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Abstract: Transport contributes significantly to economic growth and higher quality of life, but its
associated externalities have an environmental, economic and social impact and are the main impetus
to support innovation towards sustainable transport. The European Commission’s Communication
on a European Green Deal sets out the objective of achieving climate neutrality by 2050, for which
transport emissions will need to be further reduced. Innovation within the transport sector gains
greater prominence, with some anticipating an innovation revolution that would completely transform
the sector. In this paper, the barriers that impede such a transition from happening are examined and
a tool that aids policymakers and researchers with shaping transport innovation actions is presented;
The Transport Research and Innovation Monitoring and Information System (TRIMIS) is an integrated
transport policy-support tool with a modular design serving as an open-access information and
knowledge management system. This paper provides an overview of its main features and includes
a case study on transport electrification and alternative fuels, showing how monitoring efforts can
aid transport research and innovation (R&I) policymaking and governance. TRIMIS contributes
to identifying evolutionary and revolutionary technologies, their funding and associated policy
initiatives, so the anticipated transport revolution can be better monitored, evaluated and shaped.

Keywords: decarbonization; transport policy; transport research governance; transport technologies;
capacity mapping; horizon scanning

1. Introduction

Transport makes significant contribution to economic growth and higher quality of life by
facilitating the movement of people and goods. On the flipside, it causes externalities that have
detrimental effects on the environment and public health [1-3]. These externalities are the main
impetus to support innovation that makes transport greener, safer and more efficient.

Innovation in the transport sector has been historically characterized by small and incremental
changes, often affected by the political and economic context, and in many cases being supported by
policies and standards introduced by political and financial systems [4]. Technological advances and
innovations, developed to address the often systemic nature of transport-related challenges, constitute
part of a greater transport system which comprises a series of aligned elements [5].

Recently, innovation activity within the transport sector surged, often adopting new and emerging
technologies and trends [6]. Innovation spillovers from fields like Information and Communication
Technology and Artificial Intelligence catalyze a sectoral transformation, which could have far-reaching
implications. For urban transport in particular, disruptive technologies, social change and regulatory
pressures are creating disruptive innovation at industry segments (e.g., taxi service has been disrupted
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by new smartphone-enabled services), industry structure (e.g., a shift from car ownership to pay for use),
as well as at social systems (e.g., rise in self-employment) [7]. Non-technological transport innovations
(e.g., sustainable urban mobility plans—SUMPs) equally contribute towards the improvement of
transport issues [8]. Furthermore, urban areas are also important in terms of catalyzing the various
preventive dimensions of transport policy [9,10].

It is, however, not given that a so-called transport innovation revolution will take place [11].
In part, this is related to the inherently high level of complexity of transport systems, which comprise a
wide spectrum of physical and organizational elements, influencing each other in various ways [12].
Additionally, society often shows reluctance towards embracing new technologies [13]. The transport
sector, falling within the ‘legacy sector’ categorization [14] has been showing signs of resistance towards
the introduction and scale-up of innovations. Their level of acceptance relies principally on the human
factor and its surrounding societal issues and interactions, including among others safety, security,
sustainability and climate change [15].

Various standard adoption models have been proposed in the last decades that try to provide
a more structured view on the development of the maturity of emerging technologies through their
various phases, ranging from technology trigger to mainstream adoption [16]. However, unforeseen
events can change existing trends and influence socio-economic cycles [17], thus, innovation adoption in
general. Finally, the existing policy and industry status and stakeholder activity have not unequivocally
benefited the transport innovation revolution. In this context, it is necessary to reflect on the role of
political decisions in this field and the instruments that are adopted to support innovation. The role
of political decisions can vary, considering that a technology may or may not require particular
policy attention, for example if a technology’s potential has already been identified and targeted by
industry [18]. Furthermore, it is crucial, together with funding or creative thinking, for the further
progress of innovation ecosystems (e.g., innovation platforms, networks) [11]. In the general policy of
sustainable transport development and more specifically transport systems, a multifaceted approach
to the development is important, as for example in the case of transport infrastructure [19,20].

This paper, therefore, reflects on how political decisions influence transport innovation and argues
in favor of a guidance system to overcome some of the identified issues. The paper consists of the
following parts: after the introduction, the next section discusses the structural characteristics of the
transport sector and the impact on innovation dynamics, including a discussion on the shortcomings of
current innovation policies. On the basis of this review, a comprehensive policy and monitoring system,
which provides guidance to research efforts is presented as a means to catalyze the transport innovation
revolution. It consists of a policy framework (‘STRIA") introduced by the European Commission (EC)
and its respective monitoring system (“TRIMIS’) co-developed by the authors. A case study of the
systems application is provided analyzing the advances of the European research and innovation (R&I)
in the fields of transport electrification and alternative fuels, two domains in direct connection with
the sustainability goals of the recently published European Green Deal [21]. The paper concludes by
discussing the strengths and weaknesses of policy support for transport innovation.

2. Catalyzing Transport Innovation

2.1. Barriers to Innovation

The transport sector is often critically assessed for the way externalities are addressed. For example,
there is still ample need to reduce the environmental impacts of shipping and aviation, while there
is also continued policy pressure on the automotive industry to cut pollutant and greenhouse
gas emissions [22]. Several factors explain why externalities are not adequately resolved through
transport innovation.

A first point can be linked to the role of government. Building on stakeholder theory [23,24], it can
be hypothesized that governments hold multiple contradictory roles in relation to the transport sector.
Governments across the world are heavily invested in their respective transport industries, both in
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manufacturing and operations. In aerospace, large aircraft manufacturers and airports are pertinent
examples [25]. In shipping, governments finance shipyards, hold shares in several container liners and
own ports [26]. Regarding the automotive industry, substantial government support to manufacturers
during years of economic crisis as well as high levels of state ownership was observed.

While governments can push the transport sector towards a more efficient, clean and innovative
future, impeding behaviors are exhibited as well. A recent example concerns discussion on new
emission standards for cars in the European Union, where some Member States were accused of
preventing stricter CO, emission standards to protect the interests of national car industries and
local employment [27]. Thus, it could be argued that the multiple roles of governments can impede
innovative behavior. Competition dynamics are one [28]; Transport industries are generally highly
competitive, so that multi-million investments to develop and implement technological solutions
can threaten business continuity. Industries like container shipping and freight forwarding come
to mind. In other cases, transport industries enjoy a state-imposed monopoly (i.e., national railway
undertakings), which limits innovation in various ways.

A more recent development in the competitive landscape is that surge of entrants with a distinct
digital focus. A few notable examples are Flexport in freight forwarding, Tesla in automotive, Amazon
in logistics, or Uber in passenger transport. Furthermore, it becomes more evident that the geographical
profile of transport innovations is changing. The World Intellectual Property Organization [29] notes
that China drives international patent application to record numbers, including in the field of transport.
The emergence of new entrants in the field of transportation and the changed geography of research are
in many ways beneficial to the level of innovation in the sector. At the same time, it makes that research
is increasingly fragmented, adding an additional level of complexity to the already differentiated
innovation predisposition among the various transport modes (road, rail, aviation, waterborne) and
sub-sectors (e.g., services, construction) [30].

Complexity is one of the main challenges in assessing modern transport systems, since they are
affected by a series of technical limitations, financial and ecological constraints, and public interest,
but also diverging points of view of various transport stakeholders trying to maximize their individual
advantage. Consequently, the examination and evaluation of transport systems requires a multi-criteria
decision-making approach [31].

This complexity can contribute to a misalignment of research actions between business, government
and academia. Alignment is particularly important considering the ambitious objectives that aim
for net-zero greenhouse gas emissions in a few decades (e.g., the European Green Deal’s aim of
achieving no net emissions of greenhouse gases in 2050) and the deployment of fully autonomous
driving. Experts have tempered expectations by pointing at the substantial barriers that need to be
overcome through resource-intensive research projects that require the involvement of many different
organizations. Particularly, it is indicated that innovation is not purely dependent on technological
progress, but on the development of successful business models and an appropriate legal and funding
framework. As such, there is a strong need for a strong and coordinated policy framework and
in particular, for a triple helix approach [32] in which business, government and academia make a
concerted effort to push the transport sector towards decarbonization, in line with the European Green
Deal’s objectives [21].

Considering the above, it is concluded that there are substantial barriers in place that need to be
addressed before a so-called ‘transport innovation revolution” [11] will materialize. The next section
expands on the various roles of political decisions in catalyzing this process and what instruments still
need to be put in place.

2.2. Public Support for Innovation

In light of the challenges that the transport sector is confronted with, a large number of instruments
are leveraged to promote innovation. Building on the framework by Hekkert et al. [33] on different
innovation functions, Table 1 presents an illustrative selection of intervention types and instruments
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that are used at European level. In the EU, there is a long tradition of funding transport innovation,
promoting entrepreneurial activities, developing and sharing knowledge and developing networks
of researchers and organizations with the ultimate objective to transform economic sectors in line
with policy objectives. For these activities, there exist well-established and long-standing procedures.
The other functions have been developed over time and became more mature during the last decade
or so.

Table 1. Transport Innovation System: selected activities (Composed by the authors).

Innovation
Functions

Intervention Type

Important
Instruments

Description

Guidance of

Committee

Transport Program

Delegates of EU Member States convene to
define the outlines of transport research calls

research Committee
under research framework programs.
Funding programs for research and
. technological development. Includes specific
Entrepreneurial . . A
A Research grants Framework Programs actions to promote entrepreneurial activity,
activities . .
such as the Small and Medium Enterprise
(SME) actions.
In addition to Framework Programs, portals
Framework . . .
Research exist that disseminate knowledge on recent
Knowledge . Programs/Transport . .
grants/Information ; technological advances in transport (e.g.,
development Research International .
portals Documentation Transport Research International
Documentation-TRID portal).
Several partnership models exist to foster
Knowledge Public-private knowledge sharing, such as European
diffusion through ~ Support networks L & & oP
partnerships Technology Platforms and Joint
networks .
Undertakings.
. ] I . ial S F
Market formation  Public procurement nnovation Special attention is given under r.ar'n'ev»fork
procurement Programs to promote procurement initiatives.
European Fund for
Resources . Strategic Financial instruments are put in place to
R Finance . . ; .
mobilization Investments/Connecting bring mature innovations to market.
Europe Facility
Creation of o Directives and Leglslatlvg texts can foster' the deyelopment
Legislation and adoption of technologies, for instance by

legitimacy

regulations

setting ambitious targets.

One example concerns how networking and knowledge sharing has been endorsed. European
Institutions and industry have collaborated in so-called Joint Undertakings, in which resources are
pooled, research projects are designed, and knowledge spread. Such public-private partnerships are
embraced as a way to foster innovation [34].

A second case concerns financial instruments. In addition to funding research through European
Research Framework Programs, the difficulties that organizations experience with bringing transport
innovations to market have been acknowledged by putting in place several supporting schemes
over the last decade. The Connecting Europe Facility, for example, increasingly focuses on funding
innovative projects that embrace technological advancements.

A final element, which constitutes the core of this paper, is the guidance of research. For long,
transport funding programs have been shaped by deliberation between (national) delegates and topical
experts. There are however a few notable limitations to this approach. First, deliberation alone does
not provide any framework to guide research and may be subjected to more ad-hoc considerations.
As such, there is a risk that funding priorities are set without broader coordination. The next European
Research Framework Program, Horizon Europe [35] aims to overcome this limitation by clustering
research areas (e.g., transport belongs to the Energy, Climate and Mobility cluster) and by research
and innovation missions to increase the effectiveness of funding by pursuing clearly defined targets.
Another issue is that no monitoring and evaluation aspects are formally integrated in the guidance
process. The subsequent issue is that when projects and programs are insufficiently assessed in terms
of outcomes, no adequate measures can be taken to redirect resources if needed. A final argument is
that delegates often have a specific focus, say one industry or field of technology. This makes that the
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interlinkages between innovation processes are not necessarily fully taken into account when funding
decisions are being taken.

To address these points, a more comprehensive system for leveraging transport R&I has been
proposed and established by the EC to support the decarbonization of the European transport
sector. Taking into consideration the previously discussed complexity in assessing modern transport
systems and the existing policy framework, targeted transport R&I monitoring efforts can aid all
relevant policymaking and governance. In the light of the above, the authors co-developed an
integrated transport policy-support tool with a modular design serving as an open-access information
and knowledge management policy support tool that constitutes one pillar of the two-dimensional
proposed system. In the section below, this system will be discussed in detail.

3. Guidance of Research: Policy and Monitoring Frameworks

The system presented here consists of two distinct but inseparable parts:

1. A policy framework that sets out the Needs and Objectives, called the Strategic Transport Research
and Innovation Agenda (STRIA);

2. A monitoring and evaluation system to measure whether the inputs and activities create the
desired effects in achieving the Needs and Objectives, called the Transport Research and Innovation
Monitoring and Information System (TRIMIS).

These parts and their interaction are described in greater detail below, after which some analyses
are shared that follow from the system.

3.1. Policy Background—STRIA

In 2016, the EC published a European strategy for low-emission mobility and a series of relevant
Communications to promote clean energy innovation in Europe, underpinning a new approach to
transport R&I targeting at current and future socio-economic and environmental challenges [36-38].
In order to address those challenges technological advancement is required, and transport R&lI is an
enabler within a competitive European and global environment under constant evolution. The EC
has recognized this need and therefore, in 2017, the Strategic Transport Research and Innovation
Agenda (STRIA) was adopted as part of the “Europe on the Move” package, which underlines the
main transport R&lI areas and priorities for clean, connected and competitive mobility, complementing
the 2015 Strategic Energy Technology (SET) Plan [39,40]. The priority areas with specific actions for
future R&I to decarbonize transport and mobility are outlined in seven STRIA roadmaps:

1.  Cooperative, Connected and Automated Transport, supporting the development of a
customer-centric, intermodal and integrated transport system aiming at greater efficiency, safety
and wellbeing and environmental impacts mitigation.

2. Transport Electrification, supporting the promotion of developments carried out in the framework
of the European Green Vehicle Initiative and encouraging multi-sectorial and multidisciplinary Ré&I
activities on new materials, advanced propulsion systems and Information and Communication
Technology (ICT).

3. Vehicle Design and Manufacturing, supporting the development of successful marketable
transport vehicles with shorter development times.

4. Low-emission Alternative Energy for Transport, focusing on renewable fuels production,
alternative fuel infrastructures, as well as the impact of these technologies on transport systems
and services covering all transport modes.

5. Network and Traffic Management Systems, supporting the development of an advanced
multimodal transport system through the optimization of the entire transport network across
new areas.

6.  Smart Mobility and Services, supporting new and emerging technologies such as electric and
autonomous vehicles, drone technology and on-demand mobility services.
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7. Transport Infrastructure, supporting the development of research and innovation, testing new
methodologies and preparing the ground for future transport infrastructure policies.

The implementation, updating and further development of STRIA required the support of an
effective monitoring and information mechanism that provides insights to all stakeholders involved
in transport R&I. In this context, TRIMIS has been developed at the EC Joint Research Centre (JRC)
aiming to provide a holistic assessment of transport Ré&I, technology trends, to create technical
and socio-economic capacity maps and to publish data and analyses fully covering the European
transport system.

3.2. Implementation—TRIMIS

TRIMIS is developed as the analytical support tool for monitoring and assessing the implementation
of STRIA. Moreover, it is the EC instrument for mapping technology trends and R&lI capacities in the
transport sector, and for monitoring progress against policy goals. The implementation of TRIMIS
aims to cover the whole transport R&I spectrum and meet the needs of all transport stakeholders with
main focus on policymaking and governance. Figure 1 provides an overview of the potential added
value of TRIMIS by user target group.

. . Researchers -
= Po}icy.mﬂkeﬁ oy
Industry

* Publish information * Find information on + Disseminate + Find information on + Find an inventory of
on the STRIA long term EC policy information on long term EC NETT in the
roadmaps in transport research projects transport policy transport sector

* Set long term * Understand + Find other + Find information on + Find information on
transport policy comparative researchers to research projects most promising new
roadmaps information from collaborate within a technologies

« Incentivise research, other countries specific technical « Find information on
development and area performance of
knowledge sharing specific
in transport technologies

» Add, update and « Find information on
download data area-specific R&I

* Gather information
on current R&I
status

Figure 1. TRIMIS user target groups and potential added value (Adapted from [41]).

It is designed as an open-access information and knowledge management system and is intended
to cover the whole spectrum of R&lI in the transport sector. Figure 2 provides an overview of TRIMIS
main features and functionalities.

R&I
Investments

Stakeholder

Engagement

Figure 2. TRIMIS main features and functionalities [42].
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One of its novel characteristics is that, contrary to existing transport policy-support tools, TRIMIS
provides an integrated approach to bring socio-economic figures and strategic foresight together.
This is achieved by providing a bidirectional monitoring and assessment of transport innovation both
backward looking, through historic trend analysis, but also introducing a forward-oriented approach
through the use of strategic foresight and the development of an inventory on new and emerging
technologies and trends (NETT) in the transport sector. This is a step-change compared to traditional
practice according to which strategically oriented policies have been based on insights gained through
a sporadic assessment of the current status in various fields and the intuition of those in charge [43],
a type of practice not suitable to address the contemporary levels of complexity and evolution rate
of the transport sector. Figure 3 schematically presents the bidirectional monitoring and assessment
approach of TRIMIS.

Reporting date

Historical and trend analysis Forward looking analysis
based on TRIMIS database based on Horizon Scanning and NETT

| |
v v v -

Past and current capacity ——J» |nnovation Reporting <€—— ruturecapacity needs

Figure 3. TRIMIS bidirectional monitoring and assessment approach (Composed by the authors).

The core element of TRIMIS is its database. Since its launch, the TRIMIS database evolved
from a single table with project and program information into a relational database that incorporates
information on several transport R&I dimensions [44]. Figure 4 presents the TRIMIS database structure,
highlighting four different fields (A, B, C, D) with eight different tables (project table, program table,
technology table, organization table, labor statistics table, economic statistics table, patent table,
horizon scanning table). The database structure provides an insight into TRIMIS’ current and future
analytical capabilities.

A '

\ 4
A

Figure 4. TRIMIS database structure (A) Main tables; (B) Additional data tables; (C) Patent data table;
(D) Horizon scanning table [44].
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Field A covers the main tables with information on transport innovation projects and programs,
organizations and the technologies that are being developed. Field B includes several additional data
tables created for ad-hoc macro-level innovation assessment that contain information on employment,
public and private R&I expenditure, and other socio-economic country statistics [45]. Field C contains
patent data from PATSTAT, a worldwide patent statistical database created and maintained by the
European Patent Office, with the aim to link patent information to the projects, technologies and
organization tables. Finally, field D contains all information that is gathered in the framework of the
horizon scanning process, which aims to forecast developments that shall shape transport R&I.

Building on the TRIMIS database, it is possible to carry out both historical and trend analysis and
forward-oriented innovation monitoring.

3.3. Trend Analysis and Backward-Looking Elements

The first aspect of TRIMIS is the historical and trend analysis of transport R&I that allows it to
communicate the status, progress and policy challenges to transport policymakers and stakeholders.
To support this functionality, a comprehensive database containing information related to transport
R&I has been set up and is one of the core features of TRIMIS, as described above. A wide range
of data relevant to transport R&I are being collected, collated and added to the database using both
crowdsourced user inputs and automated links to existing repositories. The database is further
enriched by data from other European or external sources containing data with potential impact on
transport R&I (e.g., the European Patent Office). Thus, the database also includes data and indicators
on transport technologies and innovations (i.e., projects, organizations, technologies).

Focusing specifically on the technologies database, a large effort has been made to assess the
majority of European projects after 2007 for what regards the technologies they researched. Figure 5
provides an overview of the process, as presented in [46].

Technology
. Technology Technology Technology
=

« Establishment of * Development of « Flagging of * Creation of + Establishment of a
automated data standardised technology-related overarching themes set of metrics
interchange approach based on projects + Theme reduction + Economic

. Filtmin%tempora], existing studies « Technology + Technology-
geographical) labelling related

+ Terminology
alignment

Figure 5. Methodological steps for the technology assessment (Adapted from [46]).

At the same time, the contents of the database constitute inputs for the development and use
of a set of Key Performance Indicators (KPIs) that are necessary for the systematized and successful
monitoring and assessment of transport Ré&I. Another feature of TRIMIS is to monitor and assess the
technical, financial and socio-economic capacities and performance of R&I in the transport sector using
a set of KPIs for each STRIA roadmap, thus undertaking the progress monitoring of EU and Member
State-funded R&I projects and programs further supporting the assessment of the transport sector Ré&I
performance and maturity status.

3.4. Horizon Scanning, NETT and Forward-Looking Elements

The second aspect of TRIMIS is the introduction of a forward-oriented approach in innovation
monitoring through the use of strategic foresight and the development of an inventory on NETT in the
transport sector [47].

To this aim, Horizon Scanning is used for identifying weak signals that facilitate the identification
of promising technologies with a potential impact on the evolution of the transport sector and to
promote the adoption of a forward-oriented culture in transport policymaking and governance.
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The identification of new technologies and opportunities that may have an impact on the transport
sector and the flagging of mature technologies that are close to market introduction through an
inventory of NETT relevant to the future of the EU transport sector are of crucial importance for
TRIMIS. An overview of this process is presented in Figure 6.

y

Deployment
of results

Expert
consultation
Assessment

Taxonomy
y | building
Data

collection

y

Horizon
scanning

Figure 6. Steps towards creating an inventory of new and emerging technologies (Adapted from [48]).

Initial
ontology of
terms

The NETT inventory will be updated on an annual basis according to the updates occurring in the
data sources identified in the methodology. All relevant technologies and trends will be organized and
allocated to different categories, with the main categories, among others, being:

e New or innovative transport modes or large-scale technologies;
e New or innovative technologies with influence on existing transport practice.

The adoption of an appropriate tagging system allows the monitoring of relevance to different
transport aspects, such as:

e Links to transport modes;

e  The influence on the population or specific subcategories;
e  The spatial reference;

e  The technology maturity phase etc.

An assessment further supports the estimation of the potential impact of each technology based
on expert judgement, not only based on strict socio-economic models but also on additional theories
e.g., the Theory of Planned Behavior by Ajzen [49].

3.5. Connection between STRIA and TRIMIS

As was indicated above, STRIA and TRIMIS are distinct but inseparable parts. Figure 7 below
can exemplify their respective roles and interaction. Building on the principles of better regulation
and good governance [50], STRIA is primarily responsible for determining the needs and setting the
objectives of what needs to be achieved in Europe’s transport innovation system. TRIMIS, on the
other hand, provides monitoring and evaluation support to understand which inputs and activities
have been conducted, and to assess their effects. As such, TRIMIS is in a good position to assess the
effectiveness and efficiency of research efforts.

In addition, through these analyses and accumulated knowledge, TRIMIS also provides feedback
to the STRIA working groups on what potential future research needs are. TRIMIS therefore acts both
as an evaluator and, to some extent, as an advisor to the benefit of the STRIA process.

Figure 7 shows the roles of the two parts in detail. STRIA does not introduce any legislation and
therefore does not mandate any inputs or activities. It therefore is primarily responsible for identifying
the transport sector’s R&I needs and to set objectives that need to be achieved under the various
roadmaps. TRIMIS, consequently, monitors for each roadmap the inputs, activities, outputs, and
outcomes so that it can be determined to which extent the STRIA objectives are achieved.
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External Factors lﬁ Added value

,—» Other Policies

Coherence

v

e —> Inputs — Activities —> Outputs <

A A

Rolicy integvention

STRIA FRAMEWORK TRIMIS MONITORING SYSTEM §
1}

Figure 7. Intervention logic and the position of STRIA and TRIMIS (Adapted from [50]).

The link between the two parts is most evident in the roadmap monitoring exercise. On an annual
basis, the STRIA working groups in the seven fields of transport technology are informed by TRIMIS on
the extent to which roadmap targets are reached and, if not, what their expected timeline is. By doing
so, TRIMIS provides current information on the status of each roadmap.

The roadmap assessment reports aid the STRIA working groups to reflect on the targets that they
set. It can lead to objectives being revised, a shift in focus, or the introduction of new targets. Another
impact can be that the STRIA working groups will make a case for a reallocation of resources in the
field of transport R&I, considering the fields that lag behind and those that excel. Such could lead to a
change in inputs, the impact of which will again be monitored by TRIMIS.

The previous sections described the policy and monitoring system that has been put in place to
assess transport innovation. The system has been developed in line with principles on good governance
and better regulation. The system specifically allows us to assess the efficiency, effectiveness and
coherence of research efforts in seven strategic fields of transport innovation. Whilst the system is
developing further, a first glance is given on its capabilities in the section below.

4. Case Study: the Contribution of Transport Research and Innovation to the European
Green Deal

In this section, a case study based on its analytical features is presented in order to illustrate the
current capabilities of TRIMIS. The examples are drawn from a recent analysis on the R&I in two key
STRIA roadmaps: transport electrification (ELT) including hydrogen and low-emission alternative
energy for transport (ALT) [51]. These two roadmaps are directly linked to the European Green Deal,
and in particular, R&I on these roadmaps can contribute to breaking transport dependency on oil and
to decarbonizing the transport sector.

The decarbonization of electricity generation will allow for cleaner electricity for electric vehicles
(EVs), which in turn will be able to provide additional storage services to the grid, thus supporting
further expansion of the use of renewable sources. The development of innovative energy storage
solutions is a cornerstone towards a fully electrified transport system, integrated in a clean energy
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network and along with the deployment of an adequate network of publicly available recharging
points, can speed up the electrification of road transport [52-54].

On the other hand, an increase of the alternative low-emission energy share in the transport sector
entails both technical and environmental challenges. Further R&lI is required towards the development
of a new generation of powertrains that will lead to a technology leap, allowing for optimal use of ALT,
aiming at the decarbonization of the transport sector. In terms of energy production, R&I is required
towards novel low-emission alternative energies, utilizing the benefits of renewable and sustainable
sources [51].

The analysis focuses on the investments that were made since 2009 through European framework
programs for research and technological development. Figure 8 shows the growing amount of funds
directed towards research on various fuel types. The figure shows the summed average daily spending,
derived by dividing the project funds by the project’s duration in days.

1000K

750K

500K

Daily funding (EUR)

250K

0K

2010 2015 2020

Date

Fueltype: [ ] Micohols [ ] Electric [l LPG
P& ] cne LN [ Hydrogen [l SPF

Figure 8. Funding for R&I on fuel types through European framework programs (Composed by
the authors).

Under the two most recent European framework programs for research and innovation (i.e.,
FP7 and H2020) an estimated EUR 3.6 bn has been invested in research projects related to transport
electrification (EUR 2.8 bn, including hydrogen) and other alternative fuels (EUR 0.8 bn). The difference
in the level of funding observed between these roadmaps explains the differences in the number of
researched top technologies. Electric propulsion is clearly the largest category, with hydrogen receiving
more funds since 2016. No significant evolution occurs concerning the funding of Synthetic Paraffinic
Fuel (SPF) and Compressed Natural Gas (CNG)/ Liquefied Natural Gas (LNG) research. These findings,
and the relative attribution of funds by type of fuel, could inform a study to assess if the funding
differences are in line with policy priorities.

Figure 9 shows the geographical spread of the funding. Both the location of beneficiaries and the
accumulated funds per region are provided. It is noted that most organizations that do research on
different fuel types are located near the sites of major car and aviation manufacturers. It is equally
visible that fewer beneficiary organizations are located in the east of Europe. Finally, a high level of
similarity can be observed between the stakeholders and their geographic allocation in the fields of
ELT and ALT.
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Regional research funding

EUR 0 — 20,000,000

EUR 20,000,000 — 40,000,000
EUR 40,000,000 - 60,000,000
EUR 60,000,000 - 80,000,000
EUR 80,000,000 - 100,000,000
EUR 100,000,000 - 120,000,000
EUR 120,000,000 - 140,000,000
EUR 140,000,000 - 160,000,000
EUR 160,000,000 — 180,000,000
NA

Figure 9. Geographic distribution ELT and ALT of R&I organizations under Horizon 2020 (Composed
by the authors).

Parallel to providing economic analyses, TRIMIS also focuses on the outcomes of transport
technology innovation. Following the methodology described in Section 3, a total of 797 technologies
were identified, researched within 2242 projects from FP7 and H2020 Framework Programs. 137 of
the identified technologies are linked to the ELT roadmap, and 25 to the ALT roadmap. For each
technology, several attributes are identified, with the principal ones being:

a.  The number of projects that research the technology;

b.  The total budget allocated for research in these projects;

C. The number of organizations that have been involved in projects that have researched
the technology.
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The first two attributes highlight the combined effort that has been put into the technology, while
the third one is an indication of the level of interest in the technology in industry and academia,
indicating the available capabilities to bring the technology to market.

Figure 10 provides a snapshot of ELT and ALT technologies, focusing on the overall ‘top
15" technologies in terms of total investments identified for the two roadmaps. This kind of

taxonomic representation of transport technologies implemented in TRIMIS allows to rapidly focus on
different attributes.
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Figure 10. Top-15 ELT and ALT technologies in EU research Framework Programs (Composed by the
authors); Bars not in scale. ELT: blue branches; ALT: green branches; Abbreviations: EV—Electric
Vehicle; AF—Alternative Fuels; HD—Heavy Duty; FCH—Fuel Cells and Hydrogen.

By linking technology metrics with organizational data, technology value chains can be identified
and assessed. This information can contribute to the optimization of funding programs and the
development of targeted measures to promote the decarbonization of electricity generation and
increase the alternative low-emission energy share in the transport sector.

These examples act as backward-looking analyses on the state of art in one field of transport
research and are integrated with analyses on the impact on the development of new technologies
(as expressed in patent publications) and their implementation (by mapping demonstrator projects).
In addition, TRIMIS builds on the horizon scanning and NETT analysis to determine what the future
trends are and if the research field, as it is, is able to cope with these challenges. Specifically, TRIMIS
assesses whether the targets as defined in the STRIA roadmaps for ELT and ALT are met based on
several inputs, including those mentioned above.

These reports are communicated directly with the STRIA working groups, which are responsible

for the evaluation and revision of the roadmaps. As such, there is a direct feedback loop between the
monitoring and policy parts of the transport innovation system.

5. Discussion

Despite the clear merits of the system, there are several risks and limitations that will be addressed
in this section. Three points are identified to be most salient, namely (a) the data quality and the
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effectiveness of monitoring through TRIMIS, (b) the alignment between TRIMIS and STRIA, and (c)
the impact of the system on actual transport research.

In relation to monitoring and data quality, a main issue remains to gather information on ongoing
and announced research projects. TRIMIS makes this exercise manageable by focusing primarily on
Europe and publicly funded projects, by establishing data interchanges with other research databases
and by leveraging established contacts with research organizations. Nevertheless, the coverage and
completeness of the database remains difficult to assess. Another issue related to data quality concerns
the type of information that is collected. While it is relatively straightforward to measure inputs,
activities and even outputs, it is considerably more difficult to assess the results and impacts of
transport research. To address this point, TRIMIS is expanding its analytical capabilities to cover more
data sources, including information on patents and firm performance. Still it is acknowledged that this
will remain a challenging aspect of the monitoring role of TRIMIS.

The second main concern regards the feedback loop between TRIMIS and STRIA, which can be
challenging in several ways. For example, STRIA can set objectives and targets that are hard, if not
impossible to monitor through TRIMIS. Setting ambitious and abstract goals for transport research
may seem appropriate but can greatly inhibit monitoring activities. It is therefore important that the
objectives are defined in a specific, measurable, attainable, realistic and time bound (SMART) manner.
The absence of objectives that pertain to these SMART criteria limits the relevance of both STRIA and
TRIMIS. In addition, the feedback loop between TRIMIS and STRIA should be sufficiently frequent,
so that monitoring insights can indeed be effectively integrated in a revision of the roadmaps. These
operational concerns are of great importance and are currently addressed through several initiatives.

The final concern regards the impact of the system on actual transport research practices. STRIA
and TRIMIS have no direct impact on the allocation of research funding or research activities. The system
is therefore dependent on a wide number of stakeholders to embrace and act upon its findings. In order
to do so, networks with the transport research community need to be maintained and the results of
the roadmap monitoring exercises should be shared and explained to a broad audience. This is and
remains a point of attention to align research efforts and truly catalyze innovation.

6. Conclusions

This paper reflected on the ways in which political decisions, innovation systems and tools support
transport innovation to meet policy objectives, such as the reduction of transport emissions, in line
with the objectives set out in the European Green Deal.

After a review of existing instruments, a gap was identified concerning the monitoring of research
progress. The point was made that in order to catalyze transport research, an intertwined policy
framework (STRIA) and monitoring system (TRIMIS) is valuable.

These two parts were explained in detail and the application of the system was exemplified
through a case study on research on transport electrification and low emission alternative energy
for transport.

From the analysis it can be seen that R&I in these fields have been intensified both in terms of EU
funding from framework programs for research and technological development, but also in terms of
absolute number of projects and actors involved in this domain. Nevertheless, despite the significant
spending on transport-related R&I, there is still room for measures that could further accelerate the
market uptake of new technologies and alternative fuels.

Transport electrification has the potential to play a key role towards a decarbonized transport
system in the long-term. Nevertheless, the development of alternative vehicle powertrain technologies
and an increased uptake of renewable energy sources will be also necessary to support the
decarbonization process. In this context, it would be vital to increase the use of renewable energy
sources and improve the overall transport system efficiency in the short- and medium-term.

More efforts are needed to deploy innovative technologies that reduce overall transport emissions
and induce systemic changes. These efforts can help speed up the transition to low carbon/zero
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emission transport and are crucial to meet EU carbon reduction targets, in line with the objectives of
the European Green Deal.

TRIMIS supports this transition by identifying revolutionary and evolutionary technologies,
their funding and associated policy initiatives. By linking these data, it can be seen whether for
revolutionary technologies, ‘revolutionary support measures” are put in place and alternatively, if
revolutionary technologies receive evolutionary support. By doing so, the anticipated transport
revolution can be better monitored, evaluated and shaped.
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