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Executive Summary
FEHRL initiated its Forever Open Road programme in 2010 and as it developed, it was recognised that
other transport modes shared some of the same challenges as the road sector, such as ageing
infrastructure, increasing congestion and constrained budgets. Around the same time, the four
transport research advisory councils covering road, rail, air and waterborne modes, along with the
European Construction Technology Platform (ECTP) started to work together to explore common
issues, and in June 2013, published a cross modal research roadmap, establishing a desire to work
together and share experience.
With this in mind, and to reflect the expansion of FEHRL’s activities from purely highway, to transport
infrastructure more generally, the FORx4 (Forever Open Road, Rail, River and Runway) initiative was
developed and the cross-modal research roadmap was used as the basis for FEHRL’s FORx4 ‘Point of
View’ document produced in November 2013. .
Having developed FORx4, FEHRL submitted proposals to H2020, MG -8.1 and MG8.2 2014 Next
Generation Transport Infrastructure; resource efficient, smarter and safer call to address some of the
key areas around construction, users and governance concerned with FORx4. Both proposals led to
coordination and support action (CSA) projects being awarded for FOX (Forever Open Infrastructure
across (X) transport modes) under MG8.1 and USE-iT (Users, Safety and security and Energy in
Transport infrastructure) under MG8.2.
The aim of FOX was to identify common research needs and innovative techniques in the areas of
construction, maintenance, inspection, and recycling & reuse, and to develop a network of engaged
experts who would be engaged both during and beyond the lifetime of the project.
The aim of USE-iT was to better understand, Safety, security and Energy in Transport infrastructure.
The projects have effectively operated as one single project with common project management
meetings due to the synergies that exist between the two and due to fact that many partners and third
parties on one project were also partners or third parties in the other, and the fact that FEHRL is also
the leader of both projects.
In the longer term, the ambition is that there will be a vibrant community of stakeholders from a range
of transport modes, sharing experiences and technologies, undertaking joint research projects and
creating a European transport network that is safer, more secure, with lower carbon emissions and
which is focussed on user needs.
A further 24-month CSA, REFINET (REthinking Future Infrastructure NETworks) had highly
complementary objectives in developing research objectives that will help improve the construction,
operation and maintenance of transport infrastructure in terms of efficiency, safety, security,
integration, information and environmental performance. With FEHRL as a partner in REFINET, a
relationship developed with USE-iT and FOX, with all three projects sharing a stakeholder list as a
mechanism to develop the vision of having a vibrant stakeholder community beyond the lifetime of
the projects. There was a special session at TRA 2016 covering infrastructure innovation from the three
projects, whilst REFINET partners have also attended the two USE-iT/FOX workshops in Brussels, whilst
members of the USE-iT and FOX consortiums have attended the REFINET workshops in London and
Rome.
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All three projects started on May 1st 2015, with USE-iT and REFINET finishing on April 30th 2017 and
FOX finishing on October 31st 2017.
As well as the three CSAs described above, there are also links to other projects such as SETRIS,
INFRALERT and Mobility4EU and initiatives such as STRIA, Infrastructure Cloud, the cross-modal ECTP
roadmap, and FEHRL’s Forever Open Road and FORx4 initiatives, outlined below.
The SETRIS project follows-up on previous works undertaken by the five European Technology
Platforms (ETP) by updating and completing their existing Strategic Research and Innovation Agendas
(SRIAs), roadmaps and implementation plans using a new coordinated and integrated approach.
SETRIS is an extremely complementary project to FOX and USE-iT, in that it aims to improve the
efficiency of the transport system, through for example increasing the loading of goods vehicles, to
maximise capacity and aims to improve hubs to allow easier modal transfer to rail or inland waterways.
USE-iT and FOX supported the aims of the Strategic Transport Research and Innovation Agenda (STRIA)
of the European Commission, specifically the energy and carbon section of USE-iT which focusses on
the operational energy or vehicles, or alternative lower carbon fuel choices, but also the embedded
carbon contained within the physical infrastructure.
The Mobility4EU “Action Plan for Future Mobility in Europe” aims to: identify and assess societal
challenges that will influence future transport demand and supply. To achieve these objectives,
Mobility4EU set a participatory framework involving all relevant actors from inside and outside the
transport sector covering all transport modes including international, European and national
stakeholders representing users including specific groups and communities that are vulnerable to
exclusion, technology suppliers, policy makers, transport service providers, research organisations.
In 2013, the four transport research advisory councils covering road, rail, air and waterborne modes,
along with the European Construction Technology Platform (ECTP) published a cross modal research
roadmap, establishing a desire to work together and share experience.
In parallel, from 2010, FEHRL had been developing the Forever Open Road (FOR) concept and it became
apparent that many of the challenges faced by the road industry such as increased traffic loads, ageing
infrastructure and constrained budgets were also common to other modes.
As a result of FOR and with reference to the cross modal research roadmap, the FORx4 (Forever Open
Road, Rail, Runway and River) initiative was developed and the cross-modal research roadmap was
used as the basis for FEHRL’s FORx4 ‘Point of View’ document produced in November 2013.
FORx4 proposes that the four transport modes will have four shared domains, comprising
“Infrastructure”, “Governance”, “Technology” and “Customers”.
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Both FOX and USE-iT were influenced strongly by FORx4, with FOX largely covering the infrastructure
domain across all four modes and USE-iT covering customers, technology and governance in various
areas. Both projects will feed into the ongoing FORx4 programme with FEHRL using the results to help
further develop the vision, through the development of a full roadmap in 2017-18.
Additionally, both REFINET and SETRIS will contribute to the development of FORx4, REFINET largely
focussing on innovation around the physical infrastructure and SETRIS through focussing on how the
freight and passengers can more optimally use the infrastructure across all modes.
Over the course of the FOX and USE-iT projects, a significant number of technologies were identified,
which were validated and improved with stakeholder interviews and a stakeholder workshop in
January 2016. These technologies were then prioritised by the partners, along with further interviews
and a second stakeholder workshop held in September 2016. A prerequisite was that each challenge
covers at least two transport mode, resulting in a total of 42 challenges identified across the three
technical work packages in USE-iT and the four technical work packages in FOX.
For each research challenge, a headline ‘from-to’ statement detailing the current state and the desired
future state, should the research topics identified within each research challenge be successfully
undertaken, with an indicative timescale of 2017 to 2030.
Each individual research topic was mapped against the FORx4 modes (road, rail, air, water and multimodal) and domains (governance, infrastructure, technology and customer) and also the ‘level of
application’ identified in the REFINET project determining the area in which a particular research
challenge is most applicable, namely; urban mobility, long distance corridors, multi-modal hubs and a
system level (widely applicable in transport infrastructure). Icons were developed for simplicity of
reading
In addition to the symbols, there is an indicative timeline for the research challenges covering the
period 2017 to 2030+ with arrows to demonstrate the stage of development related to Technology
Readiness Levels (TRL) as shown in the table below.
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Technology Readiness Level
≤5
6 –8
9
Already implemented

Development Stage
Research and Development
Demonstration
Market introduction and
implementation
Transferring mature
technology from one mode to
another

Symbol

As a means of integrating the research challenges developed under each work package, they were
assigned to nine ‘Drivers influencing co-modal transport research’ based largely on the ones developed
for the FORx4 point of view document, as detailed below. It was recognised that a number of research
challenges could be relevant to more than one driver; rather than repeating the information, they were
assigned to the driver considered most appropriate and referenced to other drivers that they could
impact on.
Change in transport demand: this driver focusses on future changes in future transport mobility based
on factors such as demographics, transport cost and new technologies and the infrastructure response
to this, not least in so far as future transport demand is set to grow, but there are new and disruptive
technologies such driverless vehicles and 3D printing that could radically change demand. Research
challenges assigned to this driver are; Predictable performance for people and goods, User
requirements for multi-modal information systems and Cooperation and coordination between
transport mode operators.
Globalisation: This driver is concerned with increasing globalisation and particularly, pan-European
travel where there is a requirement to ensure compatibility of systems, data sharing, international
supply chains to facilitate seamless transfer between modes and countries. This will entail integration
and sharing of technology, timetables, systems and customers across modes and across geographic
areas, as well as common pricing and reimbursing of fares. The research challenges assigned to this
driver are; Standards for user data exchange format and Availability and sharing of high-quality data
across transport modes.
High costs of operation and use: This driver covers the high maintenance, renewal and replacement
costs of the extensive and well-developed European transport system and pressures regarding the
increasing costs of bitumen and concrete. As such, the research challenges focus on areas to lower
whole life costs, develop new, longer life materials and harness innovations in sensors and robotics.
The specific research challenges are; Integrated information systems, Remote sensing, Robots and
other devices for inspection and repair, Smart sensors and smart material, Fleet Probing and Multifunctional inspection devices.
Ageing infrastructure: This driver identified issues regarding Europe’s ageing transport system where
the motorway network is 50 – 60 years old, the rail network older still with both facing loads and traffic
volumes not envisaged at the design stage. Ports and airports are having to upgrade to accommodate
larger vessels and aircraft whilst all four modes are facing pressures with extreme weather events and
climate change. Much of the focus will be on upgrading and life -extension solutions. The research
challenges assigned to this driver are; Long-life construction materials and structures, Durable and
energy-efficient materials, Life-cycle modelling, Network assessment through asset management
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including BIM, Maintenance by design and life-cycle costs, Techniques and materials for fast
maintenance and Analysis and optimization of the process chain. There is a strong link between this
driver and the High costs of operation and use outlined above.
Scarcity of natural resources: The focus of this driver is the increased scarcity of natural resources and
the increasing cost of landfill for waste. There is a requirement to develop technologies to improve the
sorting and processing of secondary materials to raise their quality and fiscal and governmental
incentives to promote the use of recycled materials in construction and resource efficiency. There is a
strong link between this driver and the Decarbonisation driver outlined below, as activities such as
recycling and reuse of materials can reduce the carbon associated with quarrying and processing virgin
materials and transporting the materials to a construction site. The research challenges assigned to
this driver are; Drivers and incentives, rules and regulations as a condition of R&R in infrastructure,
Infrastructure related rules, regulations and design codes, Supply and demand of recycled materials,
Assessment of performance and cost, Traceability of materials and products, Recycling and reuse by
design and Reducing the embodied carbon of transport infrastructure.
Decarbonisation of transport and environmental and social impact: This driver concerns the
reduction of carbon from the construction, maintenance and operation of transport infrastructure.
Transport generates around 25% of EU greenhouse gas emissions, and the growth in pass enger and
freight traffic means transport emissions are increasing. Reducing the carbon emissions associated
with transport is a priority in order for the transport sector to play its part in mitigating against
continued climate change. There are a range of solutions being considered including modal shift from
car to public transport or shift to a low carbon mode such as walking and cycling, a move away from
fossil fuel powered vehicles towards electric and hydrogen, generating renewable power from the
infrastructure and a reduction in the carbon intensity of the infrastructure. The research challenges
assigned to this driver are; Phasing out the use of fossil fuels to power vehicles, generating renewable
energy / harvesting energy from transport infrastructure, Improving vehicle fuel efficiency, Improving
the energy efficiency of operating transport systems, More efficient asset management and
Embedding consideration of carbon and energy in governance and transport planning.
Safety: This driver covers improvement in safety of the transport system for those involved in
construction and maintenance, drivers and other transport operative staff and the public. The research
challenges assigned to this driver are; Improving safety performance at national levels, Safety
education and human factors, Driver state monitoring, Cross-modal interaction in a safe and efficient
manner, Cross-modal V2V communication, Automation in the context of multimodal transport and
Human acceptance of user information.
Security: The security both of the transport infrastructure and its users will be a vital aspect of the
development of co-modal transport. This can be achieved through design against threats from terrorist
attack and improving the resilience of the network to natural and man-made hazards including cyber
threats, as well as ensuring personal security to users on public transport and transit environments.
The research challenges assigned to this driver are: Crime prevention through environmental design,
Cybersecurity, Ensuring security in transit environments while maintaining privacy demands of
passengers and Remote detection of explosives and other materials.
Rapid development of technology and social behaviour: This final driver has no specific research
challenges assigned against it, yet is important in the context of the previous drivers and solutions. The
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pace of technological change is accelerating and there are potentially disruptive technologies such as
automation, Industry 4.0, augmented and virtual reality and 3D printing. There is a need to strike an
appropriate balance between embracing and harnessing the potential of these technologies, yet
ensure that the new technologies both perform to the user’s requirements and also promote social
inclusion. Human centred design should aid in this respect in ensuring that new methods of
construction and travelling are intuitive and do not exclude any section of society.
This roadmap is based on the results of the FOX, USE-iT and REFINET projects. Engagement with a
range of stakeholders across Europe and beyond has been a key strategy in the project from the outset.
FEHRL’s FORx4 vision will be used as a means of keeping the projects and networks active beyond the
funding period through the use of an initiative that pre-dates the CSAs and which has an established
brand.
The research challenges identified in this document will be used as an investment plan to both research
funders and as an investment or strategy document for public and private infrastructure owners and
operators and contractors.
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1. Introduction
FEHRL initiated its Forever Open Road programme in 2010 and as it developed, it was recognised that
other transport modes shared some of the same challenges as the road sector, such as ageing
infrastructure, increasing congestion and constrained budgets. Around the same time, the four
transport research advisory councils covering road, rail, air and waterborne modes, along with the
European Construction Technology Platform (ECTP) started to work together to explore common
issues, and in June 2013, published a cross modal research roadmap, establishing a desire to work
together and share experience.
With this in mind, and to reflect the expansion of FEHRL’s activities from
purely highway, to transport infrastructure more generally, the FORx4
(Forever Open Road, Rail, River and Runway) initiative was developed
and the cross-modal research roadmap was used as the basis for
FEHRL’s FORx4 ‘Point of View’ document produced in November 2013.
Additionally, FEHRL recognise that despite the dominance of the
highway sector in terms of network size and usage, it remains just one
element of the transport infrastructure. FEHRL’s ‘point of view’
document proposed that the four transport modes will have four shared
domains, comprising “Infrastructure”, “Governance”, “Technology” and
“Customers”. In addition, there are a number of ways in which the lines
between the modes are becoming blurred, whether for passenger
transport or freight transport; these include the advent of smart
phones, where passengers have greater information on transport operations and can become ‘mode
agnostic’ whilst also starting to play an active part in traffic management operations. The FORx4 ‘Point
of View’ document proposes four transport modes and four domains as follows:

Figure 1 FORx4 concept of Modes and Domains

On the contractor and entrepreneurial side, the ECTP (the European Construction Technology
Platform) reFINE1 initiative advocates the need for developing High-Level Service Infrastructures
(HLSI) as the core elements of a future fully functional and EU-wide multimodal integrated transport
1

European Construction Technology Platform (ECTP) – Research for Future Infrastructure Networks in Europe (reFINE)
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network by 2030. Through 2012 to 2014, the reFINE initiative developed HLSI exposing the major
following features:
•
•
•
•

providing infrastructure for high quality mobility services for people and goods while using
resources more efficiently;
ensuring overall better service and performance, including multimodal integration and
intermodal continuity for the end-user, less congestion, optimised transport time, etc.;
higher degree of convergence and enforcement of social, safety, security and environmental
rules for infrastructures, with minimum service standards (including minimum service
obligations) at all time;
interconnected solutions for the next generation of multimodal transport management,
including information services and systems for all infrastructures.

This work has been followed up through the REFINET (REthinking Future Infrastructure NETworks)
Coordination and Support Action (http://www.refinet.eu/), funded by the European Commission (GA
653789) under its H2020 framework programme and under the auspices of the ECTP ( www.ectp.org),
as detailed in section 1.2.
The European transport infrastructure network is considered as the lifeblood of Euro pean trade and
society and is commonly regarded as a shared heritage of great economic value. But it is also
recognised today that this network is composed of many existing infrastructures that no longer fulfil
the current functional requirements and today’s safety and quality standards, and requires
refurbishment and increased capacities, potentially relying on innovative technologies, components
and systems. At the same time, Europe’s future transport system will need to carry greater volumes of
people and goods across greater distances and to more places. Travel across the transport network
will need to be faster and more efficiently organized, and journey information will need to be more
accurate and effectively managed. Paying for the journey will nee d to be made easy and the costs of
providing the service reduced.
Although each of our road, rail, air and waterborne modes have developed over time at a different
pace, all now perform important roles in sustaining our societal and economic needs to travel and
exchange goods. All four modes compete in meeting these needs, but all four modes also complement
each other in forming a whole system. The EU White Paper on transport 2 envisages a seamless
integrated transport system, where the user perceives a single transport network, across which people
and goods are able to flow freely.
Building more roads and railways will be costly and difficult, and space for new railway stations,
airports and ports is limited. Our current transport system will, however, need to be fundamentally
transformed in the way it works. We will need to squeeze more out of what we already have by making
the system work more efficiently and effectively, whilst controlling costs and ensuring sustainability.
We need a transport system that will serve Europe’s growing demand for business and leisure, and
that is always available.

2

European Commission, March 2011, COM(2011) 144 final. Roadmap to a Single European Transport Area –
Towards a competitive and resource efficient transport system
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1.1. FOX and USE-iT
As a way of developing the FORx4 concept and to secure input from other modes, two projects were
submitted to the EC H2020 2014 call; FOX and USE-iT, which are described in the following section.
Both FOX and USE-iT were influenced strongly by FORx4, with FOX largely covering the infrastructure
domain across all four modes and USE-iT covering customers, technology and governance in various
areas. Both projects were managed by FEHRL and, along with a third project, REFINET, have fed into
the development of this roadmap.
The FOX (Forever Open infrastructure across (X) all transport mode s) project was a 30-month
Coordination and Support Action (CSA) project funded under the H2020 MG-8.1 2014 Smarter design,
construction and maintenance call with grant number 653631. The USE-iT (Users, Safety, security and
Energy in Transport Infrastructure) was a 24-month CSA project funded by the EC under the H2020
MG-8.2-2014 Next generation transport infrastructure: resource efficiency, smarter and safer call with
Grant Number 653670.
Both projects, along with the 24-month REFINET (REthinking Future Infrastructure NETworks) CSA
started on May 1st 2015 and have highly complementary objectives in developing research objectives
that will help improve the construction, operation and maintenance of transport infrastructure in
terms of efficiency, safety, security, integration, information and environmental performance.
FOX and USE-iT had shared project management and stakeholder meetings, and (along with REFINET)
a shared stakeholder list. FEHRL coordinated both projects and there were a number of partners or 3rd
parties on FOX who are either full partners or 3rd parties on USE-iT and vice-versa.
FOX had four technical work packages covering construction, inspection, maintenance and recycling
and reuse, whilst USE-iT had three covering user information, safety and security and energy and
carbon.

1.2. REFINET
REFINET’s objective was to create a sustainable network integrating relevant stakeholders’
representatives of all transport modes (road, railway, maritime, fluvial and air) and transport
infrastructure sectors in order to develop a shared European vision on how Europe‘s future multimodal transport network should be specified, designed, built, renovated, and maintaine d. It aims to
enhance the effectiveness of the sector, and to elaborate a Strategic Implementation Plan (SIP) that
will define the innovation activities that are required to make this vision a reality.
REFINET was coordinated by CSTB (Centre Scientifique et Technique du Batiment) as part of the
European Construction Technology Platform, with FEHRL as a project partner. The REFINET partners
have agreed to join with FEHRL and use FORx4 as the vehicle for continuation beyond the end of their
project. FEHRL and REFINET partners have produced a strategy document together for this and
together ‘launched’ the FORx4 programme at TRA 2018 in Vienna. FEHRL and ECTP have also signed a
separate Memorandum of Understanding, aimed at further cooperation.
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Figure 2 FEHRL Secretary General Thierry Goger and ECTP Secretary General Alain Zarli launching FORx4 in TRA
2018 (left) and with MoU (right)

1.3. FORx4 Vision
The vision for FORx4 is to promote cross-modal cooperation, to share good practice and to identify
research opportunities where the results will be of relevance to more than one mode. This is the focus
of this research roadmap, which is based upon the joint recommendations of the FOX and USE-iT
projects, supplemented by REFEINET results and taxonomy. Additionally, it is envisaged that the
programme will become a repository for the results of research projects.
The idea from the FOX and USE-iT projects was that their roadmaps will help create a vision for a future
transport infrastructure in Europe. An extremely important element to this for all three projects was
industry involvement, to endorse the vision. Allied to this was the creation of an active research
network who will cooperate following the end of the project.
This has been the aim of the work undertaken by FEHRL, ECTP and the various project partners towards
the end of, and following completion of the three projects.
As the programme progresses, the aim is for the project to act as a focal point for infrastructure
research, potentially through some sort of public private partnership (PPP) led by the European
Commission and high-level industry platforms. Discussions on this are underway and it is the subject
of a separate document.
Figure 3 below, outlines the implementation of the project vision.
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Figure 3 Implementing the Project Vision

1.4. Supporting Projects
Whilst FOX, USE-iT and REFINET form the backbone of the FORx4 vision and future direction, there are
several other projects and initiatives that will feed into the programme at various levels, as outlined in
the following sub-sections.

1.4.1. SETRIS
SETRIS activities follows-up on previous works undertaken by the five European Technology Platforms
(ETP) by updating and completing their existing Strategic Research and Innovation Agendas (SRIAs),
roadmaps and implementation plans using a new coordinated and integrated approach. In this
context, it will deliver a full set of European strategic research and innovation agendas and
implementation plans that will support the cohesive and coordinated approaches to research and
innovation strategies in Europe. In addition, SETRIS will develop a framework for long -term
cooperation between actors from all transport modes that will f acilitate the delivery of a truly
integrated transport system.
The SETRIS project will provide the following key outputs:
• Updating of research agendas and roadmaps at modal and multi-modal level, considering user
needs and policy requirements.
• Defining implementation plans, based on business scenarios, the research agendas and
roadmaps.
SETRIS brings together the transport-related European ETPs and develops links between them to have
a coordination strategy to bring about joint activities such as workshops. Working through workshops
the ETPs will fill their knowledge gaps so they can work together at the same level. Through SETRIS
new joint SRIA's and integrated implementation plans will be produced and agreed. These outputs will
address policy, research needs and EU strategies and programmes. The visibility of these results is
Date: 01/08/2019, Version: 1.1
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ensured through dissemination which includes large conferences, thematic events, showcases,
databases, website support, newsletters and other publications, including coordination wit h large
transport events, such as Transport Research Arena conference, and cooperation with the Transport
Research and Innovation Portal (TRIP) and relevant ERA-NETs. In this way SETRIS will optimise the
research and innovation capacities of Europe in the Transport sector through the joint actions of the
ETPs.
SETRIS is an extremely complementary project to FOX, USE-iT and REFINET, in that it aims to improve
the efficiency of the transport system, through for example increasing the loading of goods vehicles,
of which around 24% run empty and the average loading of the remainder is 57% 3 through
technologies and improved processes and also aims to improve hubs to allow easier modal transfer to
rail or inland waterways. This in turn will reduce congestion, lower the impact on the road
infrastructure and significantly lower carbon emissions.

1.4.2. STRIA
FOX and USE-iT support the aims of the Strategic Transport Research and Innovation Agenda (STRIA)
of the European Commission, specifically the energy and carbon section of USE-iT which focusses on
the operational energy or vehicles, or alternative lower carbon fuel choices, but also the embedded
carbon contained within the physical infrastructure. The construction and maintenance work packages
of the FOX project also contribute as they include concepts such as durable and environmentally
sustainable materials.
In addition, the research challenges and proposals developed from USE-iT, particularly around energy
and carbon will be framed around STRIA objectives.

1.4.3. Mobility4EU
Mobility4EU “Action Plan for Future Mobility in Europe” aims to identify and assess societal challenges
that will influence future transport demand and supply
•
•

•
•

establish a future vision of a transport system in 2030 that reflects the various societal drivers
in a comprehensive and balanced manner
develop an action plan including a roadmap for the implementation of that vision taking into
account user needs, the contribution of new mobility concepts to transport efficiency in all
modes, the implication of these new concepts on policy, examination of resistance to new
solutions by society, new business models, promotion of consensus building and dissemination
of good practices
recommend tangible measures in research, innovation and implementation for meeting the
respective targets and challenges
sustain the work of the project beyond its duration, e.g. in the form of a new European
Transport and Mobility Forum.

To achieve these objectives, Mobility4EU set a participatory framework involving all relevant actors
from inside and outside the transport sector covering all transport modes including international,
European and national stakeholders representing users including specific groups and communities that

3

SETRIS project – D2.3 Defining of the concept a "truly integrated transport system for sustainable and efficient
logistics”
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are vulnerable to exclusion, technology suppliers, policy makers, transport service providers, research
organisations.
The vision will be implemented by creating research roadmaps, gaining endorsement for these and
finally from developing a business plan that will enable the longer-term vision outlined above to be
realised. The steps are outlined in Figure 3 below, and in section 4.
Additionally, both REFINET and SETRIS will contribute to the development of FORx4, REFINET largely
focussing on innovation around the physical infrastructure and SETRIS through focussing on how the
freight and passengers can more optimally use the infrastructure across all modes.

1.5. Infrastructure Cloud
Collaborative Innovation Days are a series of events aimed at assessing major advances in key areas of
freight transport and logistics and transport infrastructure, with the latter being identified as
Infrastructure Cloud. The first Infrastructure Cloud workshop was held on March 28th, 2017 and
featured a poster entitled ‘USE-iT, FOX and REFINET Cluster’, which also highlighted the link to SETRIS.
The final FOX conference also featured as an Infrastructure Cloud event. The initiative is supported by
the European Commission and ALICE.

1.6. Content of document
In addition to a management and dissemination work package, FOX had four technical work packages
covering construction, maintenance, inspection and recycling and reuse . Similarly, USE-iT had three
technical work packages covering, user information, safety and security and energy and carbon.
There are significant synergies within each project, e.g. construction and maintenance might use
similar products or processes. In addition, there are overlaps across the projects too, such as reuse and
recycling in FOX and energy and carbon in USE-iT having numerous common aims.
A total of 43 challenges covering these areas have been identified, and these have been mapped
against nine ‘Drivers’ that are relevant to Europe’s transportation system.
Section 2 presents how the challenges will be mapped against the basis of the FORx4 modes and
domains and systemic approach developed in the REFINET project.
Section 3 details the global drivers, why they are relevant and where the research priorities de tailed
within the challenges would help to address them. For each research challenge, there is a brief
statement on the current state (‘from’) and the desired future state (‘to’) following research.
Section 4 details the technologies identified by the REFINET project
Section 5 details the future steps for validation of the document, and the processes and steps required
to ensure that the network of experts built up as part of the USE-iT, FOX and REFINET projects remains
active beyond the lifetime of the projects and that the research priorities identified are undertaken in
the coming years.
Section 6 provides some brief conclusions.
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2. Challenges
A total of 42 challenges were identified across the four technical work packages in FOX and three
technical work packages in USE-iT.

2.1. Layout of challenges
A prerequisite was that each challenge covers at least two transport modes. In addition, each challenge
was mapped as to whether the research challenge was focussed on one or more domains, covering
technology, infrastructure, governance or customer in accordance with the FORx4 programme
(outlined above in Figure 1) that influenced both the FOX and USE-iT projects, and which will be the
mechanism in which the outputs of the projects are taken forward.
In addition to the modes and domains identified in the FORx4 programme, the challenges have also
been mapped against a ‘level of application’ identified in the REFINET project determining the area in
which a particular research challenge is most applicable, namely; urban mobility, long distance
corridors, multi-modal hubs and a system level (widely applicable in transport infrastructure).
For simplicity of reading, icons have been developed and used to illustrate the different modes,
domains and levels of application, as shown in the table below.
Table 1 Icons used in this deliverable

Mode

Domain

Level of application

Road

Technology

Urban
mobility

Rail

Infrastructure

Long-distance
corridor

Water

Governance

Multi-modal
Hubs

Air

Customer

System level

Multi-modal

In addition to the domain symbols, there is an indicative timeline for the research challenges covering
the period 2017 to 2030+ with arrows to demonstrate the stage of development related to Technology
Readiness Levels (TRL) as shown in the table below.
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Table 2 Key for timescale and level of development

Technology Readiness Level
≤5
6 –8
9
Already implemented
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Development Stage
Research and Development
Demonstration
Market introduction and
implementation
Transferring mature
technology from one mode to
another

Symbol
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3. Drivers influencing co-modal transport research
Societal developments and the challenges they bring should drive research priorities, so researchers
need to predict and meet the future needs of society. This initiative aims to identify the challenges
facing the transport sector and suggest how research can help to address these challenges and create
an improved future integrated and functioning transport system for Europe.

3.1. Change in transport demand
Transport demand in Europe has been increasing annually across all modes, with the largest increases
in road and air travel. Passenger transport demand in the EU28 increased by 1.8% between 2013 and
2014 and air transport grew by 4% in 20144 , whilst freight transport is 8.6% higher than 2000 although
8% below its 2007 peak. Maritime freight increased by 3.8% between 2013 and 2014, whilst inland
waterway transport decreased by 1.8%, rail increased by 1.1% with road and air largely stable 5. This is
being driven by changes in:
1. Demographics – increasing population levels (mainly by migration and increased life span), an ageing
population, increase in urbanisation
2. Economics – GDP growth, globalisation and market changes
3. Social factors – changing commuting patterns, tourism choices and lifestyle changes
4. Travel costs (related to fuel prices, competition e.g. between airline companies etc.) – fuel prices
have fluctuated significantly over the past few years
5. New technology – incorporation of new technology, the impact of new technology on travel and
modal choice
The cost of developing infrastructure to match the predicted demand for transport has been estimated
at over €1.5 trillion for 2010-20306 .
The increase in transport demand presents a major challenge. The cost of building additional
infrastructure is high; construction is not always possible due to the lack of land and it can exert high
social and environmental impacts.
An additional significant element of this is the prediction of future transport trends and the implication
of transport modes. In the UK for example, car traffic increased by 0.4% between 2010 and 2011,
following three consecutive years of decline (2008 – 2010), although longer term, car traffic increased
by about 1.6% between 2001 and 2011. Other Western countries have observed the same trend.
However, in the same period there was an increase of 52% in journeys made by national rail, and a
doubling in rail journeys since 1994/5 to 2011/127.
Some European countries, notably The Netherlands, Germany and Denmark have very high walking
and cycling rates, whereas in many other countries the rates remain low, however there are often

4

http://www.eea.europa.eu/data-and-maps/indicators/passenger-transport-demand-version-2/assessment-6
http://www.eea.europa.eu/data-and-maps/indicators/freight-transport-demand-version-2/assessment-6
6 http://ec.europa.eu/transport/infrastructure/tentec/tentec -portal/site/en/facts_and_figures.html
7 www.gov.uk/government/uploads/syste m/uploads/attachment_data/file/36545/Transport_statistics_great_b
ritain_-_2012_summary.pdf
5
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significant differences in terms of cycling, for example in different localities, and in age and gender. It
is therefore essential that provision for infrastructure is made in light of local situations, policy
interventions (e.g. moves to encourage active travel), the impacts of technology and so on, an d not on
a ‘one size fits all’ approach.
Historically, whilst transport forecasting often underestimated and occasionally overestimated future
transport demand, there was a relatively stable socio-economic basis on which to make such forecasts.
The future of transport in the next few years potentially faces enormous changes from a range of
disruptive technologies including driverless vehicles, the sharing economy, 3D printing, industry 4.0
meaning that both the level and type of future transport demand is uncertain. This also raises
uncertainty as to the impact, positive or negative on the transport infrastructure and any changes
required of the transport infrastructure to facilitate changes in transport demand. Many of the work
packages impact on changes to travel demand, such as new types of construction, maintenance and
inspection, and user information giving people the information they need to make multi-modal
journeys. These projects also identified new concepts in safety and security as well as the red uction in
carbon, which is a key consideration for governments and society, particularly moving to lower carbon
and active travel modes.
The key research challenges that have been identified that address issues in this area focus on
provision of information to users and operators to enable seamless, mode neutral travel to be
undertaken and new construction and design methods suitable for changing travel demand.

3.1.1. Predictable performance for people and goods
The first key challenge related to this driver is the predictable performance for people and goods, as
this can help deliver effective multi-modal transport choices and encourage modal shift. A key part of
this is providing reliable information and there is also a link to the influencing travel choices challenge
identified in the decarbonisation driver. Three key research areas related to this challenge were
identified; decision support tools, user origin-destination data and real time measurements (see Figure
4). A number of research, development and implementation actions related to these three research
areas are shown in Figure 4, together with a projected timeline. What is particularly noticeable is that
most of these technologies already exist in each individual mode, and the task here is to harmonise
this for multi-modal transport to make best use of the ‘network of networks’. As such, there is a
relatively short R&D phase followed by demonstration with deployment indicated to be possible by
the late 2020s.
The aim for predictable performance for people and goods is to move from ‘single mode tools exist
but the data format is not harmonised’ to ‘integration of data into decision support tools for many
modes’.
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Figure 4 Predictable performance for moving people and goods

3.1.2. User requirements for multi-modal information systems
Once there is improved integration of systems and data harmonisation between transport operators,
there is the potential for large gains to be made by enabling connected and seamless traffic. At this
stage, there is a requirement to provide multi-modal information platforms for passengers and freight,
to provide uniform tariffs and single tickets and enable mobility as a service. One area that will need
to be considered for integrating data and systems is cybersecurity, which is covered in greater detail
in section 3.8, security.
The aim for user requirements for multi-modal user information systems is to move from ‘mode
specific applications in urban areas which are more concentrated on the service rather than the user’
to ‘significant upgrades to services and payments that are coordinated across modes and countries to
gain a more user centric approach’.
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Figure 5 User requirements for multi-modal information system

There is also an area of influencing customer behaviour to encourage transport users to take lower
carbon and active travel modes (e.g. walking and cycling) which is discussed further in section 3.6 on
decarbonising the transport system. In addition to the many ‘soft engineering’ approaches detailed
above, there are a number of areas where the physical transport environment can be improved for
users through more efficient construction and design methods, long-life construction materials and
structures, the use of BIM for asset management and construction techniques for fast maintenance
and other new and improved maintenance techniques such as robots and other devices for inspection
and repair, smart sensors and smart material and fleet probing to address increasing demand.

3.1.3. Cooperation and coordination between transport mode operators
Similar to the research areas identified for predictable performance for people and goods, another
way in which the transport system could be readily improved is through greater cooperation and
coordination between transport mode operators. Currently, much of the public transport offering is
fragmented with public or private operators on the same or different modes offering competing
services without integration.
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Whilst some cooperation exists in urban areas in particular, there is an infrastructure task to provide
multi-modal hubs for movement of people and goods, multi-modal user information for customers
and multi-modal emergency management to minimise the cascading effects when things go wrong and
to increase resilience. Another area where improvements have been identified in the freight sector is
for consolidation of freight at multi-modal hubs to make better use of the logistics capacity and to
reduce the number of empty or part loads on many logistics vehicles. There have also been suggestions
that the role of hubs could be changed in the future to involve assembly or part assembly of goods
especially with changes in manufacturing and the potential for 3D and additive printing.
The aim for cooperation and coordination between transport mode operators is to move from ‘some
limited cooperation mainly in urban areas’ to ‘enhanced cooperation between transport operators
leading to better service (establish a role of transport integrator)’.

Figure 6 Cooperation between transport mode operators

3.2. Globalisation
Increasing globalisation has made travel between European countries and globally more important.
Innovations in areas relating to interoperability, data sharing, international supply chains and trans European transport management etc. can help to make international travel more straightforward.
The aim is to facilitate seamless transfer between modes and countries, supporting the European
economy and social and territorial cohesion. This will entail integration and sharing of technology,
timetables, systems and customers across modes and across geographic areas, as well as common
pricing and reimbursing of fares.
Another area where changing travel demand will have an impact is due to Globalisation, and in the
context of this report, pan-European travel, where there is a requirement to ensure compatibility
between member states. There are a number of areas which have been identified as warranting
attention, covering engineering, technology and governance. Areas such as standardisation of design,
products and processes are not only important for free European trade but in ensuring that there is
Date: 01/08/2019, Version: 1.1

20 (86)

compatibility of hard engineering processes, such as safety barriers and electronic systems for
managing transport across borders and in terms of ensuring high levels of safety and security.
Disruptive technologies and the uncertainty of the predicted future transport flows detailed in section
3.1 could have an impact here. 3D printing and automated factories could lead to a return of some
production back to the EU as there would be no advantage of production in low salary countries and
the focus could shift to a reduction of other logistics costs.
Standardisation and free trade tends also to lead to increased competition and innovation and could
help with some of the other identified challenges such as more efficient construction and design
methods, analysis and optimisation of the process chain (detail in section 3.3 covering the high costs
of operation and use) and maintenance by design, integrated information system and remote sensing
(detailed in section 3.4 on aging infrastructure).

3.2.1. Standards for user data exchange format
With increasing globalisation, there is also a need to develop common standards across modes and
countries that will enable a range of transport options to be considered. This is particularly important
for freight which often travels long distances and over multiple modes.
A key area of research identified in Figure 7, below is to move from single mode solutions to crossmodal and transnational integration of information. Currently, this is well developed for single modes
in single countries and so the research challenges identified involve adapting existing standards as a
basis for multi-modal standards and agreement on format of information exchange, which involves
little or no new research but rather integration of pre-existing systems and validation. Another area
involves the development of an open standard which requires a longer lead in time but less validation.
In all cases, it is considered that market deployment could be achieved around the mid to late 2020s.
The aim for standards for user data exchange format to move from ‘single mode standards which are
developed, with more advanced integration for freight’ to ‘harmonised and open data standards for
cross-modal and transnational passenger and freight information exchange’.
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Figure 7 Standards for user data exchange format

There are a number of safety and security implications involved with moving towards common cross modal and transnational standards and data exchanges. In general safety and security should be
improved at national levels (detailed in section 3.7) and on a wider European level, but there is also
the issue of cybersecurity (detailed in section 3.8). Research challenges identified relating to
globalisation and data standards which are detailed in Figure 8 covering availability and sharing of high
quality data across transport modes and Figure 43 covering cross-modal interaction in a safe and
efficient manner, particularly relating to cross modal vehicle to vehicle (V2V) communication.

3.2.2. Availability and sharing of high-quality data across transport modes
Mobility is becoming more and more cross-modal, often with multiple transport modes converging at
the same location, creating the need for a system approach for maintaining and increasing safety; thus,
to ensure safe and efficient transport, openly sharing data across transport mode authorities is
paramount. Incident data, fatalities data and other types of information could be included in an open
and cross-modal database. Benefits include: support in crisis management, cross-modal assessment of
potential risks and criticalities, faster and stronger reaction time to a cross-modal incident and support
for more efficient interlinked cross-modal applications.
Data collection is highly developed in each transport mode. However, the methodologies and
structures are mode–specific; there is a need for the development of a common approach.
Communication and cooperation between transport authorities should start with the development of
a common agreement on the methodology, format, type and use of the data that would be collected
and shared. While some data needs may be common, specificities for the individual transport modes
must be identified. Moreover, the requirement of the database, in terms of data exchange,
exports/imports, access rights and collection procedure a responsible body for the overall
management should be agreed upon. It is considered that this challenge would require less research
and more demonstration and market implementation.
The tasks detailed in Figure 8 cover agreeing on the format of the standard, the type, frequency and
format of the data, development of an interface and agreement on responsibilities. The tasks largely
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relate to governance with comparatively short research and development phases with implementation
potentially in the mid to late 2020s.
The aim for standards for availability and sharing of high-quality data across transport modes is to
move from ‘mode-specific databases’ to ‘a common and open database across transport modes’.

Figure 8 Availability and sharing high-quality data across transport modes

3.3. High costs of operation and use
There are currently approximately 5,000,000 km of paved roads, 212,800 km of railway lines, 42,709
km of navigable inland waterways and 2,000 airports in the European Union. For much of Europe, the
transport network is largely complete and the amount of new construction will be relatively low.
Nonetheless, the maintenance, renewal and replacement cost of the transport elements is expensive,
whilst the increasing cost of oil due to diminishing supplies and competition from rapidly developing
nations has also increased the cost of bitumen, and increasing energy costs has had an impact on the
cost of concrete. High construction and maintenance costs create large operating costs, which are
passed onto the public and/or users. Construction and maintenance activities are also disruptive,
particularly when routes are already at capacity.
There is already significant research being undertaken to minimise cost and reductions could arise
from:
➢ Lower whole life costs from construction of durable products, with self-cleaning and selfhealing properties, reducing maintenance needs
➢ Standardisation of pavement and rail properties to reduce production costs through mass
factory-based production
➢ Reduced time spent on site during construction and maintenance activities
➢ Indirect costs savings from better service levels and reliability
➢ Self-monitoring infrastructure that will better target maintenance interventions, including
predictive maintenance
➢ Developments in new material technologies such as nanotechnology, bio-mimicry and
lightweight composites
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Examples of research which have reduced road maintenance costs are the development of long -life
pavements and maintenance materials such as fast setting concrete and joint or crack sealing
compounds and asphalt rejuvenators.
The main aim is to reduce infrastructure construction and maintenance costs, and to improve the
prediction of the deterioration of infrastructure assets. Other challenges will be to develop and harness
new materials and technologies that will reduce the construction costs (at least at whole life cost level),
and to develop flexible performance based standards that will allow the incorporation of new materials
with a robust yet streamlined testing regime. Additional challenges will come from having cost models
and procurement measures that will allow and encourage the specification of more durable and longer
life construction processes and materials, based on the whole life cost. Identification of new methods
of funding infrastructure maintenance, fairly and according to ‘user pays’ and ‘polluter pays’ principles
is also required.
The rapid development of digital innovation, including the increasing use of drones and the internet of
things (IoT) will bring significant advances in the way that infrastructure elements are monitored,
inspected and maintained. This will bring about benefits in safety to operatives by avoiding interacting
with live traffic, more detailed and reliable inspection and maintenance when needed rather than
based on pre-defined and sometimes arbitrary inspection periods.
The research challenges identified under this driver primarily relate to maintenance and inspection
areas, but many are also relevant to the Ageing Infrastructure driver in section 3.4, such as long-life
construction materials and structures, Network assessment through asset management including
BIM, durable and energy efficient materials, life cycle modelling and optimisation of the process
chain.

3.3.1. Integrated information system
One of the key identified research challenges is to move towards a system of self-monitoring
infrastructure. Asset management needs up-to-date data supply to ensure proper and in-time
decision-making. The future infrastructure will incorporate built-in sensors and would allow the
remote monitoring of own performance. Self-monitoring data could be complemented with data from
other sources: remote sensing devices, in-car and train collected data. The information of these
combined data would serve for improved assessment of the behaviour and condition of the
infrastructure and provide network managers and operators with better information about
infrastructure performance, as well as give information to engineers and designers to improve the next
generation infrastructure.
Currently, integrated systems are developed for selected or critical segments of assets or for critical
elements of the infrastructure, such as bridges, embankments and slopes. The integration of all
collected data into the self-monitoring infrastructure system is currently lacking.
The aim for integrated information systems is to move from “integrated system for selected points” to
“Self-monitoring infrastructure (input for Asset Management System)”
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Figure 9 Integrated information system

3.3.2. Remote sensing
Monitoring / performing inspections and evaluating the condition of transportation infrastructure is
an expensive, labour intensive, and time-consuming process. From this perspective, remote sensing
techniques put forward another opportunity to use non-destructive inspection methods for
infrastructure condition assessment with possibility of large spatial coverage. These tools provide an
opportunity for frequent, comprehensive, and quantitative surveys of transportation infrastructure.
The infrastructure is nowadays equipped with many cameras that serve for one purpose; to control
the traffic flow. However, these devices also have potential to be used for the infrastructure condition
assessment, especially when output is combined with various automated image processing
techniques.
The aim for remote sensing is to move from ‘mostly visual and slow inspection’ to ‘continuous and nodisruption to traffic’.
Figure 10 below, details remote sensing options such as the use of satellite data and laser scanners
that can be developed for use on single or across modes and common decision support systems for
use across modes.
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Figure 10

Remote Sensing

3.3.3. Robots and other devices for inspection and repair
Infrastructure inspection often needs to be carried out under difficult and dangerous working
conditions. Inspection work on bridges and in tunnels is dangerous due to the high altitude and
hindered access to several parts of infrastructure and is usually performed by man power. Inspection
works on the roads, runways, railways and in ports obstruct the traffic and influence the traffic speed.
Moreover, the works expose workers to dangerous situations.
In such cases and to increase the safety, workers can be suitably replaced by inspection robots. These
can be used to perform inspection but also to perform small repairs of the infrastructure, e.g. sealing
cracks on surface of road or port pavements, runways, and in tunnels.
Specific details are provided in Figure 11, below.
The aim for robots and other devices for inspection and repair is to move from ‘man -made inspection’
to ‘automated and safer inspection’.

Figure 11

Robots and other devices for inspection and repair
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3.3.4. Smart sensors and smart material
Currently, there is comparatively little in the way of sensors that report on the condition of transport
infrastructure, at least those that report wirelessly. Often, it is not easy to install sensors into or onto
the infrastructure and ensure that they remain working for a suitable length of time. To overcome this
situation a new principle of inspecting infrastructure condition is needed that would result in easy
integration into the infrastructure and would deliver information about the condition in real time.
Smart sensors are expected to be self-powering, wirelessly connected to a network communication,
and able to perform on-board calculations. Examples of potential applications include, deriving tunnel
displacements, bridge displacements, transition zones displacements between a structure and the
pavement, in real-time and without human intervention. Additionally, nanomaterials could be placed
into the infrastructure to detect strains in specific layers and layer deformations due to the traffic loads
and report back on condition, potentially allowing maintenance to prevent failure or have certainty of
continued acceptable condition.
Many of the applications listed in Figure 12 remain at a fairly low TRL level and will require considerable
research and development with deployment in the mid to late 2020s.
The aim for smart sensors and smart material is to move from ‘partly automated inspection’ to
‘autonomous inspection’.

Figure 12

Smart sensors and smart material

3.3.5. Fleet Probing
Specific data from several sensors built-in some public vehicles are already in use for different research
purposes, but there is no systematic evidence and that situation is similar when it comes to private
vehicles.
Train coaches, passenger vehicles and aircrafts equipped with sensors can become relevant sources
for determining the condition and the quality of transport infrastructure, as well as the level of its
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deterioration. The data from multiple sources can be properly aggregated into a single database and
accordingly interpreted.
The aim for fleet probing is to move from ‘field operational tests’ to ‘widespread use (service
deployed)’.

Figure 13

Fleet probing

3.3.6. Multi-functional inspection devices
Multifunctional devices are here described as automated and integrated NDT (Non -Destructive
Testing) systems operating at high (traffic) speeds and delivering data for analysis and evaluation of
condition of road pavements, railways, runways, ports and bridge decks.
The main aim of further research in this challenge is to upgrade and optimize monitoring, inspection
and maintenance of the European infrastructure, to reduce associated costs and to increase traffic
safety. The detection of sections and areas of infrastructure in poor quality in real time is priority to
reduce risks and increase traffic safety.
Upgrading includes further research in order to enhance the multifunctional devices with equipment
to measure new and more parameters at the same run and to move from local to spatial inspection
and in this way covering the whole transport infrastructure.
The aim for multi-functional inspection devices is to move from ‘mostly local inspection’ to ‘spatial
inspection’.
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Figure 14

Multifunctional inspection devices

There are several other areas that can assist in reducing the high cost of operation and use that are
detailed in other areas of this report. Some of the areas of construction and maintenance listed in
section 3.4 will have a particular impact such as:
•
•
•
•
•

analysis and optimisation of the process chain which could reduce in overall costs through
continual improvement across all aspects of materials and labour;
asset management including open format BIM which could improve the construction and
maintenance point;
techniques and materials for fast maintenance which should reduce maintenance labour costs;
long-life construction materials and structures, which will lower maintenance and reduce
renewal requirements;
durable and energy efficient materials, which will prove to be longer lasting and have reduced
energy production and use costs.

In the areas of ‘scarcity of natural resources’ and ‘decarbonisation of transport’ detailed in sections 3.5
and 3.6 respectively, there are additional areas where costs can be lowered, for example, through:
•
•
•

assessment of cost and performance of reused and recycled materials, which could lower costs
compared to using virgin material;
reducing the energy used in the manufacture of infrastructure and materials transport and,
deriving additional income to offset costs through generation of renewable energy from
transport infrastructure.
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3.4. Ageing infrastructure
The condition of the transport infrastructure throughout Europe varies greatly. Some regions have
largely complete and well maintained networks; while some regions have ageing networks that need
cost-effective and large-scale maintenance treatment. Conversely, some regions are still developing
their infrastructure networks, and cost-effective solutions to design and construct new infrastructure
are therefore desirable in these areas. More of some types of infrastructure such as high speed
railways are being constructed.
Extreme weather events and the long-term effects of climate change, together with increasing traffic
loads will put further strain on Europe’s infrastructure, and will require adaptation solutions. Solutions
will need to cover the development of cost-effective solutions for design, construction and
maintenance of new and existing infrastructure.
Europe’s ageing transport infrastructure represents one of the greatest challenges to developing a
modern, integrated transport system. In many cases the motorway network in Europe is 50 – 60 years
old, and the rail network older still (although much of the high-speed rail network has been constructed
relatively recently). Additionally, airports have to accommodate larger aircraft such as the A380 with
longer runways and changes to terminal buildings, whilst ports also need to accommodate larger
vessels and cope with potential future changes in sea levels and more severe wave climate.
Whilst reconstruction and replacement of certain infrastructure elements will be unavoidable in some
cases, more often the challenge will be to upgrade ageing infrastructure to be suitable for future use,
taking into account increased loads and climate change impacts, or indeed to extend the lifetime of
existing infrastructure, more often than not whilst keeping the route open. In addition, some
infrastructure is of historic value and needs to be maintained and updated sensitively. To achieve all
of this implies that solutions will need to be developed to strengthen infrastructure, to monitor
deterioration more accurately and to develop new construction techniques that will allow construction
to continue in a live traffic environment.
There are a number of research challenges identified in section 0 that could also help with ageing
infrastructure, particularly those regarding remote sensing and smart sensors and smart materials
that can provide high quality information regarding the performance of infrastructure, potentially
confirming that it is safe to keep operating beyond its design life, to give evidence as to any potential
upgrade that might be required, or to determine that it is unsafe for certain categories of vehicles.

3.4.1. Long-life construction materials and structures
Materials and structures that are longer-lasting not only address issues regarding the high cost of
operation detailed in the previous section, but also help extend the life of today’s aging transport
infrastructure and help it adapt to future changes in transport demand, extreme weather events and
climate change. It will also help new construction or reconstruction last longer, reduce whole life costs
and improve safety and service levels. Long-life materials and structures also offer additional benefits
in areas that are difficult to access such as mountainous regions, dee p valleys or very high bridges
where reconstruction is very difficult and costly.
The areas outlined in Figure 15 include high performance concrete and asphalt, including self-healing
concrete and asphalt mixes, as well as composite and geosynthetic reinforced materials.
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The aim for long-life construction materials and structures is to move from ‘standard construction
materials’ to ‘a new generation of construction materials with a high level of performance and
durability’.

Figure 15

Long-life construction materials and structures

3.4.2. Durable and energy-efficient materials
Maintenance operations can be optimised regarding costs and frequency of maintenance measures by
developing long-lasting, energy-efficient and self-healing materials taking into consideration the latest
technical developments.
The aim for durable and energy-efficient materials is to move from ‘materials with high maintenance
needs’ to ‘development of durable and energy efficient materials including new techniques‘.

Date: 01/08/2019, Version: 1.1

31 (86)

Figure 16

Durable and energy efficient materials

3.4.3. Life-cycle modelling
In order to be able to create a pre-defined and realistic maintenance schedule, it is crucial to know the
deterioration model of all single structural elements and the infrastructure as a whole. By using a global
life cycle approach while conceiving a maintenance operation or choosing a solution, the techniques
or solutions with the lowest costs of the whole service life can be selected.
The aim for life cycle modelling is to move from ‘limited predictability of maintenance needs resulting
in a cost driven approach for maintenance measures’ to ‘consideration of the overall maintenance
needs of the whole service life (cost-benefit driven approach)’.
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Figure 17

Life cycle modelling

3.4.4. Network assessment through asset management including BIM
An Asset Management System (AMS) allows the operator to have a clear overview of the status of its
network and objectively prioritise necessary maintenance operations based on a set of criteria that
can be defined individually to appropriately allocate the financial resources. Moreover, a properly
maintained AMS helps to calculate the overall life cycle costs of the whole network. BIM has the
potential to be further enhanced to include maintenance criteria and to finally adapt existing AMS to
BIM. In this context, BIM is to be understood as a collaborative and cloud based database which
integrates different management systems (pavements, bridges, tunnels, railway tracks, retaining walls,
utilities, etc.), models (design, structure, inspection, maintenance, prioritization etc.), construction
management, documentation, etc., over the project life-cycle.
BIM can be combined with “augmented” or virtual reality “wearables” to allow the use of a real-time
view of the infrastructure’s status and damage and even watch a virtual representation of the repair
works.
The aim for network assessment through asset management including BIM is to move from
‘Maintenance measures that are mostly based on experience; application of BIM is currently limited
to single assets’ to ‘Optimised maintenance based on asset management systems including open format BIM’.
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Figure 18

Infrastructure assessment through asset management including BIM

3.4.5. Maintenance by design and life-cycle costs
This concept encompasses all measures and design choices taken during the early phases of an
infrastructure project to make future maintenance operations faster and/or easier, resulting in
reduced overall life-cycle costs. This requires the consideration of the needs of the future maintenance
operations from the beginning of the project.
The aim for maintenance by design and life-cycle costs is to move from ‘Maintenance needs that are
not sufficiently considered in the design phase’ to ‘Consideration of the maintenance needs and
changing framework conditions already during planning and design (more value for the investment
costs, taking into consideration the whole life-time)‘.
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Figure 19

Maintenance by design

3.4.6. Techniques and materials for fast maintenance
Beneath the need to improve the durability of construction materials by means of techniques or
chemical modifications resulting in reduced maintenance needs, there is also potential to further
develop and improve techniques which allow for faster maintenance measures or even selfmaintaining materials.
The aim for techniques and materials for fast maintenance is to move from ‘materials and techniques
with complex maintenance needs’ to ‘development of materials and techniques for faster
maintenance‘.
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Figure 20

Techniques and materials for fast maintenance

3.4.7. Analysis and optimization of the process chain
Process optimisation must be taken into account right from the start of the project and cover all phases
of its service life from planning, design, construction, maintenance phase and end-of-life. Weaknesses
alongside the whole chain have to be detected and countermeasures have to be developed by means
of a thorough analysis of the entire supply chain. Maintenance works would then be optimised and
new technologies developed based on these results. For the quality control, new methods for a real
quality control on an area-wide basis are necessary to review and control all operations to enable for
a quick and exhaustive assessment of the applied solutions.
The aim for analysis and optimization of the process chain is to move from ‘suboptimal coordination
of the single steps of the processes’ to ‘optimization of the whole process chain and improved test
methods on an area-wide basis‘.
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Figure 21

Analysis and optimisation of the process chain

3.5. Scarcity of natural resources
Recycling and re-use of waste materials is a topic of global concern due to the increased scarcity of
natural resources and the increasing cost of landfill for waste. Construction, demolition and excavation
waste (CDEW) generated by demolition and construction activities, can be recycled and incorporated
in new infrastructure.
Many design and maintenance standards now seek to meet a performance specification, rather than
specify the materials to be used, and this allows for the incorporation of recycled m aterials. The
balance of supply and demand of fossil fuels is changing; where increasing demand from rapidly
developing countries coupled with depletion of some reserves and ever more challenging oil extraction
methods is causing prices to increase. This affects not only the price of vehicle fuels, but also the cost
of bitumen, and this will have an effect on the cost, and method of road, airfield and dock construction.
The cost of steel has also increased significantly in recent years, and cable theft has been a major cause
of disruption to the rail network in some countries.
As far as practicable, material use and construction waste should be minimised at the design stage,
including design for disassembly and recycling at the end of the service life. There has been
considerable research effort in recent years into the potential for recycling CDEW, including asphalt
from road surfaces. Improvements can still be made, not least to increase the utility as far as possible,
for example to recycle wearing course material from road pavements back into the wearing course,
rather than to lower courses as is often the case.
Other topics include reducing the use of natural resources, through better material management,
recycling and producing new products which use less scarce materials, as well as exploring the use of
bio-engineered materials. It will also be important to understand the life cycle analysis of the products
to ensure environmental best practice, for example, ensuring that biofuels come from sustainable
sources. There will be requirements for standards and procurement to specify high level of
environmental compliance.
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There is a strong link between this driver and the Decarbonisation driver detailed in section 3.6 in that
activities such as recycling and reuse of materials can reduce the carbon associated with quarrying and
processing virgin materials and transporting the materials to a construction site.

3.5.1. Drivers and incentives, rules and regulations as a condition of R&R
in infrastructure
The existing EU policy to stimulate circular economy can be used for further development and
implementation. The current status is that in the infrastructure market this policy is not well supported
by concrete activities to choose for recycling and reuse (R&R) stimulating solutions.
The policy is in place and further implementation is needed. Also, the general policy has to be
translated in a more practical policy specifically focused on infrastructure issues. Specific infrastructure
related support to stimulate circular economy related solutions is necessary. The research should lead
to find these kind of stimuli, leading to an environment in which application and development of
innovative sustainable R&R solutions is common practice.
The aim for drivers and incentives, rules and regulations as a condition of R&R in infrastructure is to
move from ‘R&R policy agreed upon’ to ‘implemented R&R policy with strong support by concrete
actions and incentives’.

Figure 22

Drivers and incentives, rules and regulations for R&R in infrastructure

3.5.2. Infrastructure related rules, regulations and design codes
The existing rules & regulations for infrastructure design, build, maintenance and demolition are
strongly based on the use of new / virgin material. Use of secondary materials and products is mostly
not profitable for companies. From literature, it became clear that in countries where e.g. landfill taxes
are high also the use of secondary materials is higher. It is clear that for companies’ secondary
materials should be an opportunity to make more business. If the use of virgin materials is cheaper
and the use of secondary materials implies extra risks, use of virgin materials will stay common
practice. The good examples already exist in some countries, like the use of recycled asphalt, the use
of stone like materials in e.g. road foundations, high landfill taxes that causes a different cost benefit
ratio in the use of secondary materials, etc. In the future, the use of secondary materials and products
should be “normal business”. Rules and regulations, codes, etc. should increase the economical
attractiveness of application of secondary materials and stimulate industry to innovate in the area of
sustainable R&R.
There are two connected, but distinct aims and areas regarding rules and regulations as outlined in
Figure 23.
The aim for infrastructure related rules, regulations and design codes (I) is to move from ‘rules &
regulations focused on virgin materials and material based design codes’ to ‘rules & regulations
stimulating R&R as a sustainable business and performance based requirements’.
Date: 01/08/2019, Version: 1.1

38 (86)

Figure 23

Infrastructure related rules and regulations

The existing requirements for infrastructure materials & products are mainly and in most countries
material property based. Percentages of recycling materials used are maximized or recycled materials
are even not allowed in products. On a higher level the performance based principle is used, like
EUROCODE. More specific (national) interpretations that are developed to be used in practice are less
performance based. Another problem in this area is to prove that materials and products fulfil the
performance based requirements (also on the long term). Both issues of performance based codes and
test methods to prove that a product meets the performance requirements, are necessary for
stimulation of innovative (R&R) solution.
There is a connection with improved design methods such as BIM and the integration of sensors to
monitor performance with the use of performance based requirements. More accurate design
methods could enable the use of higher levels of recycled materials or lower quantities of material in
general, as in Europe there is often overly conservative design methods leading to oversized
construction and/or construction containing higher grades of materials than might be necessary.

3.5.3. Supply and demand of recycled materials
Reliable supply of consistent quality materials is a key factor for the infrastructure building industry.
The use of secondary materials is partly depending on the availability of these materials and of virgin
materials. Furthermore, information about supply and demand of secondary materials (timely
deliverance, reliable quality, flexibility, availability at an acceptable distance, etc.) is scattered. Reuse
of products is even less facilitated. Good examples are the reuse of recycled asphalt and the initiative
to reuse railway components in some countries. Supply and demand information is shared which offers
the opportunity to recycle or reuse materials and products. A spread of best practices through Europe,
adjusted to local circumstances and in a sustainable way will help to further increase the R&R rates in
the EU as well as further development of opportunities.
The aim of supply and demand is to move from ‘business primarily based on virgin materials,
differences between countries and products / materials’ to ‘circular economy as business optimised
(cost and sustainability) application of best practices in EU’.
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Figure 24

Supply and demand

3.5.4. Assessment of performance and cost
The procurement regulations in Europe allow the comparison between solutions offered on base of an
economically most advantageous tender (MEAT). Nevertheless, in many tender processes throughout
Europe, lowest cost is still the dominant criterion. Involvement of other criteria is difficult because an
objective assessment is needed and has to be developed. Whilst life cycle costing and life cycle analysis
methods are available in Europe, the approach is weakened by the fact that innovative solutions are
hard to assess due to lack of data. Furthermore, methods for the calculation of the treatment of waste
materials as a resource and the added value of R&R is hardly possible to take into account.
The aim for assessment of performance and cost is to move from ‘comparison between solutions
mostly cost driven’ to ‘comparison between solutions based on reliable life cycle analysis including
second life issues’.

Figure 25

Assessment of performance and cost

3.5.5. Traceability of materials and products
One of the main barriers for R&R is the reliability of the materials. Virgin materials are well specified
and tested, the origin is mostly quite clear and the amount available is perceived as infinite. The
perception of secondary materials is rather different: the origin is unclear, extra risks like pollution are
involved, quality is unclear, specifications are less specific, certification and guarantees are missing,
etc. Although this perception is disputable, it surely is seen as a barrier. Traceability of secondary
materials and products, availability of test methods, etc. to get a better knowledge of the performance
of secondary materials and products seems to be a necessity for improvement of the R&R rates.
The aim for traceability of materials and products is to move from ‘material supply based on mostly
virgin materials’ to ‘reliable supply (quantitatively, qualitatively, stable cost and in time) of (virgin and
R&R) materials and products in EU’.
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Figure 26

Traceability of materials and products

3.5.6. Recycling and reuse by design
In infrastructure, the end of life of the structures, like demolition and R&R of materials and products
is not taken into account in the design. Good examples of this design culture can be found in other
industries, like the car industry. Adding the idea that materials and products will be used a second and
even a third, etc. time (multiple use) could improve the R&R rate as well as the costs involved in R&R.
Simple measures could already make demolition and separation easier. Additional substances can be
of use for the quality of materials but can also turn out to be a barrier for R&R. Changing to a “multiple
use design” practice could produce quick wins and more cost-effective R&R, leading to an increase in
the R&R rates.
In addition, most design projects are based on new materials and products. The suppliers could use
secondary materials as long as the quality of the materials is guaranteed. The designer could also start
with an inventory of available secondary materials and products and adopt these as much as possible
into the design. This is a major change in the infrastructure design culture. This design culture is already
adopted by some furniture designers, for example.
The two connected areas with aims ‘to’ and ‘from’ are detailed in Figure 27.
The aim of recycling and reuse by design is to move from ‘single use design based primarily on virgin
materials’ to ‘multiple use design primarily based on available secondary materials and products’.

Figure 27

Recycling and reuse by design
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3.5.7. Reducing the embodied carbon of transport infrastructure
Embodied carbon refers to the CO2 generated in the provision of transport infrastructure, including
that arising from the manufacturing of component materials, transport to the site and installation.
Although not as large a source of carbon as vehicle emissions, nonetheless the embodied carbon can
be significant particularly for roads and railways which have greater amounts of infrastructure.
Currently, materials with high amounts of carbon such as concrete and steel are widely used in the
industry and embodied carbon does not often influence material choices. The vision for 2030 is for the
whole life cycle carbon to be considered when designing, construction and maintaining transport
infrastructure and minimised though modifying designs and material choices.
One way in which embodied carbon can be reduced is to promote the recycle and reuse of aggregates
and secondary materials, as linked with many of the areas described in the previous sub -sections.
The aim in reducing the embodied carbon of transport infrastructure is to move from ‘high embodied
carbon in transport infrastructure’ to ‘a whole lifecycle carbon approach to reduce embodied carbon
in transport’.

Figure 28

Reducing the embodied carbon of transport infrastructure (i)

Date: 01/08/2019, Version: 1.1

42 (86)

Figure 29

Reducing the embodied carbon of transport infrastructure (ii)
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Figure 30

Reducing the embodied carbon of transport infrastructure (iii)

3.6. Decarbonisation of transport and environmental and social impact
Transport generates around 25% of EU greenhouse gas emissions, and the growth in passenger and
freight traffic means transport emissions are increasing. Reducing the carbon emissions associated
with transport is a priority in order for the transport sector to play its part in mitigating against
continued climate change.
Actions to reduce transport emissions are often categorised as:
➢ Avoid/reduce – avoiding the need for travel or reducing the distance travelled
➢ Shift – changing to a less-carbon intensive mode of travel
➢ Improve – modifying transport systems, so less carbon is emitted
6

Much of the reduction in emissions will need to come from the vehicle (car, truck, train and plane)
manufacturers, and they will be encouraged to engage with the FORx4 programme. That said,
infrastructure innovation can play a role in all three strategies:
➢ Improving walking and cycling infrastructure can encourage active travel for short distances,
which offers health benefits whilst also freeing up road space and public transport capacity.
Date: 01/08/2019, Version: 1.1

44 (86)

Also, reducing travel through the planning and design of infrastructure, so that for example,
aeroplanes at airports have a shorter taxi time.
➢ Making improvements to rail systems, for example developing a European high-speed rail
network to encourage traffic to shift from air and road to a rail, more carbon efficient means
of travel. This can also free up capacity for freight. The integration of modes is a key element
of FORx4 and improving co-modality can make it easier for travellers to use public transport,
for example travelling to airports by train.
➢ Transport infrastructure can be designed so that it is more efficient to use, for example, a
durable, low rolling resistant pavement will improve the fuel efficiency of the vehicles which
use it. There is also the potential to reduce the embodied carbon used in the construction and
maintenance of infrastructure through design and the use of recycled and/or local materials.
➢ Transport infrastructure can also be used to generate renewable energy, from solar, wind or
piezoelectric technologies.
A major challenge for all transport modes is to reduce the carbon generated by travel, including the
construction and maintenance of infrastructure, and also to consider opportunities to produce
renewable energy from transport. Shifting travel mode will require a holistic view of transport and land
use and urban planning to be taken, and the consideration of transport needs at a local level for short
journeys, but on a trans-national level for longer distances. It will also require integrated timetable,
ticketing and other systems. Improved design, standards and planning will be needed to reduce the
embodied carbon in construction and to ensure the maximum efficiency for the vehicles using it.
Three key areas with high potential for cross-modal research have been identified, namely: Hydrogen
Powered Vehicles, Battery Powered Vehicles and Smart Grids (covering energy storage and
management). Research is required in all three areas in order to provide a range of affordable, low
carbon energy mixes for all four transport modes in the future.

3.6.1. Phasing out the use of fossil fuels to power vehicles
Currently, the emissions generated from burning vehicle fuel accounts for around 80% of transport
carbon emissions. Planes, ships and the majority of trains and road vehicles all rely heavily on fossil
fuels for power. A key challenge in decarbonising transport is finding alternative sources of power for
these. Fossil fuels are unlikely to be completely phased out by the end of the USE-iT/FOX timeline
(2030), but in order to meet the international target of a global temperature rise of under 2◦C
significant progress needs to have been made by this date. Therefore, the future vision for 2030 is for
a significant reduction in the number of vehicles powered by fossil fuels in all modes. It is expected
that further progress will made in this in road and rail modes, but this is a common goal for all modes.
The overall aim for this research challenge to move from ‘most vehicles are powered by fossil fuels’ to
‘a significant reduction in the number of vehicles powered entirely by fossil fuels’.
There are three key areas identified to phase out fossil fuels, namely hydrogen powered transport,
electrically powered transport and smart grids as outlined below. Under each of these technologies a
number of key research, development and implementation areas were identified which need to
progress in order for the widespread implementation of these technologies to occur. These relate not
just to advances in the technologies themselves, but also in the areas of customer acceptance;
supporting infrastructure and fuel distribution networks; and policies to increase uptake.

Date: 01/08/2019, Version: 1.1

45 (86)

There has been research undertaken and showcasing of hydrogen demonstration vehicles in the
automotive sector for a number of years, although this has stalled to an extent in Europe, whilst the
potential for use in other sectors has not been fully exploited in part due to the relatively low energy
density of hydrogen compared to petrol and diesel. Conversely, there is an advantage of hydrogen
compared to batteries in that fewer natural resources and materials are required.
There are research challenges regarding improving the storage capacity, to increase the use in a range
of air and water modes and longer distances generally, supported by cost reductions through policy
interventions and a range of standardised and modular units. A key challenge will be to provide
sufficient hydrogen infrastructure beyond the existing demonstration facilities. Finally, whilst
hydrogen is a clean fuel, only generating water as a tailpipe emission, its production has usually been
powered by fossil fuels, so there is a general challenge in decarbonising the generation of hydrogen.
The challenges for electrically powered transport largely mirror those for hydrogen powered transport,
although the sector is somewhat further forward with a range of full electric vehicles and plug in
hybrids in the road sector, and electrical power common on rail and light rail systems. There remains
the challenge however of creating a new generation of batteries with a higher energy density to enable
transfer to heavy vehicles and longer distances. There is also a challenge regarding the n atural
resources required for current battery technologies, and further work is required to develop new
materials for batteries which are long lasting and can be charged quickly to ensure user acceptance.
Another option is to develop dynamic charging options for heavy road and light rail vehicles.
As the electricity sector in Europe moves to a greater range of renewable energy sources with
intermittent consistency, there has been a move to develop smart grids and storage facilities. The
transport sector has a key role to play, especially moving towards greater electrification in working
with the grid to help balance supply and demand, through capturing excess regenerative energy on
board and transferring to the grid.
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Figure 31

Hydrogen powered transport
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3.6.2. Generating renewable energy / harvesting energy from transport
infrastructure
The transport sector is a large consumer of energy, both for powering vehicles and in its operation, for
example for lighting, signalling etc. Currently, much of this comes from directly burning fossil fuels and
the national grid, which depending on the country may also be produced predominantly from fossil
fuel. However, there is an increasing recognition in all modes that transport infrastructure and v ehicles
can also be used to generate renewable energy which can we used within the transport industry, but
also for other sectors or to contribute to the national grid. To-date this has been limited to small-scale
applications such as wind turbines powering road signs, and a small number of trial projects such as
solar powered trains. The vision for 2030 is that this that the generation of renewable energy from
transport becomes wider spread and the applications more diverse.
The aim of generating or harvesting energy from transport infrastructure is to move from ‘limited
generation/harvesting of renewable energy’ to ‘widespread generation/harvesting of renewable
energy’.
The three technologies which are likely to help meet this goal were selected as pho tovoltaics,
combined renewables and regenerative braking. All these technologies currently exist, but are only
used in a limited way in the transport sector. Re-search, development and implementation areas
relating to these focus on the expansion of the use of existing technologies e.g. providing evidence of
their cost-effectiveness and incentives for their use, and the development of more novel applications
such as solar roads and trains.
The cost of conventional photovoltaic applications has reduced dramatically over the last 10 years to
a point where it is becoming cost-competitive with conventional power sources. There are a number
of areas where conventional photovoltaic panels have been added to areas of transport infrastructure
such as on noise barriers on roads and on railway station roofs for example. Separately, ruggedized
solar panels have been developed at a trial stage with the aim of being used as the road surface. The
aim in this area is to identify areas where conventional and new types of solar photovoltaic (PV) can
be used cost effectively, and to improve the efficiency of novel PV products for specific applications.
There are other areas where renewable energy has been captured from or around transport
infrastructure such as large-scale wind turbines at port locations, micro-wind and solar to power signs
in the road sector. There is the potential in certain locations to economically combine renewable
technologies in order to generate significant amounts of energy.
Examples exist of regenerative braking technology on road and rail vehicles and it is likely to become
more widespread in the future. There is a challenge to determine the potential to link regenerative
braking to the grid, in conjunction with smart grids to recover excess energy, for example from trains
braking whilst travelling down hills which are not able to capture all of the regenerative braking on
board.
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Figure 32

Generating renewable energy

3.6.3. Improving vehicle fuel efficiency
This challenge is to improve vehicle fuel efficiency through modifications to vehicles and engines in
order to reduce fuel use and so reduce carbon emissions. There have been great improvements in fuel
efficiency over the recent years driven by the cost of fuel and also vehicle standards in the road sector.
However, more could be done in this area. The 2030 vision is for combinations of technologies and
approaches to be implemented more widely to make both conventionally fuelled vehicles and
alternatively powered vehicles in all modes more fuel efficient.
The technologies which are likely to help meet this goal are engine efficient technologies and use of
lightweight materials. Research, development and implementation areas related to these include
research to improve individual technologies such as heat recovery and new lighter materials, and also
supporting actions to in-crease take-up and identify optimal combinations of technologies for different
types of vehicles.
There remains the potential to improve the energy efficiency of a wide range of conventional and
alternative power trains, including heat recovery and different combinations of technologies as a
medium-term option to cover the transition away from fossil fuels.
The aim of efficient engine technologies is to move from ‘limited deployment, mostly in passenger
transport’ to ‘widespread deployment including in freight transport’.
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Figure 33

Efficient engine technologies

The use of lightweight and composite materials is commonplace in aircraft manufacture but has
attracted comparatively little application so far in other modes, with the exception of niche
applications such as motor sport. With the cost of composites reducing and new materials such as
graphene developed promising very exciting potential for light-weighting, there is significant potential
to take composites into the road, rail and maritime sectors.
The aim of use of lightweight materials is to move from ‘mature in air but not in other mod es’ to
‘widely used in all modes and new materials developed’.

Figure 34

Use of lightweight materials

3.6.4. Improving the energy efficiency of operating transport systems
There are three main contributors to carbon in the transport system comprising the energy used for
powering vehicles, covered in 3.6.1, the carbon embodied in the construction and maintenance of the
physical infrastructure, and finally the energy used to operate the system, for example street and port
lighting, lighting in railway stations and airports.
This challenge is to reduce the energy used to operate transport systems, for example powering
lighting, variable message signs, heating buildings etc. and also to improve the flow of traffic, time tabling etc. so that vehicles do not waste energy due to delays. Currently technologies such as LEDs
are helping to address this challenge, but there has also been an increase in the use of technology, for
example as part of smart motorways which increases energy use and an increase in travel demand
leading to more congestion. The 2030 vision is for a combination of technologies and approaches to
be used to improve efficiency.
The technologies which are likely to help meet this goal were selected as route optimisation and smart
lighting. Single mode route optimisation is currently used, with journey time being the main factor.
The research, development and implementation areas relating to this are to expand this to a crossmodal approach integrating consideration of carbon. Smart lighting such as dimming lights when there
are no people in certain areas or when there is strong sunlight is becoming more com-mon. Research,
development and implementation areas which promote its use are given.
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The overall aim of improving the energy efficiency of transport systems is to move from ‘sub -optimal
efficiency of operation of transport system’ to ‘combination of technologies and approaches
developed and implemented to improve efficiency’.
Whilst this research challenge will essentially reduce the energy used by vehicles, it is something that
needs to be undertaken by transport authorities in enabling the most efficient cross modal route to be
undertaken by freight or passengers.

Figure 35

Route Optimisation

Lighting accounts for a significant proportion of operational energy use, and whilst street lighting might
be the most widespread application it is an issue that concerns all modes, even with low energy LED
lighting now commonplace.
Smart lighting can enable further energy savings through dimming and lighting as required so
minimising energy use and cutting light pollution.

Figure 36

Smart lighting

3.6.5. More efficient asset management
This challenge relates to bringing about improvements in asset management processes, technologies
and systems that will reduce energy consumption and carbon emissions, for example, through the use
of more durable materials, increased automated monitoring etc. which reduces the need for
maintenance and inspection and the emissions associated with these. Other areas are to improve
governance and planning and for clients to influence the entire supply chain to make improvements.
There has been a great improvement in many countries in the way assets are managed; the 2030 vision

Date: 01/08/2019, Version: 1.1

51 (86)

is for this to be increased and more widespread with a greater focus on reducing energy consumption
and carbon emissions.
The approaches selected as those most likely to help achieve this vision were inclusion of carbon in
procurement decisions and smart infrastructure. The research, development and implementation
areas relating to sustainable procurement focus on promoting its use and de veloping tools and
approaches that can help to embed consideration of carbon in procurement. The research,
development and implementation areas relating to smart infrastructure mainly relate to developing
technology such as sensors and materials which enable better reporting.
There is a strong link to some of the maintenance challenges covered in sections 3.3 (High cost of
operation and use) and 3.4 (Ageing infrastructure).
In general, procurement of construction or maintenance is based on decisions relating to various
proportions of quality and cost. The consideration of the carbon intensity of a proposed approach or
establishment of commitments to measure and reduce carbon over time is rarely undertaken. There
are occasional examples where this is undertaken for specific sites and particularly for construction to
LEED or BREAM standards, but it is less common for construction and especially maintenance of
transport infrastructure. The development of a common European standard for various options would
help in this regard.
The aim of inclusion of carbon in procurement decisions is to move from ‘limited inclusion and few
examples of innovative approaches for including carbon in procurement’ to ‘routine inclusion and
numerous innovative examples’.

Figure 37

Inclusion of carbon in procurement decisions

There is a link here to some of the areas of long life construction, durable and energy efficient
materials and life cycle modelling outlined in sections 3.4.1, 3.4.2 and 3.4.3 respectively.
Currently, Asset Management operations tend to be undertaken based on periodic inspection regimes
and established practices for determining options. With the advent of BIM for construction now
becoming more common, and the development of micro-sensors and novel inspection methods
identified in section 3.3, there is the potential to improve the maintenance operations through real
time and reliable condition data. In addition to improving the efficiency of asset management through
better information, there will be a reduction in carbon, partly through longer lasting infrastructure and
integrated management systems across modes enabling better network use, but mainly through the
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integration of asset management and BIM across the entire lifecycle. If this is integrated with the
inclusion of carbon in procurement identified above, there should be a reduction in carbon across the
entire lifecycle.
The aim for smart infrastructure is to move from ‘smart infrastructure limited to some single mode
applications’ to ‘widespread and cost-effective use of smart infrastructure both in individual modes
and with multi-modal integration’.

Figure 38

Smart infrastructure

3.6.6. Embedding consideration of carbon and energy in governance and
transport planning
As with the consideration of carbon in procurement decisions detailed above, there is the potential to
consider carbon and energy in general governance and wider transport planning. The advantage of this
approach is to encourage increased public transport and low emission options when purchasing
vehicles, as outlined in the sub-sections below.
The overall aim for embedding consideration of carbon and energy in governance and transport
planning is to move from ‘limited consideration and siloed planning’ to ‘an integrated multi-modal
and multi-sector approach’.
The use of public transport in many cities is already at a high level, but there remains the potential to
increase this further in many urban areas and into suburban and rural communities. This would have
the benefit of further reducing congestion, carbon emissions and other associated tailpipe emissions
and particulates. It is important to remember that people travel for a reason, for example for work,
shopping and other leisure activities and so integration of transport planning and land use planning
would help ensure that appropriate consideration of public transport options is considered at the
outset of new developments and can even help drive development and regeneration sites.
There is also the potential for governance to ensure that transport operators work together, to
synchronise timetables, have single ticket options and to make sure that information on public
transport options is freely available.
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Aside from considering governance for increasing public transport, there is also the potential to
influence companies and individuals to make low carbon and green choices. Internalising of external
costs could be used to help fund incentives for lower carbon choices, for example, poor air quality in
urban areas in particular is known to cause respiratory and other health issues that put a strain on
health services, especially in peak events; understanding the economic impact of this and considering
transport and health issues together could help unlock funding for low carbon and active travel that in
the longer term would benefit both sectors.
Non-motorised transport such as walking and cycling is the lowest carbon transport option, offers
health and well-being benefits and in many cases, is a quicker and more reliable transport option for
short journeys. Whilst some European countries such as the Netherlands and Denmark have a long
history of cycling and infrastructure to match, the same is not true in all cases. Improving walking and
cycling provision including options such as dedicated lanes segregated from traffic and safe and secure
cycle storage provision at hubs could encourage an uptake in active transport. Standards around this
and legal requirements for active transport could be one tool. For example, the Active Travel (Wales)
Act 2013 requires Welsh ministers to publish annual reports on the amount of active travel journeys
made in Wales and makes it a legal requirement for local authorities to map and plan for suitable
routes for active travel, and to build and improve their infrastructure for walking and cycling every
year. It also requires both the Welsh Government and local authorities to promote walking and cycling
as a mode of transport8 .

Figure 39

Embedding consideration of carbon in governance and transport planning

There are clear overlaps in improving public transport and non-motorised transport infrastructure with
the research challenges identified in section 3.1 on Changing Future Transport Demands.

8

http://gov.wales/topics/transport/walking-cycling/activetravelact/?lang=en
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3.7. Safety
Transport safety is possibly the single biggest concern of both transport infrastructure owners and
operators and the companies working on them, both for the travelling public and workers constructing,
operating and maintaining the infrastructure. Whilst the main driver in seeking to reduce the number
of people killed or seriously injured on the transport system is a moral one, there are also significant
financial implications to a serious accident, for example, the cost of investigation and prosecution,
compensation, emergency medical assistance and potentially long-term medical care. Accidents also
cause disruption such as closing or blocking traffic lanes and roads, and whilst accidents in other modes
tend to be lower in frequency, when they do occur, there can be widespread and long-term disruption
over a large part of the network, particularly for rail.
The initiative will contribute to improved safety through better transport design and the incorporation
of technologies and systems concerned with traffic management and control. Improved automation
of systems and transport should increase safety across all modes. Road and rail workers’ safety should
also be improved from reduced maintenance requirements meaning less exposure to live traffic, whilst
more of the construction of road and rail would be undertaken in controlled factory conditions. The
decarbonisation of transport through more efficient use of transport, alternative fuels and the
promotion of active travel should result in health benefits too.
An important goal is to reduce the number of deaths and injuries of both transport users and
maintenance staff, and potential impacts on their health. This includes resolving potential conflicts
between different users, e.g. road crossings over railway lines, pedestrians and cars etc.

3.7.1. Improving safety performance at national levels
Setting safety targets at national levels is a proven method to increase transport safety, and provides
support with specific and monitored measures and solutions to decrease fatalities and severity rates.
Motivation actions can be implemented through specific incentives. Secondary benefits can be
achieved in terms of economic and environmental milestones. However, there is a need for a clear
policy for the implementation, monitoring, management, enforcement and penalization of actions.
Improving safety performance in transport systems should start with research with regard to what are
the best strategy concepts for the particular transport mode, as well as checking and demonstrating
that the developments are in line with European and global strategies. Strategies should be
complemented and further reinforced with the development of measurable milestones, which can be
validated and evaluated. Implementation should come in the form of publications through e.g.
factsheets, campaigns, smartphone apps, website and social media groups. A tool kit should be
developed for the implementation of these actions, in the form of incentives or enforcements.
Moreover, research should be performed to establish a plan for updating, evaluating and monitoring
the strategy. There are various strategies that can be improved for the road sector but which could
also be transferred to the water sector and measurable pan-European strategies put in place with
appropriate follow up and review.
The aim of improving safety performance at national levels is to move from ‘strategies agreed upon’
to ‘implemented policy with support through concrete and measurable actions and incentives’.

Date: 01/08/2019, Version: 1.1

55 (86)

Figure 40

Improving safety performance at national levels

3.7.2. Safety education and human factors
There is significant safety education and training in rail, water and air due to the controlled
environment and professional training, but less so in the road sector except for some professional
drivers. There is a chance to take some of the high-quality learning from other sectors and transfer it
into the road sector, whilst improving safety in all modes by taking a human factor approach to learning
to reinforce behaviours, understanding that for traditional methods, people learn what to do and when
to do it.
With the coming of new technologies, vehicle automation and the need of drivers and vehicles co handling critical situations, a more human behaviour oriented testing should be applied. Regular
trainings in vehicle simulators could aid improving drivers’ skills, towards ensuring optimum and safety
change in all transport modes, while increasing acceptance and usability.
Adapting training practices should start with research and development of new education and t raining
methods and procedures, while checking and demonstrating that they are in line with available
European and global wide curricula for training courses. The procedures should be reinforced through
research and demonstration of specific milestones and agreed-upon standards, which can be
measured and evaluated. Moreover, an agreement on common certificates of accomplishments (e.g.
licenses), recognized bodies that could issue them, availability period as well as their geographic extent
should be reached.
The aim for safety education and human factors is to move from ‘technology -oriented and nonprofessional training’ to ‘a more human-behaviour oriented testing of technologies’.
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Figure 41

Safety education and human factors

3.7.3. Driver state monitoring
A driver’s ability to safely control a vehicle can be influenced by a number of factors such as distraction
from mobile phones or infotainment systems, alcohol or drug misuse, illness and tiredness. Increasing
safety and decreasing the risk of human error has the potential to reduce fatalities and severity rates.
Evaluating driver’s fitness combined with appropriate mitigation measures will increase awareness and
decrease reaction time, tackle effects of fatigue and improve overall vehicle safety performance.
However, low user acceptance must be tackled.
Technologies for monitoring and aiding drivers exist in rail and require transport-mode specific
technical adaptations. Existing operating systems need to be prepared for the inte gration of new
technologies. Demonstration and implementation will require testing and rolling out phases, as well
as training for system users. Moreover, an agreement regarding the optional vs. mandatory nature of
the technologies should be reached.
The aim is to move from ‘independent unsupervised driving’ to ‘controlled, monitored and aided
driving’.
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Figure 42

Driver state monitoring

3.7.4. Cross-modal interaction in a safe and efficient manner: Cross-modal
V2V communication
Cooperative traffic systems that share information via Vehicle to Vehicle (V2V)) technology already
exist in several transport modes. The technology can give advice or take actions to improve safety,
sustainability and efficiency. However, the connection of vehicles from different transport modes, such
as cars and trains, could prove beneficial, especially at level crossings. Warnings and automated
braking could be incorporated to decrease the risk of human error.
Connecting two transport modes via V2V communication will require a clear definition of technical
requirements and specific needs for each transport mode to establish the necessary compatibility.
Regulatory aspects also need to be agreed upon in terms of data protocols, standards, privacy and
liability. Furthermore, existing operating systems need to be prepared for the integration of the
systems. Demonstration and implementation work will require testing and rolling out phases, as well
as training for system users. There is a specific research area focussing on V2V communication where
the challenge is for higher levels of communication between road and rail vehicles. This seeks to
improve both safety through collision avoidance and also could potentially link to more dynamic
timetabling and moves towards mobility as a service.
Cross-modal interaction in a safe and efficient manner focusses specifically on V2V moving from
‘single-mode V2V’ to cross-modal V2V communication’
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Figure 43

Cross-modal interaction in a safe and efficient manner: Cross-modal V2V communication

3.7.5. Automation in the context of multimodal transport
Automation has arrived at the forefront of research recently, although it has been a part of transport
for many years. However, in road transport the responsibility is still mainly on the drivers’ side and not
on the technologies’ side. Automation has a high potential to increase safety, by minimising or
eliminating the human error factor involvement and by reducing driver stress and workload. Existing
in-vehicle technologies have already started to take over some of the driver tasks and with the coming
of higher automation levels, machine-only responsibility will become a reality for transport.
Significant research is still needed in terms of technology, testing specifications and regulations.
Moreover, any developments need to be checked and assured regarding insurance, liability and data
security. Existing operating and in-vehicle systems need to be prepared for the integration various
levels of automation. Research is also needed for the development of take-over scenarios (i.e. driver –
vehicle) in critical situations. Demonstration and implementation work will require testing and rolling
out phases, as well as training for system users.
The aim for automation in the context of multimodal transport is to move from ‘human-responsibility’
to ‘machine -human shared responsibility and machine-only responsibility’.

Figure 44

Automation in the context of multi-modal transport
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There is a strong link in this challenge to the cross-modal interaction in a safe and efficient manner
detailed in section 3.7.4.
There is also a link to some of the areas of design methods and network assessment through asset
management including BIM and some of the areas of remote sensing technology detailed in section
3.3.2 as part of an automated transport future.

3.7.6. Human acceptance of user information
In all modes, there is a requirement to ensure that passengers are guided through the system in a safe
and efficient manner. It is a significant challenge to ensure that information is passed to travellers that
is timely, relevant and easy to understand; it needs to be sufficiently detailed but not cause information
overload. There are a number of research challenges related to understanding how humans experience
and react in certain situations and develop strategies to improve this accordingly.
The aim for human acceptance of user information is to move from ‘limited human perception studies
on reaction to new technologies and changes in behaviour’ to ‘multidisciplinary research on human
behaviour and perception, on the impact of information received from various sources and
development of new technologies accordingly’

Figure 45

Human acceptance of user information

There is also a human factor link to the Security section below in terms of trade -off between high levels
of security and the requirement for free-flowing transport, for example at railway and metro stations.

3.8. Security
The security both of the transport infrastructure and its users will be a vital aspect of the development
of co-modal transport. This can be achieved through design against threats from terrorist attack and
improving the resilience of the network to natural and man-made hazards.
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There are numerous areas of concern ranging from ensuring personal security against petty crime such
as pickpockets on public transport and in transit environments to protection against and recovery from
targeted attacks designed to cause fatalities and disruption to the transport system.
An increasing challenge is to reduce the vulnerability of transport systems, including Information and
Communication Technologies (ICT) systems to malicious and/or terrorist attacks, vandalism and also
to reduce damage and theft of goods transported on the transport network.

3.8.1. Crime prevention through environmental design
The incorporation of physical security measures in planning, designing and managing new or major
redevelopments of transportation infrastructures (e. g., stations, hubs, etc.) while ensuring friendliness
of use and people’s free movement is one form of decreasing the risk of criminal activity. The inclusion
of these measures at an early stage has demonstrated benefits regarding effectivene ss and costs
minimization. Crime prevention through environmental design comprises measures such as the
implementation of appropriate physical secure stations/terminals against chemical, biological,
radiological and nuclear (CBRN) attacks, security procedures (screening, materials detection, intrusion
detection systems, and tracking applications), access control, line of sight and visibility, lightning, the
containment of building services and power supplies, the location of public car parks as far away as
possible from station buildings and the creation of a distinct separation with other “crowded places”.
The research areas related to this challenge focus on:
• The identification of currently adopted best practices and needs for security by design
methods on building new or conducting major redevelopments on infrastructures along with
the development of adequate security recommendations and guidelines.
• The identification of physical and non-physical vulnerabilities through risk assessment,
building information modelling and design simulation tools.
The aim for crime prevention through environmental design is to move from ‘unsecure and poorly
designed facilities’ to ‘planning and designing physical security towards crime prevention and
vulnerability mitigation’.

Figure 46

Crime prevention through environmental design
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3.8.2. Cybersecurity
Cyber threats are rapidly evolving, new vulnerabilities promptly emerge and are progressively more
severe and current cyber-attacks are increasingly more sophisticated. Because of current security
dynamics, transportation systems cannot simply rely on preventive measures and must be concerned
with enhancing ICT systems robustness and moving forward to an adaptive resilience. Maintaining the
capacity to operate in the case of cyber incident is one of the major challenges for cyber security across
modes. The potential cyber vulnerabilities in transport infrastructure and vehicles needs to be
mitigated by security protocols and plans ahead of time. It is necessary to understand critical systems,
interdependencies and the importance of cyber physical control systems, traffic control and operations
management systems, safety management systems, traveller and operator services (medical
emergency number, e-commerce, e-payment). The creation of a cyber security system that
incorporates security into the design process, the development of policies and procedures for cyber
security and the improvement of systems and operations’ resilience, would b ring benefits and
motivate users with training, exercises and “hot triggers”.
The research challenges in this area focus on the development of security plans, operation centres and
anticipatory cyber security governance models and the build-up of competences for doing cyber
security. Legal aspects, namely, the allocation of responsibilities on promoting cyber security and the
reinforcement of collaboration between stakeholders to establish best tackling procedures and
regulatory aspects are also essential aspects.
Research within this topic should address the identification of new potential threats, the continuous
investment on developing advanced protection solutions and on developing control and supervision
mechanisms for a continuous cyber risk assessment and cyber systems resilience, the early detection
and rapid response to targeted cyber-attacks and the harmonization of ICT standards or protocols
across transport modes. More broadly, R&D&I within this challenge should encompass the
development of national and international cyber defence and the creation of cyber intelligence
communities towards a solid level of cyber resilience. A second area concerns collection, ownership
and privacy of data.
For the first area of cybersecurity the aim is to move from ‘system vulnerability’ to ‘system robustness
and adaptive resilience’.
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Figure 47

Cybersecurity (i)

The second area of cyber-security focusses on the collection, storage, ownership and privacy of
personal data collected by transport authorities.
The aim for this area is to move from ‘single mode data only, not shared with other modes and
between organizations due to security concerns’ to ‘security protocols of cross modal user
information data exchange’.

Figure 48

Cybersecurity (ii)
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3.8.3. Ensuring security in transit environments while maintaining privacy
demands of passengers
Even though security technology and measures can produce more secure feelings among users and
can also improve social attitudes regarding the use of public transportation they are not always well
accepted. Frequently, the limitations and interference caused by those measures (e.g. loss of privacy,
personal rights, freedom, or integrity) can lead to discontentment and negative feelings. These
interferences are difficult to deal within the social-technological systems and frequently challenge
decision-makers concerned with integrated risk management. For that reason, holistic and cross disciplinary new approaches are required to comprise social aspects into risk management systems
and decision support tools. Additionally, the transit environment should not be reduced to vehicles,
stations and hubs stops but also the immediate vicinity and therefore e xpand the intervention and the
responsibilities of those who enforce, manage, regulate, design and maintain the transit settings.
Research challenges within this driver comprise the analysis of the passenger movement at the stations
/ hubs to identify the best possible routes for guardianship of passengers and reduce certain offences,
identify ridership patterns and exposure to potential targets and develop a consistent and integrated
threat detection approach across modes. This is because interventions directed only at transit nodes
have less chance of reducing security concerns than those which consider the nearby environments.
Governance models’ development should be focused on improving the quality of collaborative work
and the cooperation between transportation staff (maintenance, management and planning) and
national/international security agents/agencies, as well as on security of data sharing, knowledge
transfer and measures to hoist participation on collaborative security across modes.
The aim in ensuring security in transit environments while maintaining privacy demands of
passengers is to move from ‘technology driven’ to ‘a social problem-oriented approach in securing
transit systems’.

Figure 49

Ensuring security in transit environments while maintaining privacy demands of passengers
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3.8.4. Remote detection of explosives and other materials
Remote detection of explosives and other hazardous materials and substances is a critical issue since
current methods can be too invasive and time-consuming. Technologies that can progress the
capability to detect hazardous materials and substances sensitively, accurately, and rapidly without
provoking disturbances in transport flows and understanding background and inte rfering matrices
effects and systems limitations can have great benefit to national and international security across
modes.
Research challenges comprise the investment on profiling based on unusual characteristics (e.g., social
aspects, education) and on threat detection through the use of profiling and digital identification
technologies.
Research in this area should also include the investment on reliable research regarding the
combination of detection data (different substances and individual behaviour), testing new equipment
for standoff distance capabilities and evaluating the specificity of the technique, and reducing false
alarms rate for a wider variety of substances and materials.
The aim for remote detection of explosives and other materials is to move from ‘invasive and timeconsuming detection’ to ‘an effective remote detection and traceability of hazardous materials’.

Figure 50

Remote detection of explosives and other materials

3.9. Rapid development of technology and social behaviour
Transport infrastructure is fundamental to the sustainability of Europe’s economy, as well as its social
and territorial cohesion. Consequently, a functioning and reliable transport infrastructure m ust be
guaranteed. This can only be achieved if the development of the transport network keeps pace with
technological development in meeting demand to travel and move goods, as well as service level
expectations.
A next generation of transport system will be needed that can capture new technology and advanced
thinking and help to build, operate and maintain a transport network that will help to sustain our
economy for the long term. In recent decades, technology has been developed and taken -up extremely
rapidly by consumers, and the rate is continuing to accelerate, although the incorporation of
technology in transport infrastructure has occurred at differing rates across transport modes. The
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development of high-speed processors for the computing of mass data sets, wireless technology
(including smart phones), sensors and satellite technology has enabled improved journey planning and
tracking across modes.
There is large potential for technology not only to guide travellers through the transport system us ing
(near) real time data, but also for transport operators to use data from mobile phone positioning,
active satellite navigation and social media such as twitter feeds to improve the operational and asset
management of the transport infrastructure and to cooperate in providing a seamless transport
system. The potential to crowd source public transport solutions has been explored in some cases. In
addition, there are specific technological challenges in relation to how vehicles and specifically cars
will be powered in the future. The increase in fossil fuel prices, and a requirement to reduce carbon
emissions, has generated considerable research and development activity on the topics of e -mobility,
intelligent driving systems, and electric vehicles. Car manufacturers have developed Full Electric
Vehicles (FEV) and Hybrid Electric Vehicles (HEV). As the demand for electric vehicles increase, so will
the demand to re-charge the vehicle, which at the moment is provided mainly by battery changing
stations. However, a more efficient system will be required if large volumes of vehicles are to be
charged on a regular basis, and on-going research on inductive charging of electric vehicles whilst
driving is underway. Whilst the focus has so far been on cars, the technology is also applicable to bus
and light rail. Intelligent driving systems, including road trains and automated driving are also under
research, and this will require central data servers to coordinate all large volumes of information and
activity.
To enable these technologies to be accommodated, the transport infrastructure will need to be able
to provide for the communications and power systems that future vehicles and users will demand.
The development of new technology possibly provides the greatest opportunity to solve a number of
the challenges outlined in previous section, through creating a smart, self -monitoring transport
system. One challenge will be to incorporate the use of new technology and take advantage of
innovations to improve the functioning and integration of the transport infrastructure, with a specific
challenge of processing, storing, integrating and making sense of the large amounts of data that will
be generated. A major challenge will be to ensure that the new technologies both perform to the user’s
requirements and also promote social inclusion. Human centred design should aid in this respect in
ensuring that new methods of construction and travelling are intuitive and do not exclude any section
of society, for example the elderly, those on low incomes or those that are not interested in new
technology.
There are numerous research challenges presented in previous sections that have the potential to be
disruptive to traditional transport operations and business models such as transport user expectations
and acceptance factors and provision and sharing of data, cybersecurity, big data and automation.
Other research challenges could change how passengers travel through areas such as security by
design, security in transit environments and remote detection of explosives.
There are also new materials and technologies that will change how the transport system is
constructed, inspected, operated and maintained such as high performance and durable materials,
self-healing materials, smart sensors and smart materials and techniques and materials for fast
maintenance.
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Finally, there will be areas that will lower the environmental footprint and decarbonise the transport
system such as eco-friendly materials, energy-efficient materials, ways to harvest and store energy and
power electric vehicles.
The timeline for development of these innovations remains uncertain due their stage of development,
future cost-effectiveness and political will to trial and deploy them on live carriageways. What can be
said with a greater degree of certainty is that such is the pace of technological development, there will
be a number of technologies that are not on the radar presently that could have the potential to
change the way people and goods are transported and the way the infrastructure is constructed. The
challenge will be to harness these technical advances and adopt a human factor approach in order that
they can be of benefit to all members of society.
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4. REFINET Technologies
The REFINET project identified 111 technologies, projects or innovations and inputted them onto the
TI-TechMapper Platform (see section 5.7). For REFINET, the technologies were mapped against
lifecycle stage (design, construction, maintenance, renovation and operation), mode, level of
application and TRL, along with company / organisation involved, application example, country,
information source and website link. The technologies have been mapped against level of application,
domain and mode in the figures below.

Figure 51

REFINET Technologies (i)
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Figure 52

REFINET Technologies (ii)
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Figure 53

REFINET Technologies (iii)

Date: 01/08/2019, Version: 1.1

70 (86)

Figure 54

REFINET Technologies (iv)
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Figure 55

REFINET Technologies (v)
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5. Future activities
This report presents the research challenges developed as part of the FOX, USE-iT and REFINET
projects. The vision for the projects is to better understand the common challenges experienced across
transport modes, bring representatives of transport modes together to share experience and skills and
to develop a set of common research objectives. In the longer term, the ambition is that there will be
a vibrant community of stakeholders from a range of transport modes, sharing experiences and
technologies, undertaking joint research projects and creating a European transport network that is
safer, more secure, lower carbon and which is focussed on user needs.
Engagement with a range of stakeholders across Europe and beyond has been a key strategy in the
project from the outset.
The research challenges identified in this document will be used as an investment plan to both research
funders and as an investment or strategy document for public and private infrastructure owners and
operators and contractors. An exploitation and implementation plan (USE-iT Deliverable 5.3 / FOX
Deliverable 6.3) was prepared outlining the business priorities and risk appetite of the stakeholders
and suggests how they might use the results of the project.
As a means of keeping the project active beyond the funding period, it is proposed that it could be
facilitated by the FORx4 initiative, which is detailed in section 1.3. It was a stated aim in the proposal
that FEHRL will use the outputs of the USE-iT and FOX projects to help build the vision of FORx4 and to
develop a comprehensive FORx4 roadmap. Greater visibility and longevity will be achieved by
incorporating the deliverables of the USE-iT, FOX and REFINET projects into a larger scheme that predates the CSAs and which will go on for several years. This will both help in ensuring that the results of
the project are implemented and exploited following the end of the projects, whilst also benefiting
from being associated with the existing FORx4 and FOR brands.
The various industry partners will use the roadmaps generated by these projects to inform their
internal business plans and their own industry sector plans, as many members of FEHRL are also
members of other technology platforms. It is anticipated that certain organisations will use the
roadmaps to inform research priorities at a national or regional level.
One of the key activities will be the future development of a dedicated FORx4 website. Whilst the USEiT and FOX projects have a common dedicated website that supports all the project activities and
REFINET also had a project website, it is felt that the outputs of all projects could be better realised
through the integration with a wider project activity that pre-dates them and which will remain active
through the ongoing activities of FEHRL.
As the Forever Open Road website was revamped in 2018, it was the perfect opportunity to have a
dedicated FORx4 section which will contain valuable information including, for example, reports,
presentations, organisation information and news. Importantly, it will need to be regularly updated
and maintained to ensure that it remains useful. In order to achieve this, there is a requirement for
ongoing funding and a range of options including internal ones from members and FEHRL, fee
generating activities, and external ones through research funding, sponsorship or advertising.
An output of the USE-iT and FOX projects is a database of technologies and processes that might be of
benefit either now or in the future. Whilst the exact mechanism of hosting and maintaining this
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database needs to be agreed, it is likely that it would be linked to the FEHRL or Forever Open Road
website.
A significant achievement of the FOX, USE-iT and REFINET projects has been the development of a
stakeholder database of around 1,000 members. Maintaining this network where people can link with
others from different modes, network and share experiences and transfer technology are key success
criteria for exploiting these projects’ results in the future. It is likely that this w ill link to the ECTP
Website or the FEHRL Knowledge Centre.
Finally, one of the main responsibilities of FEHRL’s member institutes is to facilitate responses to
various research calls. Typically, this involves identifying suitable calls, hosting workshops and
developing consortia with a number of FEHRL institutes involved. Moving into more multi-modal areas,
it is likely that some future calls might require a wider range of partners. FEHRL and the project
partners on FOX, USE-iT and REFINET should be attractive project partners based on the knowledge
they have gained during this project, and this is one way in which the momentum gained could be
continued. It is possible that new projects could link in some way to the FEHRL and FORx4 websites
and databases.

5.1. Current State of Transport Infrastructure
Much of the transport infrastructure in use today is old; most motorways in western Europe were
constructed in the 1960s and 1970s so are 40 to 50 years old and reaching the end of their design life.
At the same time, in many cases traffic volume and weights are in excess of design values and future
transport trends such as driverless vehicles might require more from existing infrastructure, for
example, being able to cope with canalised trafficking and potential requirements for sensors and ICT.
Conversely, developments in robotics, sensors, materials such as composites, prefabrication
techniques and biomimicry amongst many others, offer the potential for cost effective inspection,
maintenance, repair and upgrading.
European Transport Infrastructure (TI) needs modernising9. As stated in the Transport European First
Semester 2016 Thematic Fiche prepared by the Commission, “European transport network
infrastructures, and in particular the trans-European transport network (TEN-T), require a proper level
of investment (to support) new infrastructure, refurbishment and modernisation of the existing
network, as well as an increased coordination between Member States affected by cross -border
infrastructure projects 10 ”. Financially now is a good time for the EU TI to be brought up-to-date; as
stated by Economic Science Nobel Prize recipient Paul Krugman 11 , European Member States should
seize the current opportunity of low interest rate on bank loans to renew an old and quickly degrading
transport infrastructure. Waiting too long will increase the price of renewal or maintenance. However,
investments at public level across European Member States have been decreasing over the last ten
years due to an unfavourable economic climate and a focus on other more urgent priorities . Indeed,

9

For a detailed analysis of the state of European TI, see REFINET D3.4 “Strategic Implementation Plan (SIP)”
and REFINET D4.1 ”Strategy for the Deployment of the SIP”. Both available at:
http://refinet.eu/resources/publications/.
10 Source: http://ec.europa.eu/europe2020/pdf/themes/2016/transport_201605.pdf
11 Source: Internazionale, July 2016, http://www.internazionale.it/.
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challenges at global level are putting pressure on our societies and on the infrastructure of
transportation of goods and people; they can be summed up and clustered as follows:
•

•

•

•
•

A paradigm shift towards increased environmental awareness: Infrastructure networks must
be designed, built, operated and maintained in a sustainable way, reducing resource and
material consumption, with a reduced environmental impact and with increased level of
safety;
Climate change: infrastructure networks must be adapted to cope with new and increased
risks from natural hazards, including extreme events such as floods, droughts and rising sea
levels;
Concern about the availability and cost of energy: new types of equipment will be developed,
new uses of infrastructure will require new concepts, new products and new regulations to
existing and new infrastructure;
An ageing society: a new concern on the variety of users’ needs will necessitate a new
approach to the design of infrastructure;
Increasing economic constraints: global competition obliges to optimise construction and
maintenance costs and favours larger application of ICT solutions.

According to the Transport Research and Innovation Agenda of Horizon 2020, going forward
therefore all transport infrastructure should be built with the following targets in mind:
•
•
•
•
•

Resilience;
Agility to respond to growing mobility needs of people and businesses;
Low environment impact;
High level of maintenance and quality;
Innovation.

Currently, much transport infrastructure follows the pattern shown in Figure 56 below, where initial
condition is good and the cost for maintenance and renewal is low, then its condition starts to
deteriorate around 35 years and the cost for maintenance and renewal becomes higher, then finally
the condition deteriorates quickly and costs for maintenance and renewal become high, until
eventually the infrastructure is replaced.
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Figure 56

Deterioration of transport infrastructure over time

One of the FORx4 programme is to develop and maintain the networks that will facilitate responses to
research calls addressing the research needs identified by the FOX, USE-iT and REFINET projects and
to work with infrastructure owners, contractors and others to implement the solutions to help extend
the working life of the infrastructure as suggested in Figure 57, below, where the steep deterioration
curve will be reduced and the quality of the infrastructure maintained, potentially numerous times.
In June 201712, the EC proposed to invest €2.7 billion in 152 key transport projects that support
competitive, clean and connected mobility in Europe. The investment is being made under the
Connecting Europe Facility (CEF) and is predicted to unlock €4.7 billion in public and private co financing of TEN-T projects in EU Member States, as part of the €23.2 billion of the EU budget provided
to CEF in the 2014 – 2020 period.
The most recent call has provided investments on modernising rail lines and air traffic management
systems in member states, installation of alternative fuel supply points, removing bottlenecks and
improving cross-border connections.
The outputs of FOX, USE-iT and REFINET could present valuable input to infrastructure owners and
operators who may wish to apply for CEF co-financing for schemes. One option that could be explored
is a public-private-partnership (PPP) between CEF or the EC and the network being developed from
the three CSAs.

12

https://ec.europa.eu/transport/themes/infrastructure/news/2017 -06-23-2016-cef-call_en
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Figure 57
Life extension of transport infrastructure through the use of new and innovative
techniques, technologies and materials

It could be the case that the infrastructure might require having a higher service level than initially
designed for such as, the requirement to carry heavier loads, accommodate larger ships or planes or
add intelligence and self-reporting infrastructure. This is outlined in Figure 58, below.

Figure 58
Life extension and upgrading of transport infrastructure through the use of new and
innovative techniques, technologies and materials

Subsequent sections of this document outline the challenges, solutions, REFINET TI -TechMapper tool
and timescale for the development of the FORx4 programme.
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5.2. Understanding of modalities
In this document, we refer at various times to co-modal, cross-modal and multi-modal. In the absence
of a universally understood and agreed definition, our understanding of the terms are presented
below, in the context of infrastructure research, development and implementation. It is also worth
stressing that discussion around co-modal or cross-modal research does not imply a competition
between modes, neither does it exclude the validity of mono-modal research, which will remain
applicable for many aspects.
Co-modal:
Development of a RD&I technology or solution that will be applicable to more than one mode.
The availability of various modes as part of an integrated and open transport network to transport
passengers or freight.
Cross-modal
The transfer of technology or solutions from one mode to another.
Multi-modal
The use of more than one mode to transport goods or passengers and multi-modal hubs where at least
two modes are present and where goods or passengers converge to either continue their journey a
different section of the same mode or via a different mode (e.g. an airport where passengers arrive
and either transfer to another flight, or exit on a train or by road to their final destination).
In our understanding, multi-modality refers more to passenger mobility and freight transport, and
multi-modal hubs as pieces of infrastructure to facilitate mobility, whereas co-modality refers more to
the infrastructure itself and how various modes can operate together effectively, e.g. a logistics
company would deliver a parcel using multiple modes (multi-modal) but would not be involved in the
operation of the infrastructure, whereas a national transport ministry would invest and operate
infrastructure and plan how various modes can form part of an integrate d solution (co-modal).

5.3. Multi-modal transport infrastructure model and vision
5.3.1. Drivers
The FOX and USE-iT projects identified 42 research challenges (described in Appendix 1) across the
various work packages, which were assigned to nine ‘Drivers influencing co-modal transport research’
based largely on the ones developed for the FORx4 point of view document, detailed in section 1.
The nine drivers will impact on the mobility of the future, which will strongly impact on the
infrastructure of the future. The REFINET project also identified 5 KPIs that future infrastructure must
be assessed against, these being;
•
•
•
•
•

Green,
Cost Effective,
Resilience,
Social/Inclusive,
Safe/Secure

The 5 KPIs are highly complementary and in some cases map exactly the drivers.
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There will therefore be a ‘top down’ approach of drivers and KPIs, and to a certain extent the STRIAs
developed in SETRIS and at the same time a ‘bottom up’ approach from the best practices and
technologies identified in the FOX, USE-iT and REFINET projects, as outlined in the figure below.
DRIVERS

Figure 59

Top down and bottom up approach to future infrastructure development

5.3.2. R&D&I Topics
In addition to the R&D&I topics identified in USE-iT and FOX, as part of the REFINET project a catalogue
of transport infrastructures technologies was created. Currently, many of the technologies that are
needed to allow the European transport infrastructures to move toward the REFINET multi-modal
transport infrastructure (RMMTI) model are already available in the market or will be available in the
next few years, but the industry sector is not necessarily using them nor is aware of their availability
and potential. In order to overcome the gap between “common practices” in design, construction and
maintenance of transport infrastructures and the “most sustainable practices” that could be deployed,
examples of different technologies being developed and trialled by transport infrastructure clients,
and the main engineering companies, contractors and maintenance services providers were collected
and categorised.
Over one hundred technologies have been catalogued from a wide range of sources: the REFINET
partners themselves, members of the different networks of organisations represented by the partners
and by other organizations external to the project partners or their networks (such as National
Technologies Platforms), proceedings of industry conferences etc. In practice, several of the most
innovative transport infrastructure clients, infrastructure designers, constructors, operators,
manufacturers and suppliers globally as well as notable academia and research centres in the fields of
expertise have contributed to the development of this catalogue of technologies. This meant that very
high-quality content could be developed. The catalogue of technologies is further used in the REFINET
project to provide valuable input into the TI-TechMapper Platform tool, described in section 5.7.
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5.4. Taxonomies used to organize data
For the FOX and USE-iT projects, a prerequisite was that each challenge covers at least two transport
modes. In addition, each challenge was mapped as to whether the research challenge was focussed on
one or more domains, covering technology, infrastructure, governance or customer in accordance with
the FORx4 programme.
As well as the modes and domains identified in the FORx4 programme, the challenges have also been
mapped against a ‘level of application’ identified in the REFINET project determining the area in which
a particular research challenge is most applicable, namely; urban mobility, long distance corridors,
multi-modal hubs and a system level (widely applicable in transport infrastructure). For simplicity of
reading, icons have been developed and used to illustrate the different modes, domains and levels of
application.
Along with the domain symbols, there is an indicative timeline for the research challenges covering the
period 2017 to 2030+ with arrows to demonstrate the stage of development related to Technology
Readiness Levels (TRL) as shown in the table below.
Both of these taxonomies have been presented previously in section 2.1.

5.5. REFINET Taxonomy
In addition to the level of application identified in the REFINET, for the catalogue of applications and
geo-clustering platform, a taxonomy based on lifecycle stage, type of infrastructure and components
was identified as shown in Figure 60 below.
This provides an additional level of detail that is of particular use for TI managers and contractors
looking for existing technologies or trials in place.

Figure 60

REFINET Taxonomy
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5.6. Use of research topics
As previously outlined, the research topics cover various TRLs which will have different degrees of
relevance to different audiences. Early stage TRLs of 1 to 6 will likely be of more interest t o policy
makers and those involved in research, development and implementation, including those
organisations funding it on a national and European level and the academic and research institutions
undertaking the research. The taxonomy at this level is likely to be higher level covering USE-iT and
FOX domains of infrastructure, technology, governance and customer, using it to map financed
projects and understand their technology readiness level and tracking their development.
The technologies and processes nearer to implementation with TRLs spanning 6 to 8 would be more
relevant to transport infrastructure owners and managers and contractors, and would more typically
be located in the REFINET catalogue of technologies under the taxonomy of life cycle stage,
infrastructure type, component and element. The interest here would be to support planning and
decisions making in terms of technologies investments, understanding of trends, etc.
There are also some potential ‘quick wins’ available for TI managers and contractors from technologies
at level 9 where, for example, a technology is deployed in one country but not another and can be
quickly transferred, or is mature in one transport mode and can be fairly easily transferred to another.
The relevance of the different TRLs to potential end users is shown in the figure below.

Figure 61

TRLs and relevance to different actors

5.7. TI-TechMapper Platform
A key enabler of the deployment strategy is the Transport Infrastructure (TI) technology analysis and
mapping tool (TI-TechMapper), that has been developed within the REFINET project
(www.refinet.eu/ti-techmapper/) to initially maximize the REFINET project outcomes and
subsequently to ensure their sustainability after the project’s conclusion. In this sense the tool is a
central vehicle to ensure all REFINET outputs are accessible to all TI stakeholders - Public Bodies,
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Members States Ministry, the European Commission, Infrastructure Managers and Operators – to
make better-informed decisions and identify the technologies they need to improve /update/upgrade
the European TI. It makes use of all data collected within the project (best practices, high-potential and
incoming technologies; innovations from R&D projects, etc.) and presents them in a format that can
be used to provide a support in analysis, decisions, planning and so on to the project stakeholders such
as contractors and construction companies, TI operators and managers, public bodies such as
ministries, policy makers, research and academia. As such, on one side it is a tool for TI operators and
managers supporting them in the analysis and mapping of technological demands (e.g. technologies,
best practice) whilst on the other hand it may also be seen as a monitoring tool for policy makers to
understand impact of funded innovation projects. In this sense the TI-TechMapper aims to:
•
•
•

Provide an easy-to-use decision support instrument to the different stakeholders in accessing
classified and clustered technologies, best practices, innovations, projects outcomes, etc.
which can be applied to European Transport infrastructures
Visualize the data in interactive maps/layers, featuring the possibility to combine dif ferent
information related to different aspects (e.g. technological, regulatory, maturity of the
technology, economics, etc.)
Allow search, query and analysis so that to identify which best practice (s), technology(ies), etc.
are more applicable, according to predefined criteria, to the purpose of the investigation, for
specific assets, in a specific environment, with specific boundaries (e.g. KPIs, standards, etc.).

Figure 62, below, presents the main features of the TI-TechMapper, showing how the search criteria
generates a map of the results, tabulated search results and a dynamic query based on selected KPIs.

Figure 62

REFINET TI TechMapper Overview and main functionalities

Example uses and usage scenarios are reported in details in REFINET D4.2 “REFINET SIP Roadmap”
available at: http://refinet.eu/resources/publications/
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Through a continuous interaction with Stakeholders, constituting the REFINET network, the TITechMapper database will be enriched with additional elements, technologies and good practices in
TI (touching various aspects such as safety and ICT) from various sources including the FOX and USE-iT
projects (http://refinet.eu/csas-on-infrastructure/).
Future activities will involve merging the USE-iT and FOX results into the REFINET taxonomy to enable
them to be displayed on the TI-TechMapper, thereby presenting a dynamic visualisation of the results
that can form part of the mechanism to deliver the FORx4 concept to a wide range of stakeholders.

5.8. Timeline
Developing the FORx4 concept from the results of the USE-iT, FOX and REFINET projects will require a
staged approach, as there will need to be the formation of a team to take the concept forward without
funding, initially at least.
A GANTT chart outlining the timing is presented in Figure 63 on page 85.

5.9. TI-TechMapper and FEHRL Innovation Centre as key enablers
The initial task will be to continue the development of the TI-TechMapper, expanding the taxonomy
to accommodate concepts and technologies identified in USE-iT and FOX and beginning to populate
the database with these additional items. More in details, the implementation roadmap foresees:
•
•
•

The optimization of the relevant cases study and exemplary usage scenarios
A continuous interaction with TI stakeholders, making use of the REFINET-FOX-USE-IT
Sustainable Network of Stakeholders, elicitation of expert opinions and feedback
Supplementing the TI-TechMapper with
o Additional KPIs (potentially also from other sources)
o Additional technologies (inputs from FOX and USE-IT)
o Interoperability features to enable I/O functionalities from existing data sources and
platform such as the Transport Research & Innovation Portal - TRIP
(http://www.transport-research.info)

Alongside this will be the development of the addition of the European Construction Technology
Platform (ECTP) details and those from the FEHRL innovation centre. The FEHRL Innovation Centre is
being developed as part of a new FEHRL website centred around a ‘knowledge base’ covering the
people, organisations, projects, laboratories and facilities that are part of the FEHRL community.
The updated FEHRL website launched in August 2017 with most of the migration complete by October
2017.

5.10.

Infrastructure Platform

The second task will be to develop an ‘Infrastructure platform’ which would be an extension to the
FORx4 group formed by key members of the three CSA consortia and led by FEHRL. It will take
advantages of the involvement of the most active part of the REFINET Network, namely the REFINET
Group of Experts and the FOX & USE-iT Stakeholders reference group, along with the FOREX (Forever
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Open Road Expert Group) that has been responsible for driving the FOR programme and updating the
FOR roadmaps.
As such, the “Infrastructure Platform” would foresee the involvement of key public and industry
members committed to improving cross-modal infrastructure performance, including adapting the
infrastructure for future technologies such as automated driving and electrification, introducing new
construction, inspection and maintenance concepts, improving intermodal hubs involving modal
transfer to road and rail and low carbon and quiet last mile delivery.
This platform was launched at TRA in Vienna in April 2018 and remains a work in progress.

5.11. Public Private Partnership (June 2018 – as a supporting tool for
the Infrastructure Platform to implement the FORx4 concept)
The FORx4 group aims to reinforce the presence of TI in future FP9 (Horizon Europe) or FP10 Work
Programmes and other relevant R&I initiatives. It this sense it will look forward to establish a ‘Platform
for Transport Infrastructure’ which could eventually lead to a PPP initiative (like the Green Vehicle
initiative for instance”), as a supporting tool to further develop and promote the platform for transport
infrastructure which will be used to implement the FORx4 concept.
High-level discussions with the EC about the possible establishment of ‘Platform for Transport
Infrastructure’ which could eventually effectively maintain the infrastructure platform and act as a
mechanism to drive forward the development of the FORx4 concept will require external funding are
planned. This will a key area where the partners will need to lobby for funding either in the form of a
CSA or ideally through direct EC or national funding and private investment.
Early stage activities have begun on this topic, with work ongoing.
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Figure 63

Outline timing of FORx4 Initiative
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6. Conclusions
The FOX and USE-iT projects have identified 42 research challenges, covering construction, maintenance,
inspection, user information, safety and security, energy and carbon and reuse and recycling. All
challenges cover at least two modes and have been mapped against the fou r domains of FORx4
(infrastructure, technology, governance and customers) and against the four levels of applications
identified in the REFINET project (urban mobility, long distance corridors, multi-modal hubs and system
level).
The outline research programme for the challenges has been proposed between 2017 and 2030 and
beyond and identified according to TRL levels of <5, 6-8 and 9. For some early-stage applications
considerable fundamental research will need to be undertaken, followed by development an d testing,
with deployment towards 2030, whilst other technologies are more advanced or are more mature in other
sectors and deployment could be possible in the early to mid-2020s.
These have been integrated into this FORx4 roadmap endorsed by a range of multi-modal stakeholders,
as an update to FEHRL’s FORx4 ‘point of view’ document produced in 2013.
This document will be disseminated to public and private transport infrastructure operators, research
funders and providers, construction and technology companies amongst others, as a document produced
and endorsed by their peers on the challenges and opportunities facing the transport sector and will help
inform their research and investment decisions.
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