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Abstract

This report provides an assessment of relevant European Research and Innovation (R&l) projects in
the smart mobility domain. It analyses 247 projects, primarily funded through Horizon 2020 (126
projects) and Horizon Europe (121 projects). The assessment follows the methodology developed by
the European Commission’s Transport Research and Innovation Monitoring and Information System
(TRIMIS).

The report addresses research and innovation across eight identified thematic areas and outlines
future research needs and challenges. It highlights the significance and advancements of Al-based
transport systems, including solutions such as digital twins, cooperative, connected and automated
mobility (CCAM), vehicle-to-everything (V2X) integration, and multimodal traffic management.
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Executive summary

This report presents a comprehensive analysis of research and innovation (R&l) activities in the field
of smart mobility in Europe, with a focus on EU-funded projects launched since 2020. The selection
of technologies was based primarily on the Transport Research and Innovation Monitoring and
Information System (TRIMIS) database, complemented by CORDIS and other sources. The study
assesses the technological, socio-economic, and environmental dimensions of smart mobility, and its
alignment with European transport policy objectives. It provides insights into the progress made
across eight thematic areas and highlights key trends, challenges, and opportunities for future
research and policy development.

Policy context

The European Union has placed smart mobility at the core of its Sustainable and Smart Mobility
Strategy (SSMS), aiming to make transport greener, smarter, and more resilient. This strategy
supports the deployment of Intelligent Transport Systems (ITS), promotes zero-emission vehicles, and
encourages cities to adopt Sustainable Urban Mobility Plans (SUMPs). It also focuses on enhancing
digital infrastructure (e.g. 5G), facilitating data sharing, and integrating new technologies such as Al
and drones into multimodal transport systems.

Complementary initiatives such as the European Mobility Data Space (EMDS), the ITS Directive, and
the European Strategy on Cooperative Intelligent Transport Systems (C-ITS) further reinforce the
digital transformation of transport. These policies aim to ensure interoperability, real-time traffic
management, and safe deployment of connected and automated mobility (CCAM). The EU also
supports regulatory frameworks for air and maritime transport, including drone integration and
electronic freight documentation, to streamline operations and reduce emissions.

Key conclusions

- Cross-cutting needs for standardisation and data sharing were identified across all thematic
areas. Projects consistently highlighted the lack of harmonised frameworks for safety
validation, data interoperability, and testing protocols—especially in CCAM, traffic
management, and electromobility. The absence of common standards and EU-wide data
spaces is seen as a barrier to scaling up innovations.

- Societal acceptance and inclusivity emerged as critical factors for successful deployment of
smart mobility solutions. Projects stressed the importance of user-centric design,
participatory planning, and equity frameworks to ensure accessibility for all, including
vulnerable groups. Tools for behavioural modelling and impact assessment have been
developed to support inclusive mobility planning.

- Policy support is essential to enable deployment and integration of new technologies. Many
projects called for updates to regulatory frameworks to accommodate automation, Al, drones,
and multimodal logistics. Specific needs include cross-border testing regulations,
cybersecurity standards, and legal clarity around data governance and Al explainability.

- Environmental sustainability and climate objectives are key drivers of innovation across the
smart mobility landscape. The analysed projects demonstrate how EU-funded research and
innovation are advancing a wide range of technologies and solutions — from automation and
digitalisation to multimodal integration and user-centric design. These efforts collectively
support the EU’s climate and policy goals, while also highlighting the importance of



coordinated investment, reqgulatory adaptation, and infrastructure planning to ensure
effective deployment and long-term impact.

Smart mobility is both a job creator and a disruptor. While many projects anticipate new
employment opportunities in tech-driven sectors — such as Intelligent Transport Systems
(ITS), drone operations, and Al development — there is also the potential for job losses due
to automation. Workforce reskilling and inclusive transition strategies are essential to balance
these effects.

Main findings

Quantitative overview of R&l activities:

A total of 247 EU-funded projects were analysed in this report, with funding primarily from
Horizon 2020 (126 projects) and Horizon Europe (121 projects).

The projects were divided in eight thematic domains: Cooperative, Connected and Automated
Mobility (CCAM), Traffic Management, Advanced Electromobility, Air Mobility, Transport and
Urban Planning, Efficient and Sustainable Logistics, Enhanced Transport Safety and Security,
and New Mobility Services.

The total EU contribution exceeded €1.5 billion, with an average project funding of €6.3
million. The largest shares of funding were allocated to CCAM and sustainable logistics.

More than 2,500 organisations participated, with strong representation from Germany, Spain,
Belgium, France, and lItaly. Top organisations included EUROCONTROL and The Institute of
Communication and Computer Systems (ICCS) in Athens.

Main project related R&l findings by thematic areas:

Cooperative, connected and automated mobility (CCAM): Projects have advanced Al-
based perception systems, cybersecurity frameworks, and digital twins for safety validation.
Large-scale demonstrations tested automated vehicles in diverse environments. Societal
inclusion and trust-building were key priorities, alongside efforts to harmonise safety
assurance and testing protocols.

Traffic Management: Innovations focused on Al-driven optimisation of road traffic,
multimodal coordination, and advanced air traffic management. Projects have developed
digital twins, predictive analytics, and decentralised control systems. Policy recommendations
addressed data standardisation, cross-sectoral cooperation, and regulatory support for
multimodal operations.

Advanced Electromobility: Projects have developed smart charging infrastructure, V2X
integration, modular battery systems, and user-centric vehicle designs. Emphasis was placed
on grid integration, circular economy models, and Al-based energy optimisation. Future needs
include standardisation of charging protocols and privacy safequards in V2X systems.

Air Mobility: Research covered vehicle technologies, vertiport infrastructure, urban air
mobility (UAM), and U-space integration. Demonstrations validated UAM concepts and
explored societal acceptance. Key challenges include regulatory harmonisation, cybersecurity,
and integration with existing transport systems.



- Transport and Urban Planning: Projects have delivered digital tools for strategic planning,
scenario modelling, and infrastructure maintenance. Digital twins, Al, and robotics were used
to support predictive maintenance and participatory planning. Recommendations focused on
standardisation, regulatory adaptation, and inclusive digitalisation.

- Efficient and Sustainable Logistics: Projects addressed digital connectivity, automation,
decarbonisation, and multimodal integration. Innovations included 5G-enabled logistics,
autonomous freight systems, and blockchain-secured supply chains. Urban logistics pilots
tested last-mile delivery solutions using Al and shared infrastructure.

- Enhanced Transport Safety and Security: Projects explored cybersecurity, infrastructure
resilience, road safety, and maritime surveillance. Digital twins and Al-based threat detection
systems have been developed to protect critical infrastructure. Several projects contributed
to reqgulatory development, including frameworks for autonomous operations and
cybersecurity compliance.

- New Mobility Services: Projects piloted electric Bus Rapid Transit (BRT) systems, shared
mobility hubs, and MaaS/MaaC platforms. Data governance and Al-based planning tools
supported intelligent transportation services. Urban mobility initiatives focused on inclusivity,
climate neutrality, and behavioural insights.

Related and future Joint Research Centre work

In the recent years, JRC has carried out numerous studies on smart mobility, examining its
development and implications from multiple perspectives.

A recent JRC study, titled “Mobilising the future - Horizon-scanning for emerging technologies and
breakthrough innovations in the field of mobility” (European Commission, 2025d), investigated
emerging technologies, particularly in the context of transport systems, networks and multimodality.

Several JRC initiatives have specifically focused on cooperative, connected and automated mobility
(CCAM), including demonstration projects (European Commission: Joint Research Centre, 2019). A
notable example is the creation of the Future Mobility Solutions Living Lab (FMS-Lab) at the JRC site
in Ispra (ltaly) (European Commission: Joint Research Centre, 2021), where citizens, researchers,
public authorities and industrial players are engaged in the co-creation of innovative mobility
solutions, including autonomous vehicles. A recent JRC study examined the energy implications of
CCAM services, focusing on the complex interplay between automation and energy consumption
(European Commission: Joint Research Centre, 2025c). Another JRC study evaluated the impact of
automation and connectivity on traffic flow and CO2 emissions (Makridis et al, 2020). The
investigation also extended to aspects of accessibility and inclusivity (European Commission: Joint
Research Centre, 2025b).



Moreover, since 2017 the Transport Research and Innovation Monitoring and Information System
(TRIMIS) has published a wide array of reports analysing transport-related research and innovation
activities across Europe. Recent TRIMIS publications have addressed various aspects of smart
mobility, such as public transport and urban mobility (European Commission: Joint Research Centre,
2022), logistics and automation (European Commission: Joint Research Centre, 2025a), transport
safety and resilience (European Commission: Joint Research Centre, 2023) and drone technologies
(European Commission: Joint Research Centre, 2024). Among these, the recent report on new and
emerging transport technologies (European Commission: Joint Research Centre, 2025e) highlights key
developments shaping the smart mobility landscape.

Quick guide

The report is structured to provide a comprehensive overview of the topic. Chapter 2 provides the
context of the report, presenting the policy background and a literature review on the smart mobility
concept. Chapter 3 describes the detailed methodology and the project selection procedure. Chapter
4 analyses quantitative trends in the EU research and innovation, while Chapter 5 delves into an in-
depth assessment of the relevant R&lI projects, including their socio-economic and policy implications.
The report concludes with a summary of findings and an outline of directions for future research in
Chapter 6.



1. Introduction

The transformation of the European transport system is a cornerstone of the European Union’s
broader strategy to achieve climate neutrality, digital leadership, and social inclusion. As mobility
becomes increasingly complex and interconnected, the concept of smart mobility has emerged as
a quiding framework for integrating technological innovation with sustainability and user-centric
design.

Smart mobility encompasses a broad spectrum of innovations, including cooperative, connected and
automated mobility (CCAM), advanced electromobility, traffic management, urban air mobility, and
integrated multimodal services. These developments are increasingly interdependent, requiring
coordinated advancements in enabling technologies such as artificial intelligence (Al), 5G connectivity,
battery systems, and vehicle automation.

This transformation is strongly supported by a comprehensive EU policy framework that guides the
development and integration of smart mobility solutions. Central to this framework is the Sustainable
and Smart Mobility Strategy (SSMS) (European Commission, 2020), which sets ambitious targets for
reducing transport emissions by 90% by 2050 and outlines 82 initiatives to make mability greener,
smarter, and more resilient. Complementary instruments include the New EU Urban Mobility
Framework (European Commission, 2021), which encourages cities to adopt Sustainable Urban
Mobility Plans (SUMPs), the European Mobility Data Space (EMDS) (European Commission, 2023),
enabling secure and interoperable data sharing across transport modes, and the updated Intelligent
Transport Systems (ITS) Directive (Directive (EU) 2023/2661), accelerating the deployment of digital
transport services. The EU also supports the integration of drones and urban air mobility through
the European Drone Strategy 2.0 (European Commission, 2022), and the digitalisation of freight
transport via the electronic freight transport information (eFTI) Regulation (Regulation (EU)
2020/1056) and the European Maritime Single Window Environment (EMSWe) (Regulation (EU)
2019/1239).

This report provides a comprehensive assessment of the European Union’s Research and Innovation
(R&l) landscape in the domain of smart mobility. It builds on the Transport Research and Innovation
Monitoring and Information System (TRIMIS), a comprehensive platform that offers detailed
information on transport-related R&l activities across Europe. TRIMIS serves as a central resource for
analysing technological developments, policy alignment, and innovation trends. It offers detailed data
on projects, initiatives, and technological developments, serving as a valuable resource for analysing
the research and innovation transport landscape. Additionally, as part of the report's scope, the TRIMIS
database has been updated, and new projects have been added through extensive efforts to identify
other R&I projects beyond the database. This enriches the database and ensures a comprehensive
review of the European research and innovation landscape in the field of smart mobility.

In total, 247 EU-funded projects were selected and analysed, reflecting the evolving priorities of the
Horizon 2020 and Horizon Europe programmes. These projects span eight thematic areas:

- Cooperative, connected and automated mobility (CCAM),
- Traffic management,

- Advanced electromobility,

- Air mobility,

- Transport and urban planning,
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- Efficient and sustainable logistics,
- Enhanced transport safety and security,
- New mobility services.

The report is motivated by the growing need to understand how R&l activities align with the EU’s
strategic objectives, particularly those outlined in the Sustainable and Smart Mobility Strategy,
the European Green Deal, and the Digital Europe Programme. It also responds to the increasing
complexity of mobility systems, which require integrated solutions that combine digital technologies,
infrastructure innovation, and behavioural change. By mapping the current state of R&I and
identifying emerging trends, the report aims to support evidence-based policymaking and guide future
research directions.

This report explores both technological advancements and socio-economic dimensions. It analyzes
the development of key enabling technologies, such as Al, 5G connectivity, battery systems, and
vehicle automation, while also assessing their broader implications for societal acceptance, inclusivity,
regulatory adaptation, and market integration. Emphasis is placed on the importance of public-private
partnerships, cross-sector collaboration, and the seamless integration of mobility services across
different modes and regions.

The structure of this report reflects the multidimensional nature of smart mobility. Following this
introduction, Chapter 2 sets the stage by presenting the relevant policy background and offering a
literature review of the concept of smart mobility. Chapter 3 outlines the methodology adopted for
selecting and assessing the R&I projects analysed in the report. Chapter 4 provides an overview of
the selected projects, including funding sources and participating organisations. The core of the report
is found in Chapter 5, which delivers an in-depth analysis of R&I activities across the eight thematic
areas, highlighting key technological achievements, societal challenges, and policy implications.
Finally, Chapter 6 concludes the report with a synthesis of the main findings and offers
recommendations to guide future R&l efforts in the field of smart mobility.

11



2. Background

This chapter provides the background for the evaluation of European R&l initiatives and their
contribution towards smart mobility. It focuses on the overview of subject-relevant European policies
and regulation as well as literature review of the smart mobility concept.

2.1. Policy background

The European Union has been actively working on regulations to promote various elements of smart
mobility as part of its broader strategy for sustainable transport.

The Sustainable and Smart Mobility Strategy (SSMS) (European Commission, 2020) is a key
initiative that aims to transform the EU transport system to be greener, smarter, and more resilient.
The SSMS is a comprehensive plan aimed at aligning the EU transport system to the European Green
Deal. The strategy targets a 90% reduction in transport emissions by 2050 through green and digital
initiatives. It includes an Action Plan with 82 initiatives to make transport more sustainable,
competitive, safe, accessible, and affordable. Key milestones include deploying zero-emission
vehicles, doubling high-speed rail traffic, and creating climate-neutral cities. This strategy is crucial
for smart mobility as it emphasises the integration of various transport modes, resilience to future
crises, and the deployment of Intelligent Transport Systems (ITS) to enhance road transport
operations. The main objectives include:

0 Leveraging smart digital solutions and ITS to enhance road transport operations;

0 Developing and validating new technologies, supporting drone deployment, and ensuring robust
digital infrastructure, including 5G;

0 Facilitating data sharing to improve transport efficiency and security.

The New EU Urban Mobility Framework (European Commission, 2021) aims to create a
sustainable, smart, and healthy urban mobility system, supporting the European Green Deal's
objectives. It emphasises the need for cities to adopt Sustainable Urban Mobility Plans (SUMPs) by
2025, promoting zero-emission vehicles, and developing infrastructure for electric and hydrogen
vehicles. This framework is crucial for smart mobility as it enhances active mobility, improves urban
logistics, and supports multimodal transport systems. The framework focuses on:

0 Encouraging cities to adopt SUMPs;
0 Making walking and cycling safer and more attractive;
0 Implementing innovative solutions for efficient urban logistics.

On the other hand, the EU focuses on the digital backbone of the sustainable and smart mobility
transformation. The Creation of a common European mobility data space (EMDS) (European
Commission, 2023) is an initiative designed to facilitate the access, pooling, and sharing of transport
and mobility data across the EU. By overcoming technical and legal barriers, the EMDS aims to ensure
secure data transactions and enhance cybersecurity in the transport sector. This initiative supports
smart mobility by increasing data availability, improving data interoperability, and streamlining data
access and sharing, which are essential for efficient and innovative transport services. Key goals
include:

0 Enhancing essential services by making key data more accessible;
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d Ensuring users can easily find and understand data sources and their conditions for use;
0 Facilitating non-discriminatory data sharing across various transport modes.

In the coming years, the digitalisation of transport in general and Intelligent Transport Systems
(ITS) in particular are expected to make significant advancements. The ITS Directive (Directive
2010/40/EU) was adopted on 7 July 2010 to accelerate the deployment of these innovative transport
technologies across Europe. The directive provides a legal framework for coordinated ITS
implementation, ensuring interoperability and seamless services. Key priorities include traffic and
travel information, the eCall emergency system, and intelligent truck parking. The Directive focuses
on:

d Providing real-time, accurate traffic and travel information to improve route planning and
reduce congestion;

d Implementing systems like eCall and intelligent truck parking to enhance road safety;

0 Encouraging the use of low-emission vehicles and promoting sustainable urban mobility
solutions.

The ITS Action Plan complements the Directive by promoting the availability and access to accurate
public road, traffic, and travel data, which are crucial for smart mobility applications such as digital
maps, in-car navigation, and traffic management.

A new Directive (Directive (EU) 2023/2661) amending the ITS Directive was adopted on 22 November
2023, with the aim to adapt to the emergence of new road mobility options, mobility apps and
connected and automated mobility. The objective is to stimulate the faster deployment of new,
intelligent services, by proposing that certain crucial road, travel and traffic data is made available in
digital format, such as speed limits, traffic circulation plans or roadworks. It will also ensure that
essential safety-related services are made available for drivers along the TEN-T network.

The SSMS identifies the deployment of ITS as a key action in achieving a connected and automated
multimodal mobility. The latter combines new developments such as Mobility as a Service (MaaS) and
cooperative, connected and automated mobility (CCAM).

Intelligent Transport Systems (ITS) are another key component of the smart mobility framework and
shapes the transition to zero-emission, connected and increasingly automated transport systems. At
policy level, ITS are governed by Directive (EU) 2023/2661, adopted on 22 November 2023, which
amends the original ITS Directive from 2010. Its aim is to adapt to the emergence of new road
mobility options, mobility apps, and connected and automated mobility. The Directive redefines the
following four priority areas of ITS:

l. Information and mobility ITS services

ll. Travel, transport, and traffic management ITS services

[ll. Road safety and security ITS services

IV. ITS services for cooperative, connected, and automated mobility

The objective is to accelerate the deployment of new, intelligent services by improving the availability
of travel and traffic data—such as speed limits, traffic circulation plans, and roadworks. Ensuring the
provision of safety-related services along the TEN-T network is another important goal.
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Recent advancements in Artificial Intelligence (Al) are significantly transforming the transportation
sector, making it smarter, safer, and more efficient. The Al Act and Al Pact (Regulation (EU)
2024/1689) establish a legal framework for Al, addressing risks and promoting innovation. The Al Act
provides clear requirements and obligations for Al developers and deployers, while the Al Pact
supports organisations in implementing Al Act measures. These initiatives are relevant for smart
mobility as they ensure Al systems are safe, robust, and secure, promoting transparency and
accountability in Al use while fostering innovation in transport technologies. The Al Act and Al Pact
focus on:

d Ensuring Al systems are safe, robust, and secure;
& Promoting transparency and accountability in Al use;
d Supporting innovation while protecting user rights.

Focusing on freight transport, the eFTI Regulation (Regulation (EU) 2020/1056) establishes a legal
framework for the digital exchange of freight transport information across the EU. This digital shift
will apply to road, rail, inland waterway, and air transport. By replacing paper-based documentation
with electronic data, the regulation aims to reduce administrative burdens and enhance data security.
This regulation supports smart mobility by promoting the use of advanced digital technologies and
data-driven solutions in freight transport, facilitating real-time data sharing, and improving logistics
planning and multimodal transport integration. The regulation's objectives include:

d Replacing paper-based documentation with electronic data across all transport modes;
d Ensuring freight transport information is securely stored and easily accessible;
0 Facilitating real-time data sharing to improve logistics planning and routing efficiency.

Concerning aviation, the Single European Sky (SES) initiative (European Commission, 2025) aims
to improve air traffic management (ATM) performance by addressing airspace fragmentation and
enhancing safety, capacity, and environmental efficiency. The SESAR (Single European Sky ATM
Research) Project, as part of this initiative, focuses on modernizing ATM infrastructure and procedures.
This initiative supports smart mobility by integrating new flying vehicles, including drones, and
enhancing data sharing and cybersecurity in ATM. The SES initiative's main goals include:

0 Developing and deploying interoperable ATM solutions;
0 Ensuring safe integration of drones and other new vehicles in all airspace classes;
d Promoting secure data sharing and connectivity in ATM.

Drones are increasingly becoming a vital part of the transportation sector, offering innovative
solutions for various logistical challenges. The European Drone Strategy 2.0 (European
Commission, 2022) outlines the development of the European drone market, focusing on safety,
innovation, and integration with air traffic management. It aims to pursue large-scale commercial
drone operations while ensuring societal acceptance and environmental sustainability. This strategy
is relevant for smart mobility as it promotes the use of drones for various transport applications,
enhancing efficiency and reducing environmental impact. The strategy's key areas include:

0 Ensuring safe drone operations and integration with air traffic management;
d Focusing on environmental impacts, societal acceptance, and key technology building blocks;

0 Improving interoperability and reducing costs through technology rationalisation.
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For waterborne transport, the EMSWe Regulation (European Maritime Single Window
Environment) (Regulation (EU) 2019/1239) streamlines the electronic transmission of information
related to reporting obligations for ships in EU ports. It comprises a network of maritime National
Single Windows with harmonized reporting interfaces, facilitating data exchanges and reducing
administrative burdens. This regulation enhances the efficiency of maritime transport and supports
smart mobility by ensuring interoperability and seamless data exchange between maritime and other
transport modes. The main goals are:

0 Harmonising and streamlining reporting obligations to reduce administrative burdens;

& Ensuring compatibility and seamless data exchange between national single windows and other
systems;

d Facilitating faster and more efficient maritime transport operations.

Regarding inland navigation, the River Information Services (RIS) (Directive 2005/44/EC) is the
concept whereby information services in inland navigation support traffic and transport management
in inland navigation, including interfaces with other modes of transport. Directive 2005/44/EC (“RIS
Directive)” on harmonised river information services on the EU’s inland waterways requires Member
States to implement RIS according to certain standards. The RIS are expected to improve safety,
efficiency and the environmental friendliness of inland navigation. The EU has taken a global
approach that encompasses policy development, a legal framework, support for research and
development and monitoring of implementation of the legislation.

The RIS Directive refers to the four key technologies: Inland Electronic Chart Display and Information
System (Inland ECDIS), Notices to Skippers (NtS), Inland (AlS) and Electronic Reporting International
(ERI).

Figure 1. Timeline for smart mobility EC documents
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2.2. Literature review

Smart mobility is a multidimensional concept that integrates technological innovation, sustainability,
societal and user-centric approaches to improve transportation systems. It is a very broad concept
without one common definition - neither within the scientific literature or in strategic documents from
the European Commission, with multiple policies addressing various aspects of smart mobility (see
section 2.1). This chapter presents the evolution of smart mobility concept, including a review of its
definitions and key components, drawing on insights from top academic journals and research papers.

Smart mobility in academic literature

Over the years, the concept of smart mobility has attracted increasing attention from researchers.
The number of scientific publications on the topic has grown significantly—from just one paper in
2010 to over 400 in 2023—and it continues to be a popular area of study (see Figure 2). This refers
only to publications explicitly using the keyword "smart mobility." It is important to note, however, that
the total number of research papers addressing specific aspects of smart mobility—such as traffic
management technologies, cooperative, connected, and automated mobility (CCAM), and the
application of artificial intelligence (Al) and machine learning (ML) in transport systems—is
considerably higher.

Figure 2. Number of scientific publications addressing smart mobility
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Source: Own elaboration based on data from ScienceDirect.com, JRC, 2025

The large volume of publications reflects the complexity of the topic and the wide range of
multidisciplinary approaches available for its analysis. Smart mobility is conceptualized as a
multidisciplinary field that spans various domains. Nevertheless, several recurring trends and
analytical patterns can be observed across the literature.
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Smart mobility is often regarded as a component of the broader smart city concept (e.g., Aleta et
al, 2017; Benevolo et al., 2015; Orlowski & Romanowska, 2019; Peprah et al., 2019). As a key element
of smart cities, smart transport relies heavily on the widespread adoption of information and
communication technologies (ICT), along with related innovations such as smart streets integrating
various technologies such as loT sensors, smart parking and adaptive lighting systems, smart public
transport, and advanced traffic management systems. It encompasses the deployment of new vehicle
types, transport modes, mobility services, and business models with the aim of making transportation
systems more efficient, resilient, citizen-friendly, and sustainable.

The technological and innovative dimension is also a core and recurring element of smart mobility.
It is frequently defined as the integration of intelligent, sustainable, and cooperative technologies
with cloud computing and big data usage. Numerous studies demonstrate how smart and sustainable
technologies, along with big data applications, can enhance the overall efficiency of transport
systems, improve urban accessibility, and contribute to residents' well-being (e.g., Kim et al,, 2015;
Popescu & Nicolescu, 2025). Butler et al. (2020) identified six key smart mobility innovations most
commonly discussed in the literature: (a) intelligent transport systems; (b) alternative fuel systems;
(c) driving automation systems; (d) shared mobility services; (e) demand-responsive transport; and (f)
integrated mobility systems.

Smart mobility is also frequently associated with the concepts of sustainability and sustainable
development (e.g., Lyons, 2018; Miller-Eie & Kosmidis, 2023). Emphasis is often placed on user-
centric models and inclusive systems that improve accessibility, quality of life, and social
sustainability (e.g., Jeekel, 2017; Neirotti et al, 2014). Smart mobility measures can contribute to
sustainability in various ways, including reducing congestion through improved traffic flow,
integrating environmentally friendly technologies and fuels, and implementing innovative systems.
These also encompass institutional and organizational innovations, such as smart low-emission zones
and Sustainable Urban Mobility Plans (SUMPs). Pamucar et al. (2023) link smart mobility with the
broader smart city concept and the use of big data to enhance urban well-being and sustainable
development. Furthermore, their study highlights the connection between smart mobility initiatives
and the circular economy, emphasizing innovative solutions that make cities more reliable, user-
friendly, and accessible.

Most studies, however, emphasize the multidimensional nature of smart mobility, which generally
aims to achieve sustainable development by optimizing transport services while addressing
technological, societal, economic, and environmental challenges (e.g., Paiva et al.,, 2021; Zawieska &
Pieriegud, 2018). This multidimensionality is also reflected in the analysis of Amsterdam’s smart
mobility system, which identifies six key dimensions: sustainability, efficiency, safety, accessibility,
convenience, and cost-effectiveness. Together, these elements offer a holistic perspective on the
city’s urban mobility strategy (Qinita et al., 2025).

Another example is the study led by Mari Luz Brownrigg-Gleeson, which identifies and explores the
23 governance challenges involved in deploying smart mobility strategies in metropolitan areas. The
study is framed around the six dimensions of the Smart City concept: smart governance, smart living,
smart environment, smart mobility, smart economy, and smart people. It defines smart mobility as a
user-centric, multimodal, inclusive, safe, active, clean, efficient, and resilient mobility system, driven
by ICT-based innovation. The researchers conceptualize smart mobility as a complex and
multidimensional phenomenon that requires a holistic approach—one that considers the
interdependencies among various urban systems and stakeholders. (Brownrigg-Gleeson et al.,, 2025).
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In academic literature, many publications acknowledge the complexity of the smart mobility concept
and, rather than offering a single, unified definition, present various elements that contribute to a
broader smart mobility framework. For example, Docherty et al. (2018) identify several core building
blocks of smart mobility, including the use of new forms of user-generated and user-centered data,
a shift from private car ownership to shared mobility and Mobility-as-a-Service (MaaS) models, the
integration of mobility and non-mobility options, the electrification of vehicle fleets and supporting
infrastructure, and the automation of vehicles. This approach highlights the importance of integrating
data-driven technologies and sustainable infrastructure to enhance transportation accessibility and
efficiency.

Another recent study analysing 397 academic papers on smart mobility identified six major thematic
areas within the literature: (1) sustainability, urban planning, and smart cities; (2) accessibility,
multimodal transport, and sustainable mobility; (3) economic growth, regional disparities, smart
transportation, and urbanization; (4) regional planning and policymaking; (5) geography and urban
agglomeration; and (6) regional development and traffic congestion (Almassawa et al., 2025).

Smart mobility is considered as encompassing not only passenger transport but also freight and
logistics systems, forming an integral part of sustainable and intelligent transportation networks. The
integration of freight transport into smart mobility frameworks is driven by similar goals such as the
need for greater efficiency, resilience, sustainability, and real-time responsiveness in supply chains.
Emerging technologies such as artificial intelligence (Al) and big data analytics play a pivotal role in
this integration by enabling route optimization, predictive maintenance, and improvements in energy
efficiency. Recent studies have examined the impact of smart transportation logistics and the
application of technologies such as the Internet of Things (loT), Al, and data analytics to optimize
freight flows, support real-time tracking, enable predictive maintenance, and facilitate dynamic
routing—capabilities that are essential for modern logistics operations (e.g, Ho et al, 2025;
Shamsuddoha et al,, 2023; Winkelhaus & Grosse, 2020). These advancements also contribute to
emission reductions and support the coordinated movement of both people and goods. As a result,
freight transport is no longer viewed in isolation but as part of an interconnected, data-driven
ecosystem aligned with the broader goals of smart mobility.

Smart mobility is also a continuously evolving and multimodal concept, extending to innovations in
emerging transport modes such as air mobility. Urban air mobility (UAM) is a rapidly advancing field
that introduces not only new travel options but also a range of challenges and risks (Janotta &
Hogreve, 2024; Pak et al., 2024). One particularly transformative development is the deployment of
Al-based technologies and solutions in air traffic management (ATM), which is expected to have a
significant impact on both current and future mobility systems (Ali et al., 2025; Shrestha et al,, 2021).
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In summary, smart mobility is widely recognized in the literature as a multifaceted and
comprehensive concept aimed at enhancing the sustainability, resilience, efficiency, and inclusivity of
transport systems. It encompasses a broad spectrum of technologies, transport modes, and
operational strategies designed to reduce congestion, lower emissions, and promote user-friendly
travel, while fostering collaboration between public and private sector stakeholders. Central to this
concept is the integration of advanced technologies—such as real-time data analytics, connected and
automated mobility, artificial intelligence, and digital platforms—which enable seamless access to
diverse transport options. These systems are designed to align technological innovation with social,
economic, and environmental goals, thereby improving accessibility, safety, and overall quality of life
in urban areas. The reviewed literature presents smart mobility as a dynamic framework that
facilitates end-to-end travel solutions through public-private collaboration, emphasizing modal
optimization, decarbonization, and digital integration as key components. Based on these
foundational elements and data from the 247 analysed projects, this report categorizes smart
mobility initiatives into eight thematic areas, reflecting the field’s diversity and complexity. Further
details on the methodology used can be found in Chapter 3, which outlines the approach taken to
understand the various elements of smart mobility.
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3. Methods and data

3.1. Project selection method and data collection

To answer to the requirements set in the report scope, we employ an approach based on the Transport
Research and Innovation Monitoring and Information System (TRIMIS) database of R&l projects and
knowledge management framework (Figure 3).

Figure 3. Overview of TRIMIS Science for Policy methodology
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The analysis presented in this report focuses on the subset of the TRIMIS and CORDIS database, to
provide for a concise yet comprehensive overview of the EU research and innovative trends. The data
collection procedure involved several steps outlined below to ensure a comprehensive identification
of research and innovation projects relevant for the report.

1. Keyword search

The keyword search included descriptive fields contained in TRIMIS and CORDIS databases
such as project title, strategic objectives, summary, work performed, and final results.

2. Filtering of search results
Due to the too large number of projects, additional filters were applied:

(1) Budget greater than 1 million EUR and
(2) Start date after 01/01/2020.

This resulted in the identification of 485 projects for further analysis.
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3. Evaluation of projects

The next step involved manual and automated evaluation of the projects using GPT@JRC. The
selection criteria included the project's relevance to the topic of report namely through a
direct link to the concept of smart mobility concept and the use of innovative techniques and
tools by the projects: Artificial Intelligence (Al), Machine Learning (ML), Big Data and all related
solutions.

A further manual search of additional projects was carried out from other relevant funding
sources e.g. EIB, EIC, EIT, Interreg, CEF Transport, DEP to complete the EU-funded smart
mobility innovation landscape other than R&I Framework Programme sources.

This step led to identification of 247 projects most relevant for the scope of the report. The
full, final list of projects identified is attached to the report.

Review of projects

Each project was examined to verify their focus and relevance. Full description of the project
assessment is presented below.

3.2. Project assessment

The project analysis was based on publicly available information, including data from project cards in
CORDIS and TRIMIS, project websites, and project-related publications such as public deliverables and
scientific or technical papers. This information was examined to identify developed innovations and
achievements, and to assess their alignment with transport policy objectives.

As part of the analysis, the following elements were extracted from the publicly available project
materials:

1

Technological and non-technological innovations, including their targeted and achieved
performance. For completed projects, the emphasis was placed on the actual achievements
and market readiness of the innovations. For ongoing projects, the focus was on performance
targets and milestones already reached.

Use cases, detailing the types of vehicles and technologies involved (e.g., smart mobility,
artificial intelligence (Al), Machine learning (ML), Intelligent Transport Systems, Cooperative,
connected and automated mobility (CCAM), Autonomous driving, traffic management,
Vehicle-to-Everything (V2X), big data etc. ).

Evidence of experimental validation, real-world deployment and demonstration of
technologies, and assessments of technology and market readiness.

Policy, standardisation, and regulatory implications, including recommendations provided by
the projects to facilitate market introduction of the solutions.
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Smart mobility is a very broad concept, covering various aspects and modes of transport. In order to
reflect the complexity of the subject, the projects analysed have been grouped according to the
research areas and the type of measures implemented, resulting in eight main sections of the
analysis:

1. Cooperative, connected and automated mobility (CCAM)
Traffic management

Advanced electromobility

Air mobility

Transport and urban planning

Efficient and sustainable logistics

Enhanced transport safety & security

© N O U A~ W N

New mobility services

Moreover, each of the sections above contains additional subthemes covering projects addressing
similar research problems and challenges. Although the report includes a lot of interdisciplinary and
multi-topic projects often covering several of the areas mentioned above, for clarity and to avoid
redundancy, each project is assigned only to one category and subtheme based on its primary focus.
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4. Overview of selected projects

This chapter provides an overview of financial, geographical and organisational aspects related to the
projects and programmes analysed in this report.

4.1. Project funding sources

The 247 projects reviewed for this report are almost equally divided between two Framework
Programmes: H2020 (126 projects) and Horizon Europe (121 projects). The vast majority are funded
under the two main funding schemes, Research and Innovation Actions (RIA) and Innovative Actions
(IA). Other funding schemes account for a significantly smaller number of projects. The analysed set
includes nine projects that received funding dedicated to small and medium-sized enterprises — four
projects funded through the SME instrument under Horizon 2020 and five projects through the EIC
under Horizon Europe Framework Programme. Nevertheless, it should be noted that many more SMEs
participated as members of consortia in other projects covered by our analysis. The total set of
projects also includes eight supported by the European Research Council (ERC), four Coordination and
Support Actions (CSA), and two fellowships under the Marie Sktodowska-Curie Actions (MSCA)
programme (Figure 4).

Figure 4. Smart mobility projects by Framework Programme and funding scheme
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Figure 5 presents a more detailed distribution of projects by funding schemes in each of the
Framework Programmes. In both H2020 and Horizon Europe, the majority of projects were Innovative
Actions (IA), with a slightly smaller share of Research and Innovation Actions (RIA).

Figure 5. Division of EU contribution by funding scheme in Framework Programmes

EU contribution in Horizon Europe and Horizon 2020 Smart Mobility projects
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As detailed in Chapter 5, the analysis of the smart mobility projects covered in this report has been
carried out for 8 defined thematic areas: cooperative, connected and automated mobility (CCAM),
traffic management, advanced electromobility, air mobility, transport and urban planning, efficient
and sustainable logistics, enhanced transport safety & security and new mobility services.

The size of each section in terms of humber of projects, EU contribution and average and total budget
is presented in Figure 6. The data show that R&l themes from CCAM and sustainable logistics were
covered by the highest number of projects and the largest total budget. At the level of individual
projects, CCAM and Advanced Electromobility projects had the highest average budget. The funding
varies from 1 million EUR to 30 million EUR. The average EU contribution per project amounted 6.3
million EUR, with median on the level of almost 5.0 million EUR.
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Figure 6. Smart mobility projects by themes - budget
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4.2. Participant organisations

In total, 2563 project partners participated in all 247 projects analysed, with some organisations
participating in more than one project. Using the CORDIS database, it was possible to collect details
such as the country of each organisation (project partner), its role in a project and, where possible,
information on the EU contribution.

The top 10 organisations accounted for 271 participations in the projects covered by the report, with
the leading organisation, EUROCONTROL, involved in 36 of them. In terms of financial support, the
leading organisation received more than 20 million EUR (The Institute of Communication and
Computer Systems (ICCS) in Athens, 27 projects).
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Eleven organisations received more than 10 million EUR. It is worth noticing that seven organisations
were among the top 10 most active both in terms of number of projects they participated in as well
as in terms of received EU contribution at the same time. Figure 7 presents more detailed comparison
of the most active organisations in this field.

Figure 7. Most active organisations in Smart mobility R&I projects
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CERTH - Centre for Research and Technology Hellas

DLR - German Aerospace Center

ERTICO - ERTICO - ITS Europe

Eurocontrol - European Organisation for the Safety of Air Navigation

ICCS - Research University Institute of Communication and Computer Systems
Indra - Indra Sistemas SA.

TNO - Dutch Organisation for Applied Scientific Research

TU Delft - Delft University of Technology

VTT - VTT Technical Research Centre of Finland Ltd

Source: Own elaboration based on TRIMIS and CORDIS data, 2025
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Figure 8 summarises information about participation and coordination of the projects by country.
Organisations from Germany, Spain, Belgium, France and Italy participated in the highest number of
projects (up to 179 — Germany). Organisations from these countries, followed by organisations from
Greece and the Netherlands, have been the most active in project coordination. Organisations from
Spain coordinated the highest number of projects — 50. The figure also shows that organisations from
Central and Eastern Europe have been relatively less active in terms of participation in or coordination
of Smart mobility projects, however, there are some exceptions (e.g. Greece, Poland, or Cyprus).

Figure 8. Participation and coordination of R&l projects by country
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5. EU research and innovation in smart mobility

This chapter of the report provides information on the R&l directions, projects descriptions and
achievements, future research indications and policy implications related to the EU funded projects
on smart mobility.

The projects have been grouped in eight sections, based on their research areas, objectives and type
of measures implemented:

1

2
3
4
5.
6
7
8

Cooperative, connected and automated mobility (CCAM)
Traffic management

Advanced electromobility

Air mobility

Transport and urban planning

Efficient and sustainable logistics

Enhanced transport safety & security

New mobility services

The complete list of reviewed projects is available at the JRC Open Data Repository web page.
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5.1. Cooperative, connected and automated mobility (CCAM)

5.1.1. Overall direction of R&I

The EU's Research and Innovation (R&l) efforts in cooperative, connected and automated mobility
(CCAM) are focused on several aspects, like advancing technological integration, improving
infrastructure connectivity, analysing societal issues and developing smart systems.

Our analysis covered 47 projects in the field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following five subthemes:

1. Key enabling technologies

Projects: AI4CCAM, Al4CSM, AITHENA, CONNECT, SELFY, TEACHING

2. Vehicle technologies

Projects: ARCHITECTECA2030, AWARE2ALL, AUTOBARGE, AUTOTRUST, AWARD, BRIGHTER, EVENTS,
MULTI-MOBY, NEXTPERCEPTION, OPTIPEX, ROADVIEW, SAFENAV

3. Integrating vehicle in the transport system

Projects: AUGMENTED CCAM, BERTHA, CONDUCTOR, FAME, FRODDO, HI-DRIVE, 14DRIVING, IN2CCAM,
MAIA, METACCAZE, MODI, PODIUM, SHOW, SUNRISE, SYNERGIES, ULTIMO

4. 5G and connectivity

Projects: 5G-BLUEPRINT, 5G-ERA, 5G-IANA, 5G-ROUTES, 5GMED, 5GMETA, 5GRAIL, ENVELOPE, ITN-
SVC

5. Societal acceptance and inclusivity

Projects: CULTURALROAD, DIVERSIFY-CCAM, MOVE2CCAM, SINFONICA

All projects are funded within the framework programmes H2020 and HE. The projects are almost
equally divided between the RIA and IA schemes, with 22 and 23 projects respectively. Additionally,
two projects fall under the MSCA framework.

29


https://cordis.europa.eu/project/id/101076911
https://cordis.europa.eu/project/id/101007326
https://cordis.europa.eu/project/id/101076754
https://cordis.europa.eu/project/id/101069688
https://cordis.europa.eu/project/id/101069748
https://cordis.europa.eu/project/id/871385
https://cordis.europa.eu/project/id/877539
https://cordis.europa.eu/project/id/101076868
https://cordis.europa.eu/project/id/955768
https://cordis.europa.eu/project/id/101148123
https://cordis.europa.eu/project/id/101006817
https://cordis.europa.eu/project/id/101096985
https://cordis.europa.eu/project/id/101069614
https://cordis.europa.eu/project/id/101006953
https://cordis.europa.eu/project/id/876487
https://cordis.europa.eu/project/id/101146513
https://cordis.europa.eu/project/id/101069576
https://cordis.europa.eu/project/id/101077026
https://cordis.europa.eu/project/id/101069717
https://cordis.europa.eu/project/id/101076360
https://cordis.europa.eu/project/id/101077049
https://cordis.europa.eu/project/id/101069898
https://cordis.europa.eu/project/id/101147819
https://cordis.europa.eu/project/id/101006664
https://cordis.europa.eu/project/id/101076165
https://cordis.europa.eu/project/id/101076791
https://cordis.europa.eu/project/id/101114853
https://cordis.europa.eu/project/id/101139678
https://cordis.europa.eu/project/id/101076810
https://cordis.europa.eu/project/id/101069547
https://cordis.europa.eu/project/id/875530
https://cordis.europa.eu/project/id/101069573
https://cordis.europa.eu/project/id/101146542
https://cordis.europa.eu/project/id/101077587
https://cordis.europa.eu/project/id/952189
https://cordis.europa.eu/project/id/101016681
https://cordis.europa.eu/project/id/101016427
https://cordis.europa.eu/project/id/951867
https://cordis.europa.eu/project/id/951947
https://cordis.europa.eu/project/id/957360
https://cordis.europa.eu/project/id/951725
https://cordis.europa.eu/project/id/101139048
https://cordis.europa.eu/project/id/955629
https://cordis.europa.eu/project/id/955629
https://cordis.europa.eu/project/id/101147397
https://cordis.europa.eu/project/id/101147484
https://cordis.europa.eu/project/id/101069852
https://cordis.europa.eu/project/id/101064988

Figure 9. Overview of CCAM projects divided by subthemes

Horizon 2020 and Horizon Europe projects on CCAM by subthemes
CCAM projects by Framework programme, funding scheme divided into subthemes
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Figure 10 presents how funding was distributed among the various subthemes. The subtheme
“Integrating vehicle in the transport system” received the highest investment, totalling 271.5 million
EUR, predominantly through the IA scheme. Following this, “vehicle technologies” attracted the
second-largest share, with 127.0 million EUR allocated.
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Figure 10. Funding of CCAM projects divided by subthemes

Funding distribution of CCAM projects by subthemes

EU contribution and total cost by subtheme, Framework Programmes and funding schemes
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5.1.2. Subtheme 1: Key enabling technologies
Introduction

The research and innovation (R&l) efforts in CCAM enabling technologies are focused on leveraging
Al to enhance the capabilities of autonomous systems in transport. These projects aim to develop
trustworthy, ethical, and efficient Al models that can predict and respond to various scenarios in real-
time. The overarching goal is to improve the safety, efficiency, and user acceptance of autonomous
vehicles and systems. By integrating Al with other technologies like edge computing and advanced
sensors, these projects seek to enable real-time data processing and decision-making. This direction
aligns with the broader objectives of digital transformation and smart mobility, aiming to create more
resilient and adaptive transport networks. The focus is also on ensuring that Al systems are
transparent, inclusive, and adaptable to real-world conditions. Other enabling technologies include
tools for trustworthiness and cybersecurity.
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Project Description and Achievements

Several projects within this subtheme are dedicated to developing trustworthy and ethical Al models
for autonomous systems. For instance, AI4CCAM (RIA, 2023-2025) focuses on creating Al models
that predict the behavior of vulnerable road users in urban environments, ensuring user acceptance
and ethical decision-making. Similarly, the sister project AITHENA (RIA, 2022-2025) aims to develop
Al-based CCAM systems that are trustworthy, explainable, and accountable, addressing ethical and
social implications.

Other projects emphasize the integration of Al with advanced electronic components and
systems. AI4CSM (RIA, 2021-2025) aims to develop robust and reliable mobile platforms for future
mass-market electric and autonomous vehicles, enhancing their safety, efficiency, and user
experience.

Projects like TEACHING (RIA, 2020-2023) aimed to develop a human-aware Cyber-Physical System

of Systems (CPSoS) for autonomous safety-critical applications. The project focused on integrating
Al with fundamental concepts of security and dependability, leveraging edge computing platforms.
Achievements include developing methodologies for distributed Al, human-centric personalization,
and dependable Al models.

Concerning trustworthiness, the SELFY project (RIA, 2022-2025) will develop a toolbox made of
collaborative tools responding to threats, risks and attacks in the domain of cybersecurity of CCAM.
Some of the tools will allow obtaining a comprehensive understanding of the environment of the
different assets or devices of a CCAM system. Other tools will elicit self-protection actions in
compromised situations, while others will build secured and trusted environment for data in a
collaborative and cooperative context. Similarly, the CONNECT sister project (RIA, 2022-2025) aims
at quantifying the trustworthiness of the exchanged data with external sources defining the required
trust level. A dynamic Trust Assessment Framework (TAF) is being developed, considering also multi-
access edge computing. Digital twins are implemented to offload digital intensive tasks, executed in
a trusted environment.

5.1.3. Subtheme 2: Vehicle technologies
Introduction

The R&l efforts in CCAM vehicle technologies are focused on developing technical solutions that
ensure safe interaction with other users, providing occupant protection in emergency scenario, while
also ensuring the wellbeing of the vehicle occupants. Different projects develop or enhance perception
systems to better understand and react to complex environments. Several initiatives prioritize user
experience, trust, and interaction, especially in public transport and mixed traffic scenarios.

Project Description and Achievements

ROADVIEW (IA, 2022-2026) focuses on improving the interaction between road infrastructure and
vehicles. Based on a multisensory setup, the system will perceive the environmental conditions and
make decisions based on its enhanced sensing, localisation and improved object and person
classification. The sister project EVENTS (IA, 2022-2025) aims at designing and implementing on-
board perception algorithms for safe driving of connected automated vehicles (CAVs) in complex
environmental conditions and decision-making algorithms able to cope with a variety of traffic
scenarios. The project also introduces self-assessment systems to monitor and detect sensor
malfunctions or errors, enhancing operational reliability.
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AWARE2ALL (RIA, 2022-2025) addresses safety challenges in highly automated vehicles (HAVs) in
mixed road traffic, focusing on human-machine interaction (HMI) and road safety. The project will
investigate how HAVs will navigate through heavy traffic and effectively address the changes in road
safety and changes in the interaction of different users.

Passenger safety is also at the heart of the OPTIPEX project (RIA, 2024-2027), which aims at
enhancing the sense of comfort and safety of passengers in public transport by co-creating ethical,
passenger-aware services. The project focuses on developing adaptive and interactive vehicle
technologies and digital services. Expected achievements include improved passenger satisfaction
and service quality, leading to increased adoption of automated public transport technologies.

Different projects focus on autonomous navigation, including collision avoidance and path planning.
Projects like AUTOBARGE (MSCA, 2021-2025) and AWARD (IA, 2021-2024) are dedicated to
developing autonomous systems for specific applications, including under adverse weather
conditions. AUTOBARGE focuses on autonomous barges for smart inland shipping, enhancing
situational awareness, path planning, and motion control. AWARD developed and deployed safe
autonomous transportation systems for logistics, including forklifts, hub-to-hub transport, port
operations, and airport operations. SAFENAYV (IA, 2022-2025) will contribute to the advancement of
autonomous shipping by developing and testing innovative digital collision prevention solutions to
reduce the probability of collisions, impact damage, and grounding, and increase safe navigation.

Additionally, projects like BRIGHTER (RIA, 2022-2025) and NEXTPERCEPTION (RIA, 2020-
2023) focus on developing advanced perception systems for autonomous vehicles. BRIGHTER is
developing innovative solutions for infrared imaging, enhancing autonomous vehicle sensor
development. Similarly, NEXTPERCEPTION developed next-generation perception systems, improving
the ability of autonomous vehicles to understand and navigate their environment.

The AUTOTRUST project (RIA, 2024-2027) aims at developing and demonstrating a novel Al-
leveraged self-adaptive framework of advanced vehicle technologies and solutions. It focuses on
optimizing usability, perception, and experience on-board, and when boarding/off-boarding, in terms
of security, privacy, well-being, health, and assistance. The project focuses on enhancing inclusiveness
and trust in the interaction between users and new automated modes of road transport and mobility
services.

ARCHITECTECA2030 (RIA, 2020-2023) focused on creating trustable architectures with acceptable
residual risk for electric, connected, and automated cars, ensuring safety and reliability. The project
developed a concept for an in-vehicle monitoring device, which can indicate and measure the health
status and possible degradations of the functional electronics and electronic systems, enabling
predictive diagnosis, maintenance and reconfiguration of embedded software.

Vehicle design, safety and electrification are also central to the MULTI-MOBY project (IA, 2020-
2023). The project focused on designing a fleet of multi-passenger and multi-purpose commercial
vans equipped with advanced safety features, autonomous capabilities, and robust hybrid battery
systems.
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5.1.4. Subtheme 3: Integrating vehicle in the transport system
Introduction

The research and innovation (R&l) efforts in CCAM integration in the transport system are focused on
developing innovative mobility solutions and enhancing physical and digital infrastructure (PDI) to
support advanced transport systems. These projects aim to create more efficient, safe, and
sustainable transport networks by integrating new technologies and improving existing infrastructure.
The overarching goal is to facilitate the deployment of CCAM solutions that can adapt to diverse
urban and rural environments. By leveraging data analytics, Al, and advanced communication
technologies, these projects seek to optimize traffic management, enhance user experience, and
reduce environmental impact. This direction aligns with the broader objectives of smart cities and
sustainable urban mobility plans (SUMPs), aiming to create more resilient and adaptive transport
networks. The focus is also on ensuring that mobility solutions are inclusive and accessible to all
users, including vulnerable road users (VRUs) and those with limited mobility.

Project Description and Achievements

Several projects within this subtheme are dedicated to enhancing PDI to support CCAM deployment.
For instance, AUGMENTED CCAM (IA, 2022-2025) focuses on improving infrastructure for connected
and automated vehicles, addressing challenges such as emergency vehicle approaching, VRU
protection, and traffic management optimization. A new PDI classification and support scheme for
CCAM is being developed. Similarly, the PODIUM sister project (IA, 2022-2025) aims to advance a
set of key technologies both in the physical and digital part of the infrastructure to address the
challenges in road automation and telecommunications linked with connectivity, cooperation, data
management, interoperability and reliability. The final outcome will be a reference architecture that
can be applied to various road environments and infrastructure equipment.

Similarly, IN2CCAM (IA, 2022-2025) aims to integrate infrastructure for connected and automated
mobility, ensuring seamless communication between vehicles and infrastructure. Lead and follower
living labs are included in the project, where automated driving vehicles are tested in real traffic
situations. Analogously, the CONDUCTOR project (IA, 2020-2025) aims to design, integrate, and
demonstrate advanced, high-level traffic and fleet management systems that allow efficient and
globally optimal transport of passengers and goods. The project focuses on seamless multimodality
and interoperability through dynamic balancing and priority-based management of vehicles
(automated and conventional).

Several projects are focused on CCAM validation, virtual testing and scenario generation. Examples
are SUNRISE (RIA, 2022-2025), I4DRIVING (RIA, 2022-2025) and SYNERGIES (RIA, 2024-
2027) projects. The SUNRISE project aims at ensuring a harmonized safety assurance framework that
can be applied in the EU and abroad. The framework is conceived to be based on virtual and physical
testing and connected to existing scenario databases in the field, aiming at TRL 6-7. Similarly, virtual
assessment of CCAM systems is also at the heart of the I4DRIVING project, while the SYNERGIES
project seeks to establish a European Federated Platform, consisting of a Scenario Dataspace and a
Tools Marketplace.
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Several projects are dedicated to integrating human behavior and user acceptance into the
development of CCAM systems. BERTHA (RIA, 2023-2026) aims to develop a Driver Behavioural
Model (DBM) for connected autonomous vehicles, making them more human-like and increasing road
safety. HI-DRIVE (IA, 2021-2025) is working on developing high-performance drive systems to
enhance the sustainability and flexibility of transport systems. The project is testing automated
driving technologies in complex real-world environments, investigating how users interact with and
accept these systems.

Coordination projects like FAME (RIA, 2022-2025) focus on creating frameworks for advanced
mobility ecosystems, integrating various transport modes to improve connectivity and
efficiency. FAME aims at establishing an EU framework for CCAM testing activities on public roads
comprising taxonomy, a common evaluation methodology, test data space and a legal and ethical
framework. SHOW (IA, 2020-2024), on the other hand, aimed to demonstrate smart and connected
mobility solutions by integrating different transport modes and improving user experience across
urban and peri-urban areas. In 15 sites, 80 CCAM vehicles of different types have been operated in
all EU in real-life operating conditions. Developed regulatory recommendations cover PDI, fair access
to the market, pricing and revenue with the final goal of strengthening public transport and reducing
car and good km in cities.

Several projects are dedicated to optimizing road design and development. FRODDO (IA, 2024-
2027) aims to enhance road safety and efficiency through optimized road design. By leveraging
advanced sensing, machine learning, hybrid Al and simulation, FRODDO aims to create fail-safe,
adaptable Operational Design Domains (ODDs) that can dynamically respond to changing traffic,
weather, and infrastructure conditions.

The SELFY project presented also in the first subtheme and the ULTIMO project (IA, 2022-
2026) focus on developing self-driving vehicle systems and ultimate mobility solutions, enhancing
their capabilities and user acceptance. Large scale demonstrations are being employed as well.

Several projects are placing a strong emphasis on aligning technological advancements with the real-
world needs of users and urban environments. METACCAZE (IA, 2024-2027) accelerates the user-
centered deployment of smart systems and services that combine electric automated and connected
mobility and related infrastructure across European cities. This project organizes a series of
MetaDesign activities with multisector stakeholders and different population groups to develop
metadesigned, shared, zero-emission mobility use cases, collaborative business and governance
models.

Projects like MAIA (RIA, 2023-2025) aim to develop a comprehensive set of data analytics and
modeling tools to support the design and implementation of multimodal airport access solutions. The
project focuses on integrating CCAM and Urban Air Mobility (UAM) services with airport infrastructure.
Objectives include developing tools for passenger-centric design, vehicle dispatching, and vertiport
site selection, enhancing airport accessibility and sustainability.

The MODI project (1A, 2022-2026) is also engaging users (e.g., logistic actors) in investigating key
barriers and drivers for using automated transport for logistics. The project is focusing on coordination
of automated vehicles. Similarly, the ongoing HI-DRIVE project described in the second subtheme, is
focusing on the development of a firm understanding of the user when interacting with automated
vehicles, especially acceptance, awareness and expectations, on a macro and micro scale.
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5.1.5. Subtheme 4: 5G and Connectivity
Introduction

The research and innovation (R&l) efforts in the 5G and Connectivity subtheme are focused on
leveraging 5G technology to enhance connectivity and communication in transport systems. These
projects aim to create a unified, multi-service platform that supports a wide range of applications,
including autonomous driving, smart logistics, and connected mobility. The overarching goal is to
improve the efficiency, safety, and sustainability of transport systems through advanced 5G
capabilities, such as high-speed data transfer, low latency, and reliable connectivity. By integrating
5G with other technologies like Al and edge computing, these projects seek to enable real-time data
processing and decision-making. This direction aligns with the broader objectives of digital
transformation and smart mobility, aiming to create more resilient and adaptive transport networks.
The focus is also on ensuring seamless cross-border connectivity and interoperability to support the
growing demands of connected and automated mobility (CAM).

Project Description and Achievements

Several projects within this subtheme are dedicated to enhancing transport and logistics through 5G
technology. For instance, 5G-BLUEPRINT (IA, 2020-2023) has successfully demonstrated the
feasibility of teleoperating vehicles and vessels using 5G, reducing disconnection time when crossing
borders, and validating 5G technology for stringent teleoperation requirements. Similarly, 5G-ERA
(IA, 2021-2024) has focused on integrating 5G technology into robotic applications, enhancing robot
autonomy for various sectors, including public protection, transport, healthcare, and manufacturing.

Other projects emphasize the development of platforms to support 5G-based automotive
services. 5G-1ANA (IA, 2021-2024) has developed an Automotive Open Experimental Platform
(AQEP) to support the creation and deployment of 5G-based automotive services, providing accurate
localization and low latency mission-critical applications. 5GMED (IA, 2020-2024) designed a
sustainable 5G deployment model for future mobility in the Mediterranean Cross-Border Corridor,
addressing challenges like roaming and network slicing continuity.

Projects like 5GMETA (1A, 2020-2024) and 5G-ROUTES (IA, 2020-2025) focus on monetizing car
and mobility data and conducting large-scale field trials to validate 5G features and specifications
for connected and automated mobility. 5GMETA has created new business models and economic
opportunities through an open platform, while 5G-ROUTES has validated 5G features across a
prominent cross-border corridor.

Additionally, 5GRAIL (IA, 2020-2023) has focused on developing and testing prototypes for the
Future Railway Mobile Communication System (FRMCS), ensuring compliance with 5G specifications
and standards. ENVELOPE (lA, 2024-2026) aims to advance and broaden the scope of 5G
architecture, transforming it into a vertical-oriented framework to support a wide range of vertical
use cases, particularly CAM and ITS services.
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Projects like ITN-5VC (MSCA, 2020-2025) address the need to deploy advanced communication and
autonomous driving capabilities in vehicles. The project focuses on integrating multi-band, multi-
antenna communications, including mmWave, with radar heads and other wireless sensors.
Achievements include developing new methodologies for vehicular communications, improving
antenna and phased array technology, and enhancing protocol integration for V2X-specific systems.
Similarly, the PODIUM project, detailed in the second Subtheme, aims also at demonstrating the
potential, feasibility and sustainability of multi-connectivity, multipath communications and 5G
mmWave for automotive-related services.

5.1.6. Subtheme 5: Societal acceptance and inclusivity
Introduction

The research and innovation (R&l) efforts in the subtheme of societal aspects and user needs for
CCAM focus on ensuring that these technologies are inclusive, equitable, and widely accepted by
diverse user groups. Projects in this area aim to integrate cultural, geographical, and social diversities
into the design and implementation of CCAM solutions. The goal is to address the unique needs and
concerns of various populations, including underrepresented groups such as the elderly, people with
disabilities, and cultural minorities. By adopting participatory and co-creation approaches, these
projects seek to enhance societal acceptance and trust in CCAM technologies. Ultimately, the direction
of R&l in this subtheme is to create user-centric, socially inclusive, and equitable mobility solutions
that can be seamlessly integrated into existing transport systems.

Project Description and Achievements

Different projects focus on addressing societal aspects and user needs in CCAM. DIVERSIFY-CCAM
(RIA, 2024-2027) and CULTURALROAD (RIA, 2024-2027) both focus on integrating cultural,
geographical, and policy aspects into CCAM solutions to promote fair and accessible mobility.
DIVERSIFY-CCAM is developing a CCAM Diversification Tool and a CCAM Diversity Observatory to
support transportation planners in achieving inclusiveness and equity. CULTURALROAD employs a
Five-Pointed Star Rating System to evaluate the equity of CCAM systems and uses a participatory co-
creation framework to engage stakeholders in the development of tailored CCAM implementation
plans. Demonstrations are being conducted in various European cities, including Barcelona, Karlsruhe,
and Ljubljana.

SINFONICA (RIA, 2022-2025) and MOVE2CCAM (RIA, 2022-2025) emphasize the importance of
user-centric participatory approaches to gather insights on the maobility needs and attitudes of various
user groups. SINFONICA has established Groups of Interest (Gol) in 4 EU municipalities (i.e. Hamburg,
Trikala, West Midlands, and Noord Brabant) to develop knowledge maps, lessons learned, and
recommendations for CCAM large-scale demonstrators. The project has also created the SINFONICA
Knowledge Map Explorer tool. MOVE2CCAM explores the multisystem impact of CCAM passenger and
freight solutions by developing the MOVE2CCAM Impact Assessment Tool (IAMT) to evaluate the
system-wide impacts of CCAM interventions on mobility, socio-economic factors, and environmental
aspects. Virtual reality games are being used. Recommendations will include adaptation to current
Sustainable Urban Mobility Plan (SUMP) guidelines to embrace societal impacts due to CCAM.
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5.1.7. R&l, socio-economic and policy implications

Projects in this category highlighted the need for further research and development in different
relevant areas.

Advanced perception systems are still needed to reduce road accidents, traffic jams and pollution,
and to increase trust and adoption. The SELFY project points to the importance of the identification
of vulnerable users, reduction of the detection time and capability to solve new attacks.

Ensuring secure operation of vehicles and mobility systems and establishing trust amongst the end
users are also identified as major needs by different projects. Projects like CONNECT and AITHENA
shed light on the trustworthiness of information from external sources to the vehicle and its reliability
for being considered as basis for vehicle actions. Similarly, the EVENTS project underlines the need
for further studies on secure and trustworthy interaction between road users, CCAM and conventional
vehicles. According to the AITHENA project, explainability of Al decisions to end users should also be
further enhanced, while projects like SELFY identified cybersecurity and risk anticipation as major
subjects to be further investigated.

In addition, different projects emphasized the need for standardisation and common agreement and
sharing of proprietary data. As highlighted in the BERTHA project, communication with standardisation
bodies is crucial for R&l projects, aiming at a common language and understanding. An insufficient
sharing of data from projects was also identified. Common principles for data recording, reporting
and monitoring are still needed in the future.

Validation projects like SUNRISE bring attention to the existing lack of harmonized approach about
safety assurance of CCAM systems. A common safety approach is seen as needed, together with
standardized ways to gather and integrate data and an EU federated scenario database. Overall,
there is a general identified need to encourage collaboration between public and private sectors to
accelerate CCAM adoption. Knowledge in EU is generally seen as still fragmented among different
stakeholder groups. Common evaluation methodologies and vocabulary is also needed.

Concerning policy implications of CCAM, coordination projects like FAME point to the lack of
harmonized testing CCAM regulation in the EU, especially cross-border testing and large-scale
demonstrations. Similarly, within the AWARD project, observed challenges for CCAM deployment
relate to public road regulations. Concerning privacy and security legislation, projects like CONDUCTOR
detected difficult access to real-time vehicle data for simulation as a major barrier to overcome.

According to different projects, enhancement in R&l coordination and large-scale testing activities in
Europe should be foreseen. To this respect, the IN2CCAM highlighted the need for uniform rules for
the testing of automated vehicle infrastructure within the EU. Dealing with 5G and connectivity,
several projects indicate that policy supporting seamless cross-border connectivity should be
enhanced, assuring continuity of services and pan-European services without interruption.

Regarding socio-economic impacts of CCAM R&l, it is commonly recognized that the effective
implementation of CCAM significantly depends on the societal advantages it can offer and its
acceptance by users. To achieve the desired benefits, CCAM development, deployment and regulation
have to be based on a well-founded understanding of the societal context, specific needs, impacts
and costs.
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Projects like EVENTS or AWARE2ALL recognised the importance of aiming at a user-oriented CCAM
mobility and good deliveries for all. MOVE2CCAM recommends adaptation of current Sustainable
Urban Mobility Plan guidelines to embrace societal impacts due to CCAM. Similarly, BERTHA highlights
the importance of diversity and inclusiveness when defining user archetypes and behavioural models.

Trust in the sense of cyber-security and privacy protection are also seen as major issues in future
R&I for different projects, including HI-DRIVE and CONDUCTOR.

High expectations on job growth (e.g. in the field of ITS) through CCAM are contrasted by fears of job
losses through automation. The EU leadership in the development and deployment of CCAM systems
should be pursued, together with the creation of highly skilled jobs in the automotive industry.
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5.2. Traffic Management

5.2.1. Overall direction of R&I

The field of traffic management is undergoing a transformative shift, driven by technological
advances and the increasing need for sustainable and efficient transportation systems. This chapter
explores a number of innovative projects and research initiatives aimed at improving traffic
management across all different modes of transport. The focus is on the use of cutting-edge
technologies, such as artificial intelligence (Al) and big data analytics, to optimise traffic across all
transport modes, improve safety, and reduce environmental impact.

Our analysis covered 37 projects in the field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following three subthemes :

1. Al and data-driven road Traffic Management

Projects: ACUMEN, DIT4TRAM, EVEREST, FRONTIER, SYNCHROMODE, TANGENT, TERAFLOW

2. Multimodal and Integrated Traffic Management
Projects: AI-ARC, CLUG 2.0, CROWWDDNA, DELPHI, ORCHESTRA, PROMENADE, PERFORMINGRAIL

3. Air Traffic Management

Projects: AICHAIN, ARCTIC, CADENZA, CONCERTO, DYN-MARS, ECHO, ENSURE, FARO, GALAAD, GOF 2.0,
GREEN-GEAR, HAAWAII, INVIRCAT, IRINA, ISLAND, LABYRINTH, PJ33-W3 FALCO, PJ37-W3 ITARO, PJ38-
W3-ADSCENSIO, SLOTMACHINE, SMARTRUNWAY, SOLO, START, VLD2 — VOICE, VLD3-W2 SORT.

All projects are funded within the framework programmes H2020 and HE. The projects are divided
between the RIA and IA schemes, with 29 and 8 projects respectively. Additionally, one project falls
under the ERC scheme, and another under the SME framework.
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Figure 11. Overview of traffic management projects divided by subthemes
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Figure 12 displays the distribution of funding across all identified subthemes. The subtheme with the
largest number of projects - "Air traffic management" - received the highest allocation of funds,
amounting to 140.7 million EUR, mainly through the RIA funding scheme. The following two
subthemes were funded at comparable levels, with allocations of 35.4 million EUR and 31.6 million

EUR, respectively.
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Figure 12. Funding of traffic management projects divided by subthemes
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5.2.2. Subtheme 1. Al and data driven road traffic management
Introduction

The research and innovation efforts of the projects in this subtheme focus on leveraging advanced
technologies to enhance road traffic management and optimization. Emphasis is placed on
integration of Al-powered decision-making, predictive analytics, and scalable data processing to
address the complexities of urban mobility. Privacy-preserving data frameworks and decentralized
control mechanisms are also important areas of research, ensuring robust and adaptive traffic
management solutions. The overall goal is to create intelligent systems that can dynamically respond
to real-time traffic conditions, optimize traffic flow of different transport modes, reduce congestion,
and minimize environmental impacts, thereby improving overall urban mobility and sustainability.
Additionally, these projects align with the European Green Deal objectives, fostering collaboration
among stakeholders to create resilient, efficient, and sustainable transport networks.

Project Descriptions and Achievements

The projects within this cluster collectively focus on improving traffic management by developing Al
and big data-driven solutions. ACUMEN (RIA, 2023-2026) and DITATRAM (RIA, 2021-2024) projects
are integrating diverse transport modes for enhanced traffic management. ACUMEN aims to create
a modular, privacy-preserving digital twin for urban mobility management. It integrates and validated
Al-powered tools, decentralized data framework and advanced forecasting tools that enable cities to
simulate and manage traffic in real-time, adapting to various challenges. DIT4TRAM, on the other
hand, used swarm intelligence principles to enable decentralized traffic control, and optimizing traffic
flow. This project has been tested in multiple European cities (Amsterdam, Athens, Barcelona,
Bordeaux, Glyfada, Utrecht) demonstrating improved traffic management through local decision-
making and cooperation among transport services.
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Developing ICT tools for improving the management of transport operations is also a goal of
SYNCHROMODE project (RIA, 2023-2026). It represents a multimodal perspective and emphasizes
resilience in transport services by providing predictive and optimization capabilities. By addressing
traffic congestion and safety from a network-wide perspective, SYNCHROMODE aims to transform
traffic management in urban environments. Similar aim had the TANGENT project (RIA, 2021-2024)
that developed dynamic management tools for multimodal traffic, using advanced modelling and
simulation to predict traffic patterns and optimize flow and considering automated and non-
automated vehicles. The results were implemented in several cities in Europe and achieved significant
reductions in travel time and emissions.

Multimodal transport was also covered by the FRONTIER project (RIA, 2021-2024) which focused on
the implementation of connected automated vehicles (CAVs) and multimodal networks. It used real-
time data and simulation models to reduce congestion, improve road safety support and enhance
proactive decision-making. The project has conducted pilots in three urban areas and demonstrated
improved network performance.

EVEREST project (RIA, 2020-2024) focused on coupling high-performance data analytics and Al to
improve traffic operations. It developed a scalable, secure system for high-performance big data
analytics and simplified the programmability of heterogeneous architectures using hardware-
accelerated Al. The project has validated its approach through applications in weather prediction, air-
quality monitoring, and smart city traffic modelling. Improvement of traffic management is also one
of the several use-cases covered by the TERAFLOW project (RIA, 2023-2026). It improves traffic
management by developing a secure, cloud-native controller that automates and optimizes network
flows using machine learning. This ensures efficient and secure handling of massive amounts of data
traffic in next-generation 5G networks. The project has demonstrated its innovations through use
cases in autonomous networks, automotive, and cybersecurity, enhancing network performance and
security.

5.2.3. Subtheme 2: Multimodal and integrated traffic management
Introduction

Projects in this cluster focus on improving traffic management through innovative technologies, and
improved interoperability across different transport modes, including maritime, rail, urban traffic and
even crowd management. Emphasis is placed on enhancing automation, the use of Al, user
involvement, as well as decision-making processes and situational awareness in real-time traffic
conditions in order to improve the overall efficiency of the transport network. Together, they
contribute to building a more resilient and adaptable transport infrastructure in Europe, supporting
sustainable mobility solutions and improving public safety.

Project Descriptions and Achievements

The projects AI-ARC (RIA, 2021-2024) and PROMENADE (IA, 2021-2023) both aimed to improve
maritime traffic management through different technological approaches. AlI-ARC developed an Al-
based platform, Virtual Control Room (VCR), integrating machine learning and VR technologies to
improve situational awareness and communication in the Arctic. The VCR integrates machine learning
and virtual reality to provide real-time data analysis, anomaly detection and risk assessment.
PROMENADE focused on Al and big data in order to facilitate information exchange among maritime
and surveillance authorities for better security. The project developed an open, service-based toolkit
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for vessel tracking, behaviour analysis, and automatic anomaly detection and demonstrated its
solutions in operational trials, enhancing maritime security and efficiency.

PERFORMINGRAIL (RIA, 2020-2023) and CLUG 2.0 (IA, 2022-2025) are projects focused on
innovative rail traffic management. PERFORMINGRAIL focused on improving moving block signalling
with GNSS-based train positioning to increase capacity and safety. The project developed formal
models, algorithms and proof of concepts for safe operations, advancing traffic management
systems and improving train positioning accuracy contributing to more efficient and reliable rail
operations. CLUG 2.0 also focuses on safe train positioning solutions based on GNSS. It has developed
a multi-sensor Localisation On-Board (LOC-OB) system based on the European Global Navigation
Satellite System (EGNSS). The project has demonstrated the system's readiness through live tests,
enhancing rail transport's safety and efficiency.

CROWDDNA (RIA, 2020-2024) and ORCHESTRA (RIA, 2021-2024) projects focus on safety and
efficiency, albeit in different domains. CROWDDNA proposes a new technology based on innovative
crowd simulation models of heavy pedestrian traffic, facilitating predictions on the dynamics,
behaviour, and risk factors of high-density crowds, addressing the need for safe and comfortable
mass events. It develops a new generation of crowd simulation techniques, capable of predicting
crowd behaviours at macroscopic scales from numerical models of physical interactions. On the other
hand, ORCHESTRA focused on multimodal solutions, improving efficiency across all the various
transport modes. It developed a Multimodal Traffic Management Ecosystem (MTME) and Polycentric
Multimodal Architecture (PMA), where traffic management in different modes and areas are
coordinated to contribute to a more balanced and resilient transport system, taking into account smart
infrastructures, technical and organizational aspects, and multimodal governance. Multimodal
transport is also addressed by the DELPHI project (RIA, 2023 — 2026) that aims to create a federated
network integrating passenger and freight transport systems. It focuses on harmonising data, the use
of such tools as Al, machine learning and also Unmanned Aeria System (UAS) monitoring for traffic
optimization and the promotion multi-modal transport solutions. It will conduct pilot demonstrations
in three different countries and aims to provide solutions both at the technical and governance and
regulatory level.

5.2.4. Subtheme 3: Air Traffic Management
Introduction

Although air transport is not a key component of the smart mobility concept, it is definitely a rapidly
developing domain with growing importance. This is also a significant and visible element of research
calls in Horizon Europe. Due to this fact, in the analysed period, we have identified a significant
number of European research projects focused on developing various aspects of Air Traffic
Management (ATM) through advanced technologies such as artificial intelligence (Al), machine
learning, blockchain, and big data. The projects aim to improve various aspects of ATM, including
trajectory prediction, demand-capacity balancing, dynamic routing, and air traffic control automation.
Key areas of research and innovation also include improving trajectory prediction, integrating
unmanned aerial systems (UAS) into urban airspace, optimising aircraft configurations for greener
flights, and developing advanced demand-capacity balancing mechanisms. By exploiting innovations
in data management and communication systems, the projects aim to optimise airspace capacity,
reduce delays, and lower emissions.
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Project Descriptions and Achievements

Development of unmanned air traffic management (U-space) systems and integration of urban air
mobility traffic with conventional aircraft were addressed by several projects, namely GOF 2.0 (IA,
2021-2022), LABYRINTH (RIA, 2020-2023) and ENSURE (IA, 2023-2026) projects.

GOF 2.0 validated real-time separation assurance and safe integration of UAM operations into ATM
airspace using a novel communications architecture. LABYRINTH developed centralized planning
systems for drone swarm operations to enhance safety and efficiency in civil transport, creating U-
space-based technology for autonomous drone applications in various scenarios. ENSURE, meanwhile,
focuses on integrating ATM and U-space systems to enable seamless data exchange and dynamic
airspace reconfiguration, supporting the growth of new airspace users and operations It aims to
identify new working areas and provide a consolidated interface with a standardized data model,
architecture and an operation method to achieve a minimum TRL7.

Projects focusing on the integration of unmanned aircraft systems also include IRINA (RIA, 2023-
2026) and INVIRCAT (RIA, 2020-2022) IRINA is a continuation of research on integrating remotely
piloted aircraft systems (RPAS) into European airspace, focusing on air traffic management
infrastructure, services, and detect-and-avoid systems for seamless integration. INVIRCRAT
developed a concept of operations for integrating RPAS into terminal manoeuvring areas under
Instrument Flight Rules, assessing it through simulations and providing recommendations for rule-
making.

PJ38-W3-ADSCENSIO (IA, 2020-2023) and DYN-MARS (RIA, 2023-2026) both aim to improve
trajectory prediction and optimization. PJ38-W3-ADSCENSIO demonstrated reduced controller
workload, increased airspace capacity, and decreased flight delays, fuel consumption, and CO2
emissions through better prediction of flight behaviour using ADS-C data. DYN-MARS focused on
minimizing environmental impacts during descent and approach phases through dynamic route
structures and enhanced air-ground data exchanges, promising reduced emissions and noise levels
while maintaining high runway throughput. Improved efficiency of aviation was also a goal of VLD2
- VOICE (IA, 2021-2023). It aimed to use Low Earth Orbit satellite based, very high frequency (VHF)
communications for air traffic management in oceanic and remote airspaces, improving safety and
capacity through reduced separation minima between aircrafts.

Advanced air traffic management solutions were also explored in other projects. ISLAND (RIA, 2023-
2026), which develops dynamic airspace configuration solutions using Al and machine learning to
manage air traffic demand and capacity efficiently, ensuring continuity of air traffic management
services even during disruptions. Also CADENZA project (RIA, 2020-2022) focused on balancing
demand and capacity of air transport. It introduced a trajectory broker concept, an advanced
mechanisms for managing the demand that demonstrated significant improvements in cost-
efficiency and reduced emissions from re-routings. The SOLO project (RIA, 2023-2026) aims to
develop a concept for Single Pilot Operations (SPO), ensuring minimal changes to current Air traffic
control (ATC) tools and procedures, and feeding standardization and requlatory developments on SPO.
VLD3-W2 SORT project (1A, 2020-2023) tested solutions for optimized runway throughput, including
wake turbulence separation, minimum pair separations, and integrated runway sequencing, to
improve airport capacity and safety. It enhanced runway throughput and terminal efficiency through
integrated solutions, demonstrating benefits of optimized descent operations and collaborative delay
management. ARCTIC (ERC-STG, 2020-2025) proposed a new approach to air transport analysis
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inspired by neuroscience, viewing air transport as an information processing system to better
understand and manage delay propagation.

AICHAIN (RIA, 2020-2022) and SLOTMACHINE (RIA, 2020-2022) developed innovative solutions for
secure data sharing. AICHAIN developed a privacy-preserving federated learning platform using
blockchain to enhance ATM operations, demonstrating improved predictive models and secure data
sharing among stakeholders.

SLOTMACHINE investigated secure slot swapping between airlines using blockchain technology,
aiming to optimize flight allocation based on cost structures while maintaining confidentiality.

HAAWAII (RIA, 2020-2022) and FAROQ (RIA, 2020-2022) projects focused on automation and Al
deployment to improve ATM operations. HAAWAII developed reliable automatic speech recognition
technology to reduce air traffic controllers' workload and minimize human error, demonstrating
enhanced speech recognition models for complex environments. FARO investigated the impact of
automation on ATM safety and resilience, developing methodologies to quantify safety and resilience
and providing design guidelines.

Enhancing environmental sustainability of air transport through different aspects of traffic
management was also an important objective of several identified projects. PJ37-W3 ITARO (IA,
2021-2023) focused on the optimization of runway throughput and terminal efficiency in order to
improve environmental sustainability of aviation. By optimizing wake turbulence separation and
implementing flight-deck interval management, ITARO enhances network performance, reduces
delays, and supports greener aviation practices. SMARTRUNWAY (SME-2, 2020-2023) integrated
multiple data sources to provide real-time predictions for informed decision-making and developed
Al powered data platform to boost airport capacity, optimize runway performance and reduce
environmental impact. GREEN-GEAR (RIA, 2023-2026) shares a similar goal and investigates
geometric altimetry enabled by satellite navigation to enhance safety, support eco-friendly climb and
descent operations, and explore environmentally driven route charging and incentivize climate-
conscious airspace use. GALAAD (RIA, 2023-2026) aims to develop dynamic (RNP) route allocation
in terminal areas to make air traffic control operations more sustainable, resilient, and adaptable to
changing weather conditions, improving fuel efficiency and environmental sustainability. Finally,
CONCERTO project (RIA, 2023-2026) aims to reduce CO2 and non-C0O2 emissions in aviation by
developing processes and tools for eco-friendly trajectories, integrating integrate sustainable
practices into ATM systems and leveraging climate science for better environmental performance.

Resilience of ATM operations was another important element addressed by inter alia START (RIA,
2020-2022) and PJ33-W3 FALCO (RIA, 2021-2023) projects. With the use of applied mathematics
and data science, START developed optimisation algorithms for robust and predictable airline
operations and improvement of trajectory-based operations (TBO) concept. PJ33-W3 FALCO
investigated flexible deployment of air traffic controllers and the use of L-band digital aeronautical
communication systems (LDACS) for improved air-ground communication, demonstrating increased
ATC efficiency and resilience.

Finally, ECHO (RIA, 2020-2023) project focuses on operations in higher airspace. ECHO developed a
concept of operations for higher airspace traffic management, aiming to integrate new airspace users
and operations into the existing ATM framework.
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5.2.5. R&l, socio-economic and policy implications

Projects in this subtheme emphasize the need for further research and development in several
key areas. Advanced traffic management techniques, such as those developed in the
PERFORMINGRAIL project, highlight the importance of high-accuracy train localization and optimized
moving block algorithms. Similarly, the PROMENADE project underscores the application of Al and big
data to improve maritime domain awareness, suggesting a research direction towards utilizing
advanced technologies for better vessel tracking. The PJ38-W3-ADSCENSIO project points to the
importance of improving trajectory prediction and management to improve air traffic control
operations, indicating a need for further research in data link communications and predictive
technologies. Furthermore, a numerous projects on the ATM suggest further research into Al
applications for optimizing air traffic management services.

Several projects, such as ORCHESTRA or FRONTIER, also mentioned the need for further exploratory
and analytical research on potential applications of multimodal traffic management and further
synchronisation of approaches between modes. The potential benefits of further long-term and real-
life testing of traffic management solutions, for example using tools such as Living Labs or Digital
Twins, were also mentioned by several projects. This would help to validate the results and develop
proof of concepts of innovative transportation technologies and measures and is crucial for scaling
up the solutions.

Seven of the EU-funded Horizon Europe projects described in this report (ACUMEN, DIT4TRAM,
FRONTIER, SYNCHROMODE, TANGENT, DELPHI, and ORCHESTRA) have launched a collaborative
initiative - Multimodal Traffic Management Cluster (MTMC). This cluster presents a unified European
vision for transforming transportation into a seamless, sustainable, and resilient system. As part of
their activities, the MTMC published the Multimodal Traffic Management: Roadmap for 2030 and
Beyond (European Union, 2024), which also outlines future research needs. These include predictive
modelling using digital twins, continuous enhancement of Al- and machine leaming-based tools and
decision support systems, and the development of innovative traffic management strategies—such
as auction-based signalized intersection control and Al-driven methods for dynamic traffic balancing.

Among policy implications, the need for standardization of traffic management data for all modes
as well as the need of obligation of data sharing was visible among analysed projects. The projects
call for policy adaptations to support the deployment of developed technologies, especially regarding
ATM. The IRINA project discusses the need to refine regulatory frameworks to accommodate RPAS in
different classes of airspace, indicating a policy shift towards supporting the seamless integration of
unmanned systems into existing air traffic management structures. The FARO project suggests the
development of harmonized safety and resilience guidelines for aviation, emphasizing the integration
of safety performance functions and resilience engineering in air traffic management. The
ORCHESTRA project highlights the necessity of transforming legal frameworks to support multimodal
coordination. Additionally, the AI-ARC project emphasizes the need for cross-border, cross-sectoral,
and multi-level cooperation, suggesting policy adjustments to improve crisis management and
decision-making processes. Overall, a lot of the mentioned projects highlight the need of stronger
collaboration among various stakeholders such as transport operators, infrastructure providers and
authorities on different levels. This comes with the need of provision of relevant training for all
involved stakeholders before implementations of the new solutions.
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The potential socio-economic impacts of these projects are also interesting. The implementation
of advanced traffic management systems, as demonstrated by projects such as FRONTIER and
SYNCHROMODE, promises to significantly reduce congestion and associated economic costs by
reducing delays and inefficiencies. These projects also demonstrate potential environmental benefits
and improvements to public health by reducing greenhouse gas emissions and improving road safety.

The technological advancements and integration efforts of projects such as DYN-MARS and INVIRCAT
point to the potential for job creation and the need for skills development in the aviation technology
sector, particularly in areas such as avionics, data analytics, and traffic management systems. The
AI-ARC project highlights the socio-economic implications of increasing economic activity in the Arctic,
requiring investment in infrastructure and communities to support growing commercial shipping and
resource exploitation. In addition, the combined efforts of the ORCHESTRA and PROMENADE projects
aim to improve the efficiency and resilience of transport services, potentially reducing congestion,
emissions and costs, thereby improving the overall socio-economic environment by facilitating better
transport services and reducing environmental impacts.
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5.3. Advanced electromobility

5.3.1. Overall direction of R&I

This chapter covers a wide range of projects that aim to revolutionise the transport sector through
cutting-edge innovations in electric vehicle (EV) technology. These projects focus on improving the
integration of EVs into energy systems, optimising battery management and improving the user
experience. By addressing key challenges such as grid integration, user-centric charging solutions and
energy efficiency, these initiatives contribute to the broader goals of sustainable mobility and reduced
carbon emissions. The analysis of identified projects shows a strong focus on the development of
sustainable, efficient and user-centric e-mobility solutions.

Following an analysis of all 23 projects, they have been grouped into four distinct subthemes, each
targeting specific aspects of electromobility.

1.  Smart Charging and V2X Integration

Projects: AHEAD, DRIVE2X, FLOW, MAGCHARGE, SCALE, VPPOFEVS, XL-CONNECT
2. User-Centric Charging Solutions

Projects: ECHARGE4DRIVERS, EV4EU, INCIT-EV, USER-CHI

3. Battery Management and Energy Storage

Projects: ENERGETIC, ENERGY ECS, IBATTMAN, HELIOS, TEMPEST, OPEVA, RECIRCULATE

4. Vehicle Design and Optimization

Projects: ECOMOBILITY, EFFEREST, MINDED, SMARTCORNERS, ZEV-UP

All projects are funded within the framework programmes H2020 and HE. The projects are almost
equally divided between the IA and RIA schemes, with 11 and 10 projects respectively. Additionally,
two projects fall under the SME framework.
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Figure 13. Overview of advanced electromobility projects divided by subthemes

Horizon 2020 and Horizon Europe projects on advanced electromobility by subthemes

Advanced electromobility projects by Framework programme, funding scheme divided into subthemes
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Figure 14 outlines the distribution of funding across all identified subthemes. The largest funds (i.e.
87.3 million EUR) were allocated to the subtheme focused on “Battery management and energy
storage / energy efficiency”, primarily under the RIA funding scheme. The next most funded area was
“Vehicle design and optimisation,” which received 68.3 million EUR.
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Figure 14. Funding of advanced electromobility projects divided by subthemes

Funding distribution of advanced electromobility projects by subthemes

EU contribution and total cost by subtheme, Framework Programmes and funding schemes
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5.3.2. Subtheme 1. Smart Charging and V2X Integration
Introduction

The projects within this subtheme have developed innovative solutions for smart charging and
vehicle-to-everything (V2X) integration, enhancing the efficiency and sustainability of electric vehicle
(EV) charging. Key aspects explored include user-centric smart charging, grid flexibility, and vehicle-
to-grid interactions, aiming to optimise energy transfer between EVs, the grid, and buildings. These
initiatives share common objectives, such as creating interoperable smart charging solutions,
integrating V2X technologies, and establishing open system architectures for seamless connectivity.
The overall goal is to establish a cohesive and efficient smart charging ecosystem, reducing
greenhouse gas emissions and promoting sustainable transport systems.

Projects descriptions and achievements

The projects in this cluster can be grouped into several categories. The MAGCHARGE (EIC -
Accelerator, 2022-2024), XL-CONNECT (RIA, 2023-2026), and VPPOFEVS (EIC - Accelerator, 2024~
2026) projects focus on developing innovative charging technologies, such as wireless inductive
charging and bidirectional charging, to improve the efficiency and convenience of EV charging.
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These projects aim to demonstrate the feasibility of these technologies and their potential to reduce
the strain on the grid. MAGCHARGE has developed a wireless power transmitter pad made from
magnetizable concrete material, which has shown high performance and efficiency.

XL-CONNECT is working on optimizing the entire charging chain, from energy provision to the end
user, and has created a digital twin of the charging chain to simulate and evaluate different scenarios.
VPPOFEVS aims to develop a plug-and-play virtual power plant as a platform for smart charging and
energy market.

The FLOW (RIA, 2023-2026) and SCALE (RIA, 2022-2025) projects, on the other hand, focus on the
development of smart charging systems and V2X technologies to optimize the charging infrastructure
and provide flexibility services to the grid. SCALE aims to develop an open system architecture for
smart charging and V2X, while FLOW focuses on creating a user-centric approach to foster EV uptake
and has developed Al forecasting tools for optimization and coordination of electric mobility assets.
Both projects aim at preparing the market for widespread V2X-enabled charging solutions. Also
DRIVE2X (RIA, 2023-2026) project focuses on advancing the deployment of V2X solutions, by
developing new knowledge, models, and technologies to support the mass deployment of EVs. This
project aims to develop next-generation slow, lower-cost bidirectional TRL7 charger units and has
implemented Al techniques to capture the flexible energy potential from smart charging and improve
V2X flexibility.

The AHEAD project (1A, 2024-2028) takes a more holistic approach and aims to develop a simulation
environment to optimise the process of planning the location of EV charging stations and the use of
power grid resources. It will build on currently available Al models and include spatial mapping and
grid mapping to match charger locations to grid capacity.

5.3.3. Subtheme 2: User — centric solutions
Introduction

Projects in this cluster focus on achieving optimised smart charging of electric vehicles and vehicle-
to-grid flexibility, in particular under mass deployment conditions, by adopting a holistic and user-
centric approach. The overall direction of the cluster is focused on improving the EV charging
experience, increasing user acceptance and fostering innovation through the development of user-
centric and interoperable charging solutions. This includes addressing qualitative aspects such as
charging location and planning, as well as promoting interoperability between charging stations and
integrating booking and payment systems. In addition, the projects aim to provide guidelines and
recommendations for various stakeholders to ensure the widespread adoption of electric vehicles and
the development of sustainable charging networks.

Project description and achievements

The projects in this cluster fall into two main categories: those focusing on charging infrastructure
and user experience, and those exploring V2X technologies and grid integration. INCIT-EV (IA, 2020~
2024) and USER-CHI (IA, 2020-2024) projects are examples of the former, which aims to develop
innovative charging solutions, such as smart charging stations and wireless charging systems, and to
improve the user experience through improved charging infrastructure and services. In order to
achieve that goal, INCIT-EV used neuroscience techniques to examine electric vehicle users
preferences regarding charging technologies. USER-CHI focused on optimising the design of charging
networks, developing charging systems with a higher market acceptance and demonstrating novel
business and market models.
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ECHARGE4DRIVERS (IA, 2020-2024) also falls into this category and focused on the development
of user-friendly charging stations, smart and interoperable e-mobility services and charging solutions,
including testing such innovative charging solutions as charging points on lamp posts and battery
swapping stations for Light Electric Vehicles (LEV).

EVAEU project (RIA, 2022-2025), is focused on developing and demonstrating V2X management
strategies to support the mass deployment of EVs, smart charging strategies and grid integration
solutions. EV4EU has made progress in developing tools and applications for EV users, creating an
open information exchange platform for stakeholders, and testing different V2X management
approaches in demonstration sites across Europe. The project has also identified key challenges and
barriers to the widespread adoption of V2X technologies, including the need for standardisation,
regulatory frameworks and interoperability.

5.3.4. Subtheme 3: Battery Management and Energy Storage
Introduction

Projects in this subtheme focus on advancing technologies to optimise battery performance, extend
battery life and improve energy efficiency in electric vehicles. Their common objectives include the
development of innovative solutions for battery management, energy storage, and energy efficiency,
with the goal of improving battery sustainability, reducing energy consumption, and minimising
environmental impact. Research trends include integration of data-driven methods, Al, and digital
twin technology to optimise battery management. There can be also noticed a focus on developing
modular and scalable battery packs, promoting reuse and recycling, and developing blockchain-based
platforms for battery tracking. All initiatives support the mass deployment of electric vehicles and
contribute to the decarbonisation of the transport sector.

Project description and achievements .

Projects such as RECIRCULATE (RIA, 2023-2026) and ENERGETIC (RIA, 2023-2026) focus on
optimising battery management systems (BMS) by integrating Al-driven models and digital twin
technologies. One of the key objectives is to improve battery sustainability, safety and lifecycle
management, with RECIRCULATE focusing on battery reuse and recycling through a blockchain-
enabled marketplace and the creation of unique battery passports that track key battery data and
improve end-of-life maintenance. The ENERGETIC project aims to develop the next generation of BMS.
To improve predictive maintenance and degradation diagnostics, it uses multiple Al models supported
by edge and cloud computing and the use of digital twins to monitor and predict the remaining usage
of a lithium-ion battery.

The OPEVA (JU-RIA, 2023-2025) and TEMPEST (RIA, 2023-2026) projects share the common goal
of improving the performance of electric vehicles. OPEVA focuses on aggregating information from
the vehicle and infrastructure through data-driven methods and Al, with the aim of reducing charging
times and improving grid integration. It focuses on optimising the autonomy of electric vehicle
batteries, also including driver-oriented human factors to improve the electrical vehicle usage,
reducing both energy consumption and charging time. TEMPEST, on the other hand, aims to develop
lightweight, module-free recyclable batteries using advanced chemistry and Al algorithms, suitable
for various transport applications, including the automotive, aviation, rail and maritime sectors. It
aims to develop three different batteries types and bring these systems to TRL5.
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The HELIOS (IA, 2021-2024) and IBATTMAN (IA, 2024-2027) projects both focus on the
development of modular and scalable battery systems. HELIOS aimed to develop smart battery packs
for mid-size vehicles and city buses. It integrated advanced materials, Big-Data analysis and ICT
technologies to improve performance and safety. Through the use of innovative structural
components, such as polymers and composites, the batteries have improved mechanical resistance
and reduced weight. IBATTMAN is focused on the development of a modular, next-generation BMS
that incorporates novel sensors and cloud computing to monitor the State-of-Health (SOH) of the
battery cells in a wide range of electric vehicles. It plans to develop data-based models for on-board
and on-cloud applications for performance and safety assessment to improve battery connectivity,
security and reliability and reducing total cost of ownership in EVs.

Finally, ENERGY ECS project (IA, 2021-2024) focused on the intersection of energy and mobility of
the future, developing software and hardware to enable new business models and ecosystems. It
explored six use cases including enablers for new logistic modes, energy independent intermodal
transport charging technologies, grid stability through bi-directional charging, and enablers for safe
autonomous driving.

5.3.5. Subtheme 4: Vehicle Design and Optimization
Introduction

The projects grouped within this subtheme focus on improving electric vehicles through several
research areas. Key themes include the integration of Al, machine learning and digital twins to
optimise energy management and vehicle design. Projects within this group emphasise user-centred
design, ensuring that vehicles meet specific user needs and preferences to increase uptake. Common
objectives include reducing costs, increasing energy efficiency, and improving vehicle range and
comfort. A notable trend is also the exploration of innovative business models. In addition, these
projects are working to align technological advances with regulatory frameworks to facilitate the
deployment of Al solutions and the integration of electric vehicles into existing transport
infrastructures.

Project description and achievements

The EFFEREST (IA, 2024-2026) and MINDED (1A, 2024-2026) projects focus on optimising energy
management and enhancing user-centric design. Both aim to improve energy efficiency and user
experience through innovative energy management systems. Using data from real fleet behaviour
EFFEREST uses adaptive digital twins and Al to personalise energy management for optimised EV
designs and additional benefits for users. The MINDED project aims to develop and validate heating
system based on the infrared heating panels and a novel HVAC (Heating, Ventilation, and Air
Conditioning) unit based on the heat pump to reduce the energy requirements. increase the driving
range by 20% and improve comfort in electric minibuses.

Another group of projects, including SMARTCORNERS (IA, 2023-2026) and ZEV-UP (IA, 2024-2027),
focuses on innovative vehicle design and component optimisation. SMARTCORNERS uses in-wheel
motor (IWM) technology to develop flexible and user-centric smart corner systems (SCS). It also
applies predictive Al and machine learning for holistic energy management, covering thermal
management and other comfort and functional aspects during EV operation. The ZEV-UP project, on
the other hand, aims to develop the new cost-effective and user-friendly EV for both passengers and
goods. By using innovative design and engineering techniques such as digital-twin models it aims to
improve vehicle development efficiency and reduce validation costs, as well as explore novel business
models such as Battery as a Service.

54


https://cordis.europa.eu/project/id/963646
https://cordis.europa.eu/project/id/101138856
https://cordis.europa.eu/project/id/101007247
https://cordis.europa.eu/project/id/101138266
https://cordis.europa.eu/project/id/101138202
https://cordis.europa.eu/project/id/101138110
https://cordis.europa.eu/project/id/101138721

The ECOMOBILITY project (RIA-JU, 2023-2026) aims to find new ways to address the challenges of
digital mobility in terms of business models and technologies. Its goal is to support European industry
and cities in the transition from isolated and static transport systems towards a dynamic, service-
oriented and interconnected mobility ecosystem. This will be achieved by optimising and facilitating
the exchange of data between all relevant stakeholders and establishing new practices for the
development of end-to-end mobility solutions.

5.3.6. R&l, socio-economic and policy implications

Based on the analysed projects, the future research directions for electromobility emphasize the
necessity for ongoing innovation and the integration of advanced technologies to enhance the
development and adoption of electric mobility. Evaluating the current and future potential of AC and
DC charging technologies for various types of electric vehicles holds significant potential for
development. This includes designing smart and bidirectional charging architectures, integrating
automated charging systems, and deploying Al-based tools at various stages of EV charging and
management of energy demand. A large group of projects also highlighted the importance of
understanding EV users' expectations and needs, which can be further addressed with more
sophisticated neuroscience techniques.

Furthermore, it is essential to better understand and prepare for the risks associated with new
innovations in this field. Future research should continue to address uncertainties in vehicle-to-
everything (V2X) systems and develop policy tools to support V2X roll-out in Europe. Moreover, further
exploration of energy-efficient powertrains and dynamic routing technologies is crucial to improve EV
performance and autonomy.

The collective findings of the projects highlight several policy implications for the future of
electromobility, including the need for coordinated efforts to address regulatory and market
challenges. Policies should focus on harmonizing standards and regulations across regions to
facilitate EV adoption, supporting the deployment of user-centric charging infrastructure, modular
and adaptable vehicle designs, and the greening of the grid. The development of V2X technologies
will require the establishment of new standards and protocols for data sharing and security to protect
user privacy and prevent cyber threats. The lack of standardization and interoperability in charging
infrastructure could create barriers to access for some users, potentially exacerbating social exclusion.

The overall results of the projects have various socio-economic implications, including the need
for developing new business models and ecosystems and restructuring technology and business value
chains in the energy and mobility sectors. Innovations in charging technologies can unlock new
business models, such as Battery as a Service, and create new job opportunities in various sectors,
including electric vehicle manufacturing, charging infrastructure provision, and energy companies.

Moreover, improved charging infrastructure and user accessibility to the public charging network can
help eliminate user concerns and overcome the uncertainty of range, which are key factors preventing
further growth of e-mobility. Among the potential economic impacts are the reduction of total vehicle
costs, maintenance (including repair and battery maintenance), and energy costs for consumers,
thanks to smart charging solutions. This can help increase public awareness and acceptance of these
technologies, improving the overall accessibility and attractiveness of EVs and accelerating their
massive deployment in the future.
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In conclusion, the future of electromobility holds significant potential for innovation and growth, but
it requires ongoing research and development, as well as coordinated policy efforts to address
regulatory and market challenges. The promotion and development of electromobility can also
contribute to wider impacts, such as improved urban air quality, reduced noise pollution, improved
grid integration, and eventually, climate change mitigation.
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5.4. Air mobility

5.4.1. Overall direction of R&I

The EU's Research and Innovation (R&I) efforts in Air mobility are focused towards several aspects,
like advancing in the development of vehicle technologies, infrastructure, urban mobility services and
air traffic management, analysing societal issues and developing smart systems.

Our analysis covered 32 projects in the field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following four subthemes:

1. Vehicle technologies

Projects: ADENEAS, AGILEFLIGHT, AIRSHIP, AVATAR, BECOM, COLOSSUS, EGENIOUSS, HAIKU, NEXTAIR,
SAFETEAM

2. Physical and digital infrastructure

Projects: ASPRID, EUREKA, IMHOTEP, STARGATE

3. Urban air mobility (UAM)

Projects: ADACORSA, AIRMOUR, ASSURED-UAM, FF2020

4. U-space

Projects: AMU-LED, BUBBLES, CORUS-XUAM, DACUS, FACT, ICARUS, METROPOLIS 2, OPERA, PJ34-W3
AURA, SAFIR-MED, SPATIO, TINDAIR, URCLEARED, USPACE4UAM

All projects are funded within the H2020 and HE Framework Programmes. The projects are divided
between the RIA and IA schemes, with 19 and 11 projects respectively. Additionally, one project falls
under the ERC scheme, and another under the CSA framework.
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Figure 15. Overview of air mobility projects divided by subthemes

Horizon 2020 and Horizon Europe projects on air mobility by subthemes

Air mability projects by Framewark programme, funding scheme divided into subthemes
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Figure 16 illustrates the distribution of funding across all identified subthemes. The largest funds (i.e.
65.9 million EUR) were allocated to the subtheme focused on “U-space”, primarily through the IA
scheme. The second highest allocation, amounting 54.6 million EUR, was directed toward “urban air
mobility”.
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Figure 16. Funding of air mobility projects divided by subthemes

Funding distribution of air mobility projects by subthemes
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5.4.2. Subtheme 1: Vehicle technologies
Introduction

The R&l efforts in this group focus on different vehicle technologies, including physical and digital
ones.

These initiatives are developing innovative solutions such as autonomous flying ships, Al-driven
aircraft design, and digital twin platforms for predictive maintenance. Efforts also include optimizing
aircraft systems and operations, enhancing navigation software, and improving human-Al teaming
for safety. Additionally, projects aim to mitigate the climate impact of aviation, particularly through
Al-based models to reduce contrail formation.

Project Descriptions and Achievements

Projects enhancing autonomous and zero-emission technologies focus on developing innovative
solutions for sustainable air mobility. AIRSHIP (RIA, 2023-2026) develops autonomous flying ships
for inter-island and inland waters transport, leveraging zero-emission power and Al for autonomous
control.
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Different projects address digital transformation for design, manufacturing and maintenance.
NEXTAIR project (RIA, 2022-2025) is developing digital methodologies for aircraft design, leveraging
Al and digital twins to optimize performance and reduce emissions. Digital twins are also being
developed in the AVATAR project (RIA, 2023-2026), which focuses on creating a digital twin platform
for aircraft predictive maintenance, leveraging loT and big data.

Digital transformation of aviation and air transportation is also at the heart of the COLOSSUS project
(RIA, 2023-2026). The project is developing a system-of-systems design methodology which will
enable the combined optimization of aircraft, operations and business models. Specific solutions for
intermodal transport are also being investigated.

Navigation software and controls projects were funded under diverse sources and cover all stages of
technological development. AGILEFLIGHT project (ERC, 2020-2025) is developing vision-based
algorithms for agile quadrotor navigation, achieving human-level performance in complex
environments. The goal is to attain navigation maneuverability and agility comparable to that of
expert drone pilots. Navigation systems are also the focus of the ongoing EGENIOUSS project (IA,
2022-2026). This project aims at improving existing European GNSS services by developing an
accurate and economical cloud service that utilises novel multi-sensor navigation with a visual
localisation component to compensate for common GNSS issues.

Different projects explored human-Al teaming and safety, given the steady increase in automation in
aviation operations at large (e.g. in cockpit, ATC, maintenance, etc.), including for new airborne services
and vehicles such as drones. HAIKU project (IA, 2022-2025) is developing Al digital assistants for
various aviation segments, focusing on human-Al teaming and explainability to enhance safety and
trust. Similarly, SAFETEAM project (1A, 2022-2025) aims at ensuring efficient and safe interaction
between Al systems and human operators, including methodologies for the assessment of the system
performance.

Other projects focused on electric network architectures and systems, optimising global energy,
electrical power, data and communication for aviation. ADENEAS project (RIA, 2021-2024) worked
on more electric and connected aircraft, developing Al-based design tools and advanced data
communication technologies. In addition, projects like BECOM (RIA, 2022-2026) aim to mitigate the
climate impact of contrails, developing Al-based models to predict and avoid contrail formation._

5.4.3. Subtheme 2: Physical and digital infrastructure
Introduction

The research and innovation (R&l) efforts in this subtheme focus on integrating multimodal transport
systems and improving airport operations. These initiatives leverage Al and predictive models to
optimize passenger flow and airport efficiency. Efforts are being made to reduce the environmental
impact of aviation through the development of digital twin technology, biofuel blending, and other
green technologies. Additionally, infrastructure and operational concepts for urban air mobility are
being developed to support the integration of vertiports. Enhancing airport security and protecting
operations from potential threats, such as unwanted drones, are also key areas of focus.
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Project Description and Achievements

The IMHOTEP project (RIA, 2020-2022) integrated multimodal transport systems, using Al and
predictive models to optimize passenger flow and enhance airport operations. The project developed
a Multimodal Collaborative Decision Making (MCDM) concept, which extends airport collaborative
decision making to ground transport modes, enabling the optimisation of the performance of the
multimodal transport system as a whole.

Some projects target sustainability and green technologies, aiming at reducing environmental
impact. STARGATE (IA, 2021-2026) aims at sustainable airport operations, developing digital twin
technology and biofuel blending facilities to reduce emissions and improve efficiency. Moreover, the
project will optimise terminal operations, e.g. with the deployment of a Terminal Command Centre,
and will cover other cross-cutting aspects like the minimisation of noise and emissions.

Other projects emphasises vertiport operations and UAM Integration. The EUREKA project (IA, 2023-
2026) is developing solutions for vertiport operations, including arrival/departure processes and
collaborative traffic management.

Enhancing security and reducing environmental impact in airports are also at the heart of the ASPRID
project (RIA, 2020-2022). The project developed a service-oriented operational concept to protect
airport operations from unwanted drones, conducting validation tests to assess its effectiveness. The
proposed solution assesses the threat caused by the incursion, monitors drone data, produces zone
trespassing alerts and supports communication with the concerned actors. Moreover, it provides a
coordinated mitigation procedure and supports neutralization actions.

5.4.4. Subtheme 3: Urban air mobility (UAM)
Introduction

The research and innovation (R&l) efforts in this subtheme focus on Urban Air Mobility (UAM), which
refers to the provision of mobility services in an urban environment using air vehicles. The concept
comprises both manned and unmanned aircraft of different configurations. These services are
expected to be widely deployed in the near future.

The selected initiatives integrate technologies from various domains, such as automotive and drone
industries, to improve beyond visual line of sight (BVLOS) operations, collision avoidance, and secure
communication. Efforts also target UAM for emergency medical services, developing tools and
conducting real-life tests to ensure safety and public acceptance. Additionally, projects address noise
and visual pollution, cybersecurity threats, and privacy concerns, providing guidelines and
recommendations for standardization and regulation.

These developments are comprehensively assessed in the recent JRC report on Research and
Innovation on Drones in Europe (European Commission: Joint Research Centre, 2024), which reviews
152 EU-funded projects and their alignment with the Drone Strategy 2.0 (European Commission,
2022), highlighting technological progress, societal impacts, and policy support mechanisms.
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Project Description and Achievements

Different projects focus on Al and data analytics for operational efficiency. ADACORSA (RIA, 2020-
2023) integrated automotive and drone industries, achieving advancements in BVLOS operations and
Al-driven data analytics. Technologies applied from automotive domain include radar and LiDAR
sensors and 3D cameras, along with hardware and software for accurate sensor fusion and data
analytics. The project also developed technologies for secure and reliable drone communication.

AIRMOUR (RIA, 2021-2023) concentrated on UAM in emergency medical services, developing tools
and conducting real-life tests to ensure safety and public acceptance. Main outputs of this project are
the UAM Guidebook for cities, operators and other stakeholders, UAM GIS Tool for urban planners,
and UAM Training Programme and Masterclasses. The project also contributed to the development of
regulations and standardisation in the drone industries, by providing recommendations related to
urban air mobility emergency medical service operations.

Projects emphasizing safety and integration of UAS have developed advanced concepts and
technologies for safe UAS operations. ASSURED-UAM (CSA, 2021-2023) focused on safety,
sustainability, and public acceptance of UAM, developing recommendations for efficient deployment.

Main results include scenarios of UAM potential development in 2025, 2030, and 2035, guidelines
for urban stakeholders in terms of policy definition, a reference to recommendations and
organizational solutions and integration of surface modes under the umbrella of U-Space ATM.

Projects enhancing environmental sustainability and efficiency have focused on reducing the
environmental impact of air traffic. FF2020 (RIA, 2020-2024) created a geospatial UAM ecosystem,
integrating Al and loT to optimize urban air mobility and smart city applications. The developed
solutions were tested in five living labs, creating practical know-how on existing technical, legal and
administrative shortcomings on running daily unmanned drone operations.

5.4.5. Subtheme 4. U-space
Introduction

The research and innovation (R&l) efforts in this subtheme focus on validating urban air mobility
(UAM) concepts through real-flight demonstrations and enhancing public acceptance. These initiatives
aim at integrating UAM operations into urban airspace, developing advanced separation management
and communication technologies, and optimizing air traffic management using Al and data analytics.
Efforts also include improving safety and efficiency in U-space, addressing noise and visual pollution,
and ensuring secure and reliable drone communication.

Project Description and Achievements

Projects emphasizing real-flight demonstrations and public acceptance have validated UAM concepts
through practical tests. AMU-LED (IA, 2021-2023) designed and validated UAM concepts through
extensive real-flight demonstrations, addressing logistics and urban passenger transport. The project
identified key points of interaction between U-space users and defined a data model for the exchange
of information between them.
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CORUS-XUAM (IA, 2021-2023) extended U-space services to support integrated UAM operations,
conducting large-scale demonstrations across Europe. The project developed recommendations for
UAM safety regulation and standardisation. Similarly, the USPACE4AUAM project (IA, 2021-
2022) demonstrated U-space services for UAM, integrating UAS into urban airspace and validating
safety and operational concepts.

Projects enhancing safety and efficiency in U-space have developed advanced separation
management and communication technologies. BUBBLES (RIA, 2020-2022) developed Al-based
separation management services for U-space, enhancing safety and efficiency in drone
operations. The delivered algorithms compute the collision probability between UAs using the
developed separation minima to keep it under acceptable levels. Al was applied to dynamically
manage these minima using different separation methods and agents. Similarly, OPERA (IA, 2023-
2026) aims to enable safe and efficient UAM operations, validating technologies and procedures for
piloted air taxis and unmanned cargo.

U-space services on medical air mobility were investigated in the SAFIR-MED project (IA, 2020-
2022). Demonstrations took place in different EU cities and they were virtually enhanced through
large-scale simulations in order to test the maximum airspace capacity of the CONOPS.

In addition, URCLEARED (RIA, 2020-2022) focused on developing a Remain Well Clear (RWC)
functionality for detect and avoid systems, ensuring safe integration of RPAS in airspace
classes D-G.

Projects focusing on Al and data analytics for operational efficiency have made significant strides in
enhancing air traffic management. DACUS (RIA, 2020-2022) developed a demand and capacity
balancing process for U-space, integrating Al to predict and manage drone traffic. The developed
algorithms and technologies allow to find the optimal balance between on-board separation
intelligence and U-space separation service intelligence. Building on DACUS results, the ongoing
SPATIO project (IA, 2023-2026) will consistently integrate demand and capacity balancing with UAV
spacing solutions, including strategic and tactical conflict resolution.

The use of Al for strategic and tactical deconfliction was also at the heart of the METROPOLIS 2
project (RIA, 2020-2022). The project developed a unified approach to airspace design and separation
management for high-density urban aerial operations. Similarly, TINDAIR (IA, 2021-
2022) demonstrated Al-based tactical deconfliction services, validating their effectiveness in real-
world scenarios. The service tested within the project detects possible conflicts and sends instructions
to change aircraft speed and trajectory to avoid the conflict, and subsequently to guide the rerouted
aircraft back on course.

Attention was also devoted to telecommunications and satellite services. FACT (RIA, 2020-
2022) updated CNS technology for digital operations, exploring the use of 4G/5G and satellite
communication to enhance air traffic management.

PJ34-W3 AURA (RIA, 2021-2023) worked on U-space information exchange with ATM systems,
enhancing interoperability and airspace capacity. The project identified the requirements for
information exchange through system-wide information management and conducted some validation
exercises to test the developed concepts.
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Different projects developed specific U-space related products. ICARUS (RIA, 2020-2022) developed
a common altitude reference system for U-space, using GNSS-based altimetry to enhance accuracy
and safety. The output of the system provides information on distance from the ground and obstacles
in combination with the common altitude reference. The project developed the Vertical Alert Service,
an algorithm capable of performing multiple complex calculations simultaneously. Vertical Alert
Service alerts drone pilots to the presence of ground obstacles or other drone traffic in close proximity.

5.4.6. R&l, socio-economic and policy implications

Projects within the air mobility category highlighted the necessity for additional research and
development in several critical areas.

Projects like NEXTAIR and AVATAR highlight the potential to further develop Al and digital twins to
revolutionize aircraft design and maintenance. Seamless integration of intermodal transport systems,
considering both technical innovation and broader operational efficiencies, is also recognized as
worthy of further investigation. To this respect, the provision of additional data sources, e.g. from
airlines, airport facilities and private companies serving the airport is identified as a future need within
the IMHOTEP project. The necessity to further develop methods that allow for data sharing from
different stakeholders without compromising sensitive information was also emphasized.

The development of infrastructure and operational standards to enable UAM integration should be
further explored. The AIRMOUR project points to the importance of accelerating the implementation
of digital connectivity to aircraft, in order to overcome obstacles to scaling up UAM-enabled services.
Advancing U-space technologies is also identified by different projects as crucial for ensuring safe,
efficient, and sustainable air operations in urban environments. Mentioned future research lines
include the development of comprehensive concepts of operations for U-space services and the
optimisation of U-space demand and capacity. Establishing standardized protocols and certification
processes for new U-space technologies should also be further studied. In addition, robust
cybersecurity measures and effective human-Al collaboration should be investigated.

The advancements in air mobility have significant policy implications. The increasing presence of
Al assistants in aviation, seen e.g. in the HAIKU project, underscored the need for clear policies around
human-Al teaming to ensure safety, explainability, and trust.

Projects on infrastructure highlight the importance of ensuring policies for seamless passenger flow
and optimized multimodal systems at airports. The integration of multimodal transport systems, as
demonstrated by IMHOTEP, calls for coordinated policies across different transport sectors to create
seamless and efficient passenger experiences.

Expanding on ASPRID's concepts, identified future needs include reducing the complexity of
neutralisation regulation, developing counter-drone performance standards and evaluation
methodologies and guidance about trusted Al in counter-drone systems.

The real-flight demonstrations in AMU-LED and CORUS-XUAM highlight the importance of validating
new concepts through practical tests, suggesting that regulatory bodies should support such
initiatives. In addition, public acceptance of drones, as addressed by AIRMOUR, is crucial, and policies
are expected to include public engagement and education components.
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The potential socio-economic impacts of air mobility R&l encompass both economic and social
dimensions. Considering economic impacts, air mobility R&l is projected to boosting market expansion
and innovation, driving the development of new technologies and business models, particularly in the
fields of urban air mobility (UAM), drone operations, and advanced air traffic management. This
fosters innovation and is expected to open up new market opportunities in sectors such as logistics,
surveillance, emergency services, and passenger transport.

In addition, the growth of air mobility necessitates significant investment in infrastructure, including
vertiports, communication systems, and regulatory frameworks. This investment stimulates economic
growth, creates jobs, and enhances the overall competitiveness of the aviation and technology
sectors.

When social impacts are taken into account, public safety and trust are among the most relevant
identified concerns. Researchers emphasized the importance of considering human values when
establishing successful interactions with Al systems, as the insufficient trust in Al systems remains a
significant barrier to technology adoption.

Air mobility solutions, particularly those involving drones, are perceived as having the potential to
revolutionise emergency services. Faster response times and more efficient delivery of medical
supplies and emergency assistance can save lives and improve public safety.Furthermore, the
development of sustainable UAM solutions are regarded as capable to reducing urban congestion
and pollution, contributing to cleaner and more livable cities.

The integration of advanced technologies, such as Al and automation, into air mobility requires a
skilled workforce. Different projects highlight the need for highly-skilled workforce of the aviation
industry for the future. The integration of automotive and drone industries is expected to create new
job opportunities in both sectors, particularly in areas related to technology development,
manufacturing, and regulatory compliance. On the other hand, the increasing use of drones might
raise concerns about affordability or potential job losses, which need to be tackled to increase their
social acceptance.
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5.5. Transport and urban planning

5.5.1. Overall direction of R&I

This chapter covers projects focused on different aspects of transport planning and management.
The common characteristic of all these projects is strong involvement of digital technologies, for
example digital twins, artificial intelligence and robotics.

In total, 19 projects are included in this field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following three subthemes:

1. Transport planning and management tools

Projects: DIDYMOS-XR, JULIA, NET4CITIES, RENEW, URBANITE

2. Exploration of the future of mobility

Projects: 2D4D, AMIGOS, COCI, COEXISTENCE, MOBILITIES FOR EU, REALLOCATE

3. Inspection and maintenance

Projects: BUGWRIGHT2, DAYDREAMS, HERON, IN2ZONE, IM-SAFE, PAVE-SCAN, PILOTING, RAPID

All projects are funded within the framework programmes H2020 and HE. The projects are nearly
evenly split between the IA and RIA schemes, with 8 and 7 projects respectively. Additionally, 3
projects are part of the ERC framework and 1 project falls under CSA scheme.

Figure 17. Overview of transport and urban planning projects divided by subthemes

Horizon 2020 and Horizon Europe projects on transport and urban planning by subthemes

Transport and urban planning projects by Framework programme, funding scheme divided into subthemes
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Figure 18 showcases how funds were distributed among subthemes. “Exploration of the future of
mobility” led with 57.4 million EUR, mostly under the IA scheme. “Inspection and maintenance”
followed, receiving 37.4 million EUR.

Figure 18. Funding of transport and urban planning projects divided by subthemes

Funding distribution of transport and urban planning projects by subthemes

EU contribution and total cost by subtheme, Framework Programmes and funding schemes
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5.5.2. Subtheme 1: Transport planning and management tools
Introduction

A number of projects was involved in development of specific tools for better transport planning and
management, both at strategic and operational level. In the first case, several initiatives were
centered around development of decision support systems, intended to support policymakers with
topics like the optimal integration of novel transport technologies into the existing system, or finding
the best combination of measures for green transformation of an entire transport sector. On the other
hand, some projects developed tools directed at short-term decision making, dealing with
optimisation of public transport operations, and environmental monitoring combined with dynamic
traffic management.

Project description and achievements

A number of the selected projects deal with decision support systems. URBANITE (RIA, 2020-2023)
addressed the challenge facing the public administration to cope with recent transport innovations,
such as vehicle sharing or micromobility. The project developed a digital platform able to harvest,
fuse, and curate mobility data from heterogeneous sources, assisting the policymakers in
understanding the impacts of these new transportation and business models, as well as in
assessment of various policy options. DIDYMOS-XR (RIA, 2023-2025) is working on improvement of
digital twins. Digital twins can be a powerful tool for transport decision-makers, e.g. for monitoring or
scenario analysis.
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The project is addressing several key barriers to this technology, e.g. high cost of high-fidelity models,
integration of data from heterogeneous sensors, and the need for manual intervention in case of
updates. RENEW (IA, 2022-2025), on the other hand, deals with the challenge of decision-making in
inland waterways. The project aims at providing a decision-support framework that will inform
measures and solutions towards greening the sector. In addition, a dedicated dataspace and a digital
twin will be developed, allowing for data sharing between infrastructure monitoring, river information
system, traffic management, and emergency systems.

Some of the initiatives work on smart solutions for improving transport-related operations and
monitoring. JULIA (IA, 2024-2026) seeks to incorporate EU Space services and data into the global
public transport sector. Ultimately, the project aims at the development of an advanced management
system for public transport operators. In addition, the solution will help cities understand air quality
and develop innovative solutions for cleaner, more sustainable mobility strategies. NET4CITIES (IA,
2024-2027) focuses on advancing pollution monitoring infrastructure, and will deliver a web-based
interface with real-time maps and information on air quality, as well as policy support tools
incorporating dynamic traffic management and nature-based solutions.

5.5.3. Subtheme 2: Exploration of the future mobility
Introduction

The projects in this cluster are characterized by a more forward-looking approach, exploring themes
and technologies that are not yet widely diffused, yet are likely to have a substantial impact in the
mid to long term. One of these topics is the progressing digitalization. Some projects apply digital
tools to better understand the future mobility scenarios, while others investigate their broader
consequences, e.g. on decarbonisation pathways, or on the overall transport system performance.
Several projects look into radical innovations in the field of urban mobility, both social, e.g. a transition
to a more decentralized and participatory model of city operations, as well as technology-oriented,
involving a combination of automation, connectivity, and data-driven solutions.

Project description and achievements

Several of the identified projects deal with the topic of digitalization, either as a tool for better
transport management, or by exploring its potential broader implications. AMIGOS (IA, 2023-2027)
is focusing on the development of a digital toolbox to foster sustainability of future urban mobility.
A Mobility Observation Box and a data collection app will feed a big data platform and digital twins
for visualization of future mobility scenarios. The platform will serve as a testbed for exploring novel
sustainability concepts, e.g. regarding optimization of public spaces and public transport usage. Two
projects are concerned with the consequences of digitalization. 2D4D (ERC, 2020-2025) is addressing
the impact of digital transformation on decarbonisation. More specifically, the project is investigating
the disruptive socio-economic implications of digital technologies and automation on decarbonisation
pathways and narratives. This analysis is carried out for several different contexts, with MaaS being
the subject of the transport-related case study. COEXISTENCE (ERC, 2023-2028), on the other hand,
is analysing the possible Al implications for the future of mobility. The project investigates the
possibility of a machine-dominated urban mobility system, where collective decisions of Al-driven
agents aim at optimizing the system-wide performance. In this scenario, the individual human actors
might face negative consequences such as longer travel times, greater monetary cost, or being
nudged to take suboptimal, from their point of view, travel choices. The project employs a variety of
methods to simulate this scenario, spanning between game theory, deep learning, agent-based
modelling, and others.
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A number of projects investigate new paradigms and potential of radical innovations for urban
mobility. COCI (ERC, 2020-2025) is exploring the possible shift from a conventional, centralized
approach to managing cities, to a more decentralized and participatory one. The new concept, based
on a digitally-assisted self-organization, is investigated from multiple points of view, e.g. possible
risks and benefits, optimal methods of organization, impact on culture and values, etc. In terms of
mobility, the project will focus on automation, specifically on solutions based on Internet of Things
and machine learning. REALLOCATE (IA, 2023-2027) is investigating innovative methods for
promoting active transport modes, addressing the current safety and security problems related to
poor infrastructure, level of services, and insufficient infrastructure. The project integrates cutting-
edge mobility strategies and street space reallocation, employing innovative urban design,
behavioural nudging, smart technologies, and data-driven solutions. In a similar manner, MOBILITIES
FOR EU (IA, 2024-2028) is exploring innovative passenger and freight transport concepts for urban
environments, centred around the ideas of participation and user-centred design. In total, the initiative
will implement 11 pilots showcasing 27 pioneering mobility solutions, combining the potential of
electrification, automation and connectivity.

5.5.4. Subtheme 3: Inspection and maintenance
Introduction

A number of projects applied smart methods to various facets of inspection and maintenance in
transport. A wide range of technologies was applied, such as autonomous drones and robots, fusion
of multi-sensor data, satellite-based image analysis, and artificial intelligence. The selected initiatives
cover several areas of monitoring and maintenance - critical infrastructure, such as bridges and
tunnels, road surface, inspection of ships and port areas, and prescriptive management of railway
assets.

Project description and achievements

Several projects focused on maintenance of critical road and rail infrastructure, such as bridge and
tunnels. IM-SAFE (CSA, 2020-2023) investigated the transition from a traditional, time-based and
corrective approach to a data-driven, risk-based predictive maintenance. The project focused on the
regulatory aspect of this paradigm shift, working on harmonization and standardization of the
European rules for a more digitalized monitoring and maintenance of transport infrastructure.
PILOTING (IA, 2020-2023) developed robotic solutions for inspection and maintenance, and applied
them in pilots covering three use cases: tunnels, bridges, and oil and gas refineries. The purpose of
this new approach was to address the problem of reproducibility and quality of manually collected
data, as well as risk prevention in case of data collection in dangerous environments, e.g. on elevated
structures. The project combined a number of robotic solutions into an open integrated platform,
covering all the functionalities need by the final user for inspection. Some of the technologies
advanced by PILOTING include autonomous navigation in GNSS-degraded environments, aerial
contact robots, autonomous dexterous manipulation for ground robots, hybrid robotic vehicles, Al use
for inspection, and data management system for fully digital inspection and maintenance procedures.
In contrast to these two projects, IN2ZONE (RIA, 2020-2023) focused on railway, more specifically
on transition zones. Transition zones are track sections where the stiffness of bedding changes
significantly over a short distance, e.g. from an open track to a bridge. The project aimed at advancing
these infrastructure elements to next generation, in terms of construction, operation, and
maintenance. With regards to maintenance, IN2ZONE developed self-correcting design principles
which reduce the need for inspection and proposed a condition monitoring system aimed at just-in-
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time maintenance. The solution combines sensor data at various spatial and temporal scales, with
data assimilation techniques such as multi-sensor data fusion, allowing for continuous assessment
of transition zones performance. The final solution is completely self-inspecting.

In addition to the critical infrastructure elements like tunnels and bridges, some projects investigated
road surface monitoring. The goal of HERON (RIA, 2021-2025) is to advance road maintenance with
a variety of digital technologies, combined into an integrated automated system. The incorporated
elements include autonomous ground robot and drones, robotic equipment for tasks such as surface
material placement and compaction, modular components installation, and 3D mapping, sensing
interface, augmented reality and artificial intelligence. The delivered system will be able to perform
a variety of roadworks, e.g. sealing cracks, patching potholes, rejuvenating the asphalt, and painting
road surface markings. PAVE-SCAN (HORIZON-IA, 2024-2026) is developing an Al-driven, EGNSS-
based platform able to detect, classify, and georeference road surface anomalies. The tool takes
advantage of participatory sensing, using probe vehicles and buses for data collection.

RAPID project (RIA, 2020-2023) applied smart solutions for maintenance and inspection of maritime
transport infrastructure, such as material-handling equipment, cargo and passenger ships, and
bridges. The platform combines self-sailing unmanned surface vehicles with swarms of autonomous
drones, drastically cutting the time and cost needed for structural monitoring. Ship inspection was
also central the BUGWRIGHTZ2 (IA, 2020-2024) project, which developed a solution for underwater
hull cleaning combining autonomous air and underwater vehicles, with magnetic-wheeled crawlers
operating directly on the ship structure. As a result, the system is able to acquire a global overview
of the structure and perform a detailed visual and acoustic inspection, detecting corrosion patches
and cleaning the surface if necessary, all with minimal user intervention.

Smart approaches can also be applied at the level of maintenance planning and management. In the
realm of railway, the DAYDREAMS (RIA, 2020-2023) project integrated human and artificial
intelligence for better decision-making in the context of prescriptive intelligent asset management
systems. The resulting human-machine interface allows the operator to access and visualise
predictions and metrics, assess why and how the model makes a certain prediction, and evaluate
alternatives through parameters steering and speculative execution.

5.5.5. R&l, socio-economic and policy implications

Several projects formulated recommendations regarding next steps and future research
directions. BUGWRIGHT2 made advancements in defect classification and identification on large
structures, providing recommendations for further steps in refining classifier accuracy, mitigating
errors from imperfect classification, and improving defect mapping techniques. Regarding world
capture and synchronisation for digital twins, DIDYMOS-XR suggests further enhancement of the
accuracy of existing approaches, particularly focusing on real-world datasets. Further steps should
also include integration of the solutions developed during the project into a unified framework. In
terms of localisation, mapping, and real-time rendering for extended reality environments, future
work should focus on further refinement, validation, and practical application of the developed
algorithms. IN2ZONE examined various approaches to railway transition zones, concluding that
displacement-based methods are the most promising direction for future research, as opposed to
stiffness-based approaches, typically involving deep-seated improvement work. RAPID concluded that
lack of knowledge and technology understanding could significantly contribute to negative perception
of drones, calling therefore for a detailed large-scale survey to capture changes of public acceptance
before and after a detailed presentation of drone services.
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Regarding policy implications, numerous projects in this cluster produced relevant outcomes, in
particular regarding regulation and standardization. BUGWRIGHT2 developed a regulatory and policy
blueprint to facilitate the use of autonomous robotics in visual inspection and hull cleaning, while also
exploring the implications of automation on labor law and traditional shipyard tasks. RAPID analyzed
regulatory compliance of its developed use cases with existing regulations and delivered evidence
and white paper policy briefs to support current and future standard setting for drone operations. IM-
SAFE developed a new harmonized European standard for the digital approach to monitoring,
maintenance, and safety of transport infrastructure, addressing requlatory gaps across Europe.
RENEW provided an environmental impact assessment along with capacity-building guidelines and
policy recommendations. URBANITE offered insights into the implications of disruptive technologies,
such as Al, on urban mobility, providing decision-making support tools for policymakers. Its
deliverables include a recommendation system for policy design, impact analysis, public
administration recommendations, and an analysis of experiences in other industries. NET4CITIES is
advancing air and noise pollution monitoring infrastructure, which will conform to upcoming directives
and provide data for health impact assessments. This project is expected to offer a roadmap for
policymakers towards achieving a zero-pollution vision by 2050.

Several projects are focusing on the socio-economic implications of technological advancements
and automation. HERON provided a brief analysis of the societal impacts of automation in roadworks,
highlighting the potential positive impact on occupational safety through reducing the number of
workers exposed to road traffic. Additionally, automation may lead to the reassignment of tasks
among employees, contributing to a reduction in execution time. COEXISTENCE explores the future
scenarios of human and autonomous vehicle interactions within the transport system, studying the
social implications of such coexistence, particularly in route choice contexts. The 2D4D project aims
to ensure that the digital revolution serves as an enabler rather than a barrier for decarbonization,
emphasizing the importance of inclusive, climate-beneficial digitalization to support the energy
transition.
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5.6. Efficient and sustainable logistics

5.6.1. Overall direction of R&I

The EU's Research and Innovation (R&I) efforts in Efficient and Sustainable Logistics are focused on
several interrelated aspects, including advancing digitalisation and automation, enhancing resilience
of supply chains and multimodal freight solutions, reducing environmental impact, and addressing
urban and last-mile logistics challenges. These efforts aim to create more connected, resilient, and
efficient logistics networks that reduce environmental impact while meeting modern mobility
demands.

To provide a comprehensive overview of the current state of EU-funded R&l in this area, we have
divided the selected 47 projects into five primary subthemes:

1. Digital Connectivity and Smart Logistics

Projects: 5G-LOGINNOV. DATAPORTS, EPICENTER, INGENIOUS, KEYSTONE, LOGISTICSBRAIN,
REMUNET, SETO, TRANSMETRICS, VITAL-5G

2. Automation and Autonomous Freight Transport

Projects: AUTOFLY, AUTOMOTIF, AUTOSUP, FOREMAST, HYPERLOOP FOR SUSTAINABLE FREIGHT
TRANSPORT, SEAMLESS, VESSELAI

3. Energy-Efficient and Decarbonised Logistics

Projects: ADMIRAL, BATTEREVERSE, DT4GS, ESCALATE, NEXTETRUCK, REFMAP, SARIL, STORM

4. Integrated and Multimodal Freight Solutions

Projects: AEGIS, CRISTAL, FOR-FREIGHT, IW-NET, MAGPIE, MISSION, MOSES, MULTIRELOAD, PLANET,
PLATINA3, PLOTO, SAFARI, TRUST

5. Sustainable Urban Logistics and Last-Mile Innovations

Projects: DECARBOMILE, DISCO, GREEN-LOG, LEAD, SENATOR, ULAADS, UNCHAIN, URBANE,
URBANIZED

All projects are funded within the framework programmes H2020 and HE. The projects are almost
equally divided between the RIA and IA schemes, with 21 and 19 projects respectively. Additionally,
4 projects are part of the SME scheme, while 1 project falls under the CSA scheme and another under
the ERC scheme.
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Figure 19. Overview of efficient and sustainable logistics projects divided by subthemes

Horizon 2020 and Horizon Europe projects on efficient and sustainable logistics by subthemes
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Figure 20 illustrates the distribution of funding across all identified subthemes. The largest funds (i.e.
115.2 million EUR) were allocated to the subtheme focused on “Integrated and multimodal freight
solutions”, primarily under the IA funding scheme. The second highest allocation, totaling 81.6 million
EUR, was directed towards the subtheme centered on “Sustainable urban logistics and last-mile
innovations”.



Figure 20. Funding of efficient and sustainable logistics projects divided by subthemes

Funding distribution of efficient and sustainable logistics projects by subthemes
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5.6.2. Subtheme 1: Digital Connectivity and Smart Logistics
Introduction

The integration of 5G, loT, and digital platforms is revolutionising freight transport by enhancing real-
time connectivity, predictive monitoring, and supply chain transparency. These technologies enable
seamless multimodal coordination, automated compliance, and secure freight tracking, reducing
inefficiencies and emissions while improving logistics performance. R&I projects in this domain focus
on intelligent transport networks, digital twins, blockchain-secured freight systems, and predictive
logistics analytics to optimise multimodal freight flows.



Project Description and Achievements

The deployment of 5G-enabled logistics platforms has been instrumental in improving connectivity
across transport corridors and freight hubs. 5G-LOGINNQV (IA, 2020-2023) explored the role of 5G
in optimising port operations, integrating next-generation loT sensors and predictive traffic
management systems. Piloted in Hamburg, Luka Koper, and Athens, the project demonstrated a 30%
increase in port efficiency and a 15% reduction in emissions. VITAL-5G (IA, 2021-2024)
complements this with an open 5G experimentation platform for logistics operators, allowing real-
time freight tracking and multimodal transport coordination, with expected cargo processing time
reductions of 20% and a 40% improvement in logistics responsiveness.

Expanding on loT and Al-driven logistics solutions, INGENIOUS (RIA, 2020-2023) introduced next-
generation loT (NG-loT) solutions for supply chain digitalisation, integrating 5G, blockchain, and Al-
based predictive analytics. By enabling real-time logistics tracking, secure data exchange, and
intelligent asset management, INGENIOUS enhances supply chain visibility and optimises multimodal
freight flows. The project validated Al-based predictive models across ports, transport hubs, and
industrial sites, demonstrating the potential for smarter, data-driven logistics operations.

Digital platforms and blockchain-secured logistics solutions are further enhancing supply chain
transparency and multimodal integration. DATAPORTS (IA, 2020-2023) developed a blockchain-
secured port logistics platform, integrating loT and cloud computing to optimise cargo tracking,
predictive analytics, and freight coordination. Implemented in Valencia and Thessaloniki ports, the
system achieved a 30% improvement in data-sharing efficiency and a 25% reduction in logistics
downtime. Similarly, EPICENTER (RIA, 2020-2024) introduced predictive freight optimisation and
blockchain-secured tracking, leading to a 10-15% reduction in supply chain lead times.

Advancements in Al-driven transport optimisation are improving logistics efficiency through
automated dispatching and predictive asset management. LOGISTICBRAIN (EIC, 2022-2024) is a
self-learning, cloud-based transport optimisation platform, enabling real-time dispatching, dynamic
route planning, and Al-driven cost reduction. The system has already demonstrated a 40% decrease
in operational costs, a 90% reduction in planning time, and a 21% drop in COz emissions, proving the
effectiveness of Al-driven logistics intelligence. In paralle, TRANSMETRICS (SME, 2020-2022)
focused on predictive analytics for fleet positioning and cargo demand forecasting, reducing empty
asset repositioning by up to 20%, cutting costs, and lowering carbon emissions across logistics
networks.

Ensuring regulatory compliance and security through digital enforcement is another growing focus.
SETO (RIA, 2023-2026) is developing a digital enforcement system, integrating blockchain-secured
data exchange and automated compliance verification tools. The system is expected to reduce
regulatory bottlenecks by 30% and cut documentation processing times by 50%. Similarly,
KEYSTONE (RIA, 2023-2026) is creating an interoperable digital transport ecosystem, using real-
time compliance checks, automated fraud detection, and security monitoring to enhance supply chain
resilience and regulatory alignment.

The evolution of predictive and synchromodal logistics is shaping the future of freight transport.
REMUNET (RIA, 2023-2026) is implementing event-based multimodal relay transport, real-time
disruption management, and predictive freight planning to improve logistics resilience across the
North Sea-Baltic and Rhine-Danube corridors.
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5.6.3. Subtheme 2: Automation and Autonomous Freight Transport
Introduction

Automation and autonomous transport technologies are reshaping freight logistics by reducing
human intervention, optimising multimodal cargo flows, and increasing transport efficiency. Research
and innovation projects in this domain focus on automated multimodal transport, autonomous
shipping, hyperloop systems, and Al-driven cargo handling solutions. These initiatives contribute to
decarbonisation, increased capacity, and real-time adaptive freight management.

Project Description and Achievements

A key area of advancement is automation in multimodal logistics hubs. AUTOMOTIFE (RIA, 2024-
2027) is developing strategies to enable seamless automated cargo transport, improving multimodal
interoperability and regulatory alignment. The project integrates automated multimodal hubs, Al-
powered resource allocation, and self-optimising transport corridors to streamline end-to-end
logistics operations. AUTOSUP (RIA, 2024-2027) is advancing automated multimodal freight
transport hubs, deploying a decision support system for logistics automation and digital twin-enabled
real-time transport planning in Antwerp and Trieste.

The automation of maritime and inland waterway transport is also a significant area of innovation.
SEAMLESS (RIA, 2023-2026) is developing an automated waterborne freight feeder service,
integrating remote vessel operation centres, Al-powered navigation, and automated shore-side
infrastructure to support the shift from road to waterways. FOREMAST (RIA, 2024-2026) is
transforming inland waterway transport (IWT) with autonomous vessels, Al-driven guidance systems,
and zero-emission propulsion technologies, optimising cargo flow efficiency and sustainability.

Autonomous shipping innovations are further enabling automation in freight logistics. VESSELAI (RIA,
2021-2023) has developed digital twin and Al-driven vessel navigation solutions, enabling real-time
ship monitoring, fleet intelligence, and predictive maintenance for autonomous maritime operations.
AEGIS (RIA, 2020-2023) focused on automated cargo handling, autonomous short-sea shipping, and
flexible vessel systems, facilitating the shift from road to waterborne freight transport.

High-speed freight transport alternatives are also emerging. HYPERLOOP FOR SUSTAINABLE
FREIGHT TRANSPORT (EIC, 2022-2024) is developing an automated cargo hyperloop network,
aiming to reduce freight transit times by 70% and energy consumption through optimised logistics
operations.

The automation of airborne logistics is advancing through drone-based freight solutions. AUTOFLY
(EIC, 2023-2026) is developing autonomous drone delivery systems, integrating Al-driven situational
awareness, GPS-free navigation, and real-time tracking for urban freight transport. The project aims
to reduce last-mile delivery times by 30% and improve urban logistics efficiency.
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5.6.4. Subtheme 3: Energy-Efficient and Decarbonised Logistics
Introduction

The transition to energy-efficient and decarbonised logistics systems is at the forefront of the EU's
sustainability efforts. This shift is driven by advancements in zero-emission technologies, sustainable
energy integration, and innovative logistics models that reduce environmental impact while enhancing
supply chain resilience. Projects in this cluster focus on developing and implementing solutions that
improve energy efficiency, promote the adoption of electric vehicles and sustainable fuels, and
optimise logistics networks to minimise carbon footprints.

Project Descriptions and Achievements

A central focus is the development of zero-emission vehicle technologies and sustainable transport
systems. BATTEREVERSE (RIA, 2023-2026) is advancing battery circularity and sustainability in
logistics by developing second-life battery solutions for electric freight vehicles. The project is
promoting sustainable battery production and recycling methods to reduce dependence on raw
materials, aiming to improve battery energy density by 20% while extending operational lifespans.
Similarly, NEXTETRUCK (IA, 2022-2026) is developing energy-efficient electric trucks with modular
battery systems and advanced vehicle-to-grid (V2G) technology. The project aims to reduce energy
consumption by 25% and enhance the efficiency of long-haul electric freight transport, leveraging
smart charging infrastructure and predictive maintenance systems to optimise vehicle performance.

Other initiatives focus on integrating green energy solutions into logistics infrastructure. ESCALATE
(IA, 2022-2026) is promoting the deployment of renewable energy-powered logistics hubs,
integrating solar, wind, and hydrogen energy into freight terminals. The project is developing smart
energy management systems that optimise energy consumption and storage, aiming to reduce
logistics-related CO, emissions by 30%. In parallel, REFMAP (RIA, 2023-2026) is enhancing the
energy efficiency of refrigerated logistics by developing advanced cooling systems powered by
renewable energy sources. The project targets a 40% reduction in energy consumption for cold-chain
logistics while ensuring product quality and transport efficiency.

Reducing emissions in maritime transport is also a major priority. DT4GS (RIA, 2022-2025) is
developing an Open Digital Twin Framework to support decarbonisation in shipping, enabling real-
time ship monitoring, fleet energy optimisation, and Al-driven predictive maintenance. By integrating
big data, smart sensors, and virtual testbeds, the project helps shipping companies achieve a 20%
CO; reduction by 2026 through optimised vessel performance and decision-making for retrofits and
new green ship designs.

Enhancing logistics network resilience against environmental disruptions is another key focus. SARIL
(RIA, 2023-2026) is developing green logistics frameworks to withstand climate-induced disruptions.
The project is testing regional, national, and international scenarios to assess logistics vulnerabilities
and implement adaptive strategies, ensuring reduced environmental impact and improved system
resilience.

A digital approach to sustainable logistics is also being developed. ADMIRAL (IA, 2023-2026) is
introducing a multimodal digital marketplace for real-time emissions tracking and Al-driven freight
optimisation. The project aims for a 20% reduction in supply chain emissions by enabling logistics
providers to select the most efficient and low-emission transport routes, with pilot programmes
across Portugal-Spain, Slovenia-Croatia, Lithuania, and Finland.

77


https://cordis.europa.eu/project/id/101103706
https://cordis.europa.eu/project/id/101056740
https://cordis.europa.eu/project/id/101096598
https://cordis.europa.eu/project/id/101096698
https://cordis.europa.eu/project/id/101056799
https://cordis.europa.eu/project/id/101103978
https://cordis.europa.eu/project/id/101104163

Decarbonisation efforts also extend to policy-driven initiatives and innovative logistics methodologies.
STORM (RIA, 2021-2023) developed modelling tools and policy frameworks to support the
sustainable transition of freight transport. The project introduced a zero-emission logistics planning
toolkit, integrating big data analytics, agent-based modelling, and digital twins to simulate future
scenarios. A key outcome was a proposed European heavy-duty electric truck charging network,
optimised for energy efficiency and logistics demand, with an estimated daily energy requirement of
110 GWh by 2030.

5.6.5. Subtheme 4: Integrated and Multimodal Freight Solutions
Introduction

The development of integrated and multimodal freight transport solutions is critical to achieving a
more sustainable and resilient logistics network in Europe. R&I projects have focused on enhancing
the efficiency of inland waterways, rail, ports, and short sea shipping to facilitate a shift from road
transport and to strengthen multimodal connectivity and enable a shift from road transport.

Projects Descriptions and Achievements

The role of inland waterways and rail as core multimodal freight corridors has been explored in
several projects. IW-NET (RIA, 2020-2023) worked towards increasing the modal share of inland
waterways by introducing Al-driven navigation assistance, predictive lock scheduling, and berth
planning tools to improve traffic management and reduce waiting times. PLATINA3 (CSA, 2021-
2023) contributed policy and governance models to facilitate inland waterway integration into
multimodal networks, addressing regulatory challenges and infrastructure bottlenecks.

To further improve climate resilience in multimodal freight corridors, PLOTO (IA, 2022-2026) is
advancing inland waterway transport (IWT) resilience by integrating predictive modelling, sensor-
based monitoring, and climate impact forecasting to mitigate extreme weather disruptions. By
deploying a resilience assessment platform, PLOTO is providing authorities with tools to ensure
reliable network availability, even under adverse conditions.

At the port level, SAFARI (IA, 2024-2027) is strengthening port infrastructure resilience, developing
a digital platform with emergency management modules, predictive analytics, and transport asset
optimisation tools. The project ensures that port operations maintain 80% capacity during disruptions
and enables a 20% modal shift to alternative freight transport modes, improving supply chain
continuity.

Expanding beyond individual transport modes, CRISTAL (IA, 2022-2025) is advancing multimodal
corridor resilience by integrating digital twins, synchromodal transport planning, and real-time
monitoring technologies. Focused on seamless integration between inland waterways, rail, and road
networks, the project is piloting cooperative planning systems and smart buoy technology across Italy,
Poland, and France. Expected outcomes include optimised freight routing, an 80% improvement in
transport reliability, and 50% operational capacity retention during extreme weather events.

Projects supporting modal shift and logistics interoperability have played a key role in promoting
sustainable multimodal solutions. MULTIRELOAD (IA, 2022-2025) is demonstrating multimodal
solutions aimed at shifting freight from road to rail and inland waterways, with an expected 20%
increase in handling efficiency and a reduction in overall logistics costs. FOR-FREIGHT (IA, 2022-
2025) is enhancing the interoperability of freight networks through real-time cargo tracking, Al-driven
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resource allocation, and blockchain-secured data exchanges to support seamless multimodal
operations across ports, rail, and inland transport hubs.

To strengthen short-sea shipping and intermodal connectivity, AEGIS (RIA, 2020-2023) developed
automated cargo handling and autonomous short-sea shipping systems, facilitating efficient
multimodal freight transfers. By introducing flexible, smaller-scale cargo shuttles, AEGIS improved
multimodal integration, reduced transhipment costs, and increased transport flexibility. The project
demonstrated that up to 87 million tonnes of continental cargo currently transported by road could
be shifted to inland waterways and short-sea shipping corridors, easing congestion and cutting
emissions.

Port and short sea shipping connectivity have also been prioritised in recent projects. MAGPIE (A,
2021-2026) is integrating smart port solutions, alternative fuel systems, and Al-powered cargo
management platforms to accelerate the transition of major European ports, such as Rotterdam and
Sines, into green multimodal hubs. MISSION (IA, 2024-2027) is complementing these efforts by
introducing digital coordination tools for port call operations, improving communication between
shipping companies, terminal operators, and hinterland transport providers to reduce vessel idle time
and optimise resource planning. MOSES (RIA, 2020-2023) demonstrated innovations in short sea
shipping, including the deployment of an autonomous robotic feeder vessel and an automated
docking system, successfully reducing berthing times by 25% and improving transhipment efficiency
between major and secondary ports.

Further developments in multimodal corridor integration and supply chain resilience are being
explored in TRUST (ERC, 2020-2026), which is enhancing container supply chains by addressing risks
associated with climate change, cyber threats, and emerging automation technologies. PLANET (RIA,
2020-2023) took a similar approach by leveraging governance models and strategic transport
planning to strengthen cross-border freight corridor integration and enhance multimodal logistics
efficiency.

5.6.6. Subtheme 5: Sustainable Urban Logistics and Last-Mile Innovations
Introduction

Urban freight and last-mile delivery remain key challenges for sustainable logistics, with cities
increasingly focusing on reducing congestion, emissions, and inefficiencies. R&l projects in this area
are developing digital tools, shared logistics systems, and zero-emission delivery solutions to
transform urban freight operations. These initiatives focus on physical internet-inspired logistics
models, collaborative platforms, and Al-driven optimisation to enhance freight flows and urban
sustainability.

Projects Descriptions and Achievements

URBANE, DECARBOMILE, and GREEN-LOG are jointly addressing the decarbonisation of urban freight
by developing more efficient delivery networks and smart governance frameworks. URBANE (IA,
2022-2026) is scaling up sustainable last-mile delivery solutions by integrating green automated
vehicles, shared logistics hubs, and Al-powered logistics simulations. By employing blockchain-based
smart contracts and digital twin technologies across its Living Labs in Helsinki, Bologna, Thessaloniki,
and Valladolid, the project is working towards reducing CO, emissions by 20% while fostering the
adoption of physical internet-inspired urban freight models. DECARBOMILE (IA, 2022-2026) is
complementing this by focusing on fully decarbonised last-mile logistics through the integration of
electric cargo bikes, micro-hubs, and smart lockers, establishing a multimodal zero-emission delivery
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network. Meanwhile, GREEN-LOG (IA, 2023-2026) is optimising urban freight efficiency through Al-
driven demand prediction, urban consolidation centres, and cooperative freight hubs.

With an emphasis on intelligent routing systems, cargo bikes, and real-time urban freight data-
sharing, the project aims to achieve a 40% reduction in warehousing costs, a 50% decrease in energy
usage, and a 20% improvement in travel time.

Another key area of collaboration is the integration of digital logistics solutions to optimise
stakeholder coordination, Al-powered freight forecasting, and multimodal urban freight management.
DISCO (IA, 2023-2026) is designing a data-driven collaborative urban freight meta-model,
integrating multimodal logistics flows and optimising last-mile delivery. The project is leveraging
digital twins, real-time tracking, and Al-driven synchronisation to improve freight consolidation and
reduce logistics inefficiencies. With an expected 25% reduction in congestion and emissions, it aims
to demonstrate scalable solutions that enhance coordination among freight stakeholders. UNCHAIN
(1A, 2023-2026), in parallel, is developing a data-driven urban freight ecosystem, integrating Al-
powered freight forecasting, decentralised logistics governance, and blockchain-secured planning
tools. The project is enabling real-time data-sharing and predictive freight flow optimisation,
reinforcing the move towards more efficient and resilient logistics networks.

Some projects have also contributed to last-mile logistics transformation through digital twins,
automated delivery networks, and shared logistics solutions. LEAD (RIA, 2020-2023) established an
open Digital Twinning Platform to optimise urban freight flows across six TEN-T urban nodes,
demonstrating a 30% improvement in operational efficiency. SENATOR (RIA, 2022-2025) is
advancing digital governance in urban logistics through Al-powered control centres in Madrid,
Zaragoza, and Dublin, targeting a 25% decrease in freight traffic and a 30% reduction in emissions.
ULAADS (RIA, 2020-2024) has pioneered on-demand urban logistics, achieving a 40% increase in
shared urban freight trips and a 20% reduction in CO, emissions by integrating cargo bike-sharing
networks and autonomous cargo-hitching solutions. Meanwhile, URBANIZED (IA, 2021-2024) has
introduced modular electric last-mile delivery vehicles, optimising fleet efficiency through predictive
energy management, leading to a 30% reduction in energy consumption and a 25% cut in operational
costs.

5.6.7. R&I, socio-economic and policy implications

It's important to mention that most of the projects in this section are still ongoing, therefore the
number of implications is limited. The variety of new impacts and conclusions should be available in
the next few years, when most of the projects will be completed.

Based on the analysis in particular of the completed projects, future research should focus on
further enhancing the digitisation and interoperability of logistics systems, as highlighted by the
EPICENTER and FORFREIGHT projects, among others. There is a clear need for advanced data
exchange frameworks and real-time optimisation tools, especially in multimodal transport and urban
logistics. Projects such as IW-NET and LEAD have highlighted the importance of developing
autonomous systems and digital twins to improve efficiency and sustainability. In addition, further
research should explore the integration of innovative technologies such as HYPERLOOP and
autonomous electric vehicles, as proposed by EPICENTER, to further improve global freight operations.

Policy recommendations from these projects highlight the need for harmonised regulations and
standards to support the digitalisation and sustainability of logistics. EPICENTER and MOSES highlight
the importance of adapting EU regulations to innovative modes of transport and ensuring future-
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proof legislation. Policies should also support the development of shared logistics hubs and access
regulations for urban vehicles, as recommended by ULAADS and URBANIZED. The STORM project
recommended the development of policies to support the 'twin transition’, i.e. standards to support
freight digitisation and plausible decarbonisation transition pathways.

KEYSTONE and PLANET also stressed the importance of standardisation and the adoption of GS1
standards to improve logistics processes. Similarly, VESSELAI suggests that policies should support
the dual transition of digital and green technologies, ensuring that logistics systems become more
sustainable while taking advantage of digital advances. Finally, projects such as IW-NET and LEAD
also highlighted the need for regulatory frameworks that support automation and stakeholder
collaboration.

Socio-economic implications include the potential for job creation and workforce transformation
through the adoption of digital and green technologies in logistics, as indicated in VESSELAI and
TRANSMETRICS. The integration of zero-emission vehicles and intelligent logistics systems, as
discussed in URBANIZED and IW-NET, can lead to significant environmental benefits, improved urban
liveability and long-term cost savings. In addition, fostering public-private cooperation and
stakeholder engagement, as proposed by LEAD and MOSES, can drive innovation and ensure the
successful implementation of sustainable logistics solutions. The overall conclusion from most of the
projects is that the transition to zero-emission logistics, optimised logistics systems and urban
logistics can lead to significant environmental and social benefits, including improved air quality,
reduced congestion and increased efficiency.
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5.7. Enhanced transport safety and security

5.7.1. Overall direction of R&I

Advancements in digitalisation and automation hold great potential to enhance transport safety,
resilience, and security, in addition to the benefits in efficiency and sustainability. However,
digitalisation and automation also introduce security challenges, notably in the form of cyber threats.

This section delves into the innovative approaches in EU R&l being explored to leverage digital
technologies for safer transport systems, while also addressing the critical need for robust security
measures against existing physical, natural, and human made threats, and emerging cyber risks.

Artificial intelligence (Al) and machine learning (ML) are central to many of these efforts, enabling
advanced data analysis, predictive modelling, and real-time decision-making. Big data analytics plays
a crucial role in processing and interpreting vast amounts of information from diverse sources to
identify patterns, assess risks, and optimise transport operations. The Internet of Things (loT)
facilitates seamless connectivity and data exchange between vehicles, infrastructure, and traffic
control centres, enabling enhanced monitoring, communication, and coordination. European Global
Navigation Satellite Systems (EGNSS), such as Galileo, contribute to more precise and reliable
positioning and navigation, essential for automation, navigation, and enhanced safety applications.

Our analysis covered 22 projects in the field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following three subthemes:

1. Security of Transport and Critical Infrastructures

Projects: ATLANTIS, DYNABIC, E-CORRIDOR, PRECINCT, S4ALLCITIES, SAFETY4RAILS, SMAUG

2. Road Safety and Smart Infrastructure

Projects: DRONES4SAFETY, ESRIUM, EVOROADS, FITDRIVE, IDRIVING, INFRAROB, PHOEBE, ROAD
LIFEGUARD, SOTERIA, VASAFETY

3. Security and Border Surveillance

Projects: EURMARS, HS4U, |-SEAMORE, MARINA, SAFENAV

All projects are funded under the framework programmes H2020 and HE. The projects are almost
equally divided between the RIA and IA schemes, with 11 and 10 projects respectively. Additionally,
one project is part of the SME funding scheme.
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Figure 21. Overview of transport safety and security projects divided by subthemes

Horizon 2020 and Horizon Europe projects on enhanced safety and security by subthemes

Enhanced safety and security projects by Framework programme, funding scheme divided into subthemes
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Figure 22 details the funding allocation across subthemes. “Security of transport and critical
infrastructures” received the largest share, totalling 58.6 million EUR, primarily via the IA scheme.
“Road safety and smart infrastructure” followed with 39.3 million EUR.
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Figure 22. Funding of transport safety and security projects divided by subthemes

Funding distribution of enhanced safety and security projects by subthemes

EU contribution and total cost by subtheme, Framework Programmes and funding schemes
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5.7.2. Subtheme 1: Security of Transport and Critical Infrastructures
Introduction

Research and innovation in Security of transport and Critical Infrastructures addresses the need to
protect essential services and the networks that underpin them from a range of threats, both physical
and cyber, as well as natural hazards.

These infrastructures and services, vital for the functioning of modern societies, include transport,
but also energy, telecommunications, and others. Their increasing interconnectedness and complexity
mean that disruptions can have cascading effects across different sectors and geographical areas,
impacting the economy, public safety, and daily life. Enhancing the security involves preventing
attacks and mitigating their impact, while building resilience focuses on the ability to withstand, adapt
to, and quickly recover from disruptions. This requires a holistic approach that considers technological,
organisational, and human factors, as well as collaboration between various stakeholders and
adherence to relevant policies and standards.

Projects descriptions and achievements

Several projects focused on the Security and Resilience of Critical Infrastructures. PRECINCT (IA,
2021-2023) focused on enhancing the security and resilience of critical infrastructures (Cls) in
Europe, addressing the complexity of interdependencies between Cls and the risk of combined
physical and cyber-attacks. The project developed a framework specification for Cl security and
resilience management. Digital Twins (DTs) were created to represent Cl networks, applying Machine
Learning techniques for anomaly detection and optimised response and mitigation measures.

84


https://cordis.europa.eu/project/id/101021668

PRECINCT carried out extensive work in modelling and assessing the potential cascade effects of
harmful events that occur to Cls. Ongoing project ATLANTIS (IA, 2022-2025) aims at enhancing
resilience and cyber-physical-human security of key EU Cls, with an open technological framework
that will provide the Cls with Al-based solutions for increased awareness, capability, and cooperation
in managing systemic threats. One of the project pilots will focus on multimodal cross-country
transport. Finally, DYNABIC (RIA, 2022-2025) is also employing DTs that allow business disruption
risks analysis and their real-time assessment, to increase the resilience and business continuity
capabilities of European critical services.

Specifically for Urban Environments, S4ALLCITIES (IA, 2020-2022) aimed to make cities’
infrastructures, services, ICT systems, and Internet of Things more resilient while fostering intelligence
and information sharing among security stakeholders. The project developed three digital twin
systems: Distributed Edge Computing loT Platform, a Malicious Actions Information Detection System,
and an Augmented Context Management System, leveraging Al for anomaly detection in cyber traffic
and crowd physical behaviour analysis and the 10T, with devices like cameras, drones, and building
sensors generating data for analysis.

Other projects engaged with Regarding the overall Security and Resilience in different Transport
Modes. In rail transport, SAFETY4RAILS (IA, 2020-2022) delivered methods and systems to increase
the safety and recovery of inter-city railway and intra-city metro transportation. It addressed cyber,
physical, and combined attacks. The project developed an Information System platform, integrating
tools for risk assessment, threat intelligence, real-time monitoring, blast impact simulation, and
decision-making support, aiming to provide a seamless experience for railway and metro operators
in managing cyber and physical risks. Regarding waterborne transport, SMAUG (RIA, 2023-2026)
aims at improving the security of ports and their entrance routes by countering underwater threats.
The project uses Al and an integrated system to provide data regarding threat detection and analysis
between surface and underwater vessels, aerial drones, and acoustic equipment.

E-CORRIDOR (IA, 2020-2023) developed a collaborative information sharing, analysis, and
protection framework for cybersecurity in multimodal transport systems. This framework included
digital infrastructure for data sharing, analytics, security, and advanced privacy-aware services, using
edge computing and homomorphic encryption. The framework was demonstrated and validated in
pilot projects including an information sharing and analysis centre for multimodal transport, car
sharing in smart cities, and an airport and train pilot.

5.7.3. Subtheme 2: Road Safety and Smart Infrastructure
Introduction

The theme of road safety and smart infrastructure addresses the critical challenge of enhancing the
safety and efficiency of transportation networks through the integration of advanced digital and
intelligent technologies. This involves leveraging innovations in sensing, communication, data
analytics, and automation to create a more proactive and responsive infrastructure that can better
protect all road users. Smart infrastructure incorporates smart and digital technologies to monitor
road conditions, manage traffic flow, support autonomous vehicles, and provide real-time safety
information. The overarching goal is to reduce accidents, injuries, and fatalities, moving towards the
EU's Vision Zero.
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Projects descriptions and achievements

Several projects focus on utilising smart technologies, drones, and robotics, for the autonomous and
efficient Inspection and Maintenance of Transport Infrastructure. In this context, ESRIUM (IA, 2020-
2023) aimed to set up a service to foster greener and smarter road usage, road maintenance, and
increased road safety by developing a data platform hosting detailed EGNSS-referenced map data
of road damage. DRONESA4SAFETY (RIA, 2020-2023) aimed to enhance the safety of the European
terrestrial transport system by developing a cooperative, autonomous, and continuously operating
drone system for inspecting railway and bridge infrastructure. The project developed a novel drone
system capable of harvesting energy from overhead electricity infrastructures and optimised
inspection results using Al algorithms for fault detection. On the ground, INFRAROB (RIA, 2020-2022)
focused on maintaining the integrity, performance, and safety of road infrastructure through
autonomous robotised solutions for road inspection and maintenance tasks such as paving and
repairing cracks. The project developed a sensor and control system for paving, a safety concept for
autonomous machinery, and analysed fibre optic sensors for long-term monitoring.

Further to the physical infrastructure, projects are advancing the topics of Intelligent Road
Infrastructure, and Vehicle Communication, Traffic Management and Automation. IDRIVING (RIA,
2024-2027, HORIZON-RIA) focuses on improving the infrastructure safety of urban and secondary
rural roads, by utilising Al, ML, and sensors to develop traffic management and safety applications.
Key objectives include creating a Safety Criteria Catalogue, improving vehicle-to-infrastructure
communication, real-time hazard detection using Al-enabled edge computing, developing a DT for
predictive maintenance, and conducting user training and system validation. EVOROADS (2024~
2027, HORIZON-RIA) focuses on promoting road safety for all users through the development of a
platform for infrastructure monitoring and proactive warning of safety risks. Al analytics are used to
fuse monitoring data at different geospatial resolutions, coming from on-the-edge sensor and
communication technologies. The project also performs an evaluation of infrastructure readiness for
cooperative, connected and automated mobility. It also develops a road maintenance diagnosis and
prognosis tool. Finally, smart signs with integrated electronics and embedded components are
developed to elicit desirable user behaviours.

Moving from the infrastructure scale to the individual driver, two projects showcase innovation that
target to improve Driver Behaviour and Monitor their Fitness to prevent accidents. ROAD LIFEGUARD
(SME, 2020-2022) developed driver influence solutions for the prevention of car accidents. The
technology involves installing an on-board diagnostics device that transmits real-time driving data to
a cloud-based Al platform. This data is analysed and compared to over 800 million past driving
situations to identify the level of driving risk per second and provide guidance to the driver. The
recently concluded FITDRIVE (RIA, 2021-2025) developed a monitoring device to determine the
fitness of professional drivers, particularly those prone to fatigue. The project leveraged enabling
technologies such as Al, ML, and loT, and developed neurophysiological models to detect abnormal
driver fitness based on data from loT devices. Al models are used to associate anomalous behaviour
with probable causes like fatigue or substance use. The cloud-based system communicates
information to drivers, police, and infrastructure to improve road safety. The project conducted pilot
cycles using simulators and test tracks.

This final paragraph on road safety covers three ongoing projects that address the safety of
pedestrians, cyclists, and other Vulnerable Road Users (VRU) through various technological and
infrastructural solutions integrated in Predictive Safety Frameworks. SOTERIA (RIA, 2022-2026)
develops a framework of models, services, and tools for data-driven urban safety intelligence. The
project focuses on understanding VRU behaviours and co-creating safety solutions in Living Labs.
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It is developing simulation models for public space safety and accident analysis, as well as data-
driven routing applications using explainable Al. A digital platform aims to determine risk-free routes,
improve VRU visibility, and nudge them towards safer behaviours. PHOEBE (RIA, 2022-2026) is
developing a predictive safety assessment framework for all road user types in urban areas, focusing
on vulnerable users, combining traffic simulation, road safety assessment, data on human behaviour
and mode shift, traffic microsimulation, and demand modelling. Finally, VASAFETY (RIA, 2022-2025)
focuses on the vehicle side, and is working on a methodology for the virtual evaluation and
comparison of safety measures for cooperative, connected and automated mobility. The project has
produced a draft Safety Assessment Framework describing the safety assessment process.

5.7.4. Subtheme 3: Maritime Safe Navigation, Security and Border Surveillance
Introduction

The theme of maritime safe navigation, security and border surveillance gathers projects focusing on
the safety of maritime transport, protecting coastal borders, and addressing various threats in the
marine environment. Smart and digital technologies play an increasingly significant role in this
domain, offering situational awareness, improved decision-making capabilities, and more efficient
resource management. The leveraged technologies include ML and Al, advanced sensor systems,
satellite imagery, Unmanned Vehicles, data fusion platforms, and communication networks. The
integration of these technologies enables more effective monitoring of vast maritime areas, detection
of anomalies and potential threats, support for search and rescue operations, and prevention of illegal
activities.

Projects descriptions and achievements

A subset of projects examined in this section aim at improving the capabilities of European authorities
in Monitoring and Securing Maritime Borders against various threats, including irregular migration,
trafficking, and other illegal activities. EURMARS (IA, 2022-2025) develops an advanced surveillance
platform to improve the efficiency and cooperation of European multi-authority border security. The
developed platform integrates high altitude platforms technology, satellite imagery, Unmanned
Vehicles, and ground-based sensors for comprehensive border surveillance, leveraging Al-based
systems for behaviour analysis and anomaly detection. I-SEAMORE (IA, 2023-2025) aims to provide
an advanced platform solution to increase situational awareness and operational capabilities for
maritime surveillance operations. Key aspects include the employment of multiple types of long-
endurance Unmanned Vehicles, and the use of heterogeneous data sources including Copernicus.

Other projects focused on developing technologies and systems to improve the Safety of Navigation
at sea and reduce the risk of collisions. MARINA (IA, 2021-2023) developed a LADAR, a laser for
collision avoidance, applied in high-speed shipping and vessel traffic management. The system
combined real-time processing with an object detection and classification algorithm based on ML,
allowing for the identification of objects on the ocean surface up to 2 nautical miles ahead of a ship.
The developed innovation reduces the risk of collisions with other vessels, driftwood, mammals, or
submerged containers. Continuing the approach, SAFENAV (IA, 2022-2025) fuses data from multiple
sensors, including LADAR, and other sources such as accident statistics and route exchange services.
The processed information feeds into collision-avoidance algorithms to generate suggestions for
navigators.
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Finally, The COVID health crisis put on the spotlight the risks associated with the transmission of
disease in confined spaces such as vehicles. In response, ongoing R&l projects such as HS4U (RIA,
2022-2025) focuses on the development of solutions for the detection, prevention, mitigation, and
management of health crises on large passenger and cruise ships, using Al and loT.

5.7.5. R&l, socio-economic and policy implications

The projects examined in this section have direct implications in the improvement of the safety and
security of European transport systems and infrastructure, however, they also have broader policy
and socio-economic implications. These aspects highlight the holistic approach undertaken by
projects to make their developed innovations market and society ready.

In terms of future research directions, no specific orientations or suggestions by the projects were
identified, except for the universal requirement for further development, validation, and preparation
for deployment.

Regarding policy implications, several projects engaged in pre-normative and standardisation
activities, addressing the requirement for necessary future requlation and interoperability to deploy
and operate the developed innovations, especially concerning digitalisation. Several projects align
with existing EU policy on security and cyber security and propose tools and procedures for
infrastructure managers that comply with the NIS cybersecurity (Directive (EU) 2022/2555) and CER
(Directive (EU) 2022/2557) critical infrastructure resilience Directives. PRECINCT also developed policy
recommendations, such the legal requirement for Centralized Critical Infrastructure Coordination
Centres. DRONES4SAFETY contributed to developing a regulatory framework for autonomous flights
and swarm operations, providing recommendations for standardisation and policymaking. It also
analysed regulatory gaps and barriers, highlighting the need for regulatory adaptations to fully enable
autonomous BVLOS and swarm operations, especially in urban areas. |-SEAMORE will draft policy
recommendations based on lessons learned from its monitoring and evaluation activities, benefiting
from the analysis of demonstration results against key performance indicators and user
requirements.

E-CORRIDOR actively aimed to impact international standardisation and influence initiatives related
to privacy-aware and edge-enabled information sharing for cybersecurity in multimodal transport.
S4ALLCITIES developed a framework for standardisation to support the efficient and secure
implementation of smart cities using Al and ML. PRECINCT provided further recommendations in the
domain of standardisation, particularly concerning digital twins, suggesting the transfer of expertise
to CEN/CENELEC. In the railway domain, SAFETY4RAILS investigated EU legal frameworks, standards,
and best practices in security to define standardisation requirements.

On the operational level, S4ALLCITIES provided a guide for public space operators and stakeholders
on handling security issues through its Security Management Framework, addressing also ethical and
legal compliance, including privacy concerns.

In the field of socio-economic implications, several of the projects engaged in preparing their
innovations for commercialisation, including the preparation of business models (DRONES4SAFETY)
and go-to-market roadmaps (SAFETY4RAILS). The E-CORRIDOR framework was designed to facilitate
the deployment of contractual agreements among companies that provide and consume transport
data, enabling therefore new business models and opportunities for innovation. Projects further
engaged in assessing the economic benefits of their innovations, with PRECINCT projecting a 20%
increase in Return on Investment for the use of the developed monitoring tools for specific Cl types,
and INFRAROB anticipating a 20-30% reduction in routine road infrastructure maintenance costs.
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Societal impact assessment, perception and acceptance were also part of the projects analysed.
S4ALLCITIES conducted a Societal Impact Assessment to understand the potential effects of the
developed security technologies and frameworks on citizens, end-users, and project partners,
including unintended consequences. I-SEAMORE will conduct a survey on citizens’ awareness and
acceptance of EU maritime security systems to understand public perception and assess the societal
impact and acceptance of its tools. Finally, PHOEBE aims to devise a harmonised methodology for
socio-economic impact assessment of safety measures at health and safety, environmental, and
economic levels, to support informed decision-making. PRECINCT has identified the potential of
Digital Twin simulation capabilities to enhance training for emergency response units, potentially
attracting younger people to the sector, creating new employment opportunities, and reducing staff
shortages.
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5.8. New mobility services

5.8.1. Overall direction of R&I

Among the projects covered in this report, we have identified a group of horizontal initiatives that
span various transport modes, technologies, and concepts. Each initiative addresses new mobility
services, utilizing different tools and approaches. The R&l efforts in this field are focused on creating
sustainable, efficient, and resilient urban transport systems. These projects aim to leverage advanced
technologies such as electrification, automation, Al, and data analytics to transform public transport,
optimize mobility solutions, and enhance urban logistics. Projects show a strong focus on concepts
like multimodality, shared mobility, Mobility as a Service (MaaS) and Mobility as a Commons (MaaC).
MaaS is intended as an innovative mobility service based on the integration of multi-modal
transportation and app-based technologies to enable seamless urban mobility (Mitropoulos et al.,
2023). On the other hand, MaaC focuses on community-based mobility solutions where the
community collectively owns and manages the mobility services.

Our analysis covered 18 projects in the field. After a comprehensive evaluation of their scope and
outcomes, we categorised them into the following three subthemes:

1. Electrified and Automated Public Transport
Projects: EBRT2030, GEMINI, IPAMAAS, SOLUTIONSPLUS

2. Data-Driven Mobility
Projects: GREEN.DAT.AI, MOBIDATALAB, MOBISPACES, NUMIDAS, LOLIPOP 10T

3. Sustainable Urban Mobility

Projects: MOVEZ21, PIONEERS, REALTRIPS, SCALE-UP, SUM, TRANSIT, UNITE, URGENT, WE-TRANSFORM

All projects are funded within the framework programmes H2020 and HE. The projects are distributed
between the IA and RIA schemes, with nine and five projects respectively. Additionally, two projects
fall under the ERC scheme, while another under the SME and another under the CSA scheme.
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Figure 23. Overview of projects on new mobility services divided by subtheme

Horizon 2020 and Horizon Europe projects on new mobility services by subthemes

Enhanced safety and security projects by Framework programme, funding scheme divided into subthemes
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Figure 24 illustrates the distribution of funding across all identified subthemes. The largest funds (i.e.
74.9 million EUR) were allocated to the subtheme focused on “Sustainable urban mobility”, primarily
under the IA funding scheme. The second highest allocation, totalling 65.3 million EUR, supported

“Electrified and automated public transport”.

Figure 24. Funding of projects on new mobility services divided by subthemes
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5.8.2. Subtheme 1: Electrified and automated public transport

The projects within this subtheme aim to revolutionize public transport by integrating electrification,
automation, and connectivity. For instance, EBRT2030 (IA, 2023-2026) is pioneering the
development of advanced full electric Bus Rapid Transit (BRT) systems with enhanced automation
and connectivity functionalities. The project includes seven real-operation demonstrations in cities
like Prague, Amsterdam, and Athens, showcasing innovations such as predictive maintenance, smart
charging, and loT connectivity.

GEMINI (IA, 2023-2026) is fostering shared mobility services and micromobility integrated with
public transport, leveraging Mobility Living Labs in cities like Amsterdam, Copenhagen, and Munich to
test and implement sustainable business models and digital platforms for new mobility services. The
innovation focus is on multimodal mobility hubs in peri-urban contexts and MaaC.

Increase public transport attractiveness is also at the heart of the IPAMAAS project (IA, 2023-2026),
which complements these efforts by supporting the deployment of Mobility as a Service (Maa$S)
schemes, demonstrating technologies that facilitate seamless multimodal trips across six European
locations, including Padua, Barcelona, and Athens. IPAMAAS aims to enhance user experience and
operational efficiency through comprehensive demonstrations and assessments.

Shared and public transport is also the focus of the SOLUTIONSPLUS project (IA, 2020-2024). This
project developed integrated urban e-mobility solutions to meet sustainable development goals. The
project involved city-level demonstrations in locations like Hanoi, Kigali, and Quito, engaging various
stakeholders to test innovative e-mobility solutions.

5.8.3. Subtheme 2. Data-driven mobility

These projects are at the forefront of using data and Al to transform mobility systems. GREEN.DAT.AI
(IA, 2023-2025) is developing energy-efficient data analytics services for industrial Al-based
systems, aiming to reduce the environmental impact of data management processes. The project
demonstrates efficiencies in industries such as smart mobility, smart energy, and smart agriculture,
leveraging European data spaces to enhance data sharing and collaboration.

MOBIDATALAB (RIA, 2021-2024) has focused on fostering data sharing among transport authorities
and operators, creating a cloud solution to ease data sharing and promote open tools for innovators.
The project developed a cross-thematic knowledge base and a cloud-based service platform,
improving access and usage of data sharing resources. Mobility data processing and analysis is also
the focus of the MOBISPACES project (RIA, 2022-2025). This project is aiming at delivering a
mobility-aware data governance platform, focusing on extracting actionable insights from mobile
sensor data and loT devices. The project supports intelligent transportation services, applying
techniques like explainable Al and federated learning for urban and maritime mobility. Together with
these, LOLIPOP.IOT (RIA, 2023-2026) contributes to the IoT and data ecosystem by developing long
life power platforms that allow wireless sensor network modules to be seamlessly retrofitted into
existing infrastructure. These platforms enable real-time asset tracking, predictive maintenance, and
energy efficiency monitoring.

Additionally, projects like NUMIDAS (RIA, 2021-2022) provided methodological tools, databases, and
models for integrating disruptive mobility solutions for planning and policy challenges. The project
created a toolkit for various applications, validating its results through case studies in pilot cities like
Barcelona and Milan.
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TRANSIT (RIA, 2020-2022) developed a managing system for seamlessly integrated intermodal
transport. The project includes multimodal KPIs, mobility data analysis methods, and transport
simulation tools. TRANSIT aimed at enhancing the quality, efficiency, and resilience of door-to-door
passenger journeys by integrating air and ground transport modes.

5.8.4. Subtheme 3: Sustainable urban mobility

The projects in this subtheme address the challenges of urban mobility and logistics by implementing
innovative solutions and services.

PIONEERS (IA, 2022-2026) is working on reducing GHG emissions in ports through green port
innovation demonstrations and the deployment of electric, hydrogen, and methanol vehicles. The
project involves ports like Antwerp, Barcelona, and Constanta, aiming to transform ports into green
infrastructures by 2050. The project is focusing on the deployment of digital platforms, utilising Al
and 5G technologies, to promote modal shift of passengers and freight, ensure optimised vehicle,
vessel and container movements and allocations, and facilitate vehicle automation.

REALTRIPS (ERC, 2021-2026) uses emerging automatic data to analyze urban mobility patterns and
their variability. This project explores case studies in London, Shenzhen, and Nairobi to demonstrate
the applicability of urban models. The project aims to understand the impact of land use and transport
on human behaviors, contributing to more accurate urban development scenarios. Human behavior is
also analysed in the URGENT project (ERC, 2022-2027), which focuses on understanding and
influencing mobility behavior. The project examines how people adapt their mobility behavior and the
mental mechanisms involved, using a comprehensive interdisciplinary approach.

Urban mobility is also the focus of the SCALE-UP project (IA, 2021-2025). This project is developing
data-driven and user-centric strategies to accelerate the take-up of smart, clean, and inclusive
mobility. The project involves three advanced urban nodes: Antwerp, Madrid, and Turku, implementing
28 innovative mobility measures. SCALE-UP aims to improve multi-level governance and optimize
network capacity across urban areas. Enhancing the efficiency and sustainability of urban transport
systems was also at the heart of the sister project MOVE21 (IA, 2021-2025), focused on creating
climate-neutral and connected multimodal urban nodes. The project tested integrated solutions for
passenger and freight transport in multiple urban nodes, involving Living Labs in cities like Oslo,
Gothenburg, and Hamburg. Innovations include multimodal hubs and so-called “mobility hotels”,
where services like logistics, micromobility and cargo-bikes are located in one single facility.

Shared mobility was the focus of the UNITE project (SME, 2020-2022). The project supported the
development of Al-based carpooling systems to create sustainable public transportation networks in
low-density areas. The project leverages collaborative consumption and artificial intelligence to
optimize carpooling services, reducing transport costs and emissions. Shared mobility is also at the
heart of the SUM project (1A, 2023-2026). The project aims to integrate innovative shared mobility
systems with public transport in over 15 European cities by 2026. The project focuses on
intermodality, sustainability, safety, and resilience, offering affordable and reliable solutions for
urban mobility.

WE-TRANSFORM (CSA, 2020-2024) generated knowledge on the repercussions of automation and
digitalization in transport. The project used a participatory approach to create an evidence-based
agenda for addressing the challenges of automation on the transport labor force.
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5.8.5. R&l, socio-economic and policy implications

The projects within this subtheme identify several areas for future research and development to
further advance smart mobility solutions.

Different projects showed a general future trend towards multimodality and highlighted the need to
promote sustainable and accessible mobility and/or logistics solutions that are sensitive to local
needs. Projects like TRANSIT identified a need for future testing of intermodality solutions across a
broad range of scenarios. Projects like GEMINI emphasized that the future of urban mobility lies in
the power of the community. Future developments on Mobility as a Service (MaaS) and its
interoperability and Mobility as a Commons (MaaC) underscore a shift from individual, car-centric
transportation systems to mobility ecosystems that are community-driven, equitable, and
environmentally conscious.

Regarding mobility data, a general identified future need is the sharing of data amongst mobility
stakeholders, including strategies to guarantee data privacy, as highlighted by MOBIDATALAB.
PIONEERS highlighted the need for potential users to recognize the benefits of data sharing. IP4AMAAS
pointed out that a major challenge to overcome is the lack of open traffic data frameworks, which
are essential for sharing dynamic public transport information among stakeholders.

NUMIDA stressed that future developments might include accounting for multiple operators providing
the same service within a given area, or recognizing that various modes of transport, such as free-
floating bikes and scooters, could compete within the same region.

Concerning policy implications, the insights gained from the selected projects inform policy
development at multiple levels. As highlighted by the GREEN.DAT.AI, efforts should be put on
improving the fragmented legal landscape which regulate mobility data and by extension data
sharing. Additionally, the integration of micromobility into the public transport system is highlighted
in the SCALE-UP project as a key factor in enhancing accessibility and promoting sustainable mobility
solutions. Collaborative efforts between authorities and private entities are recognized by projects
like SCALE-UP as essential for the successful implementation and operation of transport and logistics
initiatives. Similarly, MOVE21 recognizes the importance of fostering both public-public and provate-
public partnerships in implementing transport initiatives or services.

Regarding socio-economic impacts of R&I in new mobility services, by improving the efficiency and
sustainability of urban transport systems, these initiatives contribute to economic growth by creating
new business opportunities and supporting the green economy.

Different projects emphasized that enhanced mobility solutions can lead to better access to jobs and
services, promoting social inclusion and equity. The reduction in GHG emissions and urban air pollution
also has significant health benefits, improving the quality of life for urban residents. Furthermore,
understanding and influencing mobility behavior can lead to more sustainable transport practices,
reducing congestion and enhancing the overall resilience of urban transport systems. According to
MOVE21, by expanding transport options and infrastructure, these initiatives improve connectivity
and indirectly promote social equity within urban communities.
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6. Conclusions

The aim of this report is to provide a comprehensive analysis of European research and innovation
activities in the field of smart mobility. It presents a structured assessment of 247 EU-funded projects
launched since 2020, encompassing a wide range of technological, operational, and policy-oriented
initiatives. These projects span eight thematic areas, reflecting the multidimensional nature of smart
mobility and its role in supporting the EU’s broader goals for sustainable, inclusive, and digitally
integrated transport systems. The analysis draws on data from the TRIMIS and CORDIS databases,
complemented by additional sources, and aims to inform future research directions and policy
development.

Overview of EU Smart Mobility R&I (2020-2025)

1 A total of 247 projects were analysed, funded primarily under Horizon 2020 (126 projects)
and Horizon Europe (121 projects).

1 Collectively, these projects received over €1.5 billion in EU funding, with an average
contribution of €6.3 million and a median of nearly €5 million.

1 Across the eight thematic areas identified in the report, the distribution of funding saw the
highest concentration in CCAM and sustainable logistics, reflecting strategic priorities in EU
transport research.

1 The majority of projects were funded through Research and Innovation Actions (RIA, 123
projects) and Innovation Actions (IA, 101 projects), indicating a focus on prototyping, testing,
and demonstration.

1 Other funding schemes - Coordination and Support Actions (CSA), funds dedicated for small
and medium enterprises (SME), grants from the European Research Council (ERC), and Marie
Sktodowska-Curie Actions (MSCA) accounted for a significantly smaller number of projects,
23 in total.

1 In total, over 2,500 organizations participated in a projects implementation, with strong
representation from Germany, Spain, Belgium, France, and Italy.

1 The most active organisations included EUROCONTROL and the Institute of Communication
and Computer Systems (ICCS), among others.

Main findings on the R&l activities within the eight identified thematic areas are presented below.

In the area of cooperative, connected and automated mobility, projects addressed enabling
technologies, vehicle systems, infrastructure integration, connectivity, and societal acceptance.
Innovations included Al-based perception systems, cybersecurity frameworks, and digital twins for
safety validation. Large-scale demonstrations of automated vehicles were conducted across diverse
environments, supported by harmonised testing methodologies and scenario databases. Societal
inclusion was a strong focus, with participatory tools and equity frameworks developed to ensure
accessibility. Future needs identified include standardisation of safety protocols, improved data
sharing mechanisms, and inclusive design principles. The integration of CCAM into broader mobility
ecosystems remains a critical challenge, requiring coordinated policy and requlatory support.
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Research activities in Traffic Management focused on Al-driven optimisation of road traffic,
multimodal coordination, and advanced air traffic management. Projects have developed digital twins,
predictive analytics, and decentralised control systems for urban mobility. Multimodal traffic
management was advanced through real-time data integration and simulation tools, while air traffic
initiatives addressed trajectory prediction, U-space integration, and Al-based automation.
Demonstrations validated the potential for emissions reduction and capacity optimisation. Policy
implications include the need for harmonised data standards, cross-sectoral cooperation, and
regulatory frameworks that support multimodal and cross-border operations. Collaborative initiatives
such as the Multimodal Traffic Management Cluster exemplify the importance of unified approaches
to future traffic systems.

The theme of Advanced Electromobility encompassed smart charging, V2X integration, battery
management, and vehicle design. Projects have developed interoperable charging architectures, Al-
based energy optimisation tools, and modular battery systems. Circular economy models and digital
twin-enabled battery management systems were explored to enhance sustainability. Vehicle design
initiatives focused on user-centricity, modularity, and integration with digital platforms. Emphasis was
placed on grid integration, user behaviour modelling, and the development of scalable, sustainable
charging infrastructure. Future research needs identified by the project include standardisation of
charging protocols, data privacy in V2X systems, and the deployment of energy-efficient powertrains
across transport modes.

Research efforts in the thematic area of Air Mobility covered vehicle technologies, infrastructure,
urban air mobility (UAM), and U-space integration. Projects have advanced Al-driven aircraft design,
predictive maintenance, and vertiport operations. Demonstrations have validated UAM concepts and
explored societal acceptance, particularly in emergency services and urban logistics. U-space
integration was addressed through real-flight demonstrations and Al-based separation management
systems. Key challenges include harmonising regulatory standards, ensuring cybersecurity, and
integrating air mobility with existing multimodal transport systems. The sector also highlighted the
need for skilled labour, public engagement, and robust certification processes to support adoption
and scalability.

Projects in Transport and Urban Planning have developed digital tools for strategic planning,
scenario modelling, and infrastructure maintenance. Decision support systems and digital twins have
been created to assist policymakers in evaluating transport innovations and planning for future
mobility. Inspection and maintenance initiatives applied robotics, Al, and sensor fusion to monitor
critical infrastructure such as bridges, tunnels, and road surfaces. Emphasis was placed on
participatory planning, predictive maintenance, and the integration of emerging technologies into
urban mobility strategies. Recommendations for the future focused on standardisation, requlatory
adaptation, and inclusive digitalisation, with several projects contributing to harmonised European
standards and environmental impact assessments.

The domain of Efficient and Sustainable Logistics addressed digital connectivity, automation,
decarbonisation, multimodal integration, and urban logistics. Projects demonstrated the role of 5G,
loT, and blockchain in enhancing supply chain transparency and efficiency. Autonomous freight
systems were developed across land, water, and air, with innovations in drone delivery, hyperloop
networks, and automated cargo handling. Decarbonisation efforts focused on zero-emission vehicles,
renewable energy integration, and smart energy management systems. Urban logistics projects
piloted last-mile delivery solutions using Al and shared infrastructure. The analysed projects
highlighted the need for policy support to ensure harmonised standards, data interoperability, and
regulatory frameworks that accommodate emerging logistics models and technologies.
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In the field of Enhanced Transport Safety and Security, projects explored cybersecurity,
infrastructure resilience, road safety, and maritime surveillance. Digital twins and Al-based threat
detection systems have been developed to protect critical infrastructure and improve situational
awareness. Road safety initiatives focused on autonomous inspection, driver monitoring, and
predictive safety frameworks, while maritime projects enhanced collision avoidance and border
surveillance using Al and sensor fusion. Emphasis was placed on standardisation, societal impact
assessment, and cross-sector coordination. Several projects have contributed to regulatory
development, including frameworks for autonomous operations and cybersecurity compliance, while
also addressing public perception and workforce implications.

The area of New Mobility Services covered electrified public transport, data-driven mobility, and
sustainable urban transport. Projects piloted electric BRT systems, multimodal mobility hubs, and
shared mobility platforms. Data governance and Al-based planning tools have been developed to
support intelligent transportation services and improve access to mobility data. Urban mobility
initiatives have implemented integrated solutions for freight and passenger transport, with a focus
on inclusivity, climate neutrality, and behavioural insights. Shared mobility and MaaS/MaaC concepts
were explored to promote community-driven, equitable, and environmentally conscious transport
ecosystems. Key challenges include data interoperability, privacy, and the integration of micromobility
into public transport systems.

The diversity of projects and approaches presented in this report reflects the complexity and evolving
nature of smart mobility in Europe. The findings highlight the importance of coordinated R&lI efforts
across technological, societal, and regulatory dimensions. While significant progress has been made,
further work is needed to address gaps in standardisation, data sharing, and large-scale deployment.
The insights provided here can support future research agendas and policy development aimed at
building a more sustainable, inclusive, and intelligent transport ecosystem in the EU.
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Annexes

Annex 1. Funding scheme and expected technology readiness

The TRIMIS project database contains information about the funding scheme. This information can
serve as a proxy of the targeted technology maturity level, as adopted in the EU Framework
Programmes (Héder, 2017). The report adopts a modified version of the TRIMIS technology
development phases (Gkoumas et al., 2020) which uses aggregated development phases (Table 1).
The outputs of projects range from technical specification documents, such as concepts of operation
or U-space architecture, lab prototypes of drone and traffic management subsystems, to system and
traffic testing and demonstration.

Table 1. Technology development phase and corresponding readiness levels

Development phase TRL range Example project outputs

Research 0-2 Technical specifications, concepts

Prototyping and testing 3-5 Lab prototype

Pilot production and 6-7 Full vehicle prototype, drone traffic demonstration
demonstration

Deployment 8-9 Large scale demonstration, Product deployment

Source: TRIMIS, JRC, 2025

The funding source also indicates the receiving entity that conducts the research, innovation,
development, and market deployment. lists funding sources combined with an estimated targeted

TRL.

Table 2. EU funding schemes for smart mobility

Source Source Type/ Receiving entities Funding / Grant / Investment ceiling levels Targeted
Programme TRL2

MSCA | H2020/HE Pillar | Doctoral .and postdoctoral DlI-ytay o_|-m emTn UK2dz81-yR F20 hyRIGIRdzI-£ 0to1l

I Fellowships & Networks fellowships

RIA H2020/HE Pillar Il | Consortium of partners Funding level: 100% of project costs 2t06

ERA- . « A uk

NET H2020 Consortium of partners CazyRhy3AY I-i {SI-4il ep Yifi2y 3t06

IA H2020/HE Pillar Il | Consortium of partners Funding level: 70% of project costs 6t08

SME-1 | H2020/HE Pillar Il | SME, start-up or scale-up DHl-yEaY epn iK24:a1yR fizY'L) a2y 5to 8

SME-2 | H2020/HE Pillar Il | SME, start-up or scale-up Dll-yEaY entp {2 entp Y2y 5to 8
Accelerator:

EIC H2020/HE Pillar 11l | SME, start-up or scale-up DIll-ytiaY entp {i2 enop Yiti2y 5t09
5MS0i hyBSaly Syl emp Yitizy

CSA H2020/HE Pillar Il | Consortium of partners Funding level: 100% of project costs N/A
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https://marie-sklodowska-curie-actions.ec.europa.eu/
https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/sme_en.htm
https://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-cutting-issues/sme_en.htm
https://eic.ec.europa.eu/eic-funding-opportunities/eic-accelerator_en

. 8to
E U . . .
CEF f:lrzgpean nion Consortium of partners Funding level: 30% to 50% of project costs deploym
ent
Funding and Accelerator:
EIT g SME, start-up or scale-up Grant or investment depending on the size of |6t09
support program . i
the project and corporation
Long t lendi . | tmentd di the size of th
EIB ong term fending SME to large scale corporations nve_:s ment depen |r?g onthesize ot the 6to9
and support project and corporation

a MSCA and ERC Consolidator grants correspond to basic high-risk research, therefore the target TRL level is only an indication. SME-1 projects are desk studies on business plan
development for existing innovations. CSA actions do not have a technology component.

b Research

Source: TRIMIS, JRC, 2025
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Getting in touch with the EU
In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the
centre nearest you online (european-union.europa.eu/contact-eu/meet-us en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this
service:

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us _en.

Finding information about the EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications
can be obtained by contacting Europe Direct or your local documentation centre (european-
union.europa.eu/contact-eu/meet-us en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

EU open data

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies.
These can be downloaded and reused for free, for both commercial and non-commercial purposes. The
portal also provides access to a wealth of datasets from European countries.
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