namely, a 55% 

reduction in emissions by 2030 (compared to 1990 levels) and net zero by 2050. Additionally, key drivers 

from the REPowerEU plan, such as the rapid reduction of gas imports from Russia in the short term, 

further energy savings, diversification of energy imports and fossil fuel substitution (e.g., by promoting 

renewable energy, accelerating hydrogen and clean fuel adoption), were included in the analysis. 

 

 

Figure 57: Interactions of the actors related to passenger transport in PRIMES-TREMOVE 
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Vehicle classification 

Table 37 summarises the vehicle categories and subcategories in PRIMES-TREMOVE. 

Table 37: Vehicle classification in PRIMES-TREMOVE 

Category Type Technology 

Small cars 

(<1.4 l) 
Gasoline Pre ECE, ECE, Conventional, Euro I-V 

 Bio-ethanol Bio-ethanol blend, E85 FFV 

 Hybrid gasoline Euro IV-VI 

 Plug-in hybrid gasoline 
Plug-in hybrid technology 

 

 Diesel Euro IV-VI 

 Bio-diesel Blended Bio-diesel 

 Synthetic fuels Synthetic fuels 

 Hybrid diesel Euro IV-VI 

 Plug-in hybrid diesel Plug-in hybrid technology 

 Battery electric Battery electric technology 

 Hydrogen Hydrogen fuel cell 

Medium Cars 

(1.4 - 2.0 l) 
Gasoline Pre ECE, ECE, Conventional, Euro I-V 

 Bio-ethanol Blended Bio-ethanol, E85 ethanol car 

 Hybrid gasoline Euro III-V 

 Plug-in hybrid gasoline Plug-in hybrid technology 

 Diesel Pre ECE, ECE, Conventional, Euro I-V 

 Bio-diesel Blended Bio-diesel 

 Synthetic fuels Synthetic fuels 

 Hybrid diesel Euro III-V 

 Plug-in hybrid diesel Plug-in hybrid technology 

 Battery electric Battery electric technology 

 LPG Conventional, Euro I-V 

 CNG Euro II-V 

 Hydrogen Hydrogen fuel cell 

Large Cars 

(>2.0 l) 
Gasoline Pre ECE, ECE, Conventional, Euro I-V 

 Bio-ethanol Blended Bio-ethanol, E85 ethanol car 

 Hybrid gasoline Euro III-V 

 Plug-in hybrid gasoline Plug-in hybrid technology 

 Diesel Pre ECE, ECE, Conventional, Euro I-V 

 Bio-diesel Blended Bio-diesel 

 Synthetic fuels Synthetic fuels 

 Hybrid diesel Euro III-V 

 Plug-in hybrid diesel Plug-in hybrid technology 

 Battery electric Battery electric technology 

 LPG Conventional, Euro I-V 

 CNG Euro II-V 

 Hydrogen Hydrogen fuel cell 
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Motorcycles 
2-stroke technology, gasoline, 

biofuels 
Conventional 

4-stroke technology using gasoline/biofuels 

or electric motors 

 Capacity 50-250 cc 

 Capacity 250-750 cc 

 Capacity 750cc 

Mopeds 
Moped conventional, gasoline, 

biofuels 
Conventional, Euro I-V 

 Electric mopeds Pure electric technology 

Light Duty Vehicles 

(<3.5t) 
Gasoline Conventional, Euro I-V 

 Hybrid gasoline LDV gasoline hybrid technology 

 Plug-in hybrid gasoline Plug-in hybrid technology 

 Diesel Conventional, Euro I-V 

 Hybrid diesel LDV diesel hybrid technology 

 Biofuels Biofuels 

 LPG LPG 

 CNG CNG 

 Synthetic fuels Synthetic fuels 

 Plug-in hybrid diesel Plug-in hybrid technology 

 Battery electric Battery electric technology 

 Hydrogen Hydrogen fuel cell 

Heavy Duty Trucks 

(>3.5t) 

Capacity 3.5-7.5t (VECTO Groups: 

Group0 LL, Group0 ML, Non-

regulated) 

Diesel, Methane (LNG), LPG 

 

Capacity 7.5-16t (VECTO Groups: 

Group1, Group2, Group3, Non-

regulated)  

 

Capacity 16-32t (VECTO Groups: 

Group4 Regional Delivery, Group4 

Long Haul, Group9 Regional 

Delivery, Group9 Long Haul, 

Group11, Group16, Non-regulated) 

 

Capacity >32t (VECTO Groups: 

Group5 Regional Delivery, Group5 

Long Haul, Group10 Regional 

Delivery, Group10 Long Haul, 

Group12, Non-regulated) 

 

Capacity 3.5-7.5t (VECTO Groups: 

Group0 LL, Group0 ML, Non-

regulated) Truck diesel hybrid technology, biofuels, 

synthetic fuels 

 

Capacity 7.5-16t (VECTO Groups: 

Group1, Group2, Group3, Non-

regulated) 

 

Capacity 16-32t (VECTO Groups: 

Group4 Regional Delivery, Group4 

Long Haul, Group9 Regional 

Delivery, Group9 Long Haul, 

Group11, Group16, Non-regulated) Electric trucks, Hydrogen ICE and Fuel Cell 

trucks 

 

Capacity >32t (VECTO Groups: 

Group5 Regional Delivery, Group5 

Long Haul, Group10 Regional 

Delivery, Group10 Long Haul, 

Group12, Non-regulated) 

Buses-Coaches 

Diesel (VECTO Groups: Bus Small, 

Bus Large, Coach Small, Coach 

Large, Non-regulated) 

Conventional, Euro I-V 



  

     106 

 

CNG (VECTO Groups: Bus Small, 

Bus Large, Coach Small, Coach 

Large, Non-regulated) 

CNG thermal 

 

LPG (VECTO Groups: Bus Small, 

Bus Large, Coach Small, Coach 

Large, Non-regulated) 

LPG 

 

Buses only Hybrid Diesel (VECTO 

Groups: Bus Small, Bus Large, 

Coach Small, Coach Large, Non-

regulated) 

Hybrid Diesel technology 

 

Battery electric (VECTO Groups: Bus 

Small, Bus Large, Coach Small, 

Coach Large, Non-regulated) 

Battery electric technology 

 

Biodiesel (VECTO Groups: Bus 

Small, Bus Large, Coach Small, 

Coach Large, Non-regulated) 

Biodiesel technology 

 

Synthetic fuels (VECTO Groups: Bus 

Small, Bus Large, Coach Small, 

Coach Large, Non-regulated) 

Synthetic fuels 

 

Hydrogen (VECTO Groups: Bus 

Small, Bus Large, Coach Small, 

Coach Large, Non-regulated) 

Hydrogen ICE and Fuel Cell 

 

Summary of model outputs 

An overview of the PRIMES-TREMOVE model outputs is provided in Table 38. 

Table 38: Outputs of PRIMES-TREMOVE 

Model output Level of detail 

Transport activity 
By transport mode, type of transport means, by purpose, by agent 

and by stylised geographic area and by trip type. 

Final energy demand 
By transport mode, vehicle type and by fuel type specific energy 

consumption efficiency indicators for all transport means. 

CO2 emissions TtW (and WtW) By transport modes, vehicle type and fuel. 

Vehicle stock 
By vehicle and fuel type, as well as by vintage, new vehicle stock 

by vehicle type. 

Refuelling/recharging 

infrastructure 

Density by fuel and by geographic area type, linkage to trip types. 

Infrastructure costs for charging and refuelling. Ex-post calculation 

based on modelling results, related to the level of penetration of 

the different vehicle/fuel types and analysis of cost recovery. 

Investment expenditures 

By transport means, by mode and by agent. 

Capital costs related to transport equipment by transport means, 

by mode and by agent in annual payment terms. Calculation of 

additional capital costs for energy and emissions purposes based 

on an incremental cost method. 

Fixed operation costs 
By transport means, by mode and by agent. Fuel costs by transport 

means, by mode and by agent. 
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Excise duty payments 
By transport means, by mode and by agent. 

VAT on fuel payments by transport means, by mode and by agent. 

CO2 tax payments 
By transport means, by mode and by agent. Ticket prices for public 

transport by transport mode and finance balances by mode. 

Registration and circulation tax 

payments 

By transport mode distinguished between household and business 

expenditures. 

EU Emission Trading Scheme Payments by transport mode 

distinguished between household and business expenditures. 

Variable non-fuel operation 

costs 

By transport mode and vehicle type. Disutility costs for passenger 

and freight transport. 

Air pollutant emissions (CO, 

NOx, PM2.5, SO2) 

By transport mode and distinction by trip area (urban/inter-urban). 

External costs (congestion, accident, air pollution, noise) by mode 

vehicle type and trip area. 

 

Overall, PRIMES-TREMOVE includes significant features, which are summarised below. 

• High technological and energy carrier disaggregation for detailed representation of alternative 

options. 

• Comprehensive depiction and tracking of vehicle vintages. 

• Implementation of cost-(energy) efficiency curves for all technologies, deriving endogenous 

technology improvements for all modes. 

• Endogenous mileage estimation for all trip types. 

• Sophisticated modelling of CO2 emission standards and energy efficiency standards for light- 

and heavy-duty vehicles. 

• Multi-factor formulation of perceived costs that influence decisions (e.g. range anxiety, maturity 

of new options or anticipation of policies). 

• Representation of consumer heterogeneity through frequency distributions. 

• Expansion of stylised trip types by geographic area and connection to infrastructure. 

• Coverage of all motorised modes of transport. 

• Endogenous formulation of public transport economics (derivation of ticket price). 

Some limitations in the level of detail are summarised below. 

• The model lacks spatial information at a subnational level and so lacks details about distribution 

and transport infrastructure and flows that depend on spatial information (except electricity and 

gas flows over a country-to-country based grid infrastructure). 

• The model considers infrastructure exogenously in all sectors and it also siders learning by 

doing exogenously but varies assumptions across scenarios to represent “enabling conditions”. 
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MOVEID 

General information 

The following paragraphs provide more details about MOVEID. They can be considered as a 

continuation of the model description given in Subsection 2.3.3. 

At the core of its optimisation logic to minimise cumulated GHG emissions, the model is constrained by 

two major factors. Both are affecting the current and future vehicle fleet development in the EU27+UK 

road sector over time. 

• The (GHG-neutral) powertrain(s) available in the modelling setup – MOVEID has the 

technical capacity to model both, single technology scenarios where only one (GHG-neutral) 

powertrain is available for all vehicle segments as well as a mixed technologies scenario, where 

the model endogenously selects the least GHG intense powertrain by vehicle segment. For the 

purpose of the LeMesurier project, only the “mixed technologies” variant will be used34. 

• Technical bottlenecks restricting the use of (GHG-neutral) powertrains – in case of binding 

technical bottlenecks the model may be forced to rely on more GHG-intense powertrains to meet 

the EU27+UK road mobility demand assumed (i.e. in case GHG-neutral powertrains are restricted 

by technical bottlenecks, the registration of conventional diesel/gasoline vehicles emitting GHG 

in operation remains possible). Following the above input factors and major constraints, the 

model-based optimisation delivers an optimised pathway as output, including the split of (GHG-

neutral) powertrain technologies by vehicle segment over time, the associated ramp-up speed of 

(GHG-neutral) vehicles and information on binding technical bottlenecks. It further generates 

additional information including the infrastructure and raw material requirements, investment and 

operating financial costs, GHG emissions as well as the associated energy demand (tank-to-

wheel, well-to-wheel) by powertrain and vehicle segment over time. 

In more detail, the MOVEID model follows an iterative decision-making process. In a first step, the model 

selects the optimal (GHG-neutral) powertrain for the respective vehicle newly registered in a respective 

year. Considering the objective of the optimisation, the model chooses the least GHG-intense powertrain 

(and associated fuel supply chain) available over the vehicle lifetime. In a second step, the model 

examines if the energy supply chain infrastructure and raw material associated with the newly registered 

vehicle are available for the vehicle at stake. 

• If this is the case, the model “logs in” the vehicle as a newly registered ZE   for example, FCE   
in 2030 and confirms corresponding output parameters (i.e. infrastructure and material demand, 

financial costs, GHG emissions and energy demand). 

• If this is not the case (i.e., because at least one infrastructure element, such as electrolysis 

capacity, for the hydrogen generation is not available due to a technical bottleneck), the model 

considers if prebuilding the respective infrastructure element in earlier years is possible (i.e. 

building up required electrolysis capacity for this vehicle in 2029 or earlier) or re-usable capacities 

are available (i.e. because a FCEV is disposed in 2030 but the infrastructure associated with it 

has not reached the end of its lifetime). If pre-build is possible (or re-usable capacity is available) 

the model “logs in” the vehicle as a newly registered FCE  in 2 3  and confirms corresponding 
parameters. 

 
34 The technology pathways included in the model are electrification, plug-in hybrid vehicles, Fischer Tropsch 
fuel, methanol-to-gasoline, methane and hydrogen (both via fuel cell and combustion engines). All these 
technologies are considered in a “decarbonised” variant, where hydrocarbon fuels are synthetically derived using 
green hydrogen and carbon from direct air capture. 
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If neither the infrastructure and raw material for the selected powertrain is available in the given year 

nor in earlier years, the model re-starts the iterative process of selecting the optimal powertrain. 

However, it now excludes the infeasible powertrain (i.e. FCEV). Therefore, it re-runs the process 

outlined above with the “next-best” powertrain in terms of  H  emissions until a feasible   H -neutral) 

powertrain is found. In particular, the model shows achievable ramp-ups of new vehicle technologies, 

power generation and distribution infrastructure as well as raw material supply on a quantitative basis 

and explicitly addresses the question “how cumulated  H  emissions in the EU2 +UK road sector 
could be minimised”. 

Mileage 

Table 40 and Table 39 shows average annual mileage values for light and heavy duty vehicles 

respectively.  

Table 39: Vehicle mileage in MOVEID - LDV 

Segment Unit Annual mileage 

Small  km/year  12,377  

Medium km/year  15,168  

Large km/year  16,125  

SUV km/year  13,423  

LCV (N1) km/year  16,000  

 

Table 40: Vehicle mileage in MOVEID - HDV 

Segment Unit Annual Mileage 

Rigid (N2) km/year  35,000  

Regional Delivery (N3) km/year  60,000  

Long Haul (N3) [First Life] km/year  116,000  

Long Haul (N3) [Second Life] km/year  60,000  

Super Long Haul (N3) [First 
Life] 

km/year  107,000  

Super Long Haul (N3) 
[Second Life] 

km/year  60,000  

Public Transport km/year  50,000  

Coaches km/year  52,000  
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Vehicle classification 

Table 41 summarises the vehicle categories and subcategories in MOVEID. 

Table 41: Vehicle classification in MOVEID 

Classification Type 

Passenger cars (Small)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Passenger cars (Medium)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Passenger cars (Large)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Passenger cars (SUV)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Passenger cars (LCV)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Rigid (N2)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  
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 ICEV diesel  

Regional Delivery (N2/N3)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Long Haul (N3)   BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Super Long Haul (N3)  
  

 BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Buses - Public Transport  
  

 BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  

Coaches  
  

 BEV  

 FCEV  

 ICEV CNG  

 ICEV gasoline  

 ICEV Methanol  

 ICEV DME  

 ICEV H2 combustion  

 ICEV diesel  
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Summary of model outputs 

An overview of the key MOVEID model outputs is provided in Table 42. 

Table 42: Key model outputs of MOVEID 

Model output Level of detail 

Final energy demand By transport mode, vehicle type and by fuel type. 

CO2 emissions 
By year and cumulative across the entire fleet, covering “cradle to 
grave” emissions  including fuel . 

Raw material demand 
Raw material demand for the implementation of different zero 

emission technologies.  

Vehicle stock 
By vehicle and fuel type, new vehicle stock by vehicle type, max. 

achievable share of carbon neutral vehicles. 

Oncost for Defossilisation 
Cumulative vehicle on cost, cumulative infrastructure on cost 

(including entire vehicle supply chain).  

Technical Bottlenecks 
Technologies or raw materials constraining the decarbonisation of 

the transport sector.  

 


