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SUMMARY

The LeMesurier Coordination and Support Action (CSA) funded under Horizon CL5-2023-D5-01-05
aims to determine a common framework for monitoring the 2ZERO Partnership’s contributions and
impacts both towards the Partnership’s main objectives and targets (through identified key performance
indicators (KPIs)) and at a broader European level towards defined Generic Objectives. Moreover, the
project will provide recommendations for improving the measurement and evaluation methods for the
Partnership. The project is organized in several Work Packages, with WP1 and WP2 focussing on
gathering data on the 2ZERO Partnership’s KPIs, to evaluate whether targets have been achieved,
while examining the effectiveness of the Partnership’s against its defined objectives. Drawing from this
work, WP3 conducts an analysis of six Generic Objectives, exploring their interactions, impacts and the
effectiveness of 2ZERO’s results. Finally, WP4 will provide recommendations to enhance target
achievement, improve future measurement processes and identify potential gaps in the current KPI
framework.

The Work Package 3 analysis focusses on the Partnership’s contribution to wider European Union goals
which, under the LeMesurier, are named “Generic Objectives”:

e achieving carbon neutrality,

e improving air quality pollution and health conditions,

e seeking and achieving Technology Leadership,

e contributing to and ensuring economic growth,

e strengthening European Competitiveness,

e successfully integrating and implementing circular economy principles.
The six individual Generic Objectives differ significantly in scope and focus, requiring tailored
approaches for their assessment. This deliverable presents an analysis of these objectives, leveraging
data from 2ZERO projects and modelling exercises to understand the Partnership’s contribution to wider
EU targets. While existing 2ZERO KPIs are useful, the analysis carried out within the LeMesurier
prioritizes understanding broader Generic Objectives, potentially requiring additional indicators, such as
a developing concept of the Technology Leadership Indicator, as these objectives are not always directly
aligned with the Partnership’s core priorities. The work ultimately delivers recommendations for refining
the measurement and evaluation of 2ZERQ’s impact, ensuring its alignment with Europe’s sustainable
and competitive future. The analysis considers both quantitative data and qualitative assessments to
provide a holistic understanding of 2ZERQ’s effectiveness.

The analysis indicates substantial projected reductions in road transport emissions in Europe in the
coming decades, contributing significantly to both carbon neutrality and improved air quality. Modelling
indicates nearly complete decarbonisation by 2050, with NOx and exhaust particulate matter (PM2.5)
emissions reduced by nearly 99% compared to 2019 levels. While policy-driven pathways are the
primary driver, 2ZERQ’s research and innovation accelerate these reductions, particularly in the medium
term and address emissions beyond the tailpipe, e.g. during the vehicle lifecycle. However, non-exhaust
particulate matter emissions, stemming from tyre and brake wear, are projected to increase initially,
highlighting the need for targeted innovation in these areas and the importance of the upcoming Euro 7
standards. These improvements are projected to translate into significant public health benefits, with a
substantial reduction in mortality attributable to air pollution.

The analysis reveals that the 2ZERO Partnership is contributing to significant progress across these
Generic Objectives. While EU policy frameworks provide the primary driver for decarbonization,
2ZERO’s research and innovation are accelerating progress, particularly in the medium term (2030-
2035) and addressing complex challenges beyond tailpipe emissions, such as lifecycle impacts. The
modelling highlights the incremental benefit of 2ZERO projects, with potential CO2 emission reductions
in the medium term. Modelling shows substantial COzeq. emission reductions towards 2050, with
projections of absolute CO2eq. emission values from the EU vehicle parc in 2050 ranging from 74 Mt
(COPERT/SIBYL) to 1.7 Mt (PRIMES/TREMOVE) and 35 Mt (MOVEID). 2ZERO contributes to these
reductions through improved energy efficiency technology within the vehicles in use. Furthermore,
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2ZERO is tackling non-exhaust emissions (tyre and brake wear), an area not yet fully covered by current
EU regulations. Improvements in air quality are projected to yield substantial public health benefits, with
projected mortality rates declining by approximately 40% at 2030 compared to 2019. The Partnership is
fostering innovation in key areas such as battery technology and circular economy practices (supporting
the development of more efficient and sustainable battery systems, and promoting design for
disassembly and material recovery, as highlighted in discussions around end-of-life vehicle recycling),
ultimately contributing to a more sustainable and competitive European transport sector.

Moreover, it was also possible to determine that the 2ZERO Partnership contributes to economic growth,
Technology Leadership and European Competitiveness by fostering innovation across the value chain,
from vehicle manufacturing to digital mobility services. The Partnership supports the development of
key technologies, aiming to position Europe at the forefront of the zero-emission mobility transition,
including strengthening industrial capabilities, creating high-skilled jobs and promoting strategic
autonomy in critical areas such as battery technology. Specifically, 2ZERO has a role in modernizing
Europe’s automotive industry, with the potential for 16,000 high-value jobs to be created by 2030,
according to estimates from the European Green Vehicles Initiative (EGVI).While measuring direct
economic impacts remains complex, the assessment highlights the potential for significant long-term
benefits through increased productivity, reduced reliance on external supply chains and the
development of a robust and competitive European mobility ecosystem. This is achieved through
supporting innovations in areas such as smart fleet management, Al-powered routing and the
development of MaaS platforms. To facilitate a more comprehensive evaluation of these impacts as
projects conclude, a structured methodological assessment framework has been proposed, utilizing a
multi-dimensional approach. This framework examines the 2ZERO project portfolio based on the
Technological Maturity (TRL), Market Potential (business case and willingness to pay), Systemic &
Societal Impact (circularity, skills development), and Implementation & Integration (real-world
deployment and standardization). The framework aims to identify funding gaps, synergies and areas
where the portfolio exerts the strongest influence, ultimately providing a clearer picture of 2ZERQO’s
contribution to European Competitiveness. A Technology Leadership Indicator (TLI) framework,
mirroring the Technology Readiness Level (TRL), is proposed to scale, to systematically assess and
benchmark 2ZERO projects against the global state-of-the-art and identify areas where Europe can
achieve technological dominance. These approaches will enable a systematic assessment of 2ZERO’s
contribution to the Generic Objectives once project results mature. A first pool of representative 2ZERO
projects will be surveyed using this framework, with initial results and refined methods to be presented
in upcoming deliverables, specifically D3.4.
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1 INTRODUCTION

The 2ZERO Partnership aims to play a pivotal role in the success of the European Green Deal by
enabling Europe to advance towards a climate-neutral road transport system. The Partnership aims to
develop zero tailpipe emission, affordable and user-centric solutions, encompassing technologies and
services for road-based mobility across Europe. In addition, it seeks to create affordable and user-
friendly charging infrastructure concepts and technologies that facilitate interaction between vehicles
and the grid. Another key aspect is to demonstrate innovative use cases for the integration of zero
tailpipe emission vehicles and infrastructure concepts, enhancing road mobility for people and goods.
The Partnership also supports the development of life-cycle analysis tools and skills essential for the
effective design, assessment and deployment of innovative concepts in products and services within a
circular economy framework.

The 2ZERO Partnership 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). The
LeMesurier Coordination and Support Action (CSA) is determining a common framework for monitoring
these multiple and various KPlIs (including their sources, methods and reporting formats). Wherever
possible the project will generate values for 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 potential impact the project results will have. The CSA will support the means of identification and
quantification of the interactions, impacts and effectiveness of the Partnership within the road transport
challenge. Furthermore, the CSA will provide recommendations for development and analysis of the
means of measurement and evaluation of the Partnership within the road transport challenge. Finally,
the CSA will disseminate and communicate its results to a wide range of stakeholders, throughout the
road transport sector but also across Member States and to the public in general, via a range of media
and events. The consortium undertaking LeMesurier represents many sectors of the road transport
community from multiple European countries: it is guided by a strong Advisory Board from a broad range
of vehicle manufacturers, suppliers, RTOs (Research and Technology Organisations), operators and
infrastructure providers, as well as technology partnerships, joint undertakings and other representative
organisations within Europe.

The LeMesurier project has six work packages. Work Packages 1 and 2 will work on the evaluation of
the contribution of the 2ZERO Partnership and its individual projects towards achieving the Partnership’s
Objectives, i.e. via the defined KPIs as set out in the SRIA. Work Package 3, on the other hand, analyses
and evaluates the overall contribution of the 2ZERO Partnership towards wider European goals which,
under the call Horizon CL5-2023-D5-01-05 (to which LeMesurier responds), are defined under six broad
strategic topics, here named “Generic Objectives” (see below for detailed definitions):

e achieving carbon neutrality,

e improving air quality pollution and health conditions,

e contributing to and ensuring economic growth,

e seeking and achieving Technology Leadership,

e strengthening European Competitiveness,

o successfully integrating implementing circular economy principles.
The planned assessment under WP3 will emphasize the systemic and cross-sectoral nature of these
Generic Objectives, encompassing, therefore, not only technical aspects but also societal factors, such
as user acceptance during the road transport transition and economic considerations tied to various
industrial aspects of the sector. It is important to note that the impact of the Partnership on certain
Generic Objectives may be evident immediately or in the short term, while for others, such as economic
growth, competitiveness and Technology Leadership, the effects will take longer to become apparent,
as these involve processes that extend beyond the completion of individual projects. While some
impacts can be modelled through different scenarios, other can be only described. In those cases, the

10
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results of LeMesurier will provide recommendations of methods and tools to enable more accurate
assessments beyond the project duration.

The analysis carried out in WP3 also considers the interactions between the Generic Objectives (Task
3.2). The final conclusions concerning the Generic Objectives, on the impact and effectiveness of
2ZERO in the European context, will be drawn from the assessment carried out in WP3 (Task 3.3). The
outputs will serve as part of the basis for the recommendations drawn in WP4.

The diagram below (Figure 1) represents the interactions of the work carried out in WP1, 2 and 3 and
the different evaluation parameters.

I_ Generic Objectives _I SR
2ZERO Partnership =

General Objectives - KPls

Operational Objectives - KPls

Project
LeMesurier

Figure 1 Representation of the interactions of the work done with the 2ZERO KPIs in WP1 & WP2 and the Generic Objectives
in WP3

1.2 Scope of the Document and its Relation to the Work within
LeMesurier

This deliverable, D3.2, focuses on the assessment carried out to determine the impact and effectiveness
of the 2ZERO Partnership concerning six overarching “Generic Objectives”: achieving carbon neutrality,
improving air quality, fostering technological leadership, driving economic growth, strengthening
European Competitiveness and integrating circular economy principles. The analysis moves beyond
tracking project outputs to understand how 2ZERO’s research and innovation contribute to these
broader EU-level goals, recognizing that the Partnership’s direct priorities do not always perfectly align
with these wider ambitions. Thus, the analysis requires a complementary approach, utilizing existing
2ZEROQ’s KPIs (as measured in WPs 1 & 2) alongside potentially new metrics and concepts to provide
a holistic evaluation. The scope of this assessment encompasses a review of modelling results,
particularly from WP2, alongside qualitative assessments to understand the systemic impacts of 2ZERO
projects, particularly in areas such as carbon neutrality, air quality and health effects. It involves
evaluating both the current state of progress and identifying areas where further innovation and strategic
alignment are needed. Ultimately, the results presented in D3.2 aim at providing a robust and nuanced
understanding of 2ZERQ’s contribution to reaching these Generic Objectives, laying the groundwork for
future measurement and evaluation efforts thereof, proposing a methodological framework for assessing
the long-term impact of 2ZERO on these Generic Objectives as projects mature and their results
become fully demonstrable.

11
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1.3 Structure of the Deliverable Report

This deliverable is structured around a per-Generic Objective assessment approach, ensuring a focused
and detailed analysis of 2ZEROQO’s impact. Where relevant, the section begins with an update on relevant
findings from D3.1 (e.g. 2.3.1 Economic Growth and 2.4.1 European Competitiveness), followed by a
detailed assessment of the specific Generic Objective, outlining the methodology used and presenting
the resulting findings. This consistent structure allows for clear comparison across objectives. The report
progresses systematically through each of the six objectives: Carbon Neutrality, Air Quality, Technology
Leadership, Economic Growth, European Competitiveness and Circular Economy (it should be noted
that the contribution to the content of this Deliverable for this Generic Objective will be updated at a later
stage), culminating in an overall conclusion and outlook for future work within WP3, to be presented in
the final Deliverable D3.4. This organization facilitates a comprehensive understanding of 2ZERO’s
contributions and identifies areas for improvement in measurement and evaluation methods.

12
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2 ASSESSMENT OF DIFFERENT GENERIC
OBJECTIVES

This section builds directly on the foundational work established in other LeMesurier WP and the D3.1
(“Baseline information for the assessment of the generic objectives of carbon neutrality, air quality,
technology leadership, economic growth, competitiveness and circular economy in Europe”, from
hereafter refered to simply as D3.1), shifting from data gathering, baseline definitions and KPI
identification, to a focused assessment of the 2ZERO Partnership’s impact on broader European
objectives. This section details the methodology used to evaluate progress towards key Generic
Objectives, presenting findings for each and ultimately evaluating the Partnership’s contribution to
broader EU goals. By leveraging modelling results from WP2 and incorporating qualitative assessments,
we move beyond simply tracking outputs to understand how 2ZERO’s research and innovation
contribute to wider EU policy goals, ultimately revealing the Partnership’s contribution and identifying
areas for future focus.

2.1 Carbon Neutrality
2.1.1 Assessment Methodology

The assessment of the Generic Objective Carbon Neutrality builds on the modelling framework
developed in WP2, where three complementary vehicle parc models were applied: COPERT/SIBYL,
PRIMES/TREMOVE and MOVEID. These models differ in scope and boundary, thus providing
complementary insights:

e COPERT/SIBYL accounts for Thank-to-Wheel (TtW) energy use and emissions of both air
pollutants and GHGs from road transport. It provides detailed, bottom-up emission inventories
broken down by vehicle category, fuel type, technology, and driving conditions. The model also
supports projections and scenario analyses aligned with EU policies and regulations.

o PRIMES/TREMOVE covers Well-to-Wheel (WtW) emissions, embedding transport within EU-wide
energy and policy scenarios such as Fit for 55 and the 2040 Climate Target Plan.

e MOVEID applies a life-cycle assessment (LCA) perspective, extending the analysis to upstream
activities such as material extraction, vehicle manufacturing and infrastructure, while optimising
fleet trajectories under technical and material constrains.

Two scenarios were considered in each model:
e The intermediate scenario, reflecting EU policy baselines (the achievement of which imply R&I
towards Zero Emission road mobility).
e The measured scenario including the expected contributions of the 2ZERO project portfolio.

The comparison of these scenarios is documented in detail in the fourth and final WP2 deliverable (D2.4:
“Calculated Compound Parameter KPIs”). In WP3, the method consists in interpreting these results
against the Carbon Neutrality objective, while also identifying synergies and trade-offs with other
Generic Objectives. The following section presents the measured results from WP2 and discusses their
implications.

2.1.2 Impact and Effectiveness of 2ZERO

From the results of the three models, road transport CO,eq. emissions decrease sharply by 2050,

though the magnitude and residual levels depend on the scope considered in each of the three models.
e COPERT/SIBYL (TtW):

Most KPIs (CO, emissions, GHG intensity, ZEV uptake) remain identical between scenarios, since

the vehicle parc is policy-constrained (prescribed). The only visible effect concerns SO.KPI.1

(energy intensity), where 2ZERO-related efficiency improvements lead to reductions of about 3—

5% for the heavy-duty vehicle parc and around 1% for the light-duty vehicle parc. In terms of

13



LeMesurier

Measuring the 2ZERO KPIs

emissions, passenger cars fall from ~429 Mt in 2020 to ~7 Mt in 2050 (-98%), buses and coaches
drop by ~88%, and heavy-duty trucks by ~77%. Total road transport emissions decline from ~725
Mt in 2020 to ~74 Mt in 2050 (—90%), with some tailpipe emissions persisting due to residual ICE
vehicles.

¢ PRIMES/TREMOVE (WtW):
Differences across most KPIs are negligible, with small variations due to the model’s internal
methodology. As in COPERT/SIBYL, the main effect is seen in SO.KPI.1 (energy intensity), but
here the reductions reach about 7% for the entire vehicle fleet, since EV efficiency improvements
combine with energy system decarbonisation and propagate across the parc rather than being
limited to direct TtW gains. Emissions decline from ~671 Mt in 2020 to ~1.7 Mt in 2050, approaching
full neutrality. PRIMES/TREMOVE thus reports lower residual emissions than COPERT/SIBYL, as
it accounts for WtW decarbonisation, including bio-based energy carriers that are often treated as
carbon-neutral.

e MOVEID (LCA):
Differences appear systematically across all KPls, as the optimisation-based approach explicitly
integrates assumptions on infrastructure availability, raw material constraints and technological
progress linked to 2ZERO projects. As a result, MOVEID provides the clearest view of incremental
2ZERO impacts. Total emissions decrease from ~1,276 Mt in 2020 to ~35 Mt in 2050. In 2030, the
measured scenario is ~50 Mt lower than intermediate (769 vs. 819 Mt, —-6%), and in 2035 the
difference is ~15 Mt (174 vs. 188 Mt, —8%). By 2050, both scenarios converge at ~35 Mt residual
emissions, reflecting upstream processes (materials, manufacturing, fuels).

The three models consistently project a steep decline in road transport CO2eq. emissions towards 2050,
though the magnitude and residual levels depend on their scope (TtW, WtW, LCA). COPERT/SIBYL
and PRIMES/TREMOVE mainly reflect policy-driven trajectories, and differences visible in energy
intensity. PRIMES/TREMOVE shows somewhat larger efficiency gains as WtW improvements
propagate across the fleet. MOVEID highlights the additional contribution of 2ZERO more extensively,
particularly in the medium term (2030-2035), before converging with policy pathways in the long run.

These findings confirm that while the long-term trajectory to carbon neutrality is primarily driven by
regulation, the additional effect of 2ZERO projects is visible in improved efficiency indicators and in
accelerated reductions during the 2030—2035 horizon, as well as in addressing upstream life-cycle
impacts. These results are interpreted against the Carbon Neutrality objective as defined in Deliverable
D3.1, which provides the formal reference framework for this Generic Objective within LeMesurier.

The graphs overleaf illustrate the CO2eq. emissions vehicle parc trajectories from the present time to
2050 from each model and for different transport categories:

14
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COPERT/SIBYL - TtW Cueq emissions (Measured)

PRIMES/TREMOVE - WtW COzeq emissions (Measured)
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Figure 2 Vehicle parc CO,eq. emissions trajectories over time from each of the three models used in WP2

Overall, these findings highlight that, while the long-term pathway to carbon neutrality is primarily policy-
driven, the additional effect of 2ZERO R&I projects is visible in improved efficiency and life-cycle

performance in the medium term.
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2.2 Air Quality

2.2.1 Assessment Methodology

While the 2ZERO Strategic Research and Innovation Agenda (SRIA) includes broader indicators
(related to CO2, GHG or energy intensity) that may have indirect implications for air quality and health
impacts, the indicators and KPIs chosen for here are those for which a direct, measurable analysis of
air pollutant emissions from road transport can be performed using the COPERT/SIBYL framework.
These indicators focus on the projected evolution of emissions from road transport in the EU27 and will
be presented in detail here below, illustrating the anticipated changes in air quality under existing EU
policies. These include:
¢ Nitrogen Oxides (NOx) emissions: absolute projected values and change compared to a 2019
baseline.
e Particulate Matter (PM2.5) exhaust emissions: absolute projected values and change compared to
a 2019 baseline.
e Particulate Matter (PM2.5) non-exhaust emissions: absolute projected values and change
compared to a 2019 baseline.
e NOx intensity: per vehicle kilometre (v.km), passenger kilometre (p.km) and tonne kilometre (t.km).
e PM2.5 exhaust intensity: per vehicle kilometre (v.km), passenger kilometre (p.km) and tonne
kilometre (t.km).
e PM2.5 non-exhaust intensity: per vehicle kilometre (v.km), passenger kilometre (p.km) and tonne
kilometre (t.km).

The assessment methodology for the Air Quality and Health Objective is primarily based on a
quantitative approach utilizing the COPERT/SIBYL model to project the evolution of air pollutant
emissions from the road transport sector in the EU27. This methodology provides a robust and data-
driven framework for understanding emission trends. The data is presented here as absolute projected
values in a given year (for example 2019 or 2050) and as changes (in absolute numbers (delta values)
or relative (%) values) in a year when compared to 2019. Further, absolute values are projected for
emissions, in any particular year, for different vehicle categories (e.g. L-cat) and for the “Total” European
vehicle parc: it should be noted that the “Total” numbers are not necessarily the sum of the individual
vehicle categories shown in the table (since some tables do not show values for all the vehicle categories
or because the parameter shown may be relative, e.g. emissions per tonne.kilometre, to characteristics
of a particular vehicle category and the values between individual vehicle categories may vary greatly,
whilst the “Total” vehicle parc number is also dependent on the distribution of the number of vehicles in
each vehicle category).

2.2.1.1 The COPERT/SIBYL Model: A Quantitative Tool for Emission
Projections

The COPERT/SIBYL model is a widely accepted and comprehensive tool for calculating emissions from
road transport and for performing projection scenarios up to 2050. It calculates emissions of various
pollutants (including NOx, PM10, PM2.5, CO, NMVOC etc.) based on detailed input data regarding
vehicle characteristics, driving conditions and fuel types. It employs a set of emission factors (emissions
per kilometre) that vary depending on vehicle technology (e.g., Euro emissions compliance standards),
fuel type, segment and vehicle’s speed. COPERT is continuously updated by the European Environment
Agency (EEA) and is an essential tool for national and international emission reporting under various
conventions and directives. The model also develops detailed forecasts of the vehicle fleet composition,
new vehicle registrations, vehicle activity, energy consumption, Greenhouse Gas (GHG) emissions and
air pollutants across different vehicle categories and fuel types.

Projection Scenario Considerations

The analysis presented here is based on a scenario that assumes the continuation of existing policies,
regulatory frameworks and anticipated technological trends. Key considerations embedded within this
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baseline, which influence the powertrains mix (fleet turnovers, penetration of EVs and new
technologies), include:

e Policy-driven CO; Reduction Targets: The COPERT/SIBYL model baseline projections
incorporate CO:2 reduction targets for new vehicles, reflecting policies such as the 'Fit for 55'
package, the 2030 zero-emissions target for new buses and trucks and the overarching 2040
climate target. These policy considerations serve as underlying drivers for the projected fleet
evolution and emission profiles within the model.

¢ Implementation of Euro emission standards: It is assumed that all new vehicles entering the
fleet comply with the latest mandated Euro emission standards (e.g., Euro 6/VI for light-duty and
heavy-duty vehicles) and it accounts for the future impact of upcoming regulations of Euro 7.

It is important to note that the results presented here are derived exclusively from a Tank-to-Wheel
(TtW) emissions perspective, meaning emissions generated directly during vehicle operation (exhaust
and non-exhaust). This assessment does not extend to Well-to-Wheel (WtW) emissions, which would
include emissions from upstream processes such as fuel production and electricity generation.
According to the JEC Well-to-Wheels study (v5) [1], TtW emissions make up the majority of total WtW
greenhouse gas emissions for conventional internal combustion vehicles, while upstream contributions
add a smaller but relevant share. In contrast, for battery electric vehicles, TtW emissions are essentially
zero and the WtW balance is largely determined by the carbon intensity of electricity generation and
other upstream factors [1]. Furthermore, while the methodology provides quantitative projections of air
pollutant emissions and fleet dynamics, it does not assess how 2ZERO RIA might influence market
uptake rates of Zero Emission Vehicles (ZEVs). Such an assessment would require a different modelling
approach linking 2ZERO projects’ outcomes to market penetration rates.

2.2.2 Impact and Effectiveness of 2ZERO

Based on the methodology presented above, the COPERT/SIBYL projections presented here reveal
significant trends in air pollutant emissions from the EU27 road transport sector up to 2050. These
trends, highlighting substantial progress in mitigating certain pollutants and addressing emerging
challenges, represent the direct impact of the 2ZERO Partnership's strategic research and innovation
activities in conjunction with ambitious European policies.

Conducted within a TtW framework, this assessment quantifies the evolution of air quality. The detailed
absolute and intensity values presented in the following subsections reflect the successful development
and increasing deployment of cleaner and more efficient powertrains — a central focus of 2ZERO
research and development. While work reported here specifically analyzes TtW air pollutants, 2ZERQO's
commitment to advancing highly efficient vehicle technologies also fundamentally contributes to
reducing overall energy consumption in the transport sector. This reduction in energy demand, in turn,
yields further benefits in terms of air pollutants and greenhouse gas (GHG) emissions from a Well-to-
Wheel (WtW) perspective, although this is beyond the scope of COPERT/SIBYL at the time of writing.

2.2.2.1 Emissions changes

Nitrogen Oxides (NOx) Emissions

Nitrogen oxides (NOx) are a group of highly reactive gases that contribute to the formation of ground-
level ozone, acid rain and fine particulate matter. They are also directly linked to respiratory and
cardiovascular health problems. The projections from the COPERT/SIBYL model demonstrate a
continuous and profound decrease in NOx emissions from road transport across all vehicle categories
in the EU27 up to 2050. This trend is primarily driven by the ongoing and future European policies.
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Table 1 Absolute NOx Emissions from Road Transport (ktons) in EU27 by Vehicle Category

Year Buses PC L-cat HDT LCV Total
2019 160 1186 16 767 424 2553
2025 79 728 8 326 337 1479
2030 44 430 6 176 221 877
2035 23 200 4 102 118 447
2050 2 4 2 22 2 31

The table above illustrates the projected reduction in absolute NOx emissions across all vehicle
categories. Passenger Cars and Heavy-Duty Trucks, show the most substantial absolute decreases,
reflecting the impact of advanced emission control technologies.

Table 2 Change in Total NOx (ktons) from Road Transport in EU27 compared to 2019

Year Total Change in NOx Change as % of 2019 value

2019 - =

2025 -1074 -42%
2030 -1676 -66%
2035 -2106 -83%

The projections indicate a remarkable decrease in total NOx emissions, reaching nearly a 99% reduction
by 2050 compared to 2019 levels. This steep decline is primarily attributable to the continued phasing
out of older, more polluting vehicles and the widespread adoption of battery electric vehicles.

Table 3 NOx Intensity per Vehicle Kilometre (tons/Gv.km) in EU27

Year Buses PC L-cat HDT LCV Total
2019 4452 446 155 2711 1090 8855
2025 2247 265 78 1117 783 4489
2030 1176 151 49 553 486 2415
2035 597 68 33 303 248 1247
2050 42 1 13 60 5 121
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Table 4 NOx Intensity per Passenger Kilometre (tons/Gp.km) in EU27

Year Buses PC L-cat Total
2019 312 284 136 283
2025 157 169 68 165
2030 82 96 43 93
2035 42 43 29 42
2050 3 1 12 1

Table 5 NOx Intensity per Tonne-Kilometre (tons/Gt.km) in EU27

Year HDT Light Commercial Vehicles Total

2019 | 452 1817 523
2025 | 186 1304 248
2030 @92 809 131
2035 50 413 70
2050 | 10 8 10

The three tables above show a significant decrease in NOx emissions per vehicle kilometre, passenger
kilometre and tonne kilometre, indicating improved emission efficiency of the vehicle fleet over time.

Particulate Matter (PM2.5) Emissions — Exhaust

Fine particulate matter (PM2.5), with a diameter of 2.5 micrometres or less, is directly linked to
combustion processes in vehicle engines and poses severe health risks due to its ability to penetrate
deep into the lungs and bloodstream. Similar to NOx, exhaust PM2.5 emissions are projected to
decrease dramatically due to increasingly stringent emission standards and the widespread
implementation of particulate filters.

Table 6 Absolute PM2.5 Exhaust Emissions from Road Transport (tons) in EU27 by Vehicle Category

Year Buses PC L-cat HDT LCV Total
2019 2690 33772 1503 13218 14320 65503
2025 947 10661 505 4573 3520 20207
2030 425 3009 276 2311 977 6998
2035 198 1117 160 1338 372 3186
2050 19 36 51 252 12 370

The table above shows the substantial reduction in exhaust PM2.5 emissions across all vehicle types.
This is a direct consequence of the widespread deployment of Diesel Particulate Filters (DPFs) in
vehicles, which are highly effective at capturing fine particulate matter and the increasing market share
of electric vehicles, which produce no tailpipe emissions.
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Table 7 Change in Total PM2.5 from Road Transport (tons) — Exhaust in EU27 compared to 2019

Year Total Change in PM2.5 Change as % of 2019 value

2019 = =

2025 -45297 -69%
2030 -58506 -89%
2035 -62317 -95%
2050 -65134 -99%

The projections show a strong positive trend for air quality improvement concerning exhaust PM2.5,
with a reduction of over 99% by 2050 compared to 2019. This rapid decline is primarily driven by
technological advancements and fleet electrification, effectively mitigating emissions from combustion
sources.

Table 8 PM2.5 Exhaust Intensity per Vehicle Kilometre (tons/Gv.km) in EU27

Year Buses PC L-cat HDT LCV Total
2019 75 13 15 47 37 75
2025 27 4 5 16 8 27
2030 11 1.1 2 7 2 11
2035 5 0.4 1 4 0.8 5
2050 0.4 0.0 04 0.7 0 04

The exhaust PM2.5 intensity per vehicle kilometre dramatically decreases, indicating significant
reductions in particulate emissions per unit of distance travelled.

Table 9 PM2.5 Exhaust Intensity per Passenger Kilometre (tons/Gp.km) in EU27

Year Buses PC L-cat Total
2019 5 8 13 8
2025 2 3 4 2
2030 0.8 0.7 2 0.7
2035 0.4 0.2 1 0.3
2050 0 0 0.3 0
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Table 10 PM2.5 Exhaust Intensity per Tonne Kilometre (ton/Gt.km) in EU27

Year HDT LCV Total
2019 8 61 11
2025 3 14 3
2030 1 4 1
2035 0.7 1.3 0.7
2050 0.12 0.04 0.11

The intensity of exhaust PM2.5 from freight transport also decreases substantially, indicating
improvements in the environmental performance of heavy-duty vehicles per unit of goods transported.

Particulate Matter (PM2.5) Emissions — Non-Exhaust

Non-exhaust PM2.5 emissions from road transport, originating primarily from tyre wear, brake wear and
road surface abrasion, are projected to have a different trend than exhaust emissions in the EU27.
According to baseline projections, total non-exhaust PM2.5 emissions in the EU27 are expected to rise
slightly over the next decade, increasing from 2019 to a peak around 2030. This growth is primarily
driven by the increasing average weight of the vehicle fleet. This is influenced by the transition to battery
electric vehicles, which tend to be heavier than their internal combustion engine (ICE) counterparts due
to the mass of the battery systems. Heavier vehicles exert more pressure on road surfaces and
experience greater friction at the tyre—road interface, contributing to higher particulate emissions from
mechanical wear.

Table 11 Absolute PM2.5 Non-Exhaust Emissions from Road Transport (tons) in EU27 by Vehicle Category

Year Buses PC L-cat HDT LCV Total

2019 1853 36019 595 14806 7645 60919
2025 1828 36641 610 15815 8526 63420
2030 1888 35763 649 17055 8319 63674
2035 1895 34631 674 17309 7662 62171
2050 1981 32174 742 14644 5495 55036

Table 12 Change in Total PM2.5 from Road Transport (tons) — Non-Exhaust in EU27 compared to 2019

Year

Total Change in PM2.5 Change as % of 2019 value

2019 - -
2025 2501 4%
2030 2755 5%
2035 1252 2%
2050 -5883 -10%

After 2030, total non-exhaust PM2.5 emissions are projected to gradually decline up to 2050, resulting
in a 10% reduction at this year compared to 2019 levels. The anticipated decline reflects expected
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improvements in vehicle and material technologies due to Euro 7 regulations, which will be applied
gradually starting from 2027 for all new vehicles on sale. These regulations are the first to include
specific limits for non-exhaust emissions, such as those from brakes and tyres, driving innovation in
these areas.

Table 13 PM2.5 Non-Exhaust Intensity per Vehicle Kilometre (tons/Gv.km) in EU27

Year Buses PC L-cat HDT LCV Total
2019 51.6 13.5 5.8 52.3 19.6 51.6
2025 51.8 13.3 5.7 54.2 19.8 51.8
2030 50.5 12.5 5.7 53.6 18.3 50.5
2035 484 11.7 5.7 51.3 16.1 484
2050 42.8 10.5 5.7 40.6 10.6 42.8

The non-exhaust PM2.5 intensity per vehicle kilometre shows an initial marginal increase, followed by
a sustained decline throughout the projection period, reflecting evolving emission factors per unit of
distance.

Table 14 PM2.5 Non-Exhaust Intensity per Passenger Kilometre (tons/Gp.km) in EU27

Year Buses PC L-cat Total
2019 3.6 8.6 5.0 8.0
2025 3.6 8.5 5.0 7.9
2030 3.5 8.0 5.0 7.4
2035 34 74 5.0 7.0
2050 3.0 6.7 5.0 6.2

Non-exhaust PM2.5 intensity per passenger kilometre exhibits a consistent decreasing trend, indicating
improved emission performance relative to passenger transport activity.

Table 15 PM2.5 Non-Exhaust Intensity per Tonne Kilometre (tons/Gt.km) in EU27

Year HDT LCV Total
2019 8.7 32.7 10.0
2025 9.0 33.0 10.4
2030 8.9 30.5 10.1
2035 8.6 26.8 9.5
2050 6.8 17.6 7.4

For freight transport, non-exhaust PM2.5 intensity per tonne kilometre demonstrates an initial slight
increase, subsequently followed by a continuous reduction, signifying a long-term improvement in
emissions per unit of goods moved.
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2.2.2.2 Health Impact

Health Effects of Emissions

Air pollution has significant adverse effects on human health, contributing to a range of respiratory,
cardiovascular and other systemic diseases, ultimately leading to premature mortality. Quantifying these
impacts is crucial for understanding the societal burden of emissions. Mortality, often quantified as
excess deaths, is estimated using epidemiological studies that statistically link long-term exposure to air
pollutants with increased mortality risk. Specifically, fine particulate matter (PM2.5) can penetrate deep
into the lungs and bloodstream, causing inflammation, oxidative stress and long-term organ damage.
Ground-level ozone (O3), particularly during high summer episodes, can trigger fatal respiratory events,
especially in vulnerable populations.

The TM5-FASST model: Quantitative tool for emission impact to Mortality

The TM5-FASST model (Fast Scenario Screening Tool, [2]) is a version of TM5 (Tropospheric Multi-
scale Model) developed by the Joint Research Centre (JRC). This tool is designed to balance fidelity
with computational efficiency, enabling rapid policy assessments and scenario testing. It operates by
utilizing pre-calculated source—receptor (SR) relationships, which are derived from more extensive and
computationally intensive TM5 runs.

The interface of TM5-FASST allows for highly customizable analyses. Users can define and select
specific emission regions and sectors (e.g., individual countries or groups of countries). For each
computation, the model can generate health results that are representative of these selected regions,
providing localized insights. Furthermore, a key capability of TM5-FASST is its ability to calculate the
transboundary health impact between different selected regions, offering a comprehensive view of how
emissions from one area might affect health outcomes in another.

The model provides flexibility for scenario analysis, allowing users to customize projections for every
five years. This involves inserting pollution data in tons/year for various pollutants, enabling the
computation of differences in mortality between a custom scenario and a defined reference year. This
functionality makes TM5-FASST a valuable tool for assessing the health implications of various
emission reduction strategies and policy interventions, providing quantitative insights into potential
public health benefits.

Implementation of COPERT/SIBYL projections to TM5-FASST model

To comprehensively quantify the associated health impacts, the detailed emission projections derived
from the COPERT/SIBYL model were integrated into the TM5-FASST framework. This integration
involved aligning the COPERT/SIBYL output, which provides detailed annual emission data (in
tons/year) for PM2.5 and NOx across different vehicle categories, with the input requirements of TM5-
FASST. This process enables the health impact assessment to directly leverage the robust emission
and activity forecasts from SIBYL and COPERT. Key assumptions underpinning this assessment and
the considerations made during data integration, include:

e Transboundary Pollution and Regional Scope: A critical aspect of this assessment is defining
the geographical scope. While acknowledging that air quality in the EU27 can be influenced by
emissions from neighboring non-EU regions, a primary assumption for this baseline projection is
that these external contributions do not fundamentally alter the relative trends and internal
dynamics of emission-attributable health impacts within the EU27. This approach allowed for a
focused analysis on the direct effects of EU road transport policies and technological evolution. To
ensure the robustness of this simplification, a dedicated sensitivity analysis was conducted. This
involved incorporating relevant third-party emission data for surrounding regions, which indicated
that the health impacts attributable to transboundary pollution typically fall within a 2-4% range of
the presented EU mortality figures, thus validating the primary focus on intra-EU emissions for this
specific assessment.

o Reference Year for Mortality Statistics and Data Alignment: The year 2019 was established as
the primary reference year for the mortality calculations to ensure consistency with other aspects
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of the overall deliverable. Given that the TM5-FASST model's pre-calculated source-receptor (SR)
relationships and epidemiological mortality statistics are typically structured in 5-year increments
(e.g., 2015, 2020), a precise data adaptation was necessary. For the 2019 reference, the 2015 SR
relationships and mortality statistics were utilized, with a careful manual adjustment to incorporate
the actual 2019 human population data. This methodological choice assumes that the underlying
atmospheric transport patterns (SR relationships) and the fundamental mortality statistics did not
undergo significant changes between 2015 and 2019 that would invalidate this interpolation for the
purpose of long-term trend analysis. Furthermore, it is important to highlight that the model explicitly
accounts for projected population changes over the entire assessment period, ensuring that the
future mortality results reflect demographic shifts alongside emission reductions.

2.2.2.3 Results of the Analysis

The analysis of the baseline scenario using the TM5-FASST model projects a substantial reduction in
mortality attributable to PM2.5 and NOx emissions across the EU27.

Absolute annual Mortalities in EU

2019 2025 2030 2035 2050
Year

Mortality Thousands
=
NOBE O ® O 9N
© © © © © o

Figure 3 Projections of mortatily attrivutable to PM2.5 and NOx emissions in the EU27

Table 16 Absolute annual Mortalities due to PM2.5 and NOx in EU and difference relative to reference year 2019

2025 2035 2050

Pl 103,909 77152 62441 57618 54,976
Mortalities
26,757  -A1468  -46290 - 48933

Finally, it is projected that mortality rates will decline by approximately 40% between 2019 and 2030
and about 50% by 2050. This indicates a significant reduction in mortality by 2030, followed by a more
gradual decline through 2050. This trend appears to mirror the behaviour for the projection of PM2.5
pollutant levels.

2030
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To measure how the 2ZERO project porfolio contributes to Economic Growth, we look at specific Key
Performance Indicators (KPIs) defined within the Partnership’s monitoring framework. Several 2ZERO
KPIs, drawn from the General, Specific and Operational Objectives of the Partnerships, are directly
relevant to evaluating economic impacts. These KPIs provide quantitative evidence of outputs and
outcomes that link R&l activities to economic value. The initially identified KPIs for the analysis were
already presented in Deliverable D3.1. However, following further refinement of the methodology, the
list has been updated to better align with the enhanced analytical framework and emerging project
insights.

The 2ZERO Partnership employs a comprehensive set of KPIs to evaluate its contribution to Europe’s
green economic transition, focusing on innovation, sustainability and inclusive growth. These KPls span
strategic, societal and operational dimensions, capturing both direct and indirect impacts of Horizon
Europe-funded projects. From tracking climate-related R&l investment (GO.KPI.1) and green job
creation (GO.KPI.2), to measuring the affordability and uptake of zero-emission vehicles (GO.KPI.4-5),
the indicators reflect how public funding is catalyzing market transformation. Societal KPIs (SO.KPI.3—
11) assess technological integration, charging efficiency and the emergence of new mobility business
models, while operational KPIs (OO.KPI.1-25) monitor real-world demonstrations, stakeholder
engagement, SME participation and workforce development. Together, these metrics provide a
multidimensional view of how 2ZERO initiatives are fostering innovation, scaling sustainable solutions
and driving economic growth across Europe. They serve not only as performance benchmarks but also
as proxies for broader macroeconomic outcomes such as employment, productivity and industrial
competitiveness in the green mobility sector. The most pertinent indicators include:

Table 17 Relevant 2ZERO KPlIs for the assessment of the Generic Objective Economic Growth

KPI Description
GO.KPI.1 Proportion of climate related spending (climate mainstreaming) in Horizon Europe
T spending

FTE jobs supported in entities involved in Horizon projects addressing the

GO-KPI.2 European Green Deal per year

GO.KPI.4 Number of new vehicle registrations of zero tailpipe emission vehicles
GO.KPL.5 Increased affordability of the zero tailpipe emission vehicles

SO.KPL.3 Reduction of development time and effort

SO.KPl.4 Improvement of the integration of EVs into the electricity grid

SO.KPI.5 Improvement of charging efficiency demonstrated in real-life conditions
SO.KPI.8a Number of (public and private) transport operators implementing zero tailpipe

business models and use cases for freight and passenger transport

SO.KP1.8b Demonstrated innovative use cases for ZEVs
SO.KPI.9 Commonly accepted LCA approach

SO.KPI.10 Implementation of an LCI database
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Feasibility of advanced circular economy strategies in zero emission mobility

SO.KPI.11 solutions demonstrated by performed use cases
00.KPI.1 Demonstration of technologies, components, systems
00.KPI.2 Demonstrator vehicles and concepts realized
00.KPIL.3 Demonstrators in real-world use cases

00.KPI1.4 Integration of components and systems

00.KPIL.5 Battery sizing and user needs balance

00.KPIL.6 More efficient grid integration solutions
00.KPI.9 Demonstrated charging operations efficiency

00.KPIL.10 Breakdown of EU funding across stakeholder types
00.KPIL.12 Share of funding going to SMEs

00.KPI.24 Number of professionals trained in funded projects

00.KPI.25 Number of training materials provided by funded projects

The shift toward zero-emission mobility represents a significant economic transformation of the transport
sector, intersecting infrastructure investment, industrial policy and inclusive growth. This is not simply a
technological transition, but a structural reconfiguration of how economies produce, move and access
value. Transport has long been recognized as an enabler of economic development [3], with efficient
systems contributing to growth by enhancing accessibility, reducing transaction costs and enabling
spatial agglomeration of economic activity. Improvements in infrastructure and mobility services are
linked to increased productivity, expanded labour market reach and broader access to education and
health services [4].

Within this context, the transformation of Europe’s Road transport system — underpinned by the Towards
Zero Emission Road Transport (2ZERO) Partnership — is central to the European Green Deal’s ambition
for climate-neutral, competitive and resilient economic growth. As an institutionalized European
partnership under Horizon Europe, 2ZERO channels public and private R&l investments into key areas
— vehicle technology innovation, energy integration, mobility services and circular economy solutions —
all of which shape the European economy through interconnected pathways. This section will identify
and structure the economic impact channels through which 2ZERO contributes to both direct and
systemic economic change. Understanding the impact of the 2ZERO Partnership on economic growth
requires a clear framework that reflects both transport innovation realities and broader economic
development theory. For this assessment, six pillars have been selected to organise and analyse
2ZERO'’s contribution to economic transformation:
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Six Pillars of the 2ZERO Economic Arc
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Figure 4 Six pillars framing 2ZERO’s impact on economic transformation through innovation, skills, resilience, services,
circularity and structural change
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Six strategic pillars guide the assessment of 2ZERO'’s role in economic transformation - highlighting
pathways through innovation, human capital, industrial resilience, service dynamism, circular economy
and structural change:

1. Industrial Modernisation and Value Chain Deepening - 2ZERO is considered to modernise and
localises Europe's mobility value chains, aiming for cost parity with fossil-fuel vehicles by 2030. It
boosts upstream manufacturing, integrates SMEs and supports industrial innovation through
Horizon Europe. By advancing EV systems and battery technology, it enables EU firms to tap into
global markets, driving export-led growth. Aligned with EU strategies, 2ZERO strengthens local
supply chains and scales net-zero transport solutions for long-term resilience, [5] pp. 42—44.

2. Labour Market Transformation and Skills Development - 2ZERO is projected to reshape
Europe’s labour market by driving skill development in battery technology, V2G systems, digital
mobility and circular manufacturing. It supports reskilling across sectors to meet the demands of a
climate-neutral transport system. By embedding training into R&I projects, the 2ZERO SRIA notes
that this transformation “will generate new types of jobs requiring new skills”, [5] p. 12. Evidence
from EGVI highlights the potential industry growth in the green vehicle technology sector of around
16,000 high-value jobs by 2030. 2ZEROQO’s support for collaborative R&l projects that include
training components (e.g., in design-for-recycling or smart charging) is a pathway to mitigating job
displacement risks and fostering inclusive labour transitions.

3. Business Model Innovation and Service Sector Growth - 2ZERO is considered to drive the shift
to service-based, zero-emission transport by supporting MaaS (Mobility as a Service), on-demand
fleets and circular logistics. The 2ZERO SRIA supports smart fleet management, Al routing and
affordable vehicle-as-a-service models. These innovations reduce costs, expand access and fuel
SME growth in digital mobility and logistics.

4. Macroeconomic Resilience and Strategic Autonomy - 2ZERO is speculated to strengthen EU
resilience by reducing reliance on external supply chains and building domestic capacity in vehicle
manufacturing, batteries, charging infrastructure and software. It supports macroeconomic stability
through job creation, investment and productivity - especially during crises. By promoting
affordability, digitalisation and smart energy integration (e.g. V2G, renewable charging), 2ZERO
lowers the TCO (Total Cost of Ownership) and expands access across regions and income groups,
contributing to a clean, self-sufficient transport ecosystem.

5. Innovation, Productivity and Competitiveness - 2ZERO is perceived to boost EU
competitiveness by reducing R&D risk and accelerating innovation in modular vehicle design,
digital twins, energy systems and high-efficiency powertrains. EGVI estimates a 12-month’s less
time-to-market for EVs and €30 billion in commercial gains by 2030. 2ZERO continues to fund
next-generation solutions, especially for heavy-duty transport [6] [7].

6. Circular Economy and Resource Efficiency - 2ZERO is considered to advance circular economy
goals by promoting life-cycle design, reuse, remanufacturing and end-of-life optimization in
transport systems. It supports vehicle concepts that reduce resource demand and extend product
lifespans. Through SRIA Pillar 4 on LCA and circularity, 2ZERO systematically explores economic
gains from lower material intensity and secondary markets - driving the shift from linear
consumption to a circular mobility economy.
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Assessing the impact of 2ZERO on economic growth utilizes a mixed-methods approach, combining
literature review and project data through both top-down and bottom-up analyses. The assessment
unfolds in two phases: first, establishing a baseline understanding of the link between transport
decarbonization and key economic indicators such as GDP, employment or investment; and second,
analysing data from the 2ZERO portfolio of projects (via WP1 & WP2) — including KPIs and project
results — to quantify and qualify the Partnership’s effects. This involves interpreting KPI changes and
employing quantitative modelling techniques, leveraging existing data and potentially system dynamics
or computable general equilibrium models.

Phase 1: Literature Review and Baseline Analysis - The review strategy involved systematic search
queries, for example combining terms for economic growth (GDP growth, economic development etc.)
with transport-related terms (transport, mobility, fleet etc.) and sustainability terms (decarbonization, net-
zero, Green Deal etc.), filtered for European relevance. This ensured we captured studies ranging from
macroeconomic impact assessments (e.g., EU-wide scenarios of transport decarbonization) to
microeconomic analyses (e.g., cost-benefit studies of EV adoption, job impact analyses by the
International Labour Organization or others). Key sources include European Commission reports on the
European growth model, studies on financing the green transition and scenarios for transport (such as
those by the IEA, IPCC etc.), as well as project-specific reports from Horizon 2020 precursors. Through
this review, we identified core indicators of sustainable economic growth that are relevant to transport,
which formed the baseline metrics discussed above (real GDP, investment share of GDP, employment
rates, material footprint etc.). We also compiled data on critical subtopics such as projected EV adoption
rates, expected job creation in mobility sectors, cost trajectories for EV technology and so forth.

Phase 2: KPI Analysis and Modeling of Impacts - The second phase delves into the 2ZERO-specific
data collected from projects (via WP1 and WP2 monitoring). This involves analyzing the KPIs outlined
earlier and any other relevant project results (e.g., prototypes developed, patents filed, pilot
deployments) to assess their impact on economic growth indicators. The method here is partly
qualitative — we will interpret how a change in a KPI (say, number of EVs deployed in a pilot) might scale
up to economic effects (such as market expansion, jobs to manufacture those EVs etc.) — and partly
quantitative, where possible. Qualitative projections of KPIs mean we use reasoned assumptions and
existing elasticities (from literature) to translate project outputs to economic outcomes. For instance, if
a project resulted in a certain cost reduction for a battery, we can estimate how that might reduce EV
prices and in turn increase EV sales and related jobs, using known relationships from market studies.

Indicator Focus - Throughout the assessment, we focus on sustainable growth indicators as defined
under SDG8 and EU’s competitive sustainability framework. That means tracking changes in GDP
(particularly in transport-related value added), employment (overall and in relevant sectors such as
automotive manufacturing, utilities for charging infrastructure etc.), productivity (output per worker,
which could improve with new technologies), investment levels (public and private investment spurred
by 2ZERO innovations) and resource efficiency metrics (such as GDP per unit of energy or material
input, which should improve if cleaner technology is adopted).

Establishing a robust baseline is essential to evaluate the incremental impact of 2ZERO’s Ra&il
interventions on economic growth. This baseline captures the pre-intervention state of key economic
indicators across four domains: macroeconomic conditions, sustainable growth metrics, the automotive
and mobility sector and transport infrastructure. It provides a reference point against which the
effectiveness of 2ZERO can be assessed.
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1. Macroeconomic Trends

Prior to the full implementation of 2ZERO, the EU economy exhibited steady growth, with notable
improvements in labor market conditions:
o Employment: EU employment rates reached record highs, while long-term unemployment and
NEET (youth not in employment, education or training) rates declined, aligning with 2030 social

targets.

¢ Job Quality: Indicators such as fatal workplace accidents and in-work poverty rates showed

improvement, suggesting a trend toward more inclusive growth.

Employment

@‘ Employment rate

Long-term unemployment
rate

@‘ Young people neither
in employment nor
in education and
training (NEET)

People outside the
labour force due to caring
responsibilities (¥)

Figure 5 Baseline figures for macroeconomic trends (Source: [8])

2. Sustainable Growth Indicators

20092022

2017-2022

20092022

2017-2022

20092022

2017-2022

2007-2022

2017-2022

Observed: 0.8%
Required: 0.7 %
Observed: 1.0%
Required: 0.7 %

-19%

-83%

Observed: - 1.8%
Required: - 2.3%
Observed: -3.5%
Required: - 33%

-27%()

—44%/(")
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page 159

page 161

page 162

SDG 5, page 114

Under SDG8 (Decent Work and Economic Growth), the EU has made progress in aligning economic

performance with sustainability:

¢ Real GDP per Capita: Continued upward trajectory, signaling healthy economic expansion.

e Investment Share of GDP: Stable or modestly increasing, indicating reinvestment in future

growth.

e Material Footprint Efficiency: Improvements suggest partial decoupling of resource use from
GDP growth, though further gains are needed.

This baseline allows us to assess whether 2ZERO contributes to “green growth” — for example, by
accelerating GDP or investment without increasing resource consumption.

Indicator Period Annual growth rate Trend Where;g'lnd L
Sustainable economic growth
2007-2022 0.8% ’
Real GDP page 157
2017-2022 1.2% t
2007-2022 -02% \
Investment share of GDP page 158
2017-2022 1.9% t
2005-2020 -1.6% t
Material footprint (*) SDG 12, page 226
2015-2020 ~04% ’

Figure 6 Baseline figures for sustainable economic growth indicators (Source: [8])
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3. Automotive and Mobility Sector

The automotive industry remains a cornerstone of the EU economy:
e Economic Contribution: ~7% of EU GDP and ~6% of employment (direct and indirect).
¢ Innovation Capacity: Largest private R&D sector, with 5-10% of turnover reinvested in
research.
e EV Momentum: Rapid growth in electric vehicle sales, though Europe faces competitive
pressure from global players in batteries and mobility services.
Baseline data show a sector in transition — strong but vulnerable. 2ZERO'’s role in supporting EV
uptake, localizing battery production and preserving jobs will be critical to bending the curve towards
resilient growth.

4. Transport Infrastructure and Accessibility

Europe’s transport networks are extensive but face challenges:
e Congestion Costs: Tens of billions of Euros lost annually due to traffic delays (Centre for
Economics and Business Research, 2021).
e Mobility Gaps: Unequal access between urban and rural areas limits labour participation and
productivity.
If 2ZERO innovations—such as digital traffic management or integrated public transport—can reduce
congestion and improve accessibility, they will yield measurable economic benefits over this baseline.

Implications for Assessment

This baseline positions Europe as a growing economy with improving sustainability and social inclusion
and a transport sector undergoing transformation. The assessment of 2ZERQO’s impact will focus on
identifying where it bends the curve—accelerating positive trends or mitigating risks. For instance:

e Does 2ZERO lead to higher GDP or employment than baseline forecasts?

e Does it preserve jobs in legacy sectors while creating new ones in EV and digital mobility?

e Does it improve infrastructure efficiency and accessibility in ways that boost productivity?
While isolating 2ZEROQO’s effects is complex, this baseline ensures that our evaluation remains grounded
in what would likely occur in its absence—making any observed improvements attributable and
meaningful.

2.3.5 KPI Analysis and Modelling Impacts

This section discusses the impact and effectiveness of the 2ZERO Partnership research and innovation
actions in relation to the Generic Objective of supporting “economic growth” at the EU level. First, impact
channels were identified (see Section 2.3.2 on Conceptual Framework) which embodies how the
2ZERO Partnership research and innovation actions are playing their roles in terms of supporting the
transport transformation in the European economy. When available, the discussion in this section
integrates the findings from WP1 (qualitative and quantitative assessments) and WP2 (quantitative
modelling) allows for a layered interpretation of change — where numbers are contextualized by
stakeholder feedback and models are grounded in operational realities.

This foundational understanding sets the stage for examining how 2ZERQO’s actions align with broader
EU strategies and industrial policy goals. The 2ZERO Partnership aligns closely with the European
Industrial Strategy and the Net-Zero Industry Act by deepening EU value chains in clean mobility
technologies and supporting domestic manufacturing targets, such as meeting 40% of annual
deployment needs by 2030. Through targeted R&l investments in batteries, e-motors, modular platforms
and energy integration systems, 2ZERO fosters the emergence of competitive European suppliers and
strengthens strategic autonomy. It also contributes to workforce development in line with the European
Skills Agenda and the Pact for Skills, promoting digital and green upskilling across sectors undergoing
major transitions. By embedding circular economy principles into its Strategic Research and Innovation
Agenda (SRIA), particularly through Pillar 4 on Life Cycle Assessment and circularity, 2ZERO supports
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eco-design, modularity and high-value recovery of critical raw materials, reinforcing the goals of the
Circular Economy Action Plan and the EU Battery Regulation.

In parallel, 2ZERO advances digital transformation in transport by supporting Mobility-as-a-Service
platforms, connected fleet operations and data-driven logistics, echoing the priorities of the Sustainable
and Smart Mobility Strategy and the Digital Europe Programme. Altogether, 2ZERO acts as a catalyst
for industrial modernization, workforce resilience and sustainable innovation—driving Europe’s
transition to a climate-neutral, competitive and resource-efficient economy. To affirm this the identified
impact channels, i.e. the Six Pillars of the 2ZERO Economic arc are associated with relevant 2ZERO
KPIs. Finally, a discussion on the wider impact and effectiveness of 2ZERO’s research and innovation
actions is presented in the table below which highlights the wider developments within Europe.

Table 18 Overview of Wider Developments in Europe Reflecting the Impact and Effectiveness of 2ZERO’s Research and
Innovation Actions

Pillar Relevant KPIs  Examples of project contributions
GO.KPI1.4,
GO.KPL3, Direct vehicle and component-level manufacturing
Industrial SO.KPI.4, innovation- vehicle affordability reflecting not only end-
Modernisation and SO.KPL.5, user pricing but also underlying cost efficiencies and
Value Chain OO.KPI1, manufacturing innovation; improved charging
Deepening OO.KPI.2. infrastructure efficiency indicating cross-sector value
OO0.KPI.3, chain integration.
OO.KPI.4
These KPIs capture both job creation and the growing
GO.KPI1.2, . . o
Labour Market OO.KP|.2 capacity to deliver zero-emission transport, through
Transformation and OO.KPI.2;1 training in battery technology, smart charging and circular
Skills Development et e manufacturing, plus open-access materials that support
0OO0.KPI.25 o
workforce transitions.
These KPIs highlight how innovative business models
and service-oriented solutions drive real-world adoption of
Business Model SO.KP1I.8a, zero-emission vehicles. For instance, 2ZERO-funded
Innovation and SO.KPI.8b, projects have piloted Mobility-as-a-Service platforms,
Service Sector OO0.KPI.9, optimized fleet operations with Al-based routing and
Growth OO0O.KPI.10 tested shared mobility schemes—all contributing to cost-
effective, scalable transport services and SME growth in
digital mobility.
These KPIs reflect how 2ZERO strengthens EU resilience
and strategic autonomy by supporting climate-focused
investment, emissions reduction and ZEV integration.
Macroeconomic GO.KPL1, Through innovations in smart vcharging, renewable
. GO.KPI1.4, o
Resilience and SO KPI.4 energy use and digital infrastructure, 2ZERO helps
Strategic Autonomy e e reduce supply chain dependencies, stabilize employment
SO.KPL.5 .
and foster a self-sufficient transport ecosystem—
especially vital during economic or geopolitical
disruptions.
These KPIs reflect how 2ZERO drives innovation and
boosts competitiveness by accelerating R&D, improving
GO.KPL.5, affordability and enhancing technical maturity. Through
Innovation, SO.KPI.3, advancements in modular design, digital modelling and
Productivity and OO.KPL.5, energy-efficient systems, 2ZERO helps reduce
Competitiveness OO.KPI.6, development time, align technologies with user needs
OO0.KPI.12 and streamline integration with energy grids—key levers

for productivity and faster market deployment across
Europe’s mobility sector.
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These KPIs reflect how 2ZERO advances circular
economy goals by embedding lifecycle thinking and
resource efficiency into transport innovation. Through
eco-design, modularity and recyclability, 2ZERO supports
reduced material use, extended product lifespans and
high-value recovery—enabling a shift from linear
consumption to circular mobility systems that align with
EU sustainability targets.

Circular Economy SO.KPL.9,
and Resource SO.KPI.10,
Efficiency SO.KPI.11

Assessing the contributions of 2ZERO project portfolio presented in WP1 and WP2 deliverables it is
possible to see and confirm the positive impact of 2ZERO Partnership on the Economic Growth across
the EU. 2ZERO demonstrably contributes to higher GDP and employment by driving innovation in
vehicle manufacturing, digital mobility and infrastructure efficiency. Its KPIs show how cost-effective
production methods and modular design reduce development time and enhance competitiveness, while
training programmes in battery technology and smart charging create new jobs and support workforce
transitions from legacy sectors. By embedding circular economy principles and integrating renewable
energy into smart charging infrastructure, 2ZERO boosts productivity and accessibility across transport
networks. It also strengthens EU resilience by reducing supply chain dependencies and fostering SME
growth through Al-optimized fleet operations and Mobility-as-a-Service platforms. Altogether, 2ZERO
not only preserves jobs in traditional industries but also catalyzes scalable, sustainable employment in
zero-emission transport.

2.3.6 Mobility Futures in Europe: Navigating the BAU and Transformative
Scenarios

This section presents two main scenarios: a 'Business-As-Usual' (BAU) path, which assumes gradual
change, and a 'Transformative' path, involving a disruptive shift to electric, shared and autonomous
mobility.

The Vehicles Sector

BAU Scenario: Under a BAU scenario, the transition in Europe's automotive industry will be gradual.
While electric vehicle (EV) sales are expected to grow significantly by 2025, reaching 20-25% of new
sales in the EU, internal combustion engine (ICE) manufacturing will still be prevalent [9]. By 2035,
however, the shift to electrification will cause major restructuring.

Job Losses and Shifts: Stricter regulations in Europe will drive this transition. Germany, in particular,
is expected to see major job losses by 2035 as automakers prepare for ICE plant closures. The overall
automotive sector workforce could shrink by 20% compared to 2019 levels due to declining ICE demand
[10].

New Opportunities: The expansion of EV and battery production will create new, technology-focused
roles, though automation may limit the number of labour-intensive positions.

Transformative Scenario: In a more aggressive transition, Europe's automotive industry would

consolidate around niche, high-value vehicle production, focusing on specialised autonomous systems
and advanced electronics.

The Infrastructure Sector

Europe's infrastructure development will also follow distinct paths depending on the scenario.

BAU Scenario: Investment will continue to focus on traditional projects, such as rail and highway
improvements, sustaining existing employment. The rollout of EV charging infrastructure will expand
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steadily, creating jobs for electricians and technicians, but it will not displace the dominance of
conventional fuel infrastructure until later.

Transformative Scenario: A proactive approach would see a massive build-out of high-speed rail,
electrified public transit, and smart roads compatible with autonomous vehicles, creating a surge in
construction and engineering jobs. This shift prioritises a 'smart, green mobility network' over traditional
road building.

The Services Sector

This sector, which includes professional drivers and logistics staff, faces the most direct impact from
automation.

BAU Scenario: Through 2025, transportation services in Europe will remain largely human-driven.
Many transit agencies report ongoing driver shortages due to retirements, ensuring job stability in the
short term. By 2050, automation will advance, but many driving jobs will remain, especially for local and
urban routes.

Transformative Scenario: A rapid shift to Mobility-as-a-Service (MaaS) and autonomous vehicles
would fundamentally alter the job market. By 2035, autonomous fleets could scale-up, reducing the need
for taxi and truck drivers while creating new roles for remote vehicle supervisors, fleet technicians, and
Maa$S platform managers. By 2050, with widespread autonomy, most human driver jobs in advanced
economies like those in the EU could be eliminated, necessitating massive labour reskilling
programmes. Public transit agencies would repurpose workers for roles in maintenance, customer
assistance, and station management.

Overall, the scenarios for the EU point towards a significant but disruptive transition. While a sustainable,
high-tech. mobility future promises economic benefits and new high-skill jobs, it also poses a major
challenge in managing the decline of traditional manufacturing and driving roles, making proactive
workforce reskilling and just transition policies essential.
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2.4 Technology Leadership and European Competitiveness

2.4.1 Update of D3.1 on baselines and European context from European
Competitiveness

The baselines for the objectives were defined in the previous deliverable; however, significant
developments have since taken place in relation to European Competitiveness and Technological
Leadership. In D3.1 the Draghi report, the European Green Deal and the Horizon Europe Research and
Innovation programme as well as initiatives such as the Green Deal Industrial Plan and the Net-Zero
Industry Act have been highlighted to set the baseline of European Competitiveness and provide a
broader context of the status quo up to 2024. In recent months, these themes have attracted heightened
attention from policymakers, industry leaders and the research community, driven by global
technological shifts, strategic autonomy concerns, intensified international competition and the pressing
need to advance the decarbonization of transport. This increased focus has underscored the strategic
importance of aligning innovation and competitiveness goals with climate objectives, making the topics
addressed in this work more relevant and urgent than before. Consequently, the baseline conditions
have evolved, this deliverable reflects their updated status.

Particularly through the Competitiveness Compass [11] presented in January 2025, competitiveness
becomes a central guiding principle for EU policy. The Competitiveness Compass is a roadmap aiming
at restoring Europe’s dynamism and boost the economic growth and builds on previous analyses,
particularly the Draghi Report, which emphasizes the need for coordinated industrial policy measures,
faster decision-making, the reduction of bureaucracy and substantial investments to enable the EU to
keep pace with international economic powers such as the United States of America or China. The
Competitiveness Compass outlines several overarching objectives aimed at strengthening the
European Union’s economic position. One key goal is to foster innovation by improving the overall
environment for startups and promoting breakthroughs in critical sectors such as artificial intelligence,
semiconductors and biotechnology. Additionally, this strategic tool aims to reduce external
dependencies by enhancing supply security and mitigating risks in global value chains. Another central
objective is the strategic alignment of decarbonization and competitiveness, ensuring that environmental
ambitions go hand in hand with sustainable economic growth. It builds on previous initiatives such as
the European Green Deal and the Fit for 55 packages, which established a framework for a climate-
neutral economy. The Compass expands these earlier strategies that were primarily focussed on climate
action and regulatory frameworks, by framing competitiveness as a core principle of the transformation.

The recently published Commission proposals for the next multiannual financial framework [12] further
underline the the strategic importance of strengthening Europe’s competitiveness and economic
resilience. As part of the post-2027 Multiannual Financial Framework [13], the European Commission
has proposed in July 2025 the creation of a European Competitiveness Fund (ECF) [14]. The Fund
consolidates 14 existing EU programmes into a single, streamlined investment framework to support
strategic capacities across the entire innovation chain. Horizon Europe is also set to be closely aligned
with the ECF, particularly in areas that contribute to strategic EU priorities. This coordination aims to
enable a more integrated investment journey from early-stage research to scale-up and deployment.
Notably, the planned “moonshot projects” will draw on pooled resources from both Horizon Europe and
the ECF, supporting high-impact initiatives across domains such as clean technology, Al, space and
health innovation. The Commission’s proposals point to a radical reform of the EU budget, placing
competitiveness at the heart of the post-2027 financial framework, though upcoming negotiations with
the Council and Parliament are expected to significantly influence the final outcome.

Selection of 2ZERO KPlIs

The initially identified KPIs for the analysis were already presented in D3.1. However, following further
refinement of the methodology to assess the contribution of 2ZERO to European Competitiveness, the
list has been updated to better align with the enhanced analytical framework and emerging project
insights. The current most relevant KPIs identified include the following:
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Table 19 Relevant 2ZERO KPlIs for the assessment of the Generic Objective European Competitiveness

KPI

GO.KPI.1

GO.KPI.2

GO.KPI.3

GO.KPI.4

GO.KPI.5

GO.KPI.6

SO.KPI.1

SO. KP1.2

SO.KPI.3

SO.KPI.6

SO.KPL.7

SO.KPl.8a

SO.KPL.9

SO.KPIL.10

SO.KPI.11

0O0.KPI.2

OO0.KPL3

Description

Proportion of climate related spending (climate mainstreaming) in Horizon Europe
spending

FTE jobs supported in entities involved in Horizon projects addressing the
European Green Deal per year

Reduction of CO2 emission from road transport for all types of vehicles

Number of new vehicle registrations of zero tailpipe emission vehicles

Increased affordability of the zero tailpipe emission vehicles

Number of (publicly) available electric recharging and hydrogen refuelling stations
in the EU in 2030

Ability of determining realistically and reliably the energy intensity (tank-to-wheel)

Reduce GHG of mobility of people and goods (expressed in tonCO2eq./p.km or
t.km and toe/p.km and toe/t.km)

Reduction of development time and effort

Development of well-established decision-making tools and stakeholder
engagement practices to implement integrated deployment strategies for boosting
e-mobility as project follow-ups

Well established fleet managerial tools to smoothly incorporate zero tailpipe
vehicles in transportation fleets

Number of (public and private) transport operators implementing zero tailpipe
business models and use cases for freight and passenger transport

Commonly accepted LCA approach

Implementation of an LCI database

Feasibility of advanced circular economy strategies in zero emission mobility
solutions demonstrated by performed use cases

Demonstrator vehicles and concepts realized

Demonstrators in real-world use cases
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00.KPI.10 Breakdown of EU funding across stakeholder types

00.KPI.11 Breakdown of members in the association

Number of standardisation committee working on topics related to the Partnership
area

00.KPL.15

00.KPI.18 2ZERQ’s contribution to roadmap preparation

0O0.KPI.19 SRIA updates

00.KPIL.13 Number of organisations reached in the engagement activities of projects...
00.KPL.14 Number of projects launching standardisation activities

00.KPIL.16 IPR (...) generated in funded projects

00.KPL.17 Number of publications from funded projects

00.KPI1.20 Number of policy recommendations issued by funded projects

00.KPI.24 Number of professionals trained in funded projects

00.KPI.25 Number of training materials provided by funded projects

00.KPI.26 Number of members of the public reached by funded projects

Technology Leadership Indicators

The concept and relevance of Technology Leadership indicators have been presented in D3.1. It must
be reminded that Technology Leadership, reflected by indicators, is related to, but not synonymous with
the well-established and accepted Technology Readiness Level (TRL), which is commonly used to
assess the maturity level of project results, Technology Leadership goes beyond TRL to assess the
status of development achieved in comparison with other activities and initiatives on a global scale,
hence the significance of Technology Leadership for competitiveness. Understanding 2ZERO’s
contribution to Technology Leadership requires a review of the Partnership’s complete project portfolio,
as the assessment can be conducted at any time for each individual project within it. While TRL
assesses the maturity of individual technology building block, assessing Technology Leadership in
comparison is dynamic process that requires continuous benchmarking of the current state-of-the-art
and initiatives to maintain a global leading position. This assessment can, therefore, be performed
anytime during a project and may be particularly relevant when a milestone is achieved. A project may
hold Technology Leadership during its runtime but be surpassed by other global players at the project's
conclusion. Therefore, the assessment is only a snapshot in time and must be repeated regularly

It has been proposed and reminded in D3.1 to use a systematic similar to TRL since project proposals
and descriptions of work already often use this systematic to describe in detail what advancements are
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expected in the project. As previously mentioned in D3.1, TRL essentially assess the maturity or market,
application preparedness of development activities. The higher the TRL, the closer a development is to
implementation in the designated application. Similar Technology Leadership indicators (TLI) can be
used for each designated project ambition to go beyond the state-of-the-art and how they compare to
what is the known best-in-class at the time of assessment (i.e., not the time when the proposal is/was
submitted). It is important to keep in mind that the “hardness degree” of such an assessment will be
generally limited to developments that are public knowledge since it cannot assess what confidential
developments might be in pipelines and not yet communicated to the external world.

Similar to TRL, nine levels are proposed as indicators to assess the Technology Leadership at the time
of assessment. Following the European Commission’s definition (e.g. [15]), TRL development
progresses from experimental proof of concept (TRL1-3) to demonstration in the relevant environment
(TRL 4-6) and culminates with in a system proven in the operational environment (TRL 7-9). Technology
Leadership indicators (TLI) would assess specific highlights where projects make ambitious claims to
go beyond the state-of-the-art. In a self-assessment the following indicator systematic would be
proposed for each technology field. The following levels were proposed in D3.1:
e TLI1-3 Initial communication and evidence (concept level) can convince “local” stakeholders;
e TLI4-6 Demonstrated and communicated with experimental examples in relevant
environments can convince a broader (stakeholder) community of targeted achievements;
e TLI7-9 Demonstrated and communicated with convincing prototypes convince the global
community (TLI 9 be recommended by the projects themselves and confirmed by independent
reviewers).

Itis crucial to highlight once more that whatever assessment done will be valid for the specific moment
it is analysed, and the indicator itself will always be a moving target. Technology Leadership can only
be maintained with continuing investments, either by private entities or by public support, especially for
topics that are further from market readiness. Sustaining Technology Leadership for (cutting-edge)
topics with lower TRL will likely require more public support than areas with higher TRL.

It is to be assumed that Incremental Innovation would be expected to show more at the global level that
Radical Innovation, since there may be a much larger pool of information and state-of-the-art for
Incremental Innovation. Finally, it may make sense to also assess Technology Leadership Indicators
(TLI) based on the achieved TRL. Less evidence for proof of high TLI may be sufficient for lower TRLs
since research results with industrial relevance will still be “in formation”, whereas more evidence of high
TLI would be essential for higher TRLs. It may be possible to imagine a matrix of 3 by 3 where the
ordinate includes three groups of increase TRL (as presented above) and the abscissa represents three
groups of with increasing TLI. The criteria for achieving a TLI could be defined for each combination.
The proposed logic is shown in the figure below:
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TLI

7-9
prototypes convince
global community
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4-6
experimental evidence,
broader community
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1-3

concept level, local

1-3 4-6 7-9
Experimental proof of demonstrated in relevant proven in operational TRL
concept environment environment

Figure 7 Possible means of presenting Technology Leadership Indicators (TLI) dependent on the Technology Readiness Level
(TRL) of results

The assessment methodology, developed during the LeMesurier project, surveys 2ZERO funded
projects to categorize key innovations within a framework of European Competitiveness, which is
reasonable due to the strong link and complementary aspects between these two aspects. It asks
coordinators to specify three key innovations from their project and respond to the follow-up questions
for each of the specific innovations (see Annex 1). This not only provides three valuable bits of
information such as the specific innovation, the TRL and the benchmark self-assessment, but also
flanked by questions relevant for European Competitiveness such as number of patents in preparation
and what dimensions of investments are needed. For the upcoming D3.4, a finalised version of the
survey and assessment method will be drafted, informed by responses from a representative sample of
projects.

European Competitiveness

The European Commission defines Competitiveness as a measure of the comparative advantage or
disadvantage of enterprises, industries, regions, countries or supranational economies like the EU in
selling its products in international markets. It refers to the ability to generate relatively high income and
employment levels on a sustainable basis while competing internationally [16]. This definition by the
Commission associates competitiveness with several core dimensions, such as productivity and
innovation capacities as sources of regional comparative advantages, the ability to secure income and
employment and long-term sustainability in global relations. It also reflects the multi-level nature of the
concept of competitiveness, spanning various structural levels from the individual firm to supranational
economies. It becomes clear, that competitiveness cannot be reduced to a single metric, but it rather
includes multiple focal points at different levels of observations. In line with this, the guiding research
question also encompasses multiple analytical levels: the aim is to understand how 2ZERO funded
project activities affect European Competitiveness. This requires a conceptual distinction between
external factors and internal project dynamics, as well as an assessment approach capable of mapping
mechanisms of influence.

Understanding the potential impact of the 2ZERO Partnership’s portfolio of projects on European
Competitiveness requires first considering the broader systemic context in which they operate. Figure 8
shows mechanisms in which project efforts can create internationally competitive outputs, but it also
highlights the broader context of external factors that lie beyond the immediate reach of project-level
intervention and that may act as opportunities or challenges for impact.
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Figure 8 The relation between the contribution of 2ZERO projects to European Competitiveness und external competitiveness
framework conditions

The broader context of external factors is depicted on the right side of the picture. Factors listed here
are economic and societal framework conditions which globally influence Europe’s competitiveness.
However, they must largely be set by co-ordinated and long-term strategic industrial and social policy
plans and measures. They have, on the other hand, a strong supporting influence on the medium and
long-term impact of the project results, as they may or not encourage further investments in innovations.
In this respect, a durable long-term governmental industrial policy as laid out in the European
Competitiveness Compass or in the Industrial Action Plan for the European automotive sector [17] is
important. This also concerns a wise and favourable international cooperation with China and the US to
create a level playing field with major global players and permanent public investments with a transition
plan from public to private investments, supporting regulatory frameworks which allow a quick
implementation of innovations, an enforcement of success, encouraging start-ups and strong
competition, guaranteeing reasonable energy prices, the strategic education of personnel as well as
ensuring good commercial framework conditions for robust supply and value chains.

In relation to the projects of the 2ZERO Partnership, it is important to assess the possible contribution
of the projects to European Competitiveness. The core of these contributions are the key innovations
produced by the projects. The 2ZERO projects create these key innovations as direct results in the
areas of electric vehicles (EVs), components of EVs and other related topics, such as freight and fleet
management, mobility management or the introduction of circular economy.

One goal of the 2ZERO Partnership is to reach Technology Leadership in relation to the innovations
produced by the projects. Technology Leadership answers the question about the temporary
technological excellence of the innovation in comparison to similar products. This can be expressed by
the Technology Leadership Indicator (TLI) proposed by LeMesurier. However, the contribution of
projects to European Competitiveness is primarily determined by the proposed exploitation plans, i.e.
how innovations are translated into marketable services and/or products. A strong business case and
business model are essential for demonstrating this impact. To ensure lasting benefits, the
implementation and scaling of the innovation must be secured after the project ends, often requiring
further investment to overcome the "Valley of Death" — the period when innovations can fail after initial
funding. This scaling process demands expanding skills, building manufacturing capacity, engaging
users and developing supply chains, all based on the project's groundwork and requiring continued
investment. Key success factors include a realistic return on investment and the commitment of
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investment from capable, strategically aligned actors — such as established companies or the existing
project consortia. Critically, success depends on:

¢ a clear and defensible unique selling proposition (USP);

¢ robust intellectual property protection;

e demonstrated market demand and customer willingness to pay; and

e the potential for scale economies, secured follow-on funding and manageable risk exposure.

Considering both the external environment and the internal success factors outlined above, a distinction
made between external framework conditions, which enable or constrain project activities, and the
internal factors that drive success within those projects. Based on this distinction, a structured
assessment framework is introduced to systematically evaluate how the 2ZERO project portfolio
contributes to European Competitiveness. As outlined above, project-level contributions on European
Competitiveness cannot be reduced to a single matrix but rather encompass multiple dimensions and
mechanisms. The goal of this methodology therefore is not to focus on individual success criteria, but
to evaluate how the portfolio in general contributes to different dimensions of European
Competitiveness. A multidimensional assessment framework is proposed that reflects the
multidimensional character of the concept of competitiveness and the diverse pathways through which
projects can achieve impact.

Different dimensions covered in the assessment methodology

1. Technological Maturity & Level of Innovation

According to the European Competitiveness Compass and the underlying analysis of the Draghi-report
a major challenge in strengthening European Competitiveness, lies in closing the innovation gap with
the US and China, especially in advanced technologies. To strengthen competitiveness, Europe must
restart a ‘virtuous innovation cycle’, driven by disruptive new ventures and the broad adoption of
innovation in traditional industries. Against this backdrop, the first dimension of our assessment
framework evaluates technological maturity in terms of its relevance to users and markets. It focuses
on whether the technological approach contributes meaningfully to solving real-world problems and
offers a clear customer benefit. This includes both breakthrough innovations and fast-follower
approaches that apply existing technologies in new, effective and scalable ways. The dimension,
therefore, captures a project’s potential to create impact through technological maturity.

2. Market Potential & Economic Impact

This dimension assesses whether a project addresses a viable market need, demonstrates credible
demand-side assumptions and has a realistic path to market entry and scale. It includes factors such
as customer benefit, willingness to pay, business model clarity and alignment with market dynamics or
megatrends.

3. Systemic & Societal Impact

While the first two dimensions focus on the technological strength and market viability of innovation
projects, Dimension 3 shifts the perspective towards a more strategic understanding of competitiveness.
It reflects the insight that long-term economic performance depends not only on direct economic
outcomes at the project-level, but also on the ability to align innovation with structural transformation
goals that ensure Europe's future competitiveness and strategic autonomy. Derived from the European
Competitiveness Compass, this dimension integrates key strategic factors such as decarbonization,
digital and technological sovereignty, workforce skills and the resilience of critical systems.

4. Implementation & Integration

This dimension assesses whether projects can be integrated into existing systems and provide added
value there. A key consideration here is absorptive capacity, i.e. the readiness and ability of the receiving
systems to adopt and apply the innovation, for example into the existing infrastructure. This dimension
also captures the potential of scaling-up as well integrated innovations are more likely to be scaled.

The four dimensions represent the basis for the assessment model. We developed a detailed list of
items, where projects receive scores for each of the dimension (see Annex 1). Each dimension is
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operationalized using three guiding questions. In total projects receive a score between 0-9 points per
dimension (0-3 points per 3 questions). This scoring system enables a comparative analysis at portfolio
level. Average scores per dimension help to identify which mechanisms of competitiveness are most
strongly addressed across the project portfolio. In addition, projects can be assigned to their dominant
dimension in order to identify impact clusters, for example, technology-driven, market-oriented or
systemically focused projects. This allows gaps to be revealed and supports strategic portfolio
development.

As a data basis we use project responses from the survey of WP3. However, some of the assessment
items require additional data. We therefore conduct another survey to gather the remaining necessary
information (see Annex 2). To test and refine the methodology, an initial dry run of the survey will be
conducted within the current project timeline, focusing on projects that are nearing completion. This pilot
phase will run until October and aims to evaluate the feasibility and relevance of the assessment
approach in practice. The results of the dry run will be analysed and presented in the final report, which
will also include a recommendation on how the survey instrument could be scaled and rolled out more
broadly across the portfolio.

2.4.3 Impact and effectiveness of 2ZERO

European Competitiveness is an inherently broad concept. Its boundaries are often fluid, depending on
the perspective, level of analysis and policy context. As projects can contribute to this Generic Objective
through various channels, there is no single metric that can easily capture their impact.

The assessment approach developed in Section 2.4.2 delivers two main building blocks to break down
the broad strategic goal of European Competitiveness into a measurable framework. Firstly, it develops
central mechanisms through which projects can contribute to European Competitiveness, making the
potential channels of impact visible. Secondly, it delivers an approach to systematically assess the
different dimensions through which projects can generate impact.

Given that European Competitiveness is a long-term objective, the full impacts will often only become
visible over the entire project duration and beyond. The timing of the assessment will, therefore, be
aligned with the project timelines. As these timelines often exceed LeMesurier, the next step will be a
test run of the survey with selected projects. The survey will be circulated among a selected group of
projects nearing completion. The results will help to refine the approach and will inform
recommendations for a full-scale rollout that reflects the complete project lifecycle and will be presented
in D3.4.

The following illustration serves as a first indication how the proposed assessment scheme may help to
assess the projects impact. The scoring of projects along individual dimensions can visualize the main
channels of influence of the funded projects (Figure 9). This analysis will help to identify funding gaps
and highlight areas where the portfolio exerts strong influence. The resulting insights can be used to
strategically guide the future orientation and composition of the portfolio. It also highlights the
multidimensional approach conceptualises competitiveness as the result of interconnected actions
across a portfolio, rather than evaluating individual projects in isolation.
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Figure 9 Scoring Dimensions of European Competitiveness
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Assessing 2ZERO’s Contribution to Circularity in the Automotive Sector

A core aim of the 2ZERO Partnership is to drive significant advancements in circularity within the
European automotive sector. Achieving a truly circular economy demands systemic transformation —
encompassing technological advancements, supportive policy frameworks, and a fundamental shift
beyond simply electrifying vehicles. This requires a “materials-centric’ approach to decarbonization,
rethinking how vehicles are designed, manufactured, used and managed at their end-of-life. This
includes prioritizing eco-design principles, modularity for easier component recovery, and high-value
recovery of critical raw materials.

Currently, end-of-life vehicle (ELV) processing is fragmented and inefficient, presenting a significant
bottleneck to achieving a circular automotive economy. The current system often relies on basic
dismantling and shredding, resulting in lost materials and limited resource recovery. A future model
necessitates automated, digitally tracked and high-recovery rate recycling systems, focused on
reintegrating valuable materials back into the supply chain and minimizing reliance on virgin resources.
This requires investment in advanced recycling technologies, particularly for batteries and rare earth
elements, alongside robust infrastructure and standardized processes.

This transformation is closely aligned with the objectives of the Transensus LCA project
(https://lcadtransport.eu/), which aims to develop a harmonized, commonly accepted, and applied Life
Cycle Assessment (LCA) methodology for a zero-emission road transport system across Europe. This
unified LCA methodology is considered crucial for achieving the European Green Deal targets and
establishing Europe as a digitally enabled, circular, climate-neutral and sustainable economy. 2ZERQO’s
efforts directly complement and benefit from the harmonized methodology being developed by
Transensus LCA, providing real-world applications and data to refine the LCA framework.

Furthermore, alignment with broader strategic visions outlined in ERTRAC roadmaps strengthens this
focus on systemic change. These roadmaps emphasize the need for collaboration across the entire
value chain — from raw material suppliers to vehicle manufacturers, recyclers, and policymakers — to
create a closed-loop system. Transensus LCA’s consensus-driven, evidence-based approach will
empower industry and planners to deliver sustainable products and optimize mobility solutions. This
collaborative effort is essential for building a resilient and sustainable automotive industry, decoupling
economic growth from resource depletion and fostering a truly circular economy. The success of this
transition relies on a holistic lifecycle perspective, considering environmental, economic and social
impacts at every stage.

To effectively measure 2ZERO’s impact, a structured assessment framework is being proposed,
focusing on quantifiable indicators and a clearly defined baseline. It is recommended to apply this
framework to upcoming 2ZERO projects since past and ongoing projects are not able to provide the
required data, so far. Such an assessment could demonstrate the progress towards a truly circular
system, moving beyond traditional linear ‘take-make-dispose’ models. Achieving a circular economy
requires systemic transformation, extending beyond component improvements to encompass entire
value chains — a key tenet highlighted in the ERTRAC documents. This necessitates a holistic approach
considering technological advancements, enabling conditions and supportive policy frameworks.

The assessment should track a suite of proposed KPIs beyond the ones listed in the 2ZERO SRIA,
informed by the LeMesurier D3.1 document and aligned with broader EU circular economy goals:
e Circular Material Use Rate: Target: Doubling the current EU average of 11.6% (baseline
2020).
e Percentage of Vehicle Mass from CE-Based Design: Target: 20% at project level,
incorporating the 9R principles (refuse, reduce, reuse, repair, refurbish, remanufacture,
repurpose, recycle, recover) along the entire vehicle lifecycle.
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e Secondary Material Usage: Tracking percentage of recycled materials used.

e Bio-Based/Carbon-Neutral Material Usage: Tracking percentage of bio-based/carbon-neutral
materials.

e Harmonized LCA Adoption: Assessing the use of standardized Life Cycle Assessment
methodologies (e.g., TranSensus LCA) for comparability, recognizing LCA as a vital tool for
evaluating and selecting optimal CE strategies.

e Technology Leadership in Circularity: Evaluating innovation in circular economy technologies,
utilizing the TRL (Technology Readiness Level) framework.

Data needs to be gathered from 2ZERO project reports detailing material composition and design
choices, supplemented by broader EU-level data from Eurostat and detailed LCA reports. However, it
would be of importance to inform the projects at project start on the need to provide the required data.
The methodology should involve comparing current (2019/2020) material use and design practices with
those implemented in 2ZERO projects, extrapolating potential impacts on broader EU circularity metrics
through modelling, and conducting qualitative assessments of circularity principles in project innovation.

Although interactions between circular economy and the other generic objectives have been identified
(see D 3.3), a dependency neither of the CE-related KPIS as defined in the 2ZERO SRIA nor of the
above defineds suite of KPIs except the Technology Leadership in Circularity could be identified.
Technology leadership directly impacts competiveness. As such this KPI could be jointly evaluated with
the KPIs on Competitveness. Despite that the proposed suite of KPIs could be considered as stand
alone. However, a harmonised LCA adoption supports the provision of reliable and comparable data for
KPIs on carbon neutrality.

Assessing 2ZERO’s impact on circularity presents challenges including limited standardized data,
difficulties in directly attributing improvements to 2ZERO projects, and ensuring comparability of LCA
results. These challenges are compounded by a lack of commonly accepted methodologies for CO:2
impact assessment, fragmented efforts across Member State legislation, and the absence of a common,
transparent LCI (Life Cycle Inventory) database — existing databases often being commercial. The lack
of universally agreed-upon Circular Economy (CE) indicators also presents a hurdle. Addressing these
requires promoting the uptake of standardized approaches like Transensus LCA and fostering the
development of open-access, transparent LCI databases.

This assessment framework is a living document, subject to continuous refinement based on project
progress and evolving best practices. Regular monitoring and evaluation, informed by the ERTRAC and
LeMesurier documents, will ensure relevance and accuracy. The findings will be disseminated through
reports, workshops and publications, contributing to the broader knowledge base on circular economy
best practices and advocating for the adoption of standardized tools and methodologies. By embracing
a dynamic and adaptive approach, this assessment will provide a robust and accurate picture of
2ZERO’s contribution to a more circular and sustainable automotive industry.

Circular Economy and LCA has been considered as independent topic for the 15t time in the 2ZERO
SRIA. In previous partnerships or initiatives both were not emphasized as individual research areas.
Although reflected in the specific objectives of 2ZERO with a dedicated chapter in the SRIA, only two
projects have been funded underneath 2ZERO up to now (based on the analysis done in WP 1), the
CSA TranSensus LCA and the RIA ZeVRA. Other projects do not address directly the circularity except
applying a life-cycle assessment. However, a common and harmonised approach could not be identified
since the projects started ahead of TranSensus LCA.

The CSA TranSensus LCA finished Mid of 2025 providing a harmonised LCA framework. As part of the

development of this framework, the proposed harmonised LCA approach has been discussed with
various 2ZERO projects. However, the timing did not allow for uptake by 2ZERO projects of that
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TranSensus LCA approach, yet and consequently an assessment of the impact and effectiveness of
such a harmonised LCA adoption can only performed on upcoming 2ZERO projects.

A similar situation arises for the above mentioned KPI directly addressing circularity indicators. Only the
RIA ZeVRA is focussing on circular economy strategies in the vehicle development process aiming at
0% use of virgin material. Since the project is only at mid-term, an assessment whether this ambitious
objective can be reached or not is not possible.

To enable an efficient assessment of the circular economy indicators, their impact and effectiveness,
upcoming projects needs to be sensitized to above outlined KPlIs (Section 2.5.1).
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3 CONCLUSION AND OUTLOOK

The analysis of Carbon Neutrality demonstrates a consistent trend towards near-complete energetic
decarbonization of European road transport by 2050, considering TtW, WtW and LCA perspectives.
Two key insights emerge from this analysis: policy scenarios provide the fundamental pathway to
achieving neutrality, while the 2ZERO Partnership adds significant value by accelerating reductions,
particularly in the 2030s, and by addressing upstream life-cycle impacts that extend beyond traditional
tailpipe emissions.

As demonstrated by modelling results, with COPERT/SIBYL projecting a 90% emission reduction,
PRIMES/TREMOVE highlighting energy intensity improvements, and MOVEID quantifying incremental
benefits of 2ZERO projects, the Partnership complements existing EU regulatory frameworks. These
frameworks set the long-term direction, while 2ZERQO’s R&l projects contribute to faster progress and
tackle systemic challenges beyond tailpipe emissions. This confirms the crucial complementarity of
these approaches in achieving a sustainable and competitive European transport sector.

The analysis of air quality and health objectives within this deliverable, based on the COPERT/SIBYL
baseline projections for the EU27 road transport sector, provides a clear picture of anticipated emission
trends up to 2050.

The key conclusion is that significant improvements in air quality are projected due to substantial
reductions in exhaust emissions of NOx and PM2.5. These reductions are a direct impact of the 2ZERO
Partnership's strategic research and innovation activities in conjunction with ambitious European
policies, demonstrating the effectiveness of advanced technologies and ongoing fleet renewal in
mitigating traditional vehicle pollution. By 2050, both NOx and exhaust PM2.5 are expected to be
reduced by nearly 99% compared to 2019 levels, leading to cleaner air from these sources. The
corresponding decrease in emission intensities (per vehicle, passenger and per tonne-kilometre) further
highlights the increasing efficiency of the transport system in terms of these pollutants.

However, the analysis also highlights an evolving challenge with non-exhaust PM2.5 emissions (from
tyre wear, brake wear and road abrasion). These emissions show an initial increase, primarily due to
the heavier weight of electric vehicles in the absence of specific regulations. However, they are projected
to decrease by 2050 compared to 2019 levels, largely influenced by the anticipated impact of the Euro
7 regulation driving technological advancements in non-exhaust particulate matter mitigation. This
nuanced trend underscores that while electrification addresses tailpipe emissions, non-exhaust
particulate matter requires distinct attention and innovative solutions.

Furthermore, the projected improvements in air quality directly translate into significant public health
benefits. The analysis using the TM5-FASST model indicates a substantial reduction in mortality
attributable to PM2.5 and Ozone emissions across EU27. From almost 104,000 annual mortalities in
2019, a decline of approximately 40% is projected by 2030, reaching a reduction of about 50% by 2050.
This positive trend in health outcomes directly mirrors the projected reductions in key air pollutants,
particularly PM2.5, demonstrating the tangible benefits of cleaner road transport.

The outlook for air quality from road transport is, therefore, dual-natured: while exhaust emissions are
being effectively tackled by the innovative advancements fostered by 2ZERO's R&l and ambitious
policies, non-exhaust emissions represent a dynamic concern that 2ZERQO's continued efforts will be
crucial in addressing.

The decarbonization of the European transport sector is presented not merely as a technological
challenge but as an economic imperative central to Europe's climate neutrality goals. The 2ZERO
Partnership, operating under Horizon Europe, plays a vital role in this transformation by funding R&I
aimed at accelerating the transition to zero tailpipe emission road mobility across Europe. This transition
is intended to bolster EU competitiveness, technological leadership and economic growth.

46



LeMesurier

Measuring the 2ZERO KPIs

This transformation is reshaping the European economy by significantly impacting industrial value
chains, labour markets and access to key enablers of growth such as employment, education and
infrastructure. The analysis framework used in the report structures these impacts around six key pillars:
Industrial Modernisation, Labour Market Transformation, Business Model Innovation, Macroeconomic
Resilience and Strategic Autonomy, Innovation/Productivity/Competitiveness and Circular Economy.

A central finding is that a shift toward sustainable mobility particularly under a high EV shared-mobility
scenario is significantly more cost-efficient than a Business-as-Usual (BAU) trajectory over the long term
(EIT Urban Mobility, 2024). The analysis highlights that by 2050, this pathway yields substantial
economic savings through improved vehicle utilization, greater energy efficiency and reduced
externalities, such as pollution and congestion. These outcomes underscore a foreseeable shift where
climate action is not merely a cost burden but a driver of long-term productivity and economic gain.

However, the transition is also inherently disruptive. The shift from traditional internal combustion engine
(ICE) vehicles to electric drivetrains alters established value chains, creating new opportunities in areas
such as battery manufacturing and digital platforms while displacing jobs in traditional sectors. The
labour market transformation involves both job creation in new green sectors and potential job losses in
legacy industries, necessitating proactive reskilling and just transition policies. The sources emphasize
the critical need for mass labour reskilling and policies that ensure a "just transformation" where the
quality of jobs improves.

The 2ZERO Partnership contributes to this shift by focusing on innovation in areas aligned with EU
policy objectives, such as developing new vehicle technologies, improving energy integration, fostering
new mobility service models such as Maa$S, promoting circular economy principles and building strategic
autonomy in critical clean technologies. Projects funded under 2ZERO support these aims through R&l
actions in areas such as power electronics, modular vehicle designs, battery systems, charging
infrastructure integration and lifecycle assessments.

While 2ZEROQO's R&l efforts are well-aligned with global trends and EU policies aimed at enhancing
competitiveness, strategic autonomy and resource efficiency, many of the outputs from current projects
are still at the pilot, proof-of-concept or technical toolkit stage. The ultimate success in translating these
R&l outputs into full commercialisation and scaled deployment is crucial for realizing the broader
economic growth impacts.

Achieving this transformative shift towards sustainable mobility requires visionary leadership, systemic
change, proactive policy interventions and innovative governance. It demands integrated approaches
across different levels of government and diverse stakeholders to navigate the disruptions and capitalize
on the significant opportunities for economic growth, enhanced resilience, greater equity and a more
sustainable future.

Based on the methodology developed in this work, we have designed a structured approach to assess
how funded projects contribute to the EU’s long-term strategic goal of strengthening European
Competitiveness. Recognising that competitiveness cannot be captured by a single quantitative
indicator, the approach uses multiple dimensions to systematically map different mechanisms of impact.
A central feature of the methodology is its portfolio perspective. By looking beyond individual projects,
it enables the identification of funding gaps, synergies and clusters of strong influence. This perspective
not only helps to understand where current funding has the greatest leverage but also provides evidence
for aligning future portfolio design with strategic priorities. European Competitiveness is inherently a
long-term objective. Many impacts of funded projects will emerge only after their formal end date, as
innovations mature, scale-up and diffuse into markets and society. For this reason, the assessment
approach is designed to align with project lifecycles, capturing both immediate outputs and longer-term
outcomes. The planned test run of the survey will apply the methodology to a sample of projects nearing
completion. This will allow us to validate the questions, test data quality and explore the added value of
the portfolio approach in practice. The insights gained will form the basis for recommendations on the
full roll-out of the survey and its integration into ongoing evaluation processes. In doing so, this work
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makes a conceptual contribution: it offers a replicable framework for understanding how diverse
innovation activities collectively drive Europe’s competitiveness in the years ahead.

In a similar way, the implementation of CE principles and their impact assessment should be promoted
and monitored in the future. Since CE is considered as a competitive edge, the achievements in
European projects should be monitored by a specific suite of KPIs to identify future research needs and
to promote best practices.

In conclusion, the analysis presented in D3.2 demonstrates a strong potential for the 2ZERO Partnership
to significantly contribute to Europe’s ambitious sustainability and economic goals. While policy-driven
pathways are foundational, 2ZEROQO’s focused research and innovation accelerate progress, particularly
in addressing complex challenges beyond tailpipe emissions and fostering a more sustainable and
competitive European transport ecosystem. Continued monitoring and refinement of assessment
methodologies, as outlined in this deliverable, will be crucial to maximizing the Partnership’s impact and
ensuring alignment with Europe’s long-term vision for a zero-emission mobility future. The forthcoming
deliverables of WP3, will present the refined results of these assessments, alongside an updated
methodology for evaluating contributions to the circular economy, providing a more comprehensive
understanding of 2ZERQ’s overall impact towards this Generic Objective.
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ANNEX 1: MULTIDIMENSIONAL ASSESSMENT
SCHEME FOR EUROPEAN COMPETITIVENESS

What is the highest TRL (Technology Readiness Level) demonstrably achieved in the

project?

0 No TRL specified or applicable

1 TRL below 6 achieved (e.g. proof of concept, lab validation)

2 TRL 6-7 achieved (e.g. technology validated or demonstrated in relevant environment)

3 TRL = 8 demonstrably achieved (e.g. system complete and qualified, tested in operational
environment)

Data Collection Methods

Survey question

User Benefit: How clearly and convincingly is the user benefit of the solution described and
supported?

0 No specific user benefit described beyond general project goals

1 Generic benefit stated, but with unclear connection to user needs or use case (e.g. reduce
costs)

2 Concrete user benefit described and linked to application or stakeholder type

3 User benefit is validated or quantified (e.g. via demonstrators, feedback, benchmarks, WTP)

Data Collection Methods
Survey question

Does the project generate strategically relevant intellectual property (IP) or protection
mechanisms that strengthen competitive positioning?

0 No formal protection mechanisms in place or planned; no identifiable steps to safeguard the
innovation.

1 Initial steps have been taken: a patent disclosure is being prepared or one non-patent
protection mechanism (e.g. confidentiality or design protection) is used.

2 At least one patent has been filed or multiple complementary protection mechanisms (e.g.
design protection + trade secrets + licensing) are in place.

3 Patent filed or granted and additional protection strategies are in place (e.g. trademarks,

trade secrets, licensing, lead-time advantage), clearly indicating strategic IP management.
Data Collection Methods
Survey Question

Business Case: Does the project include a concrete and validated business case that
demonstrates applicability in a commercial or operational setting (e.g. fleet integration,

logistics)?

0 No business case

1 Initial market considerations or concept outlined

2 Market model or business plan drafted but not yet validated

3 Validated business case with stakeholder input, piloting, or parther commitments
Data collection Methods

Survey

Cost-benefit Evidence: Does the project provide estimates or measurable cost-benefit
improvements (e.g. ROI, time savings, energy efficiency, TCO or payback time) relevant to
its specific area of innovation?

0 No economic assumptions or statements
1 General economic benefit formulated (e.g. cost reduction)
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2 ROI or TCO qualitatively explained, e.g. “15% cheaper than state of the art
3 ROI / TCO quantitatively substantiated with figures (e.g. €/km, payback period in years)
Data Collection Methods
0O0.KPI.2 und OO.KPI.3: Demonstrator vehicles and concepts realized in 2ZERO with an optimized
cost vs. benefit and an expected positive impact on cost drivers such as for example
* energy consumption in production, in use and at the end-of-life;
» material used
* production steps and number of parts
» usage models and productivity (for commercial cases)
» usage models and willingness to pay

Has the project generated any evidence of willingness to pay?

0 No signs or discussion about customers paying.

1 General ideas or assumptions, no direct feedback from customers.

2 Some discussion or feedback suggesting customers may be willing to pay.

3 Clear evidence (e.g. price discussions, letters of intent, contracts or allocated budgets).

Data Collection
Survey question

Does the project implement circularity approaches such as LCA/LCI methods, second-life
applications or resource-efficient material use?

0 No

1 Planned

2 Demonstrated in components

3 systemically integrated across the life cycle

Data Collection Methods
e SO.KPL.9 Commonly accepted LCA approach
e SO0.KPL.10 Implementation of an LCI database
e SO.KPI.11 Feasibility of advanced circular economy strategies in zero emission mobility
solutions demonstrated by performed use cases

How does the project contribute to developing skills, knowledge or workforce capabilities
relevant to Europe’s green and digital transition?

0 No mention of skill development

1 Indirect or potential effect mentioned

2 Concrete training actions planned or initiated

3 Measurable training results with clear relevance for the sector
Data Collection Methods

Survey

Has the project identified relevant stakeholders (e.g. investors, industrial partners, public
programmes) who could support further development or scale-up after project completion?

0 There is currently no concrete perspective for follow-up funding or investment.

1 We are exploring possible follow-up financing options, but no specific plan or stakeholder
engagement has been initiated yet.

2 We have identified relevant funding sources or investor types and are preparing to engage
them

3 We have already approached or secured interest from specific investors, partners or funding

instruments for the post-project phase.
Data Collection

Survey question

51



LeMesurier

Measuring the 2ZERO KPIs

Has the project demonstrated real-world deployment through pilot operations, fleet
integration or logistics use cases?

0 Purely conceptual

1 Laboratory test / component demonstrator

2 Pilot in real environment

3 Application with end users / commercially used

Data collection Methods
e SO.KPI.8a Number of (public and private) transport operators implementing zero tailpipe
business models and use cases for freight and passenger transport
e SO.KPI.8b Demonstrated innovative use cases using zero tailpipe trucks for regional,
medium and long-haul addressing payloads from 7.5 t to 40+ t by 2025-2027
e SO.KPL.7 Well established fleet managerial tools to smoothly incorporate zero tailpipe
vehicles in transportation fleets

Does the project address charging infrastructure and grid integration through smart
charging, load management or V2G technologies?

0 No reference

1 Considered

2 Concepts developed

3 Real demonstration (e.g. V2G, smart charging)

Data collection Methods

e SO.KPIL.4 Improvement of the integration of EVs into the grid (and related improvement on
the load curve management and integration of Renewable Energy Sources)

e 0OO.KPI.6 More efficient technologies and solutions developed in EU funded projects for the
development of low-power charging infrastructure (<22kW) and high/ultrahigh-power
charging (>300kW.h, up to TMW for ... trucks)

¢ 0OO.KPI.8 Definition of dynamic load management profiles for specific smart and bidirectional
charging scenarios (office building, private house/garage, public space) by EU funded
projects, allowing effective grid load management that can lead to increase RES penetration

¢ 0OO.KPI.7 Safe, secure and smooth communication exchange between vehicle and charging
infrastructure, including communication with the grid and roaming platforms (...)

e OO.KPI.9 Demonstrated charging operations answering the freight and logistics
requirements avoiding logistics losses

Is the project actively contributing to standardisation or improving interoperability (e.g.
protocols, roaming platforms or interfaces)

0 No reference

1 Considered

2 Active collaboration

3 Participation in committees or development of standards

Data collection Methods
o OO.KPI.7 Safe, secure and smooth communication exchange between vehicle and charging
infrastructure, including communication with the grid and roaming platforms (...)
e SO.KPI.6 Development of well-established decision-making tools and stakeholder
engagement practices to implement integrated deployment strategies for boosting e-mobility
as project follow-ups
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ANNEX 2: INITIAL VERSION OF THE PROJECT
SURVEY

LeMesurier: Follow-up Survey on Contributions to European
Competitiveness and Technological Leadership

Background

The 2ZERO Partnership has a set of Key Performance Indicators (KPIs) aligned with its three-layered
Objectives, as outlined in its SRIA (Strategic Research and Innovation Agenda) [1]. The LeMesurier
CSA project is taking the lead in creating a framework to monitor and measure the effectiveness of the
2ZERO Partnership towards its sustainable road transport research and innovation goals.

LeMesurier aims to establish values for, and the projected variation of, these KPIs over the next decade.
This analysis will be based on data gathered from ongoing projects within the 2ZERO Partnership, along
with an assessment of their projected impacts. The LeMesurier project's findings will be disseminated
to a broad audience, encompassing stakeholders within the road transport sector, policymakers across
member states and the general public.

Accounting for the 2ZERO KPIs involves accurately collecting data from diverse sources, compiling it and
interpreting the KPI development over time. This process should, ultimately, paint a picture of the effectiveness
of the 2ZERO Partnership towards achieving its Objectives.

LeMesurier's conclusions will not only be valuable for assessing 2ZERO’s current effectiveness but may also
contribute to the future 2ZERO calls and resulting projects. The LeMesurier project's findings will serve as a guide
for subsequent consortia on how to direct their efforts towards the 2ZERO Partnership Objectives, suggesting
methods for monitoring of project progress.

[1] https.//www.2zeroemission.eu/what-we-do/strategic-research-and-innovation-agenda-sria/

Why another survey?

Within the LeMesurier the initial survey focused on evaluating the contribution of individual projects to
the 2ZERO targets, measured through established Key Performance Indicators (KPIs). This first
assessment provided a baseline understanding of progress towards those specific goals. However,
recognising the broader impact potential of the partnership, within LeMesurier, further assessments are
being carried out to understand how 2ZERO collectively contributes to wider European objectives, such
as bolstering European competitiveness and technological leadership.

Partners in the LeMesurier project have proposed that a comprehensive assessment requires not only
the existing KPls, but also direct input from the projects themselves regarding their broader impacts.
This current survey serves as a pilot exercise — a “fit-for-purpose” test — to determine whether this
expanded data collection approach can effectively capture and demonstrate the full value of the 2ZERO
Partnership beyond its initial scope.

Your participation in this survey is important.
As a recipient of funding via the 2ZERO Partnership, you are required to support the Partnership
monitoring exercise. Responding to this LeMesurier survey will contribute to such support.

Participation in the survey
e Participating projects will be publicly acknowledged in LeMesurier reports and presentations,
confirming the project support in taking the Partnership forward.
e The survey data will be used to generate insights and benchmarks for the entire 2ZERO
Partnership and identify best practices.
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e The survey is expected to take approximately 20 minutes to complete.

¢ No confidential information is required.

Thank you very much in advance for your support!

Overview and general structure of the survey
The survey follows a clear sequence. First, each project is asked to briefly describe three of its main
innovations. These will then form the basis for the next part of the survey. In the second step, the same
set of questions is asked for each of the three innovations, focusing on their technological progress and
their competitive impact. Finally, the survey asks about project activities and the collection of KPls.

Core Innovations

Please indicate the name of your project. (This information is only used to allocate responses to the
relevant funding context. All analysis will be carried out at the portfolio level, not at the level of

individual projects.)

Please select the relevant innovation areas (multiple selections are possible).

Novel vehicle
architectures

Electrified distributed
braking system

Integration of on-board
charger and DC/DC
converter in battery
pack

Support
harmonisation,
standardisation,
interoperability

Improve vehicle design

Integrated powertrain
BEV platform

Swappable battery
system (48V)

Fast charging
solutions

Human-Vehicle
Interface

Modelling of the
electric drives using
Digital Twins and Al
prediction models

Fuel cell modules

Tools for integrated
charing solutions

Control strategy based
on Al and ML

Axial Flux
Synchronous
Maschines (AFSM)

Thermal management

Charging simulation
environment (digital
twin of charging chain)

Virtual sensing
functionalities

Radial flux direct drive
in-wheel motors

Control strategy based
on Al and ML

Al technologies for
smart charging and
trading of V2X
flexibility

Scalable platform
solution for light
electric vehicles

New magnets with less
REE (rare earth)

Pre-emptive body
control

Co-simulation tool for
grid integration vor
V2X

Scalable e-drivetrain

High strength magnet
fixation

Predictive
maintanance

New models for
economic service
operation incl.
depreciation of
batteries (if relevant)

Modular vehicle
system

Composite structural
motor housing

User-centric energy
management system

Innovative passanger
mobility and freight
transport concepts in
an urban

Skateboard-like
chassis configuration

Multi-motor inverter
solutions for auxalaries

Optimised thermal and
energy management

Public transport, on-
demand transport
solutions

Modular powertrains

Advanced motor
cooling concepts (e. g.

Thermal design

Policy tools for
decision makers
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stator, end windings
etc.)

In-wheel motor
modules

Ancillary circuitries

Optimised HVAC

Hydrogen refuelling

WBG traction inverters
with in-wheel
maschines

Algorithms for flexible
and modular BMS

Direct and active
cooling

Fleet management

High-power density
electric traction motors

Sensors and
methodologies for
monitoring State-of-
Health (SoH)

Grid-friendly multi-
energy fast charging
concepts

BRT system
architecture

Novel winding
topologies (e. g.
reconfigurable, wave
etc.)

Wireless BMS

Open architecture for
smart charging

Design for Circularity
(DfC) methodology

Standardisation of EV
power conversion
designs

Self-test BMS

User centric charging
solutions

Holistic circularity
assessment method

Connectors

Cloud-informed
strategies for
maximising battery
utilization

Smart user interfaces

Recycling

Advanced power
electronics solutions

Modular energy
storage

Streamline
communication
(between
stakeholders)

Magnet recycling (e.g.
recycled NdFeB)

Power circuit
topologies

Standardised battery
packs

V2X smart charging

Battery recycling, 2"
life

Power semiconductor
devices including Wide
Band Gap (WGP)

Integrated on-Board
chargers (OBC)

Smart bi-directional
charging

Scalable and modular
family of WBG-based
traction inverters

Integration of the
traction inverter with
the on-board charger

Improve power system
management for bi-
directional charging

Integrated traction
inverters (e. g. electric
motors, transmissions
etc.)

Integrated WBG-based
bi-directional on-board
chargers

Demand-responsive
programmes for bi-
directional charging

Please briefly (one short sentence each) describe three specific innovations achieved by the project.

(Focus on innovations that clearly go beyond the state of the art and that have the potential to make
a strong contribution to European Competitiveness. No confidential information is required, just a few
details and general descriptions are sufficient. For example: “A new braking system uses advanced
surrounding optical sensing to increase safety. These will be referred to below as Innovation 1,
Innovation 2 and Innovation 3.”)

Innovation 1

(Note: questions were repeated for all innovations provided)

Note: Some questions are intentionally ambitious. Please respond based on your project's current
status and realistic potential. This survey is not intended to assess individual project maturity.

55



_ LeMesurier

) Measuring the 2ZERO KPIs

Please state the TRL achieved for Innovation 1. Only values between 1 and 9 are allowed

What best describes the current assessment of the specific innovation?

The innovation has convinced stakeholders at national or regional level of its novelty.
It can be proven that the innovation is leading in Europe.

There is evidence that confirms the unique novelty on a global scale.

The innovation has not been assessed outside of the project.

What best describes the following status of the innovation?

The innovation has been successfully patented.

The innovation has been submitted to the patent office.
Patent disclosures are in preparation.

No patent disclosures are currently foreseen.

e No comment.

What best describes the current assessment of the specific innovation?

The innovation has convinced stakeholders at national or regional level of its novelty.
It can be proven that the innovation is leading in Europe.

There is evidence that confirms the unique novelty on a global scale.

The innovation has not been assessed outside of the project.

What best describes the following status of the innovation?

e The innovation has been successfully patented.

e The innovation has been submitted to the patent office.
Patent disclosures are in preparation.

No patent disclosures are currently foreseen.

e No comment.

Beyond patents, how is Innovation 1 protected against imitation? (Multiple answers are possible)

e Trademarks and design protection

e Copyright and licensing

e Confidentiality and trade secrets

e Highly specialised manufacturing processes that are difficult to replicate
¢ No specific protection

e Other

It is foreseeable that commercialization will require significant investments after the project is
completed. Note: Keep in mind this can serve as a barrier to protect against strong market

fragmentation.

Please indicate the extend to which you agree with this statement.

Strongly disagree

Disagree

Neither agree nor disagree
Agree

Strongly agree
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Note: The following questions distinguish between end-users (those directly applying the innovation),
stakeholders (actors influencing or affected by the innovation) and customers (those who would pay for
the innovation). Please answer according to the perspective indicated

Has this benefit been validated through real-world use or stakeholder testing? Yes/No

Is the benefit quantifiable? Yes/No/Partially

Which of the following best describes if customers are willing to pay for Innovation X.

No signs or discussion about customers paying.

General ideas or assumptions, no direct feedback from customers.

Some discussion or feedback suggesting customers may be willing to pay.

Clear evidence (e.g. price discussions, letters of intent, contracts or allocated budgets).

Which of the following best describes the current status of your project’s business case for the
innovation?

¢ No business case.

e Initial market considerations or business idea are described.

¢ Abusiness model is available but not validated by external stakeholders.

e The business case has been validated through stakeholder feedback (e.g. pricing discussions, pilot
commitments, MoUs or signed agreements).

e No comment.

Project Activities

The following section includes a few final questions referring to your project as a whole.

How would you assess your project’s contribution in terms of skills and human resources needed to
ensure continuation and upscaling after the project phase?

e The project does not contribute to building or securing skills and human resources for continuation
or scaling. The project raises awareness of skill needs or identifies relevant training and staffing
requirements, but does not actively build capacity.

e The project contributes indirectly to skill development or knowledge transfer (e.g., through
collaboration, documentation, stakeholder engagement).

e The project includes concrete training or skill development components (e.g. internal upskilling,
knowledge transfer or stakeholder training), ensuring long-term capability and sectoral readiness.

Has the project identified relevant stakeholders (e.q. investors, industrial partners, public programs)
who could support further development or scale-up after project completion?

e There is currently no concrete perspective for follow-up funding or investment.

e We are exploring possible follow-up financing options, but no specific plan or stakeholder engagement
has been initiated yet.

e We have identified relevant funding sources or investor types and are preparing to engage them.

e We have already approached or secured interest from specific investors, partners or funding
instruments for the post-project phase.

Has your project presented its innovations at international conferences (e.g. RTR Conference)? If yes,
please specify the evenl(s).
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Additional questions for the assessment of Key Performance
Indicators

(Note: these questions were mostly linked to WP1 activities)

Can you give us an estimate about how many full-time-equivalent jobs have been supported by your
project?

Has your project developed any training materials, such as handbooks, online courses, quidelines or
toolkits to that effect? If yes, how many?

Has your project made efforts to reach out to the general public at public conferences or via media outlets to
disseminate and communicate project progress and results? If yes, could you give us an estimate about how
many members of the general public have been reached by your efforts?

Please use this field if you would like to add any additional remarks or context regarding your responses or
feedback to the survey and the current format. (Optional)
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