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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. While some lend themselves to quantitative evaluation (mostly carbon
neutrality, air pollution, health effects and circular economy), others require a combination with
qualitative methods due to their more abstract nature (technology leadership, economic growth and
European competitiveness). The quantitative assessment will leverage the modelling exercise
conducted in WP2, utilizing the tools and resources available to the LeMesurier consortium. The
diversity among the Generic Objectives underscores the need for flexibility in the analysis.

Some of the Key Performance Indicators identified within the 2ZERO Partnership have been deemed
relevant for the analysis in WP3. However, these KPIs will serve as a complement to the work done in
WP3, which focus on enhancing the understanding of 2ZERQO’s contribution in advancing the Generic
Objectives. It is important to note that these Generic Objectives are not necessarily directly aligned with
the primary priorities of the 2ZERO Partnership. As a result, the use of additional indicators may be
necessary and, in certain cases, new concepts might need to be proposed. This is for example the case
of technology leadership, for which a Technology Leadership Index (TLI) concept is under development
to better capture progress in this domain.

Initial interdependencies between the Generic Objectives have also been identified, providing insights
that will inform the upcoming assessments. These interdependencies will be further analysed in detail
as part of the subsequent tasks in WP3, highlighting their importance in understanding the broader
impact of 2ZERO and ensuring a comprehensive evaluation framework.

This deliverable starts by outlining key policy priorities at the European level for each of the Generic
Objectives and provides their definitions within the 2ZERO context. It follows by describing the 2ZERO
KPIs that might be used in the WP3 analysis as well as potential additional and new indicators to be
used. Finally, this document includes some initial baseline information to be used during the assessment
of each Generic Objective.

10
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1 INTRODUCTION

1.1 Project 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) [1,2]. The
LeMesurier Coordination and Support Action (CSA) is determining a common framework for monitoring
these multiple and various KPIs (including their sources, methods and reporting formats). 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. 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,

e 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 results of

11
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LeMesurier will provide recommendations of methods and tools to enable more accurate assessments
beyond the project duration.

The analysis carried out in WP3 will also consider 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 <
2ZERO Partnership —

General Objectives - KPIs

Specific Objectives - KPIs

N

Operational Objectives - KPIs

Project
LeMesurier

TR

T %

| | -y
»

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 aims to present the key information required to establish the baselines for the Generic
Objectives given above, that will then guide their assessment carried out under LeMesurier. It begins
by introducing concepts and definitions to place each Generic Objective within a broad European
context, highlighting overarching European policies and targets to which the 2ZERO Partnership could
potentially contribute. These policies are dependent on many factors and common across Partnerships
since they signify important milestones at the EU level, that should be an underlying motivation for R&D
outcomes, i.e., in the case here, for the projects funded under the 2ZERO Partnership and their broader
societal and systemic implications.

After the wider perspective, the focus of the Generic Objective definitions is narrowed down to align in
the context of LeMesurier's analytical framework. These Generic Objectives form the LeMesurier
evaluation framework for assessing the impact and effectiveness of the Partnership beyond its
established objectives. Aligned with this definition, here a first assessment is presented of how 2ZERO
KPIs can potentially support the analysis to be carried out in WP3. Additionally, where relevant and
when necessary, additional and/or new indicators and targets will be described, as the assessment will
not rely solely on the data collected in other WPs but will also incorporate additional metrics to ensure
a robust evaluation. It is worth mentioning that the abbreviation KPI is quite often incorrectly used, as
KPI is a Key Performance Indicator that helps organisations identify the means of tracking their ability
to achieve a target or measure of success within a given time period. Within LeMesurier, the term KPI
will be used to remain consistent with the language used in proposals and the grant agreement. As
explained above, this work will build on the analysis carried out in WP1 and WP2 but be complementary
to that, as this work does not focus on the contribution from the projects to the 2ZERO Objectives, but

12
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rather understanding how the achievement of such Partnership KPIs can also reflect the impact and the
effectiveness of the 2ZERO R&D actions in relation to the Generic Objectives.

Establishing baselines, which is part of Task 3.1, is essential to perform a robust impact assessment,
as they provide a reference point against which progress and outcomes can be measured. They ensure
that the evaluation conducted in WP3 is grounded in a clear understanding of the initial conditions and
enable a comparison of the achieved contributions at a different point in time. Such a structured and
methodical approach is important, especially for the more abstract Generic Objectives, i.e. technology
leadership, economic growth and European competitiveness. However, it is important to note that for
those it is not always possible to establish straightforward and well-defined baselines. Still, even if only
at a qualitative level, defining the baseline will provide a foundation for the assessments of the
contributions and broader impacts of the 2ZERO Partnership. The assessment method and results will
be presented in the upcoming Deliverable 3.2.

1.3 Structure of the document

In the initial step, the broader European policy context is outlined, to understand how each Generic
Objective is aligned with current broader EU policy targets (Section 2.1). This deliverable focuses first
on relevant information within this context, followed by detailed definitions and insights necessary for
the assessment planned under WP3 of LeMesurier (Section 2.2). Building on the methods of WP1 and
WP2, themaitic fields of innovations anticipated from the projects and potential categorization of ongoing
2ZERO projects are also identified in this deliverable. This serves to evaluate the possible contributions
of the Partnership to the Generic Objectives and their alignment with the goals of the Partnership
pertaining to the decarbonization of road transport and transition to zero tailpipe emissions road
transport (Chapter 3). Section 3.1 describes the thematic scope of the 2ZERO projects which are
currently generating results. Section 3.2 provides an initial assessment of 2ZERO KPIs to determine
which measure of success might be useful for the assessment of which Generic Objective(s).
Furthermore, additional useful indicators are proposed. The report then provides relevant information
on the baselines which are proposed to be used for the assessment of each Generic Objective (Chapter
4). This work has concentrated on the determination of relevant indicators and baseline years. Finally,
the report provides an outlook at the next steps of WP3, i.e. the first ideas for the approach to the
assessment of each Generic Objective (Chapter 5).

Circular

Growth Competitiveness Economy

Economic | | European

| UEMI VDI/VDE-IT FHG |

Figure 2 Schematic representation of the content and structure of this report and integration in the
WP3 workflow.
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2 GENERIC OBJECTIVES

2.1 The Generic Objectives within European policy

Road transport is a cornerstone of the European economy, enabling the movement of people and goods,
facilitating trade, and supporting supply chains across the continent. It contributes significantly to the
gross domestic product (GDP) and employment, particularly in sectors such as logistics, manufacturing
and infrastructure. Indeed, the 2ZERO SRIA highlights the importance of road transport for Europe's
society, economy and citizens' wellbeing, as well as its environmental impact. However, despite all
efforts at European level in recent decades, road transport still has a significant impact on the
environment. Moreover, road vehicles remain a significant source of greenhouse gas (GHG) and air
pollutant emissions [40,41].

The European Green Deal and the associated policies, including for example the European Climate
Law, the Circular Economy Action Plan and the Fit for 55 package, align the European Union’s (EU'’S)
climate, energy, transport and taxation policies, and frame the EU's overarching roadmap to achieving
carbon neutrality by 2050 and reducing GHG emissions by 55% by 2030 compared to 1990 levels
[11,12,19]. The results of the R&l under the 2ZERO Partnership aim at accelerating the transition
towards a climate-neutral and clean road transport system and, thereby, integrating a strategy to
achieve the goals established in the European Green Deal [1,2].

Several decarbonization strategies have been devised to enable the reduction of emissions and the
dependency on fossil fuels, while at the same time sustaining the economic role of the sector. Several
actions across different sectors have been set in motion to also improve energy efficiency, protect
biodiversity, promote sustainable agriculture and foster a circular economy. The phasing out combustion
engine vehicles in favour of zero tailpipe emission vehicles, the promotion of alternative mobility
solutions, the improvement of energy efficiency and the integration of renewable energy sources are
some examples of strategies to transform the road transport sector, ensuring environmental benefits
beyond the reduction of tailpipe emissions. Ambitious goals have been set beyond carbon neutrality,
with, e.g., stricter regulations on air pollutant emissions and the promotion of sustainable technologies
aiming at improving air quality.

Electric mobility (e-mobility) is fundamental to achieving the Green Deal's goals and European
sustainability targets. This includes advancing electric vehicle (EV) technology and rapidly expanding
the necessary infrastructure. Under the Alternative Fuels Infrastructure Regulation (AFIR), the
development of EV charging stations along major road networks and urban areas has been mandated.
The EU is committed to supporting the deployment of one million public charging points by 2025,
ensuring coverage across both urban and rural areas, to meet the growing demand for EVs. Goals have
also been set to ensure the availability of batteries and raw materials while boosting domestic production
to secure the supply chain. This is central to electrifying the transport sector and, through initiatives such
as the European Battery Alliance (EBA), the EU aims to create a competitive battery manufacturing
ecosystem [33]. Simultaneously, the potential of hydrogen-powered alternatives for transport is being
actively explored, offering complementary solutions for heavy-duty vehicles and long-distance travel, for
example [7,8].

Technological leadership has been fostered by different initiatives to drive innovation in clean energy,
digital solutions and green industries, positioning Europe as a leader in green technologies. Initiatives
such as the Horizon Europe Research and Innovation programme, which funds cutting-edge projects,
have been aiming at supporting the acceleration of a sustainable transition of the transport sector, while
aligning the green transition with economic growth and supporting Europe’s competitiveness goals by
driving innovation in sustainable industries and enhancing technological leadership [18]. Moreover, the
EU supports research and innovation in sustainable supply chains and circular economy practices,
aiming at a holistic and globally competitive transition to a decarbonized road transport system.

14
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The decarbonization of road transport, and in particular the transition to e-mobility and zero-tailpipe
vehicles, has also been pivotal for the European industry and economic growth, as it fosters innovation
in vehicle technology, such as electric and hydrogen-powered cars, creating new markets and jobs. It
reduces reliance on imported fossil fuels, improving energy security, the trade balance and has an
indirect benefit for air quality. The shift supports a sustainable supply chain for raw materials, batteries
and the charging infrastructure, strengthening European value chains. Additionally, meeting
environmental goals can enhance global competitiveness, attracts investments and ensures long-term
economic resilience aligned with climate-neutral objectives.

All these efforts align with broader sustainability objectives of the European Green Deal, fostering
innovation and reducing the carbon footprint of the transport sector. The principles of a circular economy
are embedded through policies that promote resource efficiency, recycling and sustainable product
design, ensuring a reduction in waste and a more sustainable industrial system [13]. This
comprehensive approach seeks to balance environmental goals with economic resilience, making
Europe a global benchmark for sustainability and innovation.

The EU is committed to becoming climate-neutral by 2050 [11,12,19] and for that it will require
contributions from all sectors of society and the economy, including power, industry, transport, buildings,
agriculture and forestry. Achieving climate neutrality in road transport has been a central goal of the
sustainable transition. The Fit for 55 package encompasses measures to support clean transport and
the adoption of electric vehicles (EVs). The EU aims to lead this transition by investing in technological
solutions, empowering citizens and ensuring that action is taken to support a smooth and just transition
in critical areas such as industrial policy, finance and research.

Despite improvements in vehicle efficiency over the past decades and recent technological
advancements for emission control and reduction, road transport is still responsible for significant
environmental impacts. While GHG emissions from all other main sectors of the economy have fallen in
recent decades, those from transport have increased [41]. According to the inventory published in 2022
[41], the road transport sector remains responsible of about one fourth of Europe’s carbon dioxide
emissions.

The direction established by EC is clear: by 2035, all new cars and vans must achieve zero tailpipe
emissions. The new EU regulations on CO2z emissions for cars and vans are a cornerstone of the
European Green Deal and play a significant role in achieving climate neutrality by 2050. In Spring 2023,
the European Commission welcomed the definitive adoption by EU Member States of its proposal to
mandate zero-emission status for all new cars and vans registered in Europe starting from 2035.

Moreover, to ensure that electric mobility contributes effectively to carbon neutrality, it is important to
align this transition with a renewable-based power grid that ensures potential increases in electricity
demand resulting from the production and charging of EVs does not lead to higher emissions. The actual
contribution of the automotive sector to carbon neutrality is also dependent on other sectors. The
Renewable Energy Directive (RED Ill, [28]) target for transport plays a key role and emphasizes the
need to powering EVs with renewable energy. Binding renewable energy targets have been set for the
transport sector, promoting the increase of the share of renewable energy used in the transport sector
and encouraging the transition to cleaner fuel options, such as including electricity sourced from
renewable energy [28]. The focus on renewable energy to power EVs, aims at ensuring that the
environmental benefits of EV adoption are fully realized.

The European Green Vehicles Initiative (EGVI) has made significant contributions to road transport
decarbonization by integrating advanced technologies [44]. The EGVI programme positively influenced
the development and deployment of new technologies, demonstrating both virtual and physical carbon
reduction potential and advancing the state-of-the-art in areas such as battery pack and cell energy
density, holistic energy efficiency for passenger cars and energy efficiency for heavy-duty trucks [44].
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Leading EGVI projects achieved credible improvements in vehicle efficiency that were ahead of market
trends and forecasts. The outputs from EGVI projects are expected to continue reducing tank-to-wheel
(TTW) CO2 emissions across key transport applications in the medium term. Specifically, EGVI's efforts
supported the deployment of 4.6 million electrified vehicles on EU roads by 2020 and are projected to
contribute to a reduction of up to 9 million tonnes of CO2 emissions from road transport by 2030,
equivalent to removing 6 million passenger cars from the road for a year [44].

Among several established goals within the EU strategy is the improvement of air quality by addressing
key pollutants from sectors such as transport, energy, agriculture and industry, to protect public health
and the environment. In contrast to GHG, road transport emissions of the main air pollutants, i.e.,
nitrogen oxides (NOx), particulate matter (PM), carbon monoxide (CO) and non-methane volatile organic
compounds (NMVOC), have generally declined over the past two decades [39]. Through stringent
policies, monitoring and initiatives such as the European Green Deal, the EU works toward achieving
zero pollution targets and reducing the harmful impacts of air pollution. A comprehensive clean air policy
has been put forward based on three pillars: ambient air quality standards, reducing air pollutant
emissions and emission standards for key sources of pollution. Moreover, air pollution has a direct
impact on the economy of the countries due to increased healthcare costs, reduced life expectancy and
lost working days. Road vehicles emit a variety of air pollutants, thus contributing to the poor air quality
in many (especially urban) areas in Europe [40].

A shift to electric vehicles, which produce zero tailpipe emissions, is a cornerstone of the EU's strategy
to combat climate change and contribute to improved air quality, fostering healthier urban environments
[32,42,71,74]. To amplify the benefits of e-mobility, various initiatives and strategies have been
implemented to promote zero tailpipe emissions, since air quality assessments published by the
European Environment Agency (EEA) reveal that in previous years a significant percentage of the
European urban population was still exposed to air pollution levels exceeding the relevant standards,
hence deemed damaging to health [40,43].

There are multiple regulatory frameworks and strategies for air pollution control in the EU, starting with
the 8" Environment Action Programme (EAP), entering into force in 2022, then the Sustainable and
Smart Mobility Strategy to align with broader climate and pollution reduction goals by promoting cleaner
vehicles and infrastructure, as well as zero-emission zones in cities. Further, the Zero Pollution Action
Plan (ZPAP) sets key 2030 targets including among other objectives the improvement of air quality to
reduce the number of premature deaths caused by air pollution in the EU by at least 55%, relative to
those in 2005 [22]. The National Emission Ceilings (NEC) Directive is one of the EU's main policy to
reduce air pollution, setting binding targets for Member States (MS) to cut emissions of five key
pollutants (ammonia, nitrogen oxides, non-methane volatile organic compounds, sulphur dioxide and
fine particulate matter) by 2030, and the recently revised EU's Ambient Air Quality Directive (AAQD) not
only sets legally binding limits but requires MS to monitor and improve air quality to meet these
standards, with stricter limits for pollutants such as PMzs, to align EU standards more closely with the
World Health Organisation (WHQO) recommendations. Finally, the Euro vehicle emission standards have
also played a significant role in reducing emissions such as NOx and PM over the past decades.

These frameworks work together and have been instrumental to reduce harmful emissions from multiple
sectors, including tailpipe emissions from road transport, to improve air quality and protect public health
and the environment, while supporting the transition to cleaner mobility solutions such as EVs. It is
equally important to address non-exhaust emissions, such as particulate matter from tyre and brake
wear, which remain a significant source of air pollution even with the adoption of electric vehicles.
Innovative approaches, including the use of advanced materials for tyres and brakes, enhanced public
transport options, and urban planning strategies that encourage active mobility, are crucial for achieving
comprehensive environmental and air quality improvements.
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The ambition of the European Union is best summarized in a press release from the European
Parliament on February 16™, 2023, “The overall objective of EU policy must be to secure European
leadership in clean energy technologies and improving Europe’s existing industrial base while assisting
in its transformation to produce high quality jobs and economic growth to reach the goals of the Green
Deal” [57]. It is expected that this could become more relevant as policy shifts to strengthen industrial
interests. The European Green Deal fosters innovation in clean energy technologies to ensure Europe’s
leadership in the transition to a carbon-neutral economy. One example is the European Battery Alliance
that supports technological leadership in battery production, aiming to reduce Europe’s dependency on
non-EU suppliers and promote innovation in EV battery technology. Additionally, the Horizon Europe
research and innovation programme promotes work in areas such as sustainable transport, smart
mobility and vehicle-to-grid integration, with the goal of securing EU leadership in road transport
technologies and enhancing Europe’s competitiveness in the evolving automotive industry. Investments
in the development of new materials for batteries, vehicle automation and green mobility infrastructure
are just some examples of the priorities that can potentially ensure Europe's competitive edge in cutting-
edge technologies.

Technology leadership in the context of contributing to competitiveness is related to the technology
readiness level (TRL) commonly used to assess the maturity of project results, but it also goes beyond
TRL to assess the status of development that have been have achieved in comparison with other
activities and initiatives on a global scale, hence the significance of Technology Leadership with regard
to competitiveness. It is important to keep in mind that, whereas the technology readiness assesses the
maturity of technology building block, technology leadership is dynamic and must be maintained by
continuing to benchmark the current state-of-the-art and initiate activities that maintain a position ahead
of the rest-of-the-world. This requires a solid overview of the state-of-the-art and continuing investments.
Even more important is the need to continue with investments, either public or private, or a combination
thereof. As soon as investments stop, any achievements in Technology Leadership will begin to decline.

As described in the Treaty of Lisbon, the EU aims to achieve balanced economic growth, price stability
and a highly competitive market economy with full employment and social progress [54]. The European
policy towards economic growth is primarily based on key objectives towards attaining sustainable,
resource efficient, resilient and competitive economic systems.

The European growth model, for example, recalls the common objectives of the EU and its MS towards
transforming the economy into a green, digital and resilient one, to safeguard the prosperity and well-
being of the citizenry. It involves making structural changes at both national and regional levels, with a
focus on adopting green technologies and digital skills. This shift is essential for addressing Europe's
key challenges, boosting its global leadership and enhancing its strategic independence. However, the
transition must be inclusive and fair, ensuring support for those most effected, particularly individuals
without the necessary resources or skills, so that everyone benefits from the opportunities this
transformation offers.

The European Green Deal seeks to transform the EU into a “modern, resource-efficient and competitive
economy” by decoupling economic growth from resource use [19]. It recognizes that climate change,
while being the biggest challenge of modern times, is an opportunity to build a new economic model
[19]. With the target of 90% transport emission reduction delivered through smart, competitive, safe,
accessible and affordable transport systems [15], the Green Deal aims to provide more accessible,
healthier and cleaner transport systems [30], making provisions for expansion of public recharging and
refuelling stations (by 2025). Additionally, it calls for transport pricing that reflects environmental and
health impacts, alongside broad-based tax reforms and the removal of fossil fuel subsidies to drive
sustainable economic growth.
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The Net-Zero Industry Act, a key pillar of the EU's Green Deal Industrial Plan [24], aligns with the EU's
broader goal of achieving climate neutrality by 2050 while ensuring economic growth and industrial
competitiveness. By reducing dependency on external suppliers, it mitigates risks associated with
supply chain disruptions, secures access to critical raw materials, and enhances the resilience of the
EU’s industries. It creates significant opportunities for job creation in high-growth sectors such as clean
energy, EV manufacturing and infrastructure development, which, in turn, stimulates local and regional
economies. By positioning Europe as a global leader in green technology, the Act solidifies the EU's
role as a key player in the global economy, ensuring sustained economic growth while transitioning to
a sustainable future.

The Trans-European Transport Network (TEN-T) policy guides the planning and development of an
efficient, high-quality, coherent and multimodal transport infrastructure across the EU is underpinned by
the objective of enabling seamless, safe and sustainable mobility of goods and persons in all their
diversity and should contribute to further economic growth and competitiveness in the global perspective
[31]. It promotes economically efficient, high-quality transport to contribute to economic growth and
competitiveness. Other Initiatives, such as the Sustainable Europe Investment Plan, the
NextGenerationEU recovery fund, the 8" Environment Action Programme and the Competitiveness
Strategy beyond 2030, are guiding documents toward achieving sustainable economic growth in the EU
[13].

Over the past decades, the EU's strategic vision has emphasized environmental protection, equal
opportunities for all citizens, and the promotion of sustainability and innovation, with European
competitiveness serving as a cornerstone of its framework [10,11,19].

The European Green Deal and the Horizon Europe Research and Innovation programme and recent
initiatives such as the Green Deal Industrial Plan [24] and the Net-Zero Industry Act [25] are among
several policies designed to maintain the sustainable competitiveness of Europe, foster innovation and
ensure the successful global positioning of European businesses in an increasingly green and digital
economy [18]. These have contributed to position Europe at the forefront of the global economy and
bolster EU competitiveness in sectors such as clean energy, circular economy and digital
transformation. With policy strategies such as Fit for 55 and the Carbon Border Adjustment Mechanism
(CBAM) [38], EU industries were protected from unfair competition by taxing imports based on carbon
emissions, with the aim of incentivizing low-carbon production practices globally which are aligned with
the sustainability principles of the EU. European competitiveness has been fostered by the opening of
new markets and creation of jobs [4,61,65-67] in green technologies such as renewable energy, electric
and sustainable mobility, and energy-efficient industries.

Despite all the efforts and policies in place, the European competitiveness has been challenged in recent
years due to difficulties arising from its reliance on global supply chains that were largely disrupted by
the CoVID-19 pandemic and geopolitical tensions resulting, for example, from the war in the Ukraine. In
response to these setbacks, the EU has focussed on building resilience through digital and green
transitions, facilitating not only innovation and sustainable growth, but also enabling strengthened supply
chains and the fostering of global partnerships. This was one of the strategic priorities during Germany's
EU Council Presidency in 2020 [56]. In doing so, the EU aims to strengthen its industrial base to regain
control of its own future and position itself at the forefront of the global economy, prioritizing clean
energy, digital technology and sustainable mobility. Emphasis was placed on modernizing state aid,
bolstering European industrial policy, and advancing the European Green Deal and digital infrastructure
to maintain global leadership in industrial and technological sectors [36].

Following recent reports (e.g. [45],[50] and [37]), several key areas have been identified to further
strengthen European competitiveness. These focus, for example, on fostering a sustainable and
resilient economic environment that balances growth with fairness and innovation. A critical priority is
unlocking more capital for European businesses to fuel growth and innovation, ensuring companies
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have access to the resources they need to compete globally. This effort aligns with nurturing digital
innovation, which is essential for creating a robust and future-ready economy that can drive prosperity
and technological leadership. At the same time, ensuring energy independence and securing affordable,
sustainable energy sources has been identified as a priority to reduce vulnerabilities and maintain
economic security. Another pillar of action aligned with the economic growth priorities, involves tackling
the growing skills shortage by investing in education, training and workforce upskilling to maintain fair
competition and ensure that no segment of society is left behind in the economic transformation.
Additionally, emphasis has been given to unlocking the full potential of trade to secure a place in a
competitive global economy and in trade relations. These strategies need to be robust and work in
unison to build a European economy defined by sustainable competitiveness, open strategic autonomy
and fairness, ensuring long-term resilience and prosperity in an increasingly interconnected and
complex world.

The 2022 ERT Benchmarking Report [50] assesses Europe's competitiveness, particularly in light of
global geopolitical shifts and the ongoing green and digital transitions and underscores the urgent need
for policy measures to strengthen Europe’s competitiveness. Several of the broader challenges and
policy priorities identified in the report are highly relevant to the road transport sector. To address
declining industrial output and lagging productivity growth, the report calls for increased investment in
R&D and infrastructure modernization. A key priority is accelerating the deployment of 5G and other
critical digital infrastructures, which are a concern for the future of connected and automated mobility,
and essential for maintaining leadership in industrial production and innovation. Additionally, the report
highlights the slow progress in renewable energy investments, which has direct implications for the
decarbonization of road transport and transition to zero-tailpipe emission vehicles, emphasizing the
need for faster expansion to support Europe's sustainability goals while ensuring industrial
competitiveness. Strengthening industrial policy, fostering innovation and modernizing infrastructure are
critical to preventing further decline and positioning Europe as a global leader in the evolving economic
landscape, in for example key technological areas such as battery production, electric vehicle (EV)
manufacturing and sustainable supply chains. In conclusion, the ERT report emphasizes the urgent
need for Europe to strengthen its industrial strategy, modernize infrastructure and enhance its
competitiveness through innovation and investment in the green and digital sectors. Without swift action,
Europe risks falling behind other major economies.

Amid the pressing need for transformative change, former European Central Bank President Mario
Draghi was tasked with drafting a report [37] presenting his personal vision for the future of European
competitiveness. This report lays the groundwork for policy setup and future recommendations to
reshape the EU's competitiveness strategy. A central theme of the report is the urgent need to boost
innovation in Europe, with Mario Draghi identifying investments in R&D, as well as in emerging
technologies, as crucial to increase productivity and ensure competitiveness. Given Europe's lag behind
global players such as the United States and China, the report, just as the ERT, stresses the importance
of advancing digital transformation through a comprehensive digital strategy, including improving digital
infrastructure and promoting digital skills. Moreover, to strengthen Europe's economic and labour market
foundations, the report calls for labour market reforms that balance employment promotion with social
security, together with a better alignment between education systems and industry needs. Finally, the
report underscores the necessity of an integrated and coherent competitiveness strategy across all EU
member states, emphasizing that only through joint efforts and close cooperation can Europe ensure its
long-term economic resilience and global competitiveness.

More recently, the European Action Plan for the Automotive Industry [74] is now taking shape. In addition
to the key topics covered in this deliverable, ranging from digitalization to clean mobility, as well as
technology leadership and a competitive, resilient supply chain, the Action Plan highlights that policies
and further regulatory measures, may be necessary to regain a level playing field and ensure fair
competition.

In this context, the urgency of identifying and implementing necessary measures becomes even more
apparent. It is essential to define actions to address current challenges and determine which measures
are unavoidable to ensure long-term stability and resilience of European competitiveness.
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2.1.6 Circular economy

The European Commission has a dedicated strategy and action plan to enhance the circularity in Europe
[13]. Part of this strategy is the new battery regulation [27] and the revision of the end-of-life vehicles
(ELV) directive [26] as well as a circular economy (CE) monitoring framework [51]. The latter proposes,
among others, as a circularity indicator the material footprint (t/capita), the resource productivity gross
domestic product/domestic material consumption (GDP/DMC) and circular material use rate (%).
Furthermore, the private investment related to circular economy sectors, as a percentage of GDP, is
proposed as an indicator for the CE.

The revision of the ELV directive defines specific recycling rates only for plastics. The revision foresees
that 25% of the plastic content in a vehicle must come from secondary sources of which 25% must come
from the recycling of end-of-life vehicles (closed-loop recycling). Targets for other materials, i.e., steel,
aluminium, critical raw materials (CRM) are not provided, but the Commission will be empowered to
define targets in the future, including target levels calculation and verification rules.

Circular Economy is furthermore addressed in the European Strategy on Sustainable and Smart Mobility
[16]. The strategy foresees synergies with the circular economy transition, “in particular by applying
product-as-service solutions to reduce virgin material consumption, use sustainable alternative transport
fuels, optimise infrastructure and vehicle use, increase occupancy rates and load factors, and eliminate
waste and pollution”.

As outlined above, the assessment of the environmental footprint by means of a life cycle analysis (LCA)
is part of the circular economy framework. On their European Platform on LCA (EPLCA), the EC states
that “the product environmental footprint (PEF) and organisation environmental footprint (OEF) are the
EU recommended LCA based methods to quantify the environmental impacts of products (goods or
services) and organisations”. On that platform, recommendations can also be found on how to conduct
a PEF and an OEF. However, a transport-specific LCA is still lacking harmonisation and, as such,
specific targets for LCA cannot be provided.

2.2 Definition of the Generic Objectives under LeMesurier

Currently, approximately 30 European projects drive innovation within the 2ZERO Partnership forward.
Collectively, they aim at impacting the EU’s transportation sector by not only promoting sustainable,
zero-emission mobility solutions but also driving technological innovation while facilitating the
achievement of climate goals. The underlying assumption is that the calls for proposals developed within
the 2ZERO Partnership will lead to projects that impact the objectives outlined for the Partnership in the
different SRIAs published.

Building on the European context outlined in the previous section, and before delving into the relevant
baseline information included in Chapter 3, this section will provide a definition of each of the six Generic
Objectives within the LeMesurier context. These definitions aim to establish a solid and structured
framework for the subsequent analysis. They will focus on the thematic priorities of the 2ZERO
Partnership, emphasizing the critical aspects that must be considered when carrying out the planned
impact assessment.

2.2.1 Carbon neutrality

In broad terms, carbon neutrality refers to the balance achieved between CO2 emissions and its removal
from the atmosphere, to ultimately reach net-zero emissions. Under the LeMesurier project, the carbon
neutrality of road transport sector will encompass achieving net-zero GHG emissions by decarbonizing
the sector. The goal of the analysis done under this Generic Objective is to assess the contribution of
the 2ZERO Partnership to European carbon neutrality goals and GHG emission targets. This will be
assessed by analysing future transport technologies in terms of their energy efficiency and
environmental impact. This analysis will concentrate on KPIs related to energy efficiency and GHG
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emissions throughout the vehicle lifecycle, determining the effectiveness of 2ZERO's research in
meeting climate objectives. Moreover, the analysis will determine if new Indicators or targets are needed
to determine the contribution of 2ZERO to carbon neutrality.

The technological advancements enabling zero tailpipe emissions achieved through the 2ZERO projects
will be assessed as key contributions to achieving climate neutrality and supporting the EU’s
decarbonization goals for road transport. A critical factor to consider is the technological maturity of
these innovations and the commitments required to scale-up their industrial production ensuring their
practical and widespread implementation.

While the deployment of these technologies reduces emissions within the tank-to-wheel (TTW) scope,
achieving carbon neutrality requires a broader well-to-wheel (WTW) and cradle-to-grave (CTG)
perspective. Multiple sectors, such as energy and industry, have direct or indirect implications for the
sustainable transition of the transport sector. For example, the energy sector's ability to supply low-
carbon energy (e.g., green electricity and hydrogen) and the industry sector's production of low-carbon
materials are crucial. However, fully encompassing these sectors is beyond the objectives of this project
and in the 2ZERO Partnership. The assessment under this Generic Objective aims to integrate indirect
contributions to sectors beyond transport through innovative metrics. For instance, the development of
energy-efficient technologies can reduce the overall demand for green energy in transport, thereby
easing the burden on energy supply systems. Energy savings also extend to electric and hydrogen
charging stations, minimizing electrical losses during energy transfer to vehicles.

One operational objective of the 2ZERO Partnership is “Development and demonstration of
interoperable smart charging and bi-directional energy services and solutions accepted by the users
and providing services to the energy grid”. These considerations enable discussions on carbon neutrality
within the WTW and CTG scopes. Managing the charging of large BEV fleets and integration into the
energy system is key to minimizing their carbon footprint and will be considered in the assessment of
this Generic Objective. Strategies are needed to prevent peak demand and energy quality issues,
assisting with efficient use of renewable energy by aligning charging schedules with energy availability,
and reducing an over-reliance on carbon-intensive back-up power. Integrating BEVs into energy
networks with innovative services, such as smart charging, enables demand smoothing and reduces
the need for oversized renewable infrastructure. Aligning charging with user needs and energy system
capabilities enhances electric mobility's carbon footprint.

Improved vehicle energy efficiency can also translate into reduced battery or hydrogen tank sizes for
the same service output. Given the significant carbon footprint of manufacturing batteries and hydrogen
tanks, vehicle manufacturing emissions could benefit from efficiency gains and innovations in battery
production, such as less resource-intensive chemistries and energy-efficient processes. These
considerations enable discussions on carbon neutrality within the cradle-to-gate scope.

The main target of this Generic Objective in LeMesurier is to assess the impact of the 2ZERO
Partnership on the EU’s general zero pollution objectives. The potential for introducing additional
Compound KPIs, beyond those worked on in WP2, that are relevant for the analysis carried out in
LeMesurier, will be explored. In this regard, although not explicitly established as the primary objectives
of 2ZERO, some other projects (such as “Green Vehicle”) are expected to make an indirect contribution
to improving air quality and reducing the negative impact of road transport on public health.

For the work to be carried out in LeMesurier, focus will be given on determining and quantifying the
tailpipe emissions of main regulated pollutants. In addition, non-exhaust emissions from vehicle brakes,
tyres and road surface wear will also be considered in the assessment, since these sources contribute
to PM emissions. LeMesurier will also examine the feasibility of an assessment by the 2ZERO
Partnership to evaluate the potential reduction in health impacts caused by PM exposure.
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“Technology Leadership” generally refers to persons with technology leadership responsibility for their
organization, and not necessarily to a status that has been achieved by a project or partnership. This
leadership can be demonstrated in different ways, namely through the development of cutting-edge
technologies, the adoption of innovative solutions or by influencing the direction of technological
progress in a specific field. Technology leadership drives innovation and enables high-value industries.

As previously mentioned, technology leadership is related to the technology readiness level (TRL)
commonly used to assess the maturity level of project results, but goes beyond TRL to assess the status
of development that has been have achieved in comparison with other activities and initiatives on a
global scale, hence the significance of Technology Leadership with regard to competitiveness. It is
important to keep in mind that, whereas the technology readiness assesses the maturity of technology
building block, technology leadership is dynamic and must be maintained by continuing to benchmark
the current state-of-the-art and initiate activities that maintain a position ahead of the rest-of-the-world.

One of the general objectives common to all Partnerships is the achievement of technology leadership
that is expected to support economic growth and safeguarding jobs creation all over Europe. This is
aligned with priorities identified under the EU Green Deal for EU policy so that European leadership in
clean energy technologies is secured by improving Europe’s existing industrial base while assisting in
its transformation to produce high quality jobs and economic growth [24]. Although this ambition is an
overarching objective for all public-funded initiatives, initial search activities have shown that there is
currently no means of systematically evaluating and assessing a status of technology leadership and
what projects have done to achieve this objective. In other words, there are currently no indicators known
or used to assess technology leadership. The aim for this Generic Objective and LeMesurier is to identify
and propose indicators that help assessing a contribution to technology leadership. In general, such
leadership indicators may become extremely relevant as Europe and the USA continue to lose
Technology Leadership. This has been shown in an ongoing assessment based on the number scientific
publications and the recent ASPI report [69]. The approach taken by ASPI is to analyse “research
publication data covering the years 2003 to 2023” downloaded from the Web of Science (WoS) Core
Collection database, selected here because of its recurrent use by researchers who study scientific
trends and its well-understood performance characteristics (see [69] for further details). However, it is
found that leading in scientific papers does not necessarily mean that the results are finding their way
in practical applications. The scientific papers can serve as an indicator, particularly with lower TRLs
reflecting the willingness-to-invest especially with public resources. Similarly, patents provide valuable
insights, as demonstrated in FUTURE-RADAR [62] when identifying centres-of-excellence (with
industrial affinity). However, patents are only partially relevant in university environments that “reward”
and prioritize papers and citations. A deep dive in the area of power electronics revealed a significant
number of patents being submitted by Chinese Universities but with limited global impact since these
were only submitted in China. In summary, the number of publications and patents cannot be neglected
but also not overrated.

Economic growth refers to the increase in a country’s production of goods and services over time,
typically measured by changes in per capita Gross Domestic Product (GDP) or Gross National Product
(GNP). It reflects improvements in living standards and national wealth, with the most sustained growth
taking place over the past 200 years [63].

The European economic growth model prioritises green and digital transitions, along with strengthening
the EU's economic and social resilience to achieve competitive sustainability. It involves making
structural changes at both national and regional levels, with a focus on adopting green technologies and
digital skills. This shiftis essential for addressing Europe's key challenges, boosting its global leadership,
and enhancing its strategic independence. However, the transition must be inclusive and fair, ensuring
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support for those most impacted, particularly individuals without the necessary resources or skills, so
that everyone benefits from the opportunities this transformation presents [21].
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Figure 3 Pillars for transforming the EU's economy [20]

The European Commission recognizes the importance of transportation and estimates that transport
contributes approximately 5% of the region’s GDP and employs more than 10 million people [14]. The
assessment of this Generic Objective to be carried out within the LeMesurier will focus on the
contribution of zero emission road transport — as the focus of the 2ZERO Partnership — to economic
growth, such as the potential value-addition the technologies and skills, or the potential generation of
demand for high-value jobs the green vehicle technology sector in the EU [44].

2.2.5 European competitiveness

As described previously, competitiveness has long been one of the key political priorities of the EU.
Under the common legislative jargon, competitive economy is that with a sustained rate of productivity
that drives growth and, consequently, income and welfare [36]. Broadly defined, European
Competitiveness is the ability of the European manufacturers to compete successfully with its products
on the world market and to gain a significant market share based on technology leadership and
innovation, a high labour productivity as well as favourable framework conditions concerning science,
qualification, economy and policy. This is especially relevant for the competition with other leading
economic centres in the world, such as China, the USA and other emerging markets. In this context,
European competitiveness encompasses the ability to maintain a leading position globally across
economic and political domains. An organization is considered competitive when it provides products or
services that customers are willing to pay a premium for, typically achieved by developing distinct and
defendable unique selling points. Thus, competitiveness depends on key factors such as technical
innovation performance and, to certain extent, technology leadership and the volume of related
investments which support production and upscaling for the market. Competitiveness indicators should,
therefore, offer a holistic view of the region’s economic strength, innovation capacity and ability to thrive
in a globalized economy.

European competitiveness in road transport and, particularly, zero-emission vehicles, is shaped by
regulatory policies, market conditions, investment in infrastructure and innovation, and the ability to
address emerging challenges. In the assessment conducted under the LeMesurier framework,
European competitiveness will be defined as the ability of the European Union's automotive industry to
compete internationally with other manufacturers of zero-emission vehicles, related infrastructure and
components — particularly with leading players in the USA and Asia (especially China).

On the other hand, consumer acceptance and satisfaction, along with investments in new technologies
and essential infrastructure for these technologies, are drivers of economic success aligned with
competitive and reasonably priced products. A decisive factor for competitiveness lies in understanding
and addressing the true needs of users by delivering user-centric solutions. These principles not only
foster willingness to pay but also strengthen the foundation for a uniquely European approach. The
affordability and successful market adoption of zero-emission vehicles, along with the necessary
infrastructure, are, therefore, also critical aspects to consider when carrying out the evaluation of 2ZZERO
contribution to this Generic Objective.
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Interdependencies of Technology Leadership, Economic Growth and European
Competitiveness

Technological leadership, economic growth and European competitiveness are intrinsically linked, as
advancements in technology drive innovation, enabling industries to adapt and thrive in global markets.
Above these are the policy, economy and industrial realms that form a dynamic and interdependent
framework driving the advancement of technology leadership, European competitiveness and economic
growth. To a certain level, technology leadership underpins European competitiveness by driving
innovation and enabling high-value industries with unique selling points. In road transport, developing
cutting-edge solutions such as zero-emission vehicles and intelligent systems boosts economic activity,
creates high-value jobs, and solidifies Europe’s position as a leader in sustainable mobility. Economic
growth results from the successful interplay of technology leadership and competitiveness that can open
global markets and attract investments. While investments in innovative industries generate new jobs
and enhance productivity, economic growth reinforces the cycle by providing the resources necessary
for continued R&D and industrial scaling, ensuring that industries remain innovative and globally
relevant. This feedback loop represents only the surface of the complex interdependencies between
these three Generic Objectives. The analysis to be carried out in T3.1 will take this into consideration.
The interactions in this multifaceted relationship that extends beyond linear cause-and-effect will be
assessed more in detail in the next task, T3.2. A key distinction from the analysis conducted under T3.1
for technology leadership and economic growth is that the evaluation of competitiveness can be
extended beyond local conditions, including also benchmarking against the performance of key
international competitors.

2.2.6 Circular economy

A circular economy (CE) is defined as an approach strengthening the resource sovereignty of the
European Industry through keeping material use in a circular loop while decoupling the economic
growth, well-being and environmental impact from the resource use. As such, circular economy
strategies do not only include the use of secondary materials provided by proper recycling and recovery
approaches at the End of Life (EoL) but also the implementation of all 9 R principles along a life cycle
(cradle to cradle) of a vehicle (in general of a product). As part of the circular economy, the Life-Cycle
Assessment (LCA) is considered as an essential and important first building block in achieving the
overall CE strategy. Within the context of the 2ZERO Partnership particular aspects of the CE definition
become relevant for the assessment, touching the vehicle design and use, such as:

¢ Re-Think, Refuse and Reduce: implementation of lightweight strategies, use of secondary and
bio-based materials, function integration and user-centric eco vehicle design,

e Repair, Remanufacturing and Recycle: design for R including advanced vehicle concepts in the
vehicle development phase including associated manufacturing technologies,

e Harmonised assessment of circularity and environmental impact,

e Digital product passports for vehicles and components,

e Track and trace of materials, components and vehicles over a full life-cycle.
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3 THE GENERIC OBJECTIVES AND 2ZERO

The overall objective of the 2ZERO Partnership is to set an ambitious research programme to accelerate
the development of zero tailpipe emission road transport in Europe via a system approach; to improve
air quality and the mobility of people and goods; hence, to ensure future European leadership in
innovation, production and services. By paving the way to a climate neutral road transport system, the
Partnership aims to make a key contribution to the success of the European Green Deal.

The 2ZERO projects funded under Horizon Europe cover a broad range of topics related to the
decarbonization of road transport, aligning with the overarching objectives of the Partnership. While
these projects are not explicitly designed to address the Generic Objectives defined in the LeMesurier
project, links between them can be established. Identifying which projects contribute to each Generic
Objective will provide valuable insights into the Partnership’s overall and direct impact to broader EU
goals. Building on the work completed in WP1 and WP2, the analysis in WP3 will first identify which
2ZERO projects contribute to each Generic Objective so as to assess the magnitude of their direct
impact on each of these. Additionally, a suitable project categorization will be developed to facilitate the
assessment of impact across relevant topics. This chapter introduces the identified KPIs already
considered under the 2ZERO Partnership, those that will potentially support the analysis to be carried
out in WP3.

3.1 The thematic scope and the clustering of 2ZERO projects

As thematic areas from decarbonization of road transport relevant to each Generic Objective might be
different, a single categorization as followed in WP1 and WP2 (see below) might not possible here. The
categorization approach may vary for each Generic Objective and in an initial methodological
framework, it was identified that projects can be grouped based on factors such as: Key thematic focus;
Simplified categorisation by 2ZERO npillars; Project maturity or TRL.

A preliminary categorization concept has been adopted for the work completed under WP1 and WP2.
A total of 29 2ZERO projects were selected for the analysis of the Compound KPIs carried out in WP2.
Information about vehicle category, powertrain technology, TRL and project timeline was gathered and
reported in D2.1. This data was obtained from various sources, including project abstracts on CORDIS
and related websites, it provides information on the potential contributions of 2ZERO to future CO:2 (and
GHG) emission reductions and energy intensity from road transport, based on the project’s focus, i.e.
either vehicle, component level or system level demonstrations including infrastructure improvements.
Moreover, the projects were classified into four groups by the extent of the data likely available from
them: 1. Vehicle group, 2. Component group, 3. Infrastructure group, 4. Miscellaneous group (see D2.1
[70]). Two additional projects (Zevra and TransensusLCA) were identified as relevant for the WP3
assessment, namely the interactions and impacts of Generic Objectives.

For the project selection of the deep-dive analysis in WP1, the categorisation developed in WP2 was
refined by grouping each project according to the most suitable overarching 2ZERO pillar. This approach
represents a simplified categorisation (e.g. it does not reflect that the thematic focus of a project may lie
in multiple pillars).

To the extent possible, the categorization used in WP3 will be aligned with those used in the other WPs
of the LeMesurier. However, other possible categorization frameworks might follow definitions such as,
for example: type of results (e.g., innovations, technologies, products); or innovation field (BEV
architectures in freight haulage, powertrains for heavy-duty vehicles (BEV, FCEV), full electric buses,
improved energy efficiency of passenger cars and light vehicles, power electronics, electric motors,
battery management systems, EV charging, V2G optimisation, systems for mobility and freight
management involving EVs). This flexible categorization ensures that the assessment reflects the
diverse scope of the projects while maintaining alignment with the overall goals of the 2ZERO
Partnership and each Generic Objective plus the relevant indicators to be employed.
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3.2 The Generic Objectives in 2ZERO

In the next step, key indicators and targets of the 2ZERO Partnership that align with broader EU goals
were identified. However, these are not sufficient for the comprehensive analysis planned in WP3. In
some cases, to fully assess 2ZERQ’s contribution to the Generic Objectives outlined in LeMesurier, new
indicators and measurable targets will be required. A list of indicators will be presented for each Generic
Objective. These initially identified indicators may evolve during the (next steps of the) analysis, with
some being considered less relevant or new ones emerging as significant. The baseline description of
the Generic Objectives and the proposed indicators is further elaborated in Chapter 4.

3.2.1 Carbon neutrality & Air quality and health

The Operational Objectives of the 2ZERO Partnership involve the development of affordable, innovative
Battery Electric Vehicles (BEV) and Heavy-Duty Fuel Cell Electric Vehicles (FCEV) concepts and
technologies. The Partnership also seeks to demonstrate zero emission Light-Duty Vehicles (LDVSs),
including passenger cars and commercial vehicles, with a goal of reducing the total cost of ownership
by 20% compared to conventional vehicles for a wide range of uses. The Partnership plans to
demonstrate zero emission Heavy-Duty Vehicles (HDVs) that are close to matching the performance
and total cost of ownership of current vehicles for most relevant use cases, including new usage models.
Furthermore, it aims to develop and demonstrate affordable new vehicle solutions, charging
technologies and services for the mass market, enabling 1,000 km long-distance trips with no more than
a 10% increase in journey time compared to conventional solutions, while considering both economic
and environmental impacts. Finally, the Partnership will focus on the development and demonstration
of interoperable smart charging and bi-directional energy services and solutions that are user-accepted
and provide benefits to the energy grid.

Summarising, the following goals, targets and indicators can be found in the 2ZERO SRIA, that can be
related to road transport emissions (GHG and air pollutants) and, therefore, informing the assessment
to be done in the LeMesurier Generic Objectives “Carbon neutrality” and "Air pollution and health
effects”.

Indicators and Targets

Indicator: GO.KPI.3: Reduction of CO, emissions from road transport for all types of vehicles.
Target: Baseline 1990 — Contribution to the overall target of 55% reduction of CO2 emissions in 2030,
e.g. number of projects contributing to CO2 reduction.

Note: This indicator is related to CO»; LeMesurier will check how air pollutants could be included.

Indicator: GO.KPL.4: Number of new registrations of zero tailpipe emission vehicles in Europe
in 2030, both for passenger cars, light-duty vehicles (L-cat included) and for commercial
vehicles.

Target: Baseline 2020 — At least 30 million Battery Electric Vehicles (BEVs) will be on the roads by
2030. At least 280,000 zero emission Heavy Duty Vehicles (HDVs) will be on the roads by 2030,
180,000 of these trucks will be for long haul use. More than 50% of new registrations for urban mobility
Powered Two-Wheelers (PTW) will be electric vehicles, provided that enabling conditions are met.

Note: It can be investigated whether the 2ZERO projects can contribute to increased electric vehicle
sales and changes in fleet composition. This change compared to this target or to the current
reference/baseline scenario used by the European Commission (EC). LeMesurier will check how
air pollutants could be included.

Indicator: SO.KPI.1: Ability of determining realistically and reliably the energy intensity (tank-
to-wheel).

Target: Baseline 2020 — Reduction of GHG and energy intensity by 30% for personal mobility and
25% for freight by 2030.
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Note: This indicator is related to energy and LeMesurier will check how air pollutants could be
included.

e Indicator: SO.KPI.2: Reduce GHG of people/goods mobility (expressed in tonCO.eq/p.km or
t.km and toe/p.km or t.km).
Target: Baseline 2020 — Reduction of GHG and energy intensity by 30% for personal mobility and
25% for freight by 2030.
Note: This indicator is related to GHG and LeMesurier will check how air pollutants could be included.

Indicator: SO.KPIL.7: Well established fleet managerial tools to smoothly incorporate zero
tailpipe vehicles in transportation fleets.

Target: Successful demonstration of cities with logistics emissions-free by 2030 (>150,000
inhabitants).

Note: To clarify whether the statement ‘logistics emissions-free’ means zero emissions from
commercial vehicles, i.e., Light Commercial Vehicles (LCVs) and, possibly, Heavy-Duty Trucks
(HDTSs), in urban and peri-urban areas.

There is a subsection in the further key Research and Innovation (R&I) actions of the SRIA in the funding
area of vehicle technologies for BEV and FCEV, focusing on tyres and brakes. There is no quantitative
target related to ‘carbon neutrality’ and ‘air pollution and health effects’, but the following information can
be retrieved:

Tyres
“Minimise tyre emissions by developing optimised acceleration and deceleration profiles, minimizing
tyre slip, hence abrasion.”

Brakes

“At the same time, this new requirement profile for friction brakes enables the development of lighter
systems (reducing unsprung mass) using new materials and the potential for greater integration with
other systems via a systemic optimization design process, whilst optimised brake blending and
application profiles can minimise particles emissions by avoiding, for instance, the conditions which can
generate nanoparticles (avoiding high temperature that vaporize the plastic matrix).”

“Optimise the control of the deceleration profile to minimise particulate emissions from brakes by further
limiting their use: this can be achieved by widening the regeneration capacity, exploiting the
opportunities for high-rush currents with the development of fast charging, and by optimising the
blending with friction braking to avoid particle-producing events.”

“Develop EV-specific braking systems (lighter and with optimized particulate emissions) focusing on
residual braking tasks not accomplished by recuperative braking with electric motor(s) (e.g. emergency
braking) including system-level solutions for long down-hill rides with full battery, i.e., smart charging on
system level.”

Transversal aspects of tyres and brakes (including environmental impact)

“Understand the emissions impact (particulate matter and noise) and develop solutions (tyres and
brakes) to improve/reduce them whilst still ensuring driving safety.”

“Reduce tyre and brake global usage impact on the environment and health (hon-exhaust emissions to
improve air quality / exterior noise).”

“Develop a cost-effective brake disc with improved wear performance. New solutions should assure the
reduction of brake disc and pad wear. This will result in a system lifetime improvement (double expected)
and a considerable reduction of fine dust emissions.”

“Develop solution to collect all dust and particulates resulting from the friction system brake and brake
pad (e.g. casing or dust extractor or filter) whilst maintaining performance targets (e.g. thermal stability).”
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The 2ZERO KPIs or indicators described above are mostly related to energy, CO2 and GHG, and not
particularly to air pollutants. Therefore, for the assessment within the LeMesurier project, new KPIs or
indicators relevant for the Generic Objectives “Carbon Neutrality” and “Air Quality and Health” can be
proposed. These indicators may align with those defined in the SRIA (the GO, SO, and OO KPIs) while
allowing for adaptations to better suit the project's scope. Specifically:

Reduction of air pollutants from road transport for all types of vehicles.

Unit: t (i.e., tonnes) of pollutant X saved (i.e., reduced) per year due to the contribution of all 2ZERO
projects compared to the current situation (i.e., baseline/reference scenario) considered at EU level.
Note: The exact list of air pollutants remains to be decided. Within the analysis planned under
LeMesurier, focus should be given on potential changes from particulate matter from brakes and
tyres, while keeping the total activity the same.

Additional new registrations of zero tailpipe emission vehicles in Europe.

Unit: number of vehicles per year expected to be sold additionally to (i.e., on top of) the current
situation (i.e., baseline/reference scenario) considered at EU level due to the contribution of a 2ZERO
project (or cluster/aggregation of projects).

Note: The idea of this indicator is that the 2ZERO projects will lead to increased sales of zero tailpipe
emission vehicles, i.e., the market share of these vehicles will increase. The comparison can be made
either against the current reference scenario of the EC or against the relevant existing target of the
2ZERO SRIA. The total activity could be the same.

The most relevant, direct measure of success identified in the 2ZERO SRIA for Technology Leadership
is the number of FTE jobs supported per year in entities involved in Horizon projects addressing the
European Green Deal. However, this measure does not really quantify an actual status of technology
leadership at the time of assessment. It would be valid to hypothesize that Technology Leadership will
lead to more FTE jobs, however the FTE jobs depend on numerous factors (e. g. favourable investment
conditions) that are only indirectly related to this indicator. Other than this high-level link, the 2ZERO
SRIA does not go into more specific detail regarding methods or methodology for assessment of
Technology Leadership.

Itis proposed to use a systematic similar to TRL since project proposals and descriptions of work already
use this systematic to describe in detail what advancements are expected in the project. As previously
mentioned, 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 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 (not the time when the proposal 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.

Similarly, nine levels should be used as indicators to assess the technology leadership. In the European
Commission definition TRL 1-3 ends with experimental proof of concept. Technology has been
demonstrated in the relevant environment with TRL 4-6, and TRL 7-9 ends with the system proven in
the operational environment. Technology leadership indicators 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:

e TLI 1-3 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
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e TLI7-9 demonstrated and communicated with convincing prototypes convince the global
community (TLI 9 would be confirmed by independent reviewers?)

It is important to continue to keep in mind that the assessment is only valid for the specific moment it is
analysed, the indicator 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 out” —maintaining technology leadership for (leading edge) topics with lower TRL will need more
public support than topics with higher TRL).

It may also be valuable to include the classification below from THHINK [64] to be able to differentiate
based on the type of innovation expected.
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Technology

Figure 4 Presentation by Haydn Thompson, THHINK, on Innovation KPI: Different Types of
Innovation [64]

Assume 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:

' Recommended by the projects themselves

29



W

LeMesurier

Measuring the 2ZERO KPIs

TLI

7-9
prototypes convince
global community

W

4-6
experimental evidence,
broader community

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

The question arises and needs to be investigated if the combination of TRL 7-9 and TLI 1-3 really make
sense. As products move closer to market it is assumed that advancements (relevant for global
competitiveness) are no longer at the local concept level but need to be benchmarked beyond the
“surrounding community”. The combination of TRL 7-9 and TLI 4-6 may actually be realistic but needs
to be confirmed in consultation with the projects.

Other measures of success for the 2ZERO SRIA General Objectives are not directly lined up with the
technology leadership but could considered: Number of new vehicle registration of zero tailpipe emission
vehicle in Europe in 2030, both for passenger cars, light duty vehicles (L-Category included) and for
commercial vehicles, and increased affordability of the zero tailpipe emission vehicles.

Although the number of (publicly available) electric recharging and hydrogen refuelling stations available
in the EU in 2030 is also listed as a measure of success, it is assumed that this will be driven primarily
by economic factors and the ability to identify sustainable business cases for the infrastructure.

There is no further elaboration in the SRIA regarding the Generic Objective “Technology Leadership”.

3.2.3 Economic growth

The 2ZERO SRIA is closely aligned with the European Green Deal and aims to make a significant
contribution to achieving SDG 8, which promotes decent work and economic growth. It emphasizes job
creation, technological leadership and the management of challenges [2, page 20] such as raw material
scarcity and geopolitical crises, all of which contribute to Europe’s climate-neutral and economically
resilient future. According to the SRIA, the 2ZERO Partnership will support economic growth across
Europe by enhancing European competitiveness and improving the quality of jobs related to road
transport.

SDG 8 advocates for sustained, inclusive and sustainable economic growth, along with decent work for
all, aiming to enhance economic productivity, promote policies for job creation and improve resource
efficiency to separate economic growth from environmental degradation. As part of the EU's SDG
monitoring for 2023, SDG 8 has led the way in achieving the SDGs by 2030 over the past five years.
Several indicators are used to track the EU’s progress toward sustainable economic growth and decent
work. These include measures of real GDP, investment share of GDP and material footprint.
Furthermore, employment indicators, such as employment rate, long-term unemployment or NEET
rates, further highlight how economic activity translates into job creation and opportunities. In terms of
decent work, fatal accidents at work and the in-work at-risk-of-poverty rate are monitored to ensure that
growth leads to better outcomes for workers.
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Within Horizon Europe, 2ZERO is positioned in Pillar 2, “Global Challenges and Industrial
Competitiveness of Europe” and in Cluster 5, “Climate, Energy and Mobility”, reinforcing cross-sectoral
connections. While the SRIA supplies a framework relevant for economic growth through job creation,
industry competitiveness and technological advancement, economic growth is not explicitly defined as
a primary target within the SRIA’s General, Specific nor Operational Objectives; therefore, there are no
specific KPIs dedicated exclusively to it. However, existing KPIs, outlined in the table below, provide
indicators that may be relevant for assessing the impact of 2ZERO on the Generic Objective “Economic
growth”.

Indicators and Targets

Table 1 Relevant 2ZERO KPIs for the assessment of the Generic Objective Economic growth

KPI Description
GO.KPI1 Proportion of climate related spending (climate mainstreaming) in Horizon Europe
R spending

FTE jobs supported in entities involved in Horizon projects addressing the
GO.KPI.2

European Green Deal per year
GO.KPI.5 Increased affordability of the zero tailpipe emission vehicles

Number of (public and private) transport operators implementing zero tailpipe
SO.KPI.8a . .

business models and use cases for freight and passenger transport
SOKPL11 Feasibility of advanced circular economy strategies in zero emission mobility

solutions demonstrated by performed use cases

0OO0.KPIL.10 Breakdown of EU funding across stakeholder types
OO0.KPIL.12 Share of funding going to SMEs

OO0.KPIL.24 Number of professionals trained in funded projects

3.2.4 European competitiveness

As a first step, the 2ZERO KPIs from the SRIA have briefly been assessed whether they can also serve
as support information for the assessment of the impact on European Competitiveness. With the
majority of the SRIA defined KPIs, a direct connection to European Competitiveness cannot be inferred.
However, these can serve as base for the assessment as some indirect relations exist. This initial
selection list presented in Table 2 below does not necessarily exclude complementary information
collected in the project questionnaires and interviews carried out in WP1 and WP2 that can be relevant
for this assessment.

Indicators and Targets
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Table 2 Relevant 2ZERO KPIs for the assessment of the Generic Objective “European Competitiveness”
KPI Description

FTE jobs supported in entities involved in Horizon projects addressing the

GO.KPI.2 European Green Deal per year
GO.KPL5 Increased affordability of the zero tailpipe emission vehicles
Improvement of the integration of EVs into the grid (and related improvement on
SO.KPI.4 . .
the load curve management and integration of Renewable Energy Sources)
SOKPI5 Improvement of charging efficiency demonstrated: For slow charging (3kW up to
R 22kW); For fast (>150 kW) and ultra-fast charging (> 300 kW)
Number of (public and private) transport operators implementing zero tailpipe
SO.KPI.8a . )
business models and use cases for freight and passenger transport
SO.KPL8b Demonstrated innovative use cases using zero tailpipe trucks for regional, medium
R and long-haul addressing payloads from 7.5 t to 40+ tonnes by 2025-2027
0O0.KPI.1/4 Demonstration of technologies, components, systems and their integration in
R vehicles enabling affordability, high efficiency and fast charging capability
OO.KPL2/3 Demonstrator vehicles and concepts realized in 2ZERO with an optimized cost vs.
R benefit and an expected positive impact on cost drivers ... (LDV/HDV)
OO.KPL5 Optimal balance between battery size, user needs and recharging infrastructure
R capabilities identified from EU funded projects
OO KPI.16 IPR (Patent / Utility Model / Industrial Design / Copyright / Trademark /

Confidential In-formation) generated in funded projects

To complement the assessment analysis, further indicators will be identified and used. Moreover, some
of these will also be used in the evaluation of other Generic Objectives. As mentioned above, these
relations will be taken into account in the analysis in T3.2.

The following indicators are potentially useful to assess European Competitiveness, their relevance will
be considered the further analysis of this Generic Objective:

e market shares, market penetration and time to market from 2ZERO results, e.g. adoption and
affordability of proposed vehicles and innovative solutions, technology components, respective
infrastructure elements etc.;

e innovation output such as number of patents, research publications and commercialization rates of
innovative solutions;

e employment in the relevant sectors, such as number of new jobs created in sustainable transport
sectors or skill shifts within the workforce;

e R&D Capacity and performance, e.g. percentage of GDP or sectoral revenue allocated to research
and development in green technologies;

e willingness to invest in Europe investment inflows derived, e.g. from data of foreign direct
investment, investment sentiment surveys, R&D investment data or venture capital.

Moreover, competitiveness depends on global economic and political framework conditions such as the
availability of long-term governmental strategies, volumes of public funding, volumes of public and
private investment, number of (competing) start-up businesses, control over resources and values
chains, costs of production, energy and resources, access to key digitalisation technologies as well as
the availability and education of personnel.

Within the 2ZERO SRIA, circular economy is only addressed by the Specific Objective “Support the
development of life cycle analysis tools and skills for the effective design, assessment and deployment
of innovative concepts in products/services in a circular economy context.” Within this objective, a
generic target for the LCA and specific target for the CE are provided (“Feasibility of advanced circular
economy strategies in zero-emission mobility solutions demonstrated by performed use-cases" [2]).
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Regarding LCA, the uptake of reliable and consistent tools and methodologies by 2ZERO projects (and
follow-up projects), e.g. based on the CSA TranSensus LCA, has been considered as a suitable
indicator.

The 2ZERO Partnership proposes only two KPIs in the context of circular economy, one general one on
the availability and implementation of a commonly accepted LCA approach and related Life Cycle
Inventory (LCI) database, and one related to the circular material use rate. The latter is in line with the
proposed indicator of the European CE monitoring framework and, as such, is highly relevant for the
assessment of the circular economy. Actual values for such an indicator can be provided by 2ZERO
projects even if not addressed directly within the project. This indicator will be extended within the
LeMesurier assessment towards bio-based and non-fossil-based materials (in case of plastics or
substitution of classic construction materials), since bio-based material sources are also discussed in
the context of CE. Other indicators as proposed in the CE monitoring framework are not applicable for
assessing the KPIs of the 2ZERO Partnership since they are more related to the performance of Member
States. However, indirect values, such as weight saving achieved in a project, could be used to estimate
improvements in material footprint and resource productivity. In general, it is obvious that circularity
criteria have to be harmonised in a similar way as the LCA criteria.

Regarding the LCA, the 2ZERO KPI is not directly relevant to assess circular economy. However, the
degree of uptake of a harmonised approach by the 2ZERO projects indicates the comparability of project
results and the reliability regarding impact assessment of their circularity.

Indicators and Targets

e Indicator: SO.KPIL.9 - Commonly accepted LCA approach
Baseline and target: Baseline is 2020. Only a qualitative, binary target is defined as the availability
of reliable and consistent tools and methodologies with reduced uncertainties supporting the
applicability of LCA/CE strategies.
Note: Data source is the 2ZERO projects, which should provide information on the tools and
methodologies applied, in particular whether they have followed commonly accepted approaches
and how they dealt with uncertainties.

e Indicator: SO.KPI.10 - Implementation of an LCI database
Baseline and target: Baseline is 2020. Only a qualitative, binary target is defined as the availability
of reliable and consistent tools and methodologies with reduced uncertainties supporting the
applicability of LCA/CE strategies.
Note: Data source is the 2ZERO projects, which should provide information on the LCI database
used.

e Indicator: SO.KPI.11 - Feasibility of advanced circular economy strategies in zero emission
mobility solutions demonstrated by performed use cases
Baseline and target: Baseline is 2020. The target is defined as 20% of the vehicle mass is linked
to CE-based product design demonstrated at project level.
Note: Data source is the 2ZERO projects, which should provide information on their CE
achievements in terms of percentage of vehicle mass implemented following CE rules (e.g. based
on 9 R principles, circular and bio-base material use rate) and the specific aspects defined in
Section 2.2.
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4 BASELINE FOR THE ASSESSMENT OF GENERIC
OBJECTIVES

In this chapter, an initial description of the different baselines for each Generic Objective will be provided,
outlining also the potential baseline years and the status quo at that time. The baseline will serve as a
reference to identify how the 2ZERO Partnership affected each Generic Objective. The identification of
the strategic decisions that shaped the EV sector will also enable a description of the reference
conditions and relevance in a wider European context.

The baseline year for these indicators will be set to either 2019 or 2020, providing a reference point for
assessing progress. This baseline offers an overview of the current state of each Generic Objectives
and serves as a benchmark for measuring advancements toward the goals of the 2ZERO Partnership
and the impact on each Generic Objective.

4.1 Carbon neutrality

Since the writing of the LeMesurier project proposal, and then in the Description of Action (DoA) and
Grant Agreement (GA) documents, the term ‘baseline’ has been used to describe the values of the
indicators/KPIs in the ‘base’ year 2020 (or 2019 if the impact of the CoVID-19 pandemic is to be
avoided). Two other terms have been also used, i.e., ‘intermediate’ and ‘measured’; the first was used
to describe the values of the WP2 models in the photo years 2025, 2030 and 2035; the second to
describe these values taking into account the impact (i.e., contribution) of the 2ZERO initiatives.

Since the aim of LeMesurier is to assess the impact of the 2ZERO Partnership and, in order to avoid
further inconsistencies, it is suggested to consider that the ‘baseline information’ in this deliverable is
used to describe the values of the KPIs based on the models PRIMES/TREMOVE, COPERT/SIBYL or
MOVEID used in the WP2 analysis. The baseline values will be those from the model's setup and input
of analysis determined in the ‘base’ year 2020 (or 2019 if the impact of the CoVID-19 pandemic on the
indicator is of relevance). The impact of 2ZERO can then be determined from the model analysis.

4.2 Air quality and health

For the assessment of this particular objective, the baseline will be established using data from 2019,
as done in WP2 with the assessment of other KPIs. These baseline values will represent the state of air
quality at the EU level in 2019 and will serve as a reference point to evaluate the potential progress that
could be made to improve this state as a result of the 2ZERO Iinitiatives. Specifically, these baseline
values will be derived through the models used in WP2, particularly the COPERT/SIBYL and
PRIMES/TREMOVE, which can produce results for air pollutants in addition to energy and GHGs.

Projections for future years (such as 2025, 2030 and 2035 — considered as "intermediate" values in
WP2) will also be derived using the aforementioned models, reflecting expected developments in the
absence of 2ZERO. These "intermediate" values will help predict how air pollution and related health
effects would evolve over time under the currently estimated based on EU regulations. The
PRIMES/TREMOVE model is used by the EC to create the reference scenario (EU Reference Scenario
2020) [17] for policy making purposes etc. Additionally, the COPERT/SIBYL [47] is consistently aligned
with the primary aggregated targets (e.g., energy and activity) of PRIMES and the EU Reference
Scenario.

Finally, the "measured" values, as defined in WP2, will incorporate the impact of the 2ZERO initiatives.
The results from the modelling exercises done in LeMesurier will reflect improvements in air quality and
health outcomes resulting from the implementation of innovative technologies and strategies supported
by the 2ZERO Partnership. The comparison of the "measured"” values (post-2ZERO) with the baseline
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(2019) and intermediate (2025, 2030 and 2035) projections will facilitate the assessment of the 2ZERO
actions' impact on air pollution and public health.

The comparison can be applicable only if the 2ZERO projects provide an estimation of the additional
number of Zero Emission Vehicles (ZEVs) expected to be sold as a result of the projects, in addition to
the current projections for ZEV sales and fuel mix at the EU level. It is acknowledged that obtaining this
kind of information from the 2ZERO projects, which focus primarily on vehicle-level or infrastructure
technological advancements, may be challenging or impossible, or infringe on anti-trust laws. In that
case, scenarios about potential change in projected powertrain shares will be developed based on
modeller's expertise.

4.3 Technology leadership

There are no direct baselines for Technology Leadership indicators since, to the best of our knowledge,
no indicators have ever been defined. It can only be assumed that technical innovations will enable the
industry to achieve the following targets:

1. Atleast 30 million BEVs will be on the roads by 2030. At least 280,000 zero-emission HDV will
be on the roads by 2030, 180,000 of these trucks are for long-haul use.

2. More than 50% new vehicle registration for urban mobility PTW will be electric vehicles,
provided that enabling conditions are met.

3. Contribution to a reduction of at least a 60% reduction of the sale price differential between
conventional vehicles and zero emission vehicles by 2025 and 90% by 2030.

With the following disclaimers:

¢ Notwithstanding the need to fulfil the enabling conditions on charging/refuelling infrastructure
and to prevent major disruptions and shortages.

e With certain enabling conditions necessary dedicated to PTWSs), such as investments in
breakthrough battery policies, reducing cost.

e Number of electric vehicles charging points; standardisation and deployment of interoperable
swappable batteries and related infrastructure; positive incentive scheme. for zero emission
vehicles and fur charging infrastructure

e Provided that a drastic cost reduction of batteries occurred.

In this manner, a baseline for Technology Leadership will depend on the actual task to be addressed.
As an example, Technology Leadership in the area of batteries may tackle the use of enabling novel
materials to provide drastic cost reduction of batteries and still meet the rest of the customers’
requirements in terms of charging times, energy density etc. Now the consortium that achieves this and
can sufficiently demonstrate TRL 8 and can independently confirm in a benchmark (e. g. measurements
by the German driving club, ADAC) with state-of-the-art vehicles, has achieved a Technology Leader of
at least 7 to 9. Achieving a 2ZERO target or enabling the achievement of a target is the pre-requisite
for establishing a TLI.

4.4 Economic growth

The EU’s economy has grown steadily over recent years, contributing to improved employment rates
and better working conditions. This growth has also led to progress in reducing the number of young
people not in employment, education or training (NEET), aligning the EU with its 2030 employment
targets. Additionally, there has been a reduction in fatal work accidents and in-work poverty, reflecting
better conditions for workers across the region (European Commission. Statistical Office of the
European Union., 2023). Table 3 shows the baseline indicators selected for the assessment of the
Generic Objective “Economic Growth”.
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Table 3 Indicators for the assessment of the Generic Objective Economic Growth (many available at
the Eurostat Database [52])
Category Description

e New ZEVs
o0 Cars (e.g. electric 250 thousand in EU27 in 2019)
o0 Goods roads vehicles <= 3.5 tonnes (21k in EU27 in 2019)

Growth in Market for o0 Coaches, buses, trolley buses (1.5k in EU27 in 2019)
Zero Emissions e Share of new zero-emission vehicles in all new vehicles of the same type, by type
Vehicles of vehicle and type of powertrain energy carrier

o Cars (1.8 in 2019 for EU27)
0 Goods roads vehicles <= 3.5 tonnes (1.37 in 2019 for EU27)
0 Buses, motor coaches, trolley buses (4% in 2019 for EU27)
e Employment in high-technology sectors as a percentage of employment (4.1% in
2019)
Total employment domestic concept
o0 Manufacture of motor vehicles, trailers and semi-trailers (2.6 million in
EU27 in 2019)
o0 Manufacture of electrical equipment (1.5 million in EU27 in 2019)
e R&D personnel and researchers in business enterprise sector by NACE Rev. 2
activity and gender (1.7 million in EU27 in 2019 all sectors)
e GERD by sector of performance and fields of R&D (311,657 million in 2019 for EU
27)

Employment

R&D

The Impact Assessment of the European Green Vehicles Initiative (EGVI) evaluates European
competitiveness in the context of green vehicle technologies. The report highlights that the initiative has
played a pivotal role in fostering innovation and technical performance improvements across the EU
automotive sector. EGVI has helped reduce time-to-market for new technologies, while also promoting
cost reductions, boosting skills development and fostering commercial synergies within the green
vehicle ecosystem. These advances, driven by public-private partnerships, have positioned Europe as
a competitive player in the global race towards decarbonization and green transport. One of the standout
metrics is the 40x Return on Investment (Rol), placing the EGVI ahead of international benchmarks,
signifying strong competitive performance when compared to similar initiatives worldwide. The initiative
has also strengthened collaboration across sectors, ensuring that research and innovation (R&)
projects align with broader EU policy goals and the needs of industries, cities and regions. Despite the
successes, the report also identifies areas needing improvement, such as streamlining call preparation
timelines and maintaining a balance between focused project topics and the ambition level, especially
given the rapidly evolving nature of road transport technology. Addressing these could enhance
Europe’s long-term competitiveness in the green vehicles sector.

The ERT Benchmarking Report [50], released by the European Round Table for Industry, provides a
baseline assessment of Europe’s competitiveness. It provides a snapshot of Europe's position relative
to global competitors, it establishes reference points for key competitiveness indicators such as
innovation, investment, regulatory efficiency and industrial performance. The report identifies several
structural challenges, such as a decline in Europe’s share of global industrial output and slowed
productivity growth, particularly in comparison to economies such the USA and Japan. Additionally, it
highlights sluggish progress in infrastructure modernization, including the rollout of 5G and renewable
energy investments, both of which are essential for sustaining industrial competitiveness. The declining
presence of European companies in the Fortune Global 500, coupled with the rising dominance of
Chinese firms, signals a weakening of Europe's global market position, threatening revenue streams
and long-term innovation capacity.

The Draghi report [37] also provides a baseline assessment of Europe's current competitiveness,

highlighting key structural challenges, including low investment in R&D and emerging technologies,
which contribute to slower productivity growth. It highlights the slow digital transformation, with
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insufficient digital infrastructure and gaps in digital skills that hinder Europe’s global competitiveness.
The report also points to labour market rigidities and misalignment between education systems and
industry needs, which limit Europe’s ability to adapt to economic and technological changes. These
factors serve as key indicators of Europe’s current competitive position.

Moreover, the Letta Report [45], although not particularly focussed on electromobility, also provides
relevant baseline information for European Competitiveness, addressing indicators such as investment
in key industries (e.g., green technologies, digital infrastructure and R&D), productivity levels and
industrial output relative to global competitors, alongside challenges related to economic integration and
labour market flexibility within the EU, which are also linked to the road transport sector. The report
outlines key structural challenges and areas of weakness within the EU, particularly focusing on the
need for innovation, investment and industrial modernization. Like those listed above, the report calls
for accelerated investment in sustainable technologies, which would include electric vehicles (EVs) and
the infrastructure needed to support them, such as charging networks and battery production.

These reports are key examples outlining the state of European Competitiveness in recent years, which
can serve as a baseline and establish the framework for future priorities. To explore the possibility of a
guantitative assessment, a set of indicators can be utilized. In line with the 2ZERO Partnership
framework, the year of 2020 would typically serve as the baseline year for the assessment. However,
due to the exceptional societal disruptions caused by the CoVID-19 pandemic, 2019 will be used as the
reference year for indicators significantly affected, as it better reflects normal conditions.

As noted above, the baseline conditions for European competitiveness may also be established through
comparisons with international competitors. Although not being the main focus of the work to be carried
out under the LeMesurier, background information on these framework conditions in competing regions
outside Europe will be relevant in the assessment of European Competitiveness. The Batteries Europe
Partnership offers a comprehensive analysis of the international battery market, comparing key
competitors of the EU, including China, USA, South Korea, India, Canada, Australia, Japan and
Indonesia, providing valuable baseline information. LeMesurier will evaluate which aspects of the
Batteries Europe approach can be adapted for the work planned under WP3, extending its application
to other EV-related technologies and components within the scope of 2ZERO. The collection of
additional baseline information for other thematic areas is currently underway.

European Union

HH TR

Zurope [HI-

Zurope [ VDI| VDE|IT

Figure 6 Examples of country Factsheets from Batteries Europe [8].
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4.6 Circular economy

The baseline for assessing the circular economy should be 2020, just before when the first 2ZERO
project has been initiated as first ideas. As reference for the circular material use rate, the Eurostat data
for the EU-27 of that year (11.6%) can be used [51], see Figure 7 below. However, the material use rate
for different materials differs significantly, while e.g. for steel the content of secondary sources can easily
go up above 20%, a closed-looped usage rate of 6% as proposed by the revision of the End-Of-Life
directive [26] is already a significant challenge to fulfil. Assuming that the material use rate of various
materials employed in a vehicle levels out, using the Eurostat-reported average as baseline value is the
most reasonable approach. Consequently, the 2ZERO target of that indicator would mean almost a
doubling of the circular material use rate. If indicators such as resource productivity or material footprint
are used as well, reference data can be taken from Eurostat as well. However, Eurostat does not provide
specific data for the automotive sector. Again, it is proposed to assume that the reported values are of
the same order for the automotive sector so that they can be used as baseline but broken down on
vehicle level. For that the material footprint per capita must be recalculated as material footprint per
GDP, resulting for the EU-27 in 0,54 kg/€ (material footprint per capita = 14,4 t/capita, GDP per capita
= 26.790 €/capita). In addition, the greenhouse gas emissions from production can be used for
assessing the circular economy linking to the life-cycle assessment. The baseline data for 2020 is being
provided by ACEA [3] as 5,35t CO2/car. The CO2 emissions calculated in 2ZERO projects should follow
the guidelines developed within TranSensus LCA [72].

Material-related indicators

Resource Productivity [€/Kg)
Aaterialuse rate [24]

Year

Figure 7 Resource Productivity and Material Use Rate [51].

5 OUTLOOK

Initial definitions of each Generic Objectives have been provided, along with key European policies that
set relevant targets and ambitions thereto. The six Generic Objectives differ significantly in scope and
focus, requiring tailored approaches for the assessment of impact and effectiveness with regard to the
2ZERO Partnership.

The preconditions for the assessment impact of the 2ZERO Partnership on the Generic Objectives in
LeMesurier vary. The diversity among the Generic Objectives underscores the need for flexibility in the
analysis. While a (semi-)quantitative evaluation will be carried out for some objectives (Carbon
Neutrality, Air Quality, Economic Growth and Circular Economy), a focus on mostly qualitative methods
will be used in the assessment of others due to their abstract nature (Technology Leadership and
European Competitiveness). The assessment methodologies are currently being explored and a full
description of the assessment approach will be provided in Deliverable D3.2. However, an outline of
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potential methods can already be anticipated based on the preliminary work carried out under T3.1, the
identified 2ZERO KPIs and the baseline information gathered so far for each Generic Objective.

For the assessment of the impact on Carbon Neutrality as well as on Air Quality and Health, relevant
modelling tools and data are available to enable at least a qualitative analysis of development scenarios.
Useful baseline information and metrics for different years can be drawn from such models to make a
gquantitative impact assessment possible. The PRIMES/TREMOVE model will be used for the
assessment of impact of the 2ZERO Partnership on Carbon Neutrality. Following the work done in WP2,
it is possible to simulate potential reduction of CO2 emissions resulting from the R&D actions of 2ZERO,
either directly or indirectly, through e.g., increased sales of zero tailpipe emission vehicles compared to
the baseline scenario. Additionally, the model MOVEID is available to carry out further assessment of
impact of electromobility on carbon neutrality beyond changes in tailpipe emissions. This model offers
the possibility to look into the life-cycle GHG emissions from the road sector, including its infrastructure
requirements until 2050 and, therefore, expand the domain of the carbon neutrality assessment.

Similarly, using the COPERT/SIBYL model can be used in the assessment of Air Quality and Health
Generic Objective. Baseline values are already available per year, i.e., tonnes of pollutant X emitted
from road vehicles or number of new registrations per vehicle category, energy type, and segment. As
such, the impact of relevant 2ZERO projects can be assessed indirectly by simulating how an increased
uptake of ZEVs leads to reduced emissions of pollutant X in the future. With available metrics for health
impact assessment from exposure to air pollution it should be possible to translate the emission savings
into avoided premature deaths. The starting points of reference for assessing the harm to human health
from air pollution are those deemed relevant by EEA [40]. It is, however, important to note that this work
will be carried out within the scope of LeMesurier and that, due to the indirect nature of its impact, it is
currently outside the main scope of the 2ZERO Partnership.

Moreover, to capture the potential impact of emissions beyond tailpipe sources - such as upstream
emissions - an additional assessment, even if qualitative, may be conducted. These upstream sources
include emissions from the energy required for new technologies, spanning vehicle and battery
manufacturing to the electricity needed for charging EVs.

The main focus of Technology Leadership is establishing indicators that help assess key innovations
targeted by 2ZERO projects. The concept of a new indicator is being proposed, similar to TRL, a scale
of Technology Leadership Indicator (TLI) is being developed, reflecting the achievement of technical
innovation in comparison with key players. This would rely on expected advancements and ambitions
from the 2ZERO projects compared to what is the known as best-in-class at the time of assessment.
The designed approach enables projects to assess at a fixed point in time (e.g. mid-term or at project
end) the technology leadership that has been achieved for areas and topics where projects plan to go
beyond the state-of-the-art.

To assess the impact on Economic Growth and European Competitiveness, diverse approaches
emphasizing qualitative methods, descriptive outcomes and tailored indicators for each Generic
Objective have been identified. The specific methodologies for these assessments are currently being
refined and will be described in Deliverable D3.2. Additionally, initial interdependencies between these
Generic Objectives have been identified, providing a basis for the upcoming analysis. This evaluation
will leverage not only select 2ZERO KPIs but also a broader set of (new) indicators and data collected
from statistics and directly from projects through a dedicated questionnaire survey, aligned with the work
conducted in WP1.

The assessment of Economic Growth will focus on the potential for public and private investments in
key innovation areas, using baseline information from a literature review and sustainable growth
indicators such as investment share, real GDP and material footprint. Detailed analyses of labour market
indicators and the direct and indirect economic impacts of transforming Europe’s transport sector are
underway, with particular emphasis on labour market effects.
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For the assessment of the contribution of the 2ZERO Partnership to European Competitiveness, it will
be important to assess the market potential and the business cases of the identified key innovations
from the 2ZERO projects, especially in comparison with the development in the international markets,
especially in relation to the USA and to China. The ambition of the project exploitation concepts and the
chance for upscaling the market for the innovative products will be assessed. It is important to distinguish
between global framework conditions, which cannot directly be influenced by the 2ZERO projects, and
factors which are in the hands of 2ZERO project stakeholders (i.e. business plans, plans for investment
attraction, value chain integration, co-operation ecosystems and marketing concepts). The collection of
relevant background information on European competitiveness indicators in the thematic focus fields
(Green Vehicles) and the collection of sector-specific market information in relation to the relevant green
vehicle technologies (developed in the project) for the baseline year (e.g. on the battery development,
fast high-power charging or implementation of circular economy) is ongoing. Where needed, a
guestionnaire complementing the information gathered from WP1 is foreseen, to assess the potential of
2ZERO Partnership to impact European Competitiveness.

A concept like the European Innovation Scoreboard (EIS [34]), which provides a comprehensive
comparative assessment of innovation performance, is being considered as a potential tool for
assessing European Competitiveness and tracking contributions of the Partnership through future
evaluations beyond LeMesurier. The tracking of relevant indicators (as those identified in Chapter 3)
enables the identification of strengths and areas for improvement to boost long-term growth and
competitiveness.

The achievements in terms of circular material use rate will be collected from the 2ZERO projects
addressing either directly circular economy aspects or which have objectives related to vehicle
concepts, vehicle design, lightweighting or LCA. Estimation of circular material use rate in vehicle can
be done through extrapolation of the achievements on component or conceptual level (if not
demonstrated on full vehicle). Averaging over all respective projects results in a single value for the
assessment of the CE Generic Objective. Besides, upcoming projects with life-cycle assessment of their
solutions should provide feedback whether they have applied a harmonised methodology (e.g.
TranSensus LCA) or not and which approach they followed. If the majority used one single approach, it
is reasonable to state that reliable and consistent tools and methodologies are available.
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