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Abstract: The European Commission’s Communication on a European Green Deal sets out the
objective of achieving climate neutrality by 2050, which will require a reduction in transport emissions.
To this aim, digital technologies, together with connectivity and automation, are transforming
traditional concepts of mobility, with a potential impact towards transport decarbonisation.
New business models are emerging and giving rise to innovative mobility services including new
online platforms for car-pooling, car or bicycle sharing services, freight operations, or smartphone
applications offering real-time travel information and other analytics. This study provides an overview
of the European Union (EU) funded research and innovation (R&I) and related technologies that are
influencing the uptake of digital transformation in transport and identifies issues and challenges
from a European perspective. To that end, it follows a two-tier approach that examines policy and
legislative initiatives from the European Commission, highlighting possible challenges and enablers.
Moreover, it analyses transport technology developments in Europe, focusing on the technology
maturity from EU R&I framework programmes, using the European Commission’s Transport Research
and Innovation Monitoring and Information System (TRIMIS). The technology analysis provides
insights that aid policy decisions related to funding allocation in future R&I framework programmes.

Keywords: digital transformation; transport policy; knowledge management; transport research;
transport innovation

1. Introduction

Transport is one of the main sectors of the European economy, also having a direct impact on
the environment, safety and the overall quality of life. The European Commission’s Communication
on a European Green Deal sets out the objective of achieving climate neutrality by 2050, which will
require a reduction in transport emissions [1]. To this end, more efforts are needed in order to
support the deployment of innovative technologies related to the transport sector that will allow
for transport emission reductions and induce systemic changes, helping the transition towards a
sustainable transport system [2].

Targeted research and innovation (R&I) facilitate regulatory policies and technological
advancement towards addressing current socio-economic and environmental challenges in Europe.
Transport systems include an extensive series of physical and organisational elements and are being
characterised by an overall intrinsic complexity, interacting with different sectors. In this sense,
the transport system can be considered as a complex, large-scale, interconnected, open, socio-technical
(CLIOS) system [3], including elements from the built environment and the social-political domains.
Furthermore, transport technology is more than technical hardware: while it may often comprise mostly

Sustainability 2020, 12, 3762; doi:10.3390/su12093762 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-8104-9994
https://orcid.org/0000-0003-3833-6223
http://www.mdpi.com/2071-1050/12/9/3762?type=check_update&version=1
http://dx.doi.org/10.3390/su12093762
http://www.mdpi.com/journal/sustainability


Sustainability 2020, 12, 3762 2 of 13

technical elements, the organisational innovations and new mobility concepts which do not require
hardware modifications can be also regarded as new technologies since they aim to use hardware
in a different manner [4]. In the last decade, the technological applications across the transport
systems and subsystems have been increasing in number and level of complexity, along with the
overall technological development in neighbouring sectors (energy, information, and communication
technology, etc.). A series of profound changes are visible in many aspects of society and all sectors of
the economy, including transport, due to the extended uptake and integration of digital technologies,
a notion generally referred to as digital transformation [5].

Nowadays, thanks to the digital transformation of the entire transport sector, new business
models are emerging and give rise to innovative mobility services. New online platforms for freight
operations, car-pooling, car or bicycle sharing services and smartphone applications offering real-time
analytics and data on traffic conditions are some relevant examples changing transport. Meanwhile,
transport activity in Europe is expected to continue to grow in the coming decades, with road transport
preserving the dominant role among all transport modes [6]. Vehicles themselves are also being
transformed by digital technologies. They are becoming increasingly smart as new on-board connected
and cooperative services and increased levels of automation become available.

The advent of connected and automated transport (CAT) will likely provide a breaking point in
mobility. Advances in the field of artificial intelligence (AI), on which autonomous vehicles heavily rely,
are developing steadily at present and will likely bring extensive changes to mobility and transport
systems, revolutionising all aspects of society and life. The impacts of such a revolution on transport
can be far-reaching, from drastically reducing road accidents to allowing efficient traffic flows and
decreasing road transport emissions. The introduction of connected and automated vehicles has the
potential to support improve road safety, energy efficiency, urban accessibility, social inclusion and
reduce congestion [6]. In the future, more transport applications will take advantage of dedicated
digital platforms to better facilitate all available means of transport in an integrated manner, bringing
together for instance autonomous, electric and sharing applications to offer mobility as a service
(MaaS) [7]. However, policies should also consider and mitigate the potential negative implications
of CAT, such as increasing road congestion due to the attractiveness of autonomous vehicles and a
resulting shift from public transport to private vehicles. Policymakers must act to ensure that future
transport is cleaner and more equitable than its car-centred present [8].

Along with the development of these technologies, a paradigm change in mobility use is already
on the way. Traditional private car ownership is threatened by MaaS or transport as a service
(TaaS), which represent a shift away from personally owned modes of transport towards on demand
pay-per-use mobility solutions. Societal, economic and technological drivers are accelerating the
disruptive impact of MaaS. Urbanisation, climate change, the sharing economy, big data or the need to
better match demand and supply are some examples of MaaS enablers [9].

Digital technologies have also enabled fundamental reinvention service delivery. New forms of
more sustainable freight delivery (e.g., bike-based delivery services) appear as viable alternatives to
(last mile) delivery of goods, with the companies operating in freight transport and the logistics industry
adopting both green practices and information systems [10]. Air-drones are also considered as a valid
alternative in the future, with progress being made at the policy level too to set the right regulatory
conditions for this technology, such as in the recent initiative of the European Commission’s Directorate
General for Mobility and Transport on drones, adopting rules on their operation [11]. Home delivery
by air-drones is being promoted and supported by a growing number of firms, especially in rural
environments, with many citizens in Europe potentially getting access to such services in the near
future [12]; however, the potential safety and security impacts need to be addressed.

New technologies and digital transformations provide a series of opportunities for a positive
transformation of the transport sector. Nevertheless, there are potential issues such as data collection,
and related challenges such as privacy and cybersecurity that require attention. All the above have
to be accompanied and addressed by an appropriate policy framework, integrated with R&I actions
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underpinning this transition. In this context, in the European Union (EU), the European Commission
adopted in 2017 the Strategic Transport Research and Innovation Agenda (STRIA) as part of the
"Europe on the move" package [13], highlighting main transport R&I areas and priorities for clean,
connected and competitive mobility. STRIA identified priority areas with specific actions for future
R&I, outlined in seven roadmaps: (i) connected and automated transport, (ii) transport electrification,
(iii) vehicle design and manufacturing, (iv) low-emission alternative energy for transport, (v) network
and traffic management systems, (vi) smart mobility and services, and (vii) transport infrastructure.

The authors co-developed the Transport Research and Innovation Monitoring and Information
System (TRIMIS) at the European Commission’s Joint Research Centre (JRC) in order to provide
an assessment of technology trends and R&I capacities, to publish information and data, and to
develop analytical tools on the European transport system [14]. One of the sub-tasks of TRIMIS is the
creation of an inventory and the regular reporting on new transport technologies [15]. Under this
task, TRIMIS supports the implementation of STRIA, tracks the status and developments in the
field of transport, identifies innovative technologies and assesses their potential future impact by
creating a transport R&I database. A cornerstone of this process is the establishment of an assessment
methodology based on the taxonomic clustering of transport technologies and the use of appropriate
indicators [16]. This technology cluster can be integrated and enhanced with insights from other
sources, for example intellectual property (IP) activity and scientific research activity (i.e., peer reviewed
papers), in order to have a better picture of undertakings in the private sector and academia.

Considering the above, this study leverages the technologies that are influencing the uptake of
digital transformation in transport and identifies issues and challenges from a European perspective.
To that end, it follows a two-tier approach, that, (i) looks in depth into policy and legislative initiatives
from the European Commission, highlighting possible challenges and enablers, and, (ii) analyses
transport technology developments relevant to the digital transformation in Europe, focusing on
the technology maturity from European research and innovation framework programs, using the
methodology developed for TRIMIS [17].

The analyses focus on three STRIA roadmaps: smart mobility and services, cooperative, connected
and automated transport, and network and traffic management systems, which have the most
relevance and can be affected the most by the digital transformation in the transport sector. In fact,
digital transformation has the potential of revolutionising smart mobility and services, it is a prerequisite
for the greater development of cooperative, connected and automated transport and will enable a
higher optimisation of network and traffic management systems.

Concerning smart mobility and services, there is a connection between new technologies,
innovative transport services and the decarbonisation of the transport sector. Future mobility
services will need to be part of smart and sustainable city strategies; incorporating an integrated
transport system and the digital transformation of the transport sector can facilitate this transition.

Concerning cooperative, connected and automated transport, there is a need to test the readiness
of CAT technologies across all modes, including the reliability and safety of automated road transport
functions in complex traffic situations. The digital transformation will allow the further development
of connected and automated transport operations.

Additionally, concerning network and traffic management systems, the transition to an advanced
multi-modal transport system requires the optimisation of the entire transport network. The digital
transformation can affect real-time demand through intelligent applications and user information
services, while the enhancement of the automated nature of air traffic, building upon the broader
uptake of technological innovation, is equally important.

2. Policy and Legislative Initiatives at European Level

The path to the digital transport era will not be quick and without pitfalls. Many technological,
social and legislative barriers will need to be addressed. Standardisation issues for technologies that
have not reached maturity and legal aspects (liability of automated vehicles, air-drones etc.) need to be
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addressed meticulously, in order to avoid future pitfalls, assist technology diffusion and achieve future
safety and security goals. In this context, appropriate governance, regulatory, and public procurement
strategies are fundamental, together with open, real-time data systems that allow for the validation
and optimisation of integrated mobility eco-systems against overall targets [5]. The appropriate tools
combined with the necessary data can indeed catalyse the transport system reform at all spatial levels.

In 2016, the EC started the Cooperative Intelligent Transport Systems (C-ITS) initiative to foster
cooperative, connected, and automated mobility, which lead to the adoption of five principles for
granting access to in-vehicle data and resources [18]. In May 2017, the Second Mobility Package
introduced STRIA [13]. In May 2018, the European Commission revealed the Third Mobility Package
with the objective of citizens benefitting from safer traffic, less polluting vehicles, and more advanced
technological solutions while supporting the competitiveness of EU industry. Particular focus is given
to autonomous mobility that has the potential to make transport safer, more accessible, inclusive,
and sustainable, encompassing a strategy aiming to make Europe a world leader in fully automated
and connected mobility systems. The successful implementation of such an ambition is strongly
dependent on the accompanying legal framework, which includes data accessibility and protection,
and on technological barriers and enablers [19]. In March 2019, the European Commission adopted
new rules stepping up the deployment of C-ITS in the form of a delegated act, which is based on the
ITS Directive. The specifications establish the minimal legal requirements for interoperability between
the various cooperative systems used [20]. In July 2019, the Council of the European Union adopted a
decision to object to the proposal for Delegated Regulation on C-ITS [21]. In September 2019, in the
strategy “A Union that strives for more” presented to the European Parliament [22], the European
Commission outlined six headline ambitions for Europe for the next five years and beyond including
the ambition to make Europe fit for the digital age [23]. In January 2020, the European Commission
adopted its 2020 Work Programme, confirming the ambitions and identifying challenges ahead [24].

Nevertheless, there are issues and activities that go beyond policy or where it is difficult to
formulate appropriate policies. Technology acceptance is conditioned by human and economic factors,
and is linked to current social issues (e.g., safety, security, sustainability, climate change), and society is
often reluctant to accept new technologies, especially during a period of rapid technological advance
or there is a risk of creating a digital divide between different categories of citizens. This deceleration
phenomenon could be further intensified due to possible bottlenecks in the design and implementation
phase of new technologies and services, also being directly and indirectly affected by multiple individual
system factors (e.g., supply chain problems, policy decisions, maturity of regulations, and standards).
The fragmentation of different technologies and standards in the transport domain (especially when
they are used for the same applications) can also be an obstacle to efficient digital transformation of
transport because it results in a lack of interoperability and may increase deployment costs.

3. Methodology

This section provides the methodology used to analyse the technological developments in
EU-funded R&I related to the digital transformation of transport. The analysis draws on the TRIMIS
database, which collects information on publicly funded transport research and innovation projects
across Europe [25]. In TRIMIS, projects funded by the European framework programmes (FPs) are
retrieved through an automated data interchange, while projects funded by member states (MS) are
inserted manually by national contact points. Due to these different approaches, the coverage of
EU-funded projects is robust, while for national projects gaps may exist. Currently, the database
contains over 6700 projects that started between 2000 and 2019.

Due to the gaps identified for MS projects, and because the most recent projects provide the
best indication on technologies’ state of play, in the current phase, only European 7th Framework
Programme (FP7) and Horizon 2020 Framework Programme (H2020) projects between 2007 and
April 2019 were included in the analysis. A total of 1946 projects fall within the scope, including 81
research-oriented projects from the Connecting Europe Facility (CEF) funding instrument.
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Within these projects, a total of 857 technologies were identified, categorised and assigned to
45 technology themes through a grounded theory approach [26–28].

In order to do so, a series of methodological steps was taken [29]:

1. The results of a study that identified technologies within European transport research
projects [30,31] were analysed by different researchers who have complementary experience in
the field of transport innovation and individually assessed the technology list. Based on this
review, a structured approach was consolidated and implemented on what constituted a distinct
technology, aiming to align technology domains with those outlined in the STRIA roadmaps [32].

2. Out of the total number of project contained in the TRIMIS database, the projects falling under
the two most recent framework programmes, FP7 and H2020, covering the timeframe from 2007
up to today, were analysed, focusing on the most recent advances in European R&I. All 1946
project descriptions falling within this category were read and flagged when a technology was
mentioned (EU-funded projects also cover non-technology-focused projects such as, for instance,
those that encourage collaboration between different infrastructure managers). Once a technology
was flagged in the project description, a second researcher validated the flagging and registered
the technology name.

3. The full list of technologies was evaluated, and the labelling of similar technologies was aligned.
The labels were inspired by existing taxonomies, such as those under the Cooperative Patent
Classification [33].

4. A number of overarching technology themes were defined after the technology list was established.
Themes enable a better understanding of how technologies cluster together and which fields
of research receive relatively greater interest. An extensive list of themes was created and
consequently reduced to the minimum number of themes under which all technologies could
still be logically placed.

Following that, the technologies were assessed for their innovation potential on the basis of
relevant criteria (total investment, number of projects that have researched the technology, number of
organisations involved, technology development phase, etc.). The creation of the technology and
technology theme taxonomy enables different visual representations. The next section provides some
early analysis for technologies linked to the digital transformation of transport.

4. Results

The results of the analysis are presented in Figure 1, which provides an initial approach, focusing
on the top seven technologies in terms of allocated budget for three STRIA roadmaps. Due to a lack
of space, the figure is limited to the representation of only an intermediate branch, by collapsing
lower nodes in the taxonomy (i.e., technology themes) and to three STRIA roadmaps: smart mobility
and services (SMO), cooperative, connected and automated transport (CAT) and network and traffic
management systems (NTM).

The metrics shown in the figure are:

• “Number of projects” (bars in pink).
• “Budget invested in the technology” (bars in light blue).

The technologies were analysed in the context of the projects within which they were researched.
Within the 1946 projects, 33 SMO technologies were researched in 148 projects, 72 CAT technologies
in 263 projects and 96 NTM technologies in 533 projects. Focusing on the top seven technologies
identified, these represent 56%, 28% and 45% of the total technologies, respectively, for the SMO, CAT
and NTM roadmaps. Table 1 provides these figures.
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Figure 1. Top 7 technologies linked to the smart mobility and services (SMO), cooperative, connected and
automated transport (CAT) and network and traffic management systems Strategic Transport Research
and Innovation Agenda (STRIA) roadmaps. Transport Research and Innovation Monitoring and
Information System (TRIMIS) data using the interactive tree of life [34]. Abbreviations—ADAS:
advanced driver assistance systems; CAT: connected and automated transport; AV: autonomous vehicle;
EV: electric vehicle; TBO: trajectory-based operation; ATFCM: air traffic flow and capacity management;
ICT: information and communication technology. SMO-related technologies in green, CAT-related
technologies in red and NTM-related technologies in blue.

Table 1. Number of technologies and projects assessed.

Roadmap Number of
Technologies

Number of
Projects

Number of Projects Researching the
Top-7 Technologies (%)

SMO 33 150 83 (56%)
CAT 72 265 75 (28%)
NTM 96 533 240 (45%)
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Regarding the geographical allocation of the beneficiaries of this research funding,
i.e., the assessment of research in terms of funding received by MS, based on the beneficiaries’
(“project partners”) addresses:

• On SMO, Italy is the largest beneficiary in absolute terms, followed by Germany. Spain, the United
Kingdom and France make up the top five [35].

• On CAT, Germany is by far is the largest beneficiary in absolute terms, followed by France. Italy,
Spain and Sweden make the top five [36].

• On NTM, France is the largest beneficiary in absolute terms, closely followed by Germany. Italy,
Spain and the United Kingdom make up the top five [37].

Some relevant information from the performed analyses are reported below for the top technologies
in each roadmap.

Focusing on the CAT roadmap:

• Several cockpit-based technologies for improved pilot workflow have been researched in three
high budget FP7 projects that ran between 2008 and 2013: ALICIA (All Condition Operations and
Innovative Cockpit Infrastructure), SCARLETT (Scalable and Reconfigurable Electronics Platforms
and Tools) and ACROSS (Advanced Cockpit for Reduction of Stress and Workload). These three
projects account for about 80% of the budget invested in this technology (EUR 117 m out of EUR
148 m). The developed technologies, pertinent mostly to air transport, focus on providing flight
deck solutions for managing the peak workload situations that can occur during a flight, in order
to reduce stress for pilots, and thus improve passenger safety.

• Four H2020 projects research controllers and sensor fusion systems, namely: L3Pilot (Piloting
Automated Driving on European Roads), TrustVehicle (Improved trustworthiness and
weather-independence of conditional automated vehicles in mixed traffic scenarios), NewControl
(Integrated, Fail-Operational, Cognitive Perception, Planning and Control Systems for Highly
Automated Vehicles) and PRYSTINE (Programmable Systems for Intelligence in Automobiles).
All four projects are still on-going. The developed technologies, pertinent to road transport,
focus on combining data delivered from different sources, and creating coherent and redundant
information, and thus are fundamental for the future development of connected and automated
driving solutions.

On the SMO roadmap:

• Three CIVITAS projects focus on SMO field demonstrations, namely MIMOSA (Making Innovation
for Mobility Sustainable Actions) which ran from 2008 to 2013, DESTINATIONS and PORTIS
(PORT-Cities: Integrating Sustainability), both of which started in 2016 and are still on-going. SMO
field demonstrations demonstrate and evaluate integrated sets of sustainable mobility measures
in cities and port-cities.

• Three H2020 projects funded under the INDUSTRIAL LEADERSHIP—Leadership in enabling
and industrial technologies programme, namely 5G-MOBIX (5G for cooperative and connected
automated mobility on X-border corridors), 5G-CARMEN (5G for Connected and Automated
Road Mobility in the European Union) and 5G-DRIVE (5G Harmonised Research and trials
for service evolution between EU and China) account for 60% of the budget for the research
of communication networks for intelligent mobility. All three projects started in 2018 and are
expected to finish at the end of 2021. The developed technologies focus on the widespread
adoption of 5G-enabled urban and interurban corridors that will advance existing and future
smart and connected mobility.

On the NTM roadmap:

• Collaborative logistic ecosystems are researched in 49 projects, seven of which have been funded
under the H2020 Small and Medium Enterprise (SME) instrument. The FP7 ARCHIMEDES
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(Achieving Real Change with Innovative Transport Measures Demonstrating Energy Savings)
project and the recently finished H2020 SELIS (Towards a Shared European Logistics Intelligent
Information Space) and AEOLIX (Architecture for EurOpean Logistics Information eXchange) are
the top three projects in terms of budget for this technology. The developed technologies focus on
broad areas of logistics, targeting economic and environmental sustainability, while improving
the overall competitiveness of goods transport in the supply chain.

• All projects that research air traffic management systems are H2020 projects. Ten out of 12 of them
are SESAR (Single European Sky ATM Research Joint Undertaking) projects under the H2020
SESAR-2016-2 programme, part of the SESAR 2020 exploratory research and very large-scale
demonstrations open call. The developed technologies aim to modernise and harmonise
the European Air Traffic Management (ATM) System from an operational and technological
perspective. A large part of the technology funding in NTM is allocated to aviation, something
explained by the many projects under the SESAR joint undertaking. Even though this is something
that can have a distorting effect in terms of presenting the results, nevertheless aviation technologies
are included in the analysis since aviation is covered by the STRIA NTM roadmap.

In addition, the technology maturity was assessed for all technologies researched within the
projects. The assessment is based on the technology readiness levels (TRLs), a method for estimating
the maturity of technologies during the acquisition phase of a program, developed by the United States
National Aeronautics and Space Administration (NASA) in the 1970s.

Table 2 provides the description for each of the nine TRLs, as taken from Annex G of the
2014–2015 H2020 Work Programme [38] and the corresponding development phases used in TRIMIS.
As can be seen, in TRIMIS, the nine TRLs have been consolidated into four development phases:
research/invention, validation, demonstration/prototyping/pilot production, and implementation.
These are used to monitor and describe the maturing of each technology in a similar way to the
original TRLs. The European Commission advised that EU-funded research and innovation projects
should adopt the TRL scale in 2010; TRLs were then implemented for the EU H2020 framework
programme [39], although in practice, TRLs are not consistently assigned to all H2020 projects. TRLs are
based on a scale from 1 to 9, with 9 being the most mature technology.

Table 2. TRL and corresponding TRIMIS development phases [40].

TRL Description TRIMIS Development Phase

1 Basic principles observed Research/Invention
2 Technology concept formulated
3 Experimental proof of concept

Validation4 Technology validated in lab
5 Technology validated in relevant environment Demonstration/Prototyping/Pilot

production6 Technology demonstrated in relevant environment

7 System prototype demonstration in
operational environment

8 System complete and qualified Implementation
9 Actual system proven in operational environment

A development phase is assigned to each project–technology combination, by scanning the project
for explicit references or based on expert judgement.

Identifying transport technologies researched at a low development phase aims at giving an early
warning of potentially disruptive future technologies and helps in guiding the development of future
research priorities and policy. On the other hand, identified technologies at a high development phase
are a strong indication of technologies that are likely to have an impact on production products and
operations in the short to medium term, and may contribute to products and systems that will be
available in the shorter term.
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Figure 2 provides some initial results focusing on the top three technologies from Figure 1 (ranked
in terms of allocated budget) for NTM (area in blue), CAT (area in red) and SMO (area in green) STRIA
roadmaps. The y-axis in the figure shows the number of projects that research the specific technology.
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Figure 2. Number of projects and technology development phases for the top-3 technologies in terms
of budget of the NTM, CAT and SMO STRIA roadmaps.

Even though the roadmap technology clusters are not comparable among them, the general
observation is that most of the technologies have been researched in framework programmes at low
development phase levels. This is more evident for two out of three dominant technologies within the
NTM roadmap (i.e., collaborative logistics ecosystem and ICT multimodality support). On the contrary,
the AV controllers and sensor systems category in the SMO roadmap, which has been researched only
in four very large-scale projects, has reached a higher maturity.

5. Conclusions

The digital transformation of the transport sector is an ongoing process and TRIMIS provides
a database of European transport-related R&I projects and programmes and specific technology
assessment methodologies that can be used as a basis for monitoring innovation capacities and
supporting the assessment of the European transport sector performance and technological maturity
status. This paper provides a first look at a comprehensive assessment of technologies relevant to the
digital transformation by TRIMIS.

By linking technology metrics with organisational data, technology value chains can be identified
and assessed. This information can contribute to the optimisation of funding allocation in European
programmes and the development of targeted measures (i.e., policy initiatives) to promote transport
innovation. Furthermore, analysing the development phase of technologies researched within
framework programmes, it is possible to have an overview of technologies that are close to
market introduction (for technologies with high maturity) or those, on the other hand, that need
further development.

Regarding technologies that may have an impact on the digital transformation, a first analysis
leads to the following conclusions:
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• There are several large-scale demonstration and implementation projects that focus on technologies
researched, also in a more mature phase. This is the case of “Air traffic management” in the
NTM (under the SESAR Joint Undertaking) and “AV controllers and sensors systems” in the
CAT roadmap.

• A number of technologies are also addressed under the SME instrument scheme. This is especially
evident within “Collaborative logistic ecosystems” in the NTM roadmap, and it is an indication that
this theme attracts innovators who identify research and market gaps that need to be addressed,
or who can come up with possible disruptive ideas that can further contribute to innovation.

The main technology themes identified above support the digital transformation of various
elements of the transport sector, with a potential impact on the economy, the environment and quality
of life. The identified technologies cover a broad spectrum of development phases, and include both
more innovative technologies researched towards their market potential, and large-scale demonstration
and validation of more mature technologies. It is expected that when more technologies become
mature, demonstration and validation projects will be needed.

Even though at this stage, assessing the (cost) efficiency of the R&I initiatives in terms of results
against funding or number of projects is difficult, a first step has been made. This process will
require—among others—additional indicators on the possible barriers, also beyond technology, and on
the actual market uptake.

As a next step, in the future, these analyses will be provided with greater detail, and will include
insights from other sources (i.e., IP activity, scientific research activity) in order to have an even more
comprehensive overview of the technological developments in transport.
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5G 5th Generation Mobile Communications Technology
ADAS Advanced Driver Assistance Systems
AI Artificial Intelligence
ATFCM Air Traffic Flow and Capacity Management
ATM Air Traffic Management
AV Autonomous Vehicle
C-ITS Cooperative Intelligent Transport Systems
CAT Connected and Automated Transport
CEF Connecting Europe Facility
CLIOS Complex, Large-scale, Integrated, Open Systems
DG MOVE Directorate-General for Mobility and Transport
DG RTD Directorate-General for Research and Innovation
EU European Union
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EV Electric Vehicle
FP7 7th Framework Program for Research
H2020 Horizon 2020 Framework Program for Research and Innovation
ICT Information and Communication Technology
IP Intellectual Property
ITS Intelligent Transport Systems
JRC Joint Research Centre
MaaS Mobility as a Service
MS Member State
NASA National Aeronautics and Space Administration
NTM Network and Traffic Management Systems
R&I Research and Innovation
SESAR Single European Sky ATM Research
SME Small and Medium Enterprise
SMO Smart Mobility and Services
STRIA Strategic Transport Research and Innovation Agenda
TaaS Transport as a Service
TBO Trajectory Based Operation
TRIMIS Transport Research and Innovation Monitoring and Information System
TRL Technology Readiness Level
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