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Disclaimer

This project has received funding from the European Union's Horizon2020 Framework
Programme, through the European Climate, Infrastructure and Environment Executive Agency
(CINEA) under the powers delegated from the European Commission and under Grant
Agreement No. 101037564.

The content of the publication herein is the sole responsibility of the publishers, and it does not
necessarily represent the views expressed by the European Commission or its services. While
the information contained in the documents is believed to be accurate, the authors(s) or any other
participant in the PIONEERS consortium make no warranty of any kind with regard to this material
including but not limited to the implied warranties of merchantability and fitness for a particular
purpose.

The user thereof uses the information at its sole risk and liability. For the avoidance of all doubts,

the European Commission has no responsibility or liability with respect to this document, which
is merely representing the authors' view.
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1 Executive summary

Deliverable 1.3 presents the innovation scouting results of Year 3 and the further development of
the Innovation Radar and summarizes the key activities undertaken from project month 24 to
month 36. The focus during this period has been:

e Continue and expand the innovation scouting

e Review of innovation radars of different Industries

e Further development of Innovation Radar as a tool to support the identification of
promising port-related innovations.

In Year 3 of the PIONEERS innovation assessment, the innovation scouting process was
expanded to support the development of the PIONEERS Innovation Radar. Building on previous
results, new search areas were introduced to identify innovations that complement existing
PIONEERS activities, fill gaps in current demonstrators, and explore niches and global trends
beyond EU-funded projects. This expansion increased the database to more than 250 scouted
innovations with potential to support the green transition of ports. The report outlines the new
search areas and provides illustrative examples, establishing a strong foundation for the next
stage and further development of the Innovation Radar and its validation.

The Deliverable addresses the structured approach to developing the Innovation Radar that
allows ports to identify and rank high-potential technologies and innovations for the green
transition of ports. The Innovation Radar approach is based on a comprehensive literature
search about various innovation radars used in different industries and our key takeaways for
the further development of the PIONEERS Innovation Radar. Based on that, we included the
definition of 'innovation readiness level' for the scouted innovations and the placement of
scouted innovations within the radar. The radar was also designed with 4 segments relating to
the 4 pillars of PIONEERS and the vision to link the scouted innovations with the best practice
master plan. The visual representation of the radar was designed in a simple and user-friendly
manner, so the user can easily make an initial selection of innovations for their master plan.

The Deliverable provides an outlook on the planned activities for the fourth year, including the
expansion of search areas with a special emphasis on recent green innovations in ports within
and outside the EU. Furthermore, it is planned to define selection criteria for the development
of assessment methodology for the users to rate and select suitable innovations.

Deliverable 1.3: Innovation assessment results of year 3 8
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2 Introduction

The PIONEERS EU project brings together the ports of Antwerp-Bruges, Barcelona, Venlo, and
Constanta in a collaborative effort to pioneer green port innovations. The initiative is focused on
four major areas: clean energy production and supply, sustainable port design, promoting modal
shift and flow optimization, and advancing digital transformation. The collaboration with
PIONEERS consortium members and innovation scouting provides the data for the PORTfolio of
PORTable innovations. WP 1 aims to provide an interactive and targeted online platform that
satisfies the information needs of different stakeholder groups by the end of the project.

Work Package 1 "Market uptake of PIONEERS PORTable Innovations" pursues two main
objectives: 1. Develop PORTfolio of PORTable innovations: A documentary of all implemented
innovations within PIONEERS and all green port innovations identified by the innovation scouting
and assessed in WP 1. 2. PIONEERS Exploitation plans: Development of the exploitation and
dissemination strategies for the different PIONEERS results, aimed at maximising exposure and
transferability of the innovations.

In the third year of the innovation assessment Technology Scouting

s \ . . . inthe
activities in WP 1, the innovation scouting sy,
process was expanded and extended to more °
search areas. This expansion resulted in a l
comprehensive collection of over 250 s ——

innovations.
Pre-assessment for the
Innovation radar

In the overall workflow (see Figure 1), the
innovation scouting results need to be
structured and filtered. The Innovation Radar l
will support the structuring process by pre-

assessing the innovation scouting results with Selection with the support

an expert group and visualising the results on of the innovation radar

the radar in an easy-to-understand VISUAL ...
representation that offers valuable insights for St o e

| 1
port stakeholders in the identification and l ] - _ -

selection process of the most suitable 1 peone ansyss
innovations for their port operations. Assessment (&) (@) (=) (@) @)

In this regard, the Innovation Radar is an

important element of the WP 1 workflow. The l
further development of the PIONEERS
Innovation Radar is pursued by analysing PORTIolio ®

innovation radars of other industries in order to e
derive their most suitable elements for the Figure 1. Innovation scouting and Innovation radar process
purpose in PIONEERS. The results of the
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innovation radar scanning are utilised in the PIONEERS Innovation Radar, which is presented and
explained in Chapter 5. In a next step, 16 selected innovations out of the 250 scouted innovations
are picked to test and validate the PIONEERS Innovation Radar, which is described in Chapter 5.3.

The Innovation Radar will help port stakeholders to structure and pre-select innovations out of
the vast and fast-developing niches for further assessments (see Figure 2). The pre-selection is
an important step to focus the efforts of a detailed assessment on the most suitable and
promising innovations for the individual ports. The detailed assessment contains impact
assessment following the PIONEERS Assessment Framework of WP g or life cycle performance
assessments (LCPA), SWOT and PESTLE analysis, as well as business model development and
transferability assessments as performed in WP 8.

In this regard, the PIONEERS Innovation Radar shall serve as a helpful tool in the Green Port

Master Planning process by structuring and identifying the most promising innovations in the
niches.

Deliverable 1.3: Innovation assessment results of year 3 10
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3 Innovation scouting

3.1 Innovation scouting in year 3

As part of our innovation assessment in year 2 (deliverable 1.2) and the established process of
innovation scouting, different search areas guided the innovation scouting (as described in
chapter 3 of D1.2). For year 3, further expansion of innovation scouting was made, notably by
expanding search areas, with the goal of further developing the PIONEERS innovation radar. The
radar shall be tailored for use by port authorities and stakeholders, through clear, visual
prioritization and categorization of innovations based on multiple factors, such as readiness
levels, landscape pressures, or levels of opportunity.

Innovation scouting in year 3 is based on the following goals:

e Further work towards identifying innovations showing complementarity with those of the
PIONEERS Ports, thus offering perspective on the project's current strengths and
opportunities.

e Further work towards finding projects that aim to fill ‘white areas' left by PIONEERS
demonstrators, or in other words, identifying innovations that can add value to PIONEERS
by touching topics previously overlooked.

e Expansion of our set of search areas, with the aim of identifying innovations:

o From ports outside the EU or outside EU funding schemes.

o From outside port regimes, as by basing ourselves on Multi-Level Perspective
(MLP), we aim to explore niches (innovation groups isolated from the mainstream)
and analyse landscape factors (global or regional trends that push innovation).

3.2 Innovation scouting search areas and examples

We continued our technology scouting based on already identified and new search areas to
further expand the existing set of more than 100 scouted innovations. We sought out to bring
continuity and expand our research, shedding light on ‘white areas’ and unsuspected niches. At
the end of innovation scouting of year 3, we identified more than 250 innovations with potential
contribution to the green transition of ports.

In the following, the search areas of year 3 are introduced and described. In addition, we introduce
two examples for scouted innovations per search area to indicate the innovation type and level
of detail to be expected from the search area.

e The World Ports Sustainability Programme, an initiative by the International Association of
Ports and Harbours (IAPH), houses the WPSP project database' or WPSP Portfolio, that
includes a large set of innovations and projects categorised following interest areas detailed
below. The global reach is highly appreciable , the WPSP database presents entries

Project Database - World Port Sustainability Program
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geographically distributed across the world, and highly varied in scope and scale of
concerned undertakings. Furthermore, technical and precise information dominates its set of
entries, for it holds strong ambitions of coherence and relevance. Nevertheless, setbacks of
the WPSP database include it being limited to IAPH partner port- and self-published entries,
limiting the possibility to develop a realistic global overview, and the significant number of
outlier entries, most often the earliest ones, that do lack important information, especially
when it comes to post-project takeaways. This last element nuances the otherwise prevailing
ease-of-use of the database, making its exploration slightly more time-consuming.

The interest areas studied are the following:

o WPSP interest areas ‘Climate and Energy' and ‘Digitalization in Ports and Maritime

Transport Chain’

Being two interest areas providing innovations with high levels of complementarity

with PIONEERS Ports demonstrators, they were previously exploited in year 2's

innovation scouting. This year, we simply scanned them for updated figures and new

entries.

To illustrate the nature of innovations extracted from these respective areas, the

following are examples of them:

= The H2Ports project, unrolled at the Port of Valencia (Spain), consists of running
tests on Hydrogen Fuel Cells for integration to heavy-duty port equipment.
PIONEERS Demos #02 and #05 are also experimenting with hydrogen to limit air
pollution and GHG emissions from port operations.

= The "Port Spot” app, by Jade Weser Ports (Northern Germany), accessible from a
smartphone or PC, allows to speed up communication between port authorities
and barge skippers. This undertaking shows similarities with PIONEERS Demo #09:
IT platforms for planning multimodal transport.

o WPSP interest area ‘Infrastructure’

Innovations from this area work on challenges such as port flow efficiency

improvements, state-of-the-art facilities, circularity in infrastructure building, and

climate resilience. Entries here mostly hold strong complementarity with PIONEERS

Demos, with only the theme of infrastructure climate resilience being considered a

PIONEERS ‘white area’.

Examples of findings from this interest area include:

» The Dradenau logistics area in the Port of Hamburg (Germany) was built through
land reclamation by reusing dredged material from previous harbour maintenance
works, setting a new precedent for circularity in large-scale infrastructure works. A
comparison can be made here with the aims of the PIONEERS Demo #06: local
resource recovery for green, circular concrete.

= The Maritime Innovation Center Building, at the Port of Seattle (USA), is being built
to be a net positive energy facility, reusing salvaged building materials and
incorporating natural ventilation and water use efficiency solutions.

o WPSP interest area ‘Environmental care'

Deliverable 1.3: Innovation assessment results of year 3 12
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Entries from this area explore port initiatives for pollution abatement, resource

recycling and re-use, or biodiversity preservation. When it comes to complementarity

with PIONEERS Demos, this area concentrates on themes rather contrasting with them,

with biodiversity preservation for instance not being directly explored by PIONEERS.

Examples of innovations extracted from here include:

= The Green Button Trials at the Port of Brisbane (Australia) consist of testing a tool
to plan and optimise incoming vessel's speeds to attain best flow efficiencies and
limit air pollution. PIONEERS Demo #13: cargo flow prediction, for instance, similarly
works on previewing and adapting in- and outgoing flows.

= The electrification of the Inspection Vessel M/S Hamnen at the Port of Gothenburg
(Sweden) allows for battery power use over 90% of the vessel's operations. Several
PIONEERS Demos work towards electrification of port infrastructure, such as #07:
electric green last mile for on-site logistics operations, that focuses on terminal
tractors.

= The invasive species monitoring platform at the Port of Cotonou (Benin) pushes
towards coordinated efforts to limit this growing phenomenon, through a unified
approach and digital knowledge sharing.

o WHPSP interest area ‘Community building’

Innovations originating from this interest area allow to gain insights on sustainable

tourism practices, workforce development, or virtuous networks of port stakeholders.

Many of these are subjects are yet untouched by PIONEERS Demos, with exceptions

including sustainable tourism practices or mobility-centred undertakings.

Innovations having been scouted from this area include:

» The Korean-made Port Crane Initiative, from the Port of Busan (Republic of Korea),
consists of renewing heavy operations equipment through collaboration with local
actors, building know-how among workers and reducing external dependence for
strategic port elements.

» The GuideMeMarseille app (France), developed for use by daytime visitors
disembarked from cruise ships, allows to indicate less busy spots of the city, thus
offering a better touristic experience and alleviating pressure on fragile sites. The
approach here shows similarities with PIONEERS Demo #12: Mobility-as-a-Service
(Maa$) for a better port-city accessibility.

o WPSP interest area ‘Health, Safety and Security'
Exploring this interest area allows to build knowledge on the likes of port control and
inspection mechanisms, working conditions improvements, or cybersecurity. This last
subject is key for the safe operation of ports, as cyber-attacks are regularly considered
the highest risk factor of all (T. Notteboom and Th. Pallis's survey of 73 IAPH member
ports, conducted for the association?). Furthermore, this area sheds light on local

2https.//sustainableworldports.org/newly-upgraded-iaph-world-ports-tracker-identifies-major-
sustainability-and-market-trends/
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community and worker wellbeing, giving it a dominantly social aspect. Many

PIONEERS ‘white areas’ are explored here, and as such, the interest area brings

precious new angles and visions to the project.

Examples of innovations extracted from here include:

= Al-based Terminal Safety, developed at the Port of Halifax (Canada's Atlantic
coast), is a computer vision tool for proactive workplace safety, bringing data to
identify and mitigate potential risks.

» The Port of Rotterdam'’s (Netherlands) Flood Risk Management Programme
consists of analysing the widest possible set of climate change scenarios, to build
adaptation strategies and raise awareness among companies operating in the port
ecosystem.

The TRA VISIONS® Young Researcher Competition is a biennial transports innovation
conference and contest centred on diversity and equality, as it aims to shed light on high-
potential endeavours with academic backgrounds. The competition awards separately road,
rail, waterborne, airborne, and cross-modality projects, each with a junior and a senior winner.
TRA VISIONS innovations can be considered, following an MLP perspective, as niches, and
thus this competition shows strong relevance in the context of the PIONEERS innovation radar.
The results of the competition being decided by market expert juries, a high level of trust can
be put into TRA VISIONS findings. Furthermore, its waterborne innovations selection shows
commonalities with PIONEERS Demos, allowing to draw relations of complementarity with
them.

Some examples of encountered innovations include;

o The RESHIP project aims at reshaping hydrogen-powered vessels by redefining
energy-saving solutions and is complementary to PIONEERS's hydrogen-centred
demos #02 and #05.

o The CRISTAL project looks towards increasing the share of Inland Water Transport
(IWT) in Europe's freight operations mix, thanks to several methodologies developed
around Physical Internet, governance solutions and business models. The PIONEERS
Demo #15: inland automated vessels technology, shares common objectives with the
CRISTAL project.

The Transport Research and Innovation Monitoring and Information System* (TRIMIS) is a
project database powered by the European Commission's Joint Research Centre (JRC) and
aiming at the complete referencing of transport systems innovations in the EU. Its strong focus
on transport solutions limits findings in unsuspected niches but offers a highly exhaustive
understanding of the industry's best practices and fastest-growing trends. For instance, the
outstanding presence of alternative fuel infrastructure projects shows the wish by public and
private actors to implement such solutions in and outside the maritime industry. Additionally,

3 https.//www.travisions.eu/TRAVisions/
4 https.//trimis.ec.europa.eu/front
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TRIMIS offers regularly updated information on each project's stage of advancement,
facilitating sound understanding and transparency.
Examples of innovations scouted from the TRIMIS database include:

O

O

The Smart Maritime and Underwater Guardian is a digital underwater threats detection
tool that combines preexisting security infrastructure, underwater detection systems
and surveillance vessels in its analysis of port and port entrance waterways. This tool
touches the topic of port operations security, largely left untouched by PIONEERS
Demos.

The PressHyous project, or the project for pressurized hydrogen produced by high
steam electrolysis, aims to validate a highly pressurised solid oxide electrolyser lab-
scale device, and consequently to lower the operating cost of pressurised hydrogen.
Knowledge from this project may hold added value to the hydrogen-related
PIONEERS demonstrators.

Lower-scale, national, regional or local databases are a cornerstone of the innovation
assessment and the consequent building of the PIONEERS innovation radar, as they offer
insights into niches, but also landscape trends that may get less attention from larger
databases. Entries here provide a high level of detail and relevance to the areas they aim to
explore. Despite being limited in scope, they complement relevantly the industry-, EU- and
continent-wide databases above. Nevertheless, these databases have less recognition, as the
scale at which they work allows for less expert analysis and information fact-checking than
with TRIMIS or WPSP, for instance.

The main three local databases analysed during our innovation scouting are the following:

O

State of Green® is a database operated by a partnership of Danish public and private
entities called Innovation Fund Denmark. It includes renewable energy and circularity
projects from Denmark and Nordic countries alike, allowing to enrich our set of
scouted innovations with cutting-edge niches from those fields.
An example of an innovation scouted from the State of Green database is the following:
» |oT sensors were installed in the municipality of Halsnaes's water supply system
to monitor water pressure, hydrant activity and water levels, combining these
indicators in a centralised monitoring system, and thus building resilience to
droughts.
The Port of Rotterdam's ‘ongoing projects’ page® includes all projects undertaken in
the port or in collaboration with the port authority. Studying this set of innovations
allows to benchmark the most recent innovations from Europe's largest port, and as
such enriches our set of scouted innovations.
One of the innovations extracted from this database is the following:
* Pryme One is a recently opened recycling plant that transforms plastic waste
into raw materials for the chemical industry, with the Port of Rotterdam being
the cornerstone of the resulting circular supply chain.

5 https.//stateofgreen.com/en/
6 https:.//www.portofrotterdam.com/en/building-port/ongoing-projects
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o GreeNexUS’ is an EU-funded initiative for a novel approach to urban design, that
encompasses a variety of individual research projects led by doctoral candidates. With
one project directly concerning urban waterfronts, and many others showing
promising elements for port infrastructure, this search area constitutes a prime source
of niche innovations. A slight setback of GreeNexUS is the initiative's means and
consequent impact being low compared with the rest of our set of scouted
innovations.

An example of an innovation included in the GreeNexUS project is the following:

» The SUBLUS project, which name stands for Sustainable Bio-pavements for
Low-emitting Urban Surfaces, is developing an alternative paving solution that
makes use of bio-binders and artificial aggregates from recycled waste. Novel
binders are to be derived from waste biomasses, such as Neptune grass
extracted from seashore cleaning. A parallel can be made here with PIONEERS
Demo #06: local resource recovery for green, circular concrete.

e Finally, an open search was conducted on projects from the world's busiest ports, based on
figures presented in the 2023 One Hundred Ports Analysis by Lloyd's List® and with emphasis
on innovations less likely to appear in EU-based or -funded databases. This search method
is the best adapted to building a landscape overview of world port trends, with the global
importance of findings exceeding those of search areas previously discussed. Nevertheless,
the open search method confronts us with a highly limiting level of information scarcity and
shows its limitations in desk research-based innovation scouting.

The following are two examples of innovations extracted using this method:

o The Port of Hamburg Energy Cooperation initiative was implemented by identifying
underexploited sources of heat from port industrial activities and consequently
supplying the city's heat network.

o The Port Security Digital Apps Empowerment was an initiative by the Johor Port
Authority (Malaysia) to develop various digital tools, including for emissions reporting,
agile crisis management, or audit planning.

7 https:.//greenexus.unibo.it/
8 https:.//www.lloydslist.com/one-hundred-container-ports-2023
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4 Innovation Radars

Innovation is the process of creating and implementing new ideas, products, or methods. The
creative thinking in solving problems brings about significant improvements or changes in
technical or/and business aspects. In highly competitive and fast-evolving industries such as
high-tech and telecommunications, companies must be able to systematically monitor and
assess innovations to stay competitive. Technology and Innovation Intelligence (TlI) involves the
systematic collection, analysis, and communication of relevant information about emerging
innovations and technologies. An effective technology and innovation scouting with a long-term
outlook to anticipate future innovations and a practical focus on identifying current opportunities
and assessing their potential impact is required in TII.

The research-driven innovation approach facilitates effective innovation intelligence and
technology scouting through the application of a technology and innovation radar
methodology. This approach enables the systematic identification and evaluation of emerging
business and technological trends, offers insights into their relative maturity, and assesses their
strategic relevance to the organization. The radar overview interface displays the trends and
developments in a clear and intuitive structure, allowing stakeholders to quickly grasp key
insights. Innovations are ranked based on their relevance to the organization’s business their
stage of development, and their alignment with specific market segments. A structured rating
mechanism further supports decision-making regarding the optimal timing for adopting
innovations and informs the development of new products and services.

In general, an innovation radar is formed with three dimensions:

1. Segments
2. Development stage
3. Relevance / Impact

Segments imply the area of innovation. Segmentation could be based on technological areas
(e.g. access network, customer services etc. for telecommunications industry). The innovation
development stages are represented by the distance from the centre, and it can be based on
‘years-to-market” or research stages (e.g. research, conceptual, market launched). The relevance
of the innovation is typically indicated by the shape and colour of the icon on the radar structure
and represents the impact type and -severity (see Figure 2).
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Figure 2: Technology and Innovation Radar - Radar structure for the telecommunications industry

In sectors such as high-tech and telecommunications, it has been effective to use two distinct
types of radars based on the innovation's stage of development. A technology radar, which is
typically focused on long-term research and development, helping to identify early-stage,
emerging technologies. In contrast, an innovation radar that is geared toward innovations
nearing market readiness that is usually within a three-year timeframe. The innovation radar
highlights concrete products or services soon to be commercially relevant. This separation
between a technology-driven outlook and a market-oriented focus is also reflected in the
“Technologiekalender” (technology calendar) concept introduced by Bleck in 2004.

The Innovation Radar could play a crucial role in the port industry by offering a systematic
approach to discovering, evaluating, and applying innovations that boost competitiveness,
sustainability, and operational performance. It enables ports to spot advanced, emerging
technologies relevant to their operations. Insights into innovative technologies featured on the
radar can improve decision-making and enhance operational efficiency. Additionally, adopting
sustainable technologies based on their readiness levels helps ports lower their carbon emissions
and move toward greener practices.
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4.1 Innovation radars in different industries

The further development of the PIONNERS innovation radar involves several steps. In the first
step, available innovation radars of other industries and in scientific literature were identified and
analysed regarding how these radars are shaping the three dimensions of innovation radars
(Segments, Development stage and Relevance) and what we can learn for the further
development of the PIONEERS innovation radar. Therefore, the following chapters provide an
overview of the most relevant innovation radars that inspired the further development of the
PIONEERS innovation radar.

4.1.1 BMW Group Technology Trend Radar

The BMW Group Technology Trend Radarl1] identified cross-industry technology trends that are
expected to have relevance in the automotive sector and also go further to identify cutting-edge
innovations. BMW categorizes scouted technologies based on a structured framework that aligns
with specific strategic objectives, enhancing user navigation and decision-making.

The BMW Trend Radar also emphasizes the maturity and strategic relevance of technologies,
using a simplified and action-oriented classification system comprising the three categories
‘watch’ (the lowest maturity level, calling for observation), ‘prepare’, and ‘act’ (the highest
maturity level, calling for immediate anchoring of that technology in BMW's strategy). As shown
in Figure 3, "Generative Al" is the technology represented closest to centre of the radar are the
most impactful and the most strongly calling for action. This innovation “Generative Al" is used for
the product design, intellectual property generation, and voice-based user interaction. On the
other hand, the farthest technology from the centre of the radar was considered as least matured.
Here, Artificial General Intelligence (AGI) is a technology with very significant potential for sector
transformation, but its placement in the ‘watch’ category is due to the technology being in its
most primitive stages, with very little means of exploiting it yet.
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Figure 3: BMW technology trend radar

4.1.2 DHL Logistics Trend Radar

The DHL Logistics Trend Radar(2] serves as a vital strategic tool for both DHL and the broader
logistics community. The Radar highlights the importance of innovation and cross-sector
collaboration to understand emerging trends, anticipate disruption, and co-develop impactful
solutions. The Radar is built on a customer-focused and integrated research approach,
combining real-world insights from DHL's global teams with expert input from leading academic,
consulting, and policy institutions.

The DHL Logistics Trend Radar (see Figure 4) considers impact level, whether a trend is
technology- or business and society-related, as well as expected years until market adoption.
This rather high humber of criteria for trends placement in the radar allows for more information
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to be conveyed to the user in one quick look. Also, the detailed impact levels and the specific
numbers of years until market adoption are both signs of access to high-quality information on
DHL's side. For example, the business and social trend closest to adoption, also having a
‘significant’ impact, is the growth of e-commerce. Placing that specific trend in that precise spot
of the radar is supported, in a further article, by current and projected statistics (future cross-
border merchandise value, reported following two scenarios of varying ambition), and analysis of
worldwide dynamics (reports of growing popularity of Chinese online retail brands, notably in
North American markets). A contrasting example from the radar would be the "bio-based
materials”, a technology-based innovation expected to be adopted in a farther 5 to 10 years, and
considered to hold a limited impact, notably because of a set of clearly stated barriers to large-

scale market adoption.
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Figure 4: DHL logistics trends radar
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4.1.3 12 business innovation dimensions radar

“The Twelve Different Ways for Companies to Innovate” is a 2006 research article by M. Sawhney,
R. C. Wolcott and I. Arroniz, published in the MIT Sloan Management ReviewI3l. It builds up from
the concept of ‘innovation imperative', that had received attention from CEO of General Electric
Jeffrey Immelt, and that was becoming obvious in foresight of the 4™ industrial revolution.
Emphasizing that the business innovation happens in a significantly larger scope than that of
product or technological innovation. The relevance of innovation lies in its ability to create value
for customers, thereby contributing to the firm's success.

As the researchers considered that" customers are the ones who decide the worth of an
innovation”, the resulting radar below (Figure 5) is highly customer-centred. This appears to be a
misfit with the objectives of PIONEERS innovations, that PIONEERS work towards benefits for a
way larger and more complex set of port stakeholders, and that consider all three elements that
constitute sustainability: economic, environmental, and social wellbeing. Furthermore, here a
business innovation radar, is designed for assessing entire companies’ strengths and weaknesses
related to their innovation strategies, while the PIONEERS innovation radar will be designed to
include specific innovations with potential to transform port operations in a greener and
sustainable way.

OFFERINGS
(WHAT)
Brand Platform
Networking Solutions
PRESENCE CUSTOMERS
(WHERE) (WHO)
Chain Experience
Organization C\"E"tue
PROCESSES  -aPture
(How)

Figure 5: Business innovation radar and its 12 dimensions

Nevertheless, our process of creating a PIONEERS innovation radar will benefit from the insights
provided by these 12 innovation dimensions. Despite our work being based on sustainability
benefits of innovations, the dimensions underline the relevance of PIONEERS innovations'
compatibility with business strategy. To illustrate, the following are two examples of how the
business innovation dimensions can work together with PIONEERS's vision:
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e Presence: Ports may expand their reach by opening office outposts in inland areas such
as dry ports (Port of Los Angeles cooperation with inland hubs of the US Southwest to
manage congestion), or by building presence online (Port of Singapore app for
stakeholder appointments, payments or declarations). Both examples do expand the
ports' respective presence, but also encourage economic activity in areas peripheral to
the port for the first, and ease stakeholders' experiences in port operations for the second.

e Value capture: While this dimension is designed to define alternative ways of integrating
sources of revenue, it can also include innovations that transform value capture to support
sustainability initiatives. The Port of Vancouver, for instance, leverages its cash flows by
implementing its EcoAction Program that imposes tariffs on more emitting vessels and
offers discounts to less harmful ones, thus incentivising carbon footprint decrease.

4.1.4 Starburst innovation radar for the New Space economy

The Starburst innovation radar® is under construction in the context of the democratization of
space access, in which smaller companies can for the first time build novel business models, and
tech giants can unveil projects with ever-growing ambitions. Therefore, the radar's objective is to
‘distinguish valuable signals from mere noise”, or in other words, to analyse innovations and
technologies of the growingly competitive space exploitation sector. While still in works, many
announcements about the Starburst radar have been made concerning the factors entering the
tool's blueprint. The following is known about the radar:

e |t will build its understanding of the New Space economy on technology and market
notions, similarly to our PIONEERS radar.

e |t will include criteria such as investment flows, competition intensity, and customer
readiness level (CRL), a benchmark comparable to societal readiness level, that is utilized
in the present deliverable's innovation assessment.

e [t will aim to highlight the two main contributors to innovation in aerospace: military and
so-called ‘dual use’ (civil and possibly military) potential, and private market dynamics,
meaning commercial markets of meaningful size.

e |t will give weight to the technological, financial and regulatory barriers to innovation,
something rather inherent to the aerospace industry.

The Starburst innovation radar is set to work in many similar ways to PIONEERS's, with a distinctive
technology and market approach, readiness levels. This last field can give us strong insights onto
how the PIONEERS radar can approach high-barrier innovations such as those linked with
alternative fuels or unmanned vehicles, for instance.

Similarities between Starburst and PIONEERS can be explained by the profiles of aerospace and
maritime industries, both being technology-heavy and showing complex stakeholder relations.
We have nevertheless kept in mind the gap between challenges that the two industries face, with

9 (5]
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PIONEERS Ports being a more sustainability- and stability-driven project, following an EU- and
worldwide trend towards ports' environmental impact mitigation.

4.1.5 Zephram's Innovation Radar

Innovation consulting company Zephram's innovation radar*® was intended for decision makers
and organisation strategists such as innovation and technology managers. Its objective was to
allow its members to monitor external developments - trends, technology advancements, and
regulatory changes - to guide company action. This radar looks at two main criteria to plot its
factors:

Time horizons, the stages of relevance that trends are identified to be in, that call for
increasingly strong actions, namely “observe” for simple monitoring, “assess” for impact
potential evaluation, “prepare” for integration planning, and “act” for implementing change
based on the factor. Similarly to the PIONEERS innovation radar, time horizons are
represented with concentric circles with the centre being the highest point of relevance.

Sectors, that divide elements following the scope of their trend push, namely customers,
Information and Communication Technology (ICT), competition, government, society, and

others.

Observe

Evaluate

Prepare
®
Adopt @

MWawy 3009

Figure 6: the Zephram innovation radar

© https.//www.zephram.de/blog/innovationsmanagement/
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By aiming for similar benefits, the PIONEERS and Zephram innovation radars share strong
commonalities in terms of research criteria and managing obtained insights. Nonetheless, our
PIONEERS radar will offer different results, as it also focuses on Multi-Level Perspective (MLP)
approach, on unidentified opportunities from innovation niches, thus allowing to build bottom-up
and seize more varied chances to grow. An element to retain from familiarising with the Zephram
innovation radar will be its time horizons, expressed by calls for action and making the tool a
properly integrated innovators' guide.

4.1.6 The EU Innovation Radar:;

The European Commission (EC) had made substantial investment in supporting digital innovators
through Framework Programmes (FP) for their research and innovation. The methodology of the
Innovation Radar was originally described in a JRC report published in July 2015™ This helped EC
in understanding which of the innovations funded by them are well placed in market, has greatest
potential and has positive impact on citizens and society. The IR focuses on the identification of
high-potential innovations in the FP7, CIP and H2020 projects and the key organization in
delivering these innovations to the market. The Innovation Radar used the data obtained from a
survey conducted by DG Connect and the JRC during reviews of EU-funded projects. This data
helped to produce two key indicators: the Innovation Potential Indicator, which measures how
close an FP project is to commercialization, and the Innovator Capacity Indicator, which assesses
the capabilities of the individuals or organizations behind these innovations.

The Innovation Potential Indicator is composed of three indicators that represent crucial stages
in the innovation development process.

1. Innovation Readiness - This indicator assesses the technical maturity of an innovation and
its development stage, including activities like prototyping, testing, and feasibility studies,
as well as estimated time to market.

2. Innovation Management - This indicator evaluates how good the project consortium is
organized to bring the innovation to market, considering factors like intellectual property
management, business planning, funding acquisition, and user engagement.

3. Market Potential - This indicator examines both demand and supply side of innovations. It
also concerns about possible market demand and also barriers to entry, determining how
well the innovation meets customer needs and whether regulatory or competitive
obstacles may affect commercialization.

The Innovator Capacity Indicator measures two aspects of an innovator's capacity in successfully
conducting and delivering develop innovations:

4 https.//publications.jrc.ec.europa.eu/repository/bitstream/JRC96339/jrc96339.pdf
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1. Innovator's Ability: This indicator assesses an organization's capacity to innovate within
EC-funded activities, based on factors like maximum number of recognitions as a key
innovator. It also involves the reviewer's opinion about innovators potential and
independence in meeting market potential.

2. Innovator's Environment: This indicator evaluates the entire conditions within the project
consortium, including the involvement of partner organizations, the project's innovation
performance, and the presence of entities interested in exploiting the innovations. A
positive environment promotes knowledge exchange and innovation success.
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4.2 Learnings from the innovation radars of other

industries

The analysis of different innovation radars of other industries provided valuable insights and
learnings for the further development of the PIONEERS Innovation radar. Table 1 provides an
overview of the key takeaways.

Development

Relevance /

Segments Takeaway for PIONEERS
stages Impact
BMW 8 segments 3 stages: Not represented in | The multi-sector approach
with very the radar itself of the BMW innovation
general 1. Watch radar and scouting aligns
scope 2. Prepare well with the approach
ranging from | 3 Act within PIONEERS.
Health and Furthermore, maturity
wellbeing to levels and organisation
technology into objective-based
categories are both useful
elements for the
PIONEERS innovation
radar.
DHL 2 major 2 stages based | The relevance The integration of the
segments: on adoption scaleis relevance/impact
time: implemented into | dimensions into the
1. Social and the radar ranging innovation radar limits the
business 1. <5years from high in the top | number of segments and is
trends 2. 5-10 years area to low in the therefore not pursued for
2. Technolo bottom area. the PIONEERS IR.
gy trends However, the integration of
social and business trends,
and their potential impact,
apart from technology
trends shown in DHL
Innovation Trend Radar is an
inspiration for the
PIONEERS Innovation radar
to consider also the social
readiness level.
12 Business | The scope 6 stages No examples The 12 dimensions
Innovation comprises 12 | without any available underline the relevance of
business further innovations compatibility
centred specification with business strategy. In
segments this regard, the 12 Business
innovation radar shows the
need for the PIONEERS IR
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to be aligned with the
PIONEERS's vision:

Starbust

Work in
progress

WXork in
progress

Work in progress

The Starburst innovation
radar is set to work in
similar ways to PIONEERS:
With a distinctive
technology and market
approach, readiness levels.
The future insights onto
how to innovations are
approached might be
interesting to benchmark
with the PIONEERS IR and
derive learnings for the
further development.

Zephram

6 General
sectors

4 stages:

Observe
Evaluate
Prepare
. Adopt

DR

Not represented in
the radar itself

The Zephram innovation
radar share strong
commonalities in terms of
research criteria and
managing obtained
insights with PIONEERS.
An element to retain from
familiarising with the
Zephram innovation radar
will be its time horizons,
expressed by calls for
action and making the tool
a properly integrated
innovators' guide.

EU
Innovation
radar

9 different
innovation

types

Scoring
system with
the scale from
1-10 resulting
in 3 main
categories

Innovation

potential indicator

summarising the

assessment results

in terms of;

- Innovation
readiness

- Innovation
Management

- Market potential

The EU innovation radar
with its broader and multi-
dimensional concept of
Innovation Potential
Indicators with technology
and market readiness level
and the grading system are
a great inspiration for the
innovation radar of complex
port systems.

Table 1: Key takeaways from the innovation radar overview
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5 Concept for the PIONEERS Innovation
radar

5.1 Methodology

Identification Selection Assessment Production

=l

EO==i0m Fm mr‘

I %
B
I

Figure 7: Technology scouting and Innovation Radar - Effective Instruments for the Development of a Sustainable
Innovation Strategy*

The hereabove process graphic represents the standard steps of building an innovation radar.
These main four steps represent concrete stages that were followed in the creation of the
PIONEERS innovation radar, all of which will be detailed in this deliverable. These are the
following:

1. ldentification: defining scouting search areas to shed light on relevant innovations.
Selection: picking the best-adapted innovations from these search areas.

3. Assessment: building a set of criteria to objectively classify scouted innovations, in light of
introducing them to the radar.

4. Production: drawing the innovation radar with strong visual language and user data
accessibility in mind.

The first step, identification, began with a look into what search areas had been used previously
in year 2's innovation assessment work, and into what ambitions had been set at that time for the
present deliverable.

The year 2 innovation assessment's conclusion made a positive judgement of the scouting
method used, stating its efficiency in innovation niches monitoring. Consequently, ambitions were
set for year 3, during which scouting was to be expanded and scouted projects were to be
submitted to evaluation by an innovation radar.

2https.//www.researchgate.net/publication/206512294_Technology_and_Innovation_Radar_-
_Effective_Instruments_for_the_Development_of_a_Sustainable_Innovation_Strategy
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5.2 Innovation readiness levels and their representation in
an innovation radar

Once we had a set of selected scouted innovations, it was necessary to build a methodology for
assessing these, following innovation readiness. Indeed, a major part of organizing the innovation,
radar's hierarchization system was to build a framework to evaluate innovations' closeness to port
regimes, or in other words, how soon they are considered to be adoptable for full use by a port
authority.

To meet that end, we defined two priorities to follow in the elaboration of a readiness level
calculation methodology:

1. That it allows for simplicity and adaptability, as information scarcity was to limit the
objectivity and uniformity of available results.

2. That it considers multiple factors of innovation readiness, as to allow for results to be
technology-, market-, and people-centred.

Consequently, it was decided that our innovation readiness level would be constituted of three
components: technology readiness, market readiness and societal readiness. Furthermore,
despite the pre-existence of methodologies for defining these three features, we made in a way
to simplify, uniformise and adapt them to the maritime industry. We aim to transcribe below the
research we used and the changes we made to arrive at our final innovation readiness level
computation method.

5.2.1 Technology Readiness Level

Technology Readiness Level (TRL) is a tool first developed by NASA in the 1970s, that has since

become a globally adopted way of assessing a product's technological maturity. It is a

classification of technologies in which each numbered tier represents a specific stage of

development®,. The major adaptations we made for use in an innovation radar are the following:

e Bringing TRL to better cater to port-related technologies, but also to process-based
innovations, as hon-technological port transformations are relevant in our context.

e Giving importance to the terms ‘prototyping’ and ‘demonstrator’ to impose similar language
to what is employed throughout the PIONEERS Ports project.

B https:.//en.wikipedia.org/wiki/Technology_readiness_level
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e Simplifying TRL to give weight to four larger phases, rather than highly specific tiers, thus
rendering evaluation less vulnerable to information scarcity and results more accessible to
the reader.

We retrieved the basis to our adaptation of TRL from deliverable 2.2*4 of the H2020 project
CloudWATCH2, an initiative to push for adoption of cloud computing services. The tables below
show the project's original simplified TRL tiering system, followed by the scheme we settled for.

TRL | Description

o] Unproven concept and no testing

1 Basic principles observed and reported without evidence

2 Technology concept and/or application formulated

3 Initial proof-of-concept and stakeholder-validated offering

4 Small-scale prototype tested in a laboratory environment

5 Large-scale prototype tested in a relevant or real environment

6 Prototype system nearing expected performance

7 Demonstration system operating in real environment at pre-commercial scale

8 Technical processes and systems fully supporting and ready for commercial
activity

9 Full consumer availability of technology

Table 2: original simplified TRL tiering system from CloudWATCH2 project

4 https.//www.cloudwatchhub.eu/sites/default/files/CloudWATCH2_Mapping-of-EU-cloud-services-
solutions-and-technological-readiness_vFinal.pdf
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TRL phase | Description

0-2 e No testing

Idea e Preparative fundamental research

e Formulation of concept and application

3-4 e Partial testing in lab environment
Prototype e Full testing in lab environment
5-7 e Demonstrating in real environment
Demo ¢ Nearing expected performance
o Full use considered feasible and preparation for adoption
8-9 e Sound adoption

Use e Real added value measured and stable through time
Table 3: redrawn TRL tiering system for use in innovation radar

5.2.2 Market Readiness Level

Market Readiness Level (MRL) is crucial to innovation readiness computation, as it allows for the
grounding of scouted innovations in the reality of the market economy. Originally introduced in
the H2020 CloudWATCH2 project's deliverable 2.2, MRL was meant to complement the existing
TRL for enhanced accessibility to cloud computing services. Indeed, by considering factors such
as demand, business model validation, and market fit, MRL accounted for the inevitable market
aspects of technology development®. In the footsteps of CloudWATCH2, we sought out to make
MRL compatible with PIONEERS Ports innovations. Adaptations included:

e Adjusting elements of stakeholder engagement from the original MRL for cloud computing,
as it expresses sector-specific considerations such as sales figures, rather introducing port
facilities and port actors into the equation.

e Allthe changes mentioned in the TRL adaptation process.

The following tables show CloudWATCH2's original MRL framework, followed by the modified
version for use in the innovation radar.

MRL | Description

Need perceived within a market

Basic description of market need without evidence

User story and market need articulation

Initial offering written with pathway to completion
Small-scale stakeholder campaign run with 50 stakeholders

Afw|NMN|IFP|O

Bhttps.//www.cloudwatchhub.eu/sites/default/files/CloudWATCH2_Mapping-of-EU-cloud-services-
solutions-and-technological-readiness_vFinal.pdf
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Large-scale early adopter campaign run with 100 intended customers
Proof of traction with sales matching 100 paying customers

Proof of satisfaction with positive team and customer feedback

Proof of scalability with stable sales and understanding of market

Proof of stability with KPIs surpassed and predictable growth
Table 4: original MRL tiering system from CloudWATCH2 project

O|O|IN| OO

MRL phase | Description
0-3 e Market need detected
Idea e Basic adoption mechanism expressed
e Objectives defined
e Pathway defined
4-5 e Testing with involvement of port actors
Test e Testing in port environment
6-7 e Adoption in port operations
Use e Added value measured and stakeholder adoption
8-9 e Proof of satisfaction with in-port expansion
Scale-up e Proof of scalability with adoption in other ports or environments

Table 5: redrawn MRL tiering system for use in innovation radar

5.2.21 MRL rather than PIONEERS Commercial Readiness Level

Commercial Readiness Index*® or Commercial Readiness Level (CRL)V, depending on
publications, is a highly recognised indicator made to complement Technology Readiness. While
CRL and MRL share major commonalities, the most remarkable difference between the two is
their relationship with the aforementioned TRL. Indeed, while both study innovations' readiness
to enter markets, CRL builds its classification system more closely based on TRL; TRL and CRL
may be represented linearly, the second coming directly after the first. Figure 8 below illustrates
how, when TRL attains the high scores of 7 or 8, meaning a technology's readiness to launch at
full scale, its CRL journey begins at what is called the ‘start-up phase’ (transition from pilot to
commercial scale). As of CRL4, a technology is considered to be entering its post-project phase
of full market integration, with upscaling, varied commercial applications and growing access to
financing shortly following. While this classification system is perfectly adapted for assessing
PIONEERS Demos that all follow similar trajectories, for they are developed in a common context,
the same cannot be said for our scouted innovations. The choice of opting for a Market Readiness
Level analysis caters for the ambition of making our set of scouted innovations as diverse and

Bhttps:.//www.researchgate.net/publication/327185219_A_framework_for_assessment_of_Technologica
l_Readiness_Level_ TRL_and_Commercial_Readiness_Index_CRI_of_asset_end-of-life_strategies

7 https.//www.bindt.org/What-is-NDT/Index-of-acronyms/C/crl/
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overarching as possible. TRL and MRL, even if they have a high coherence, they remain
independent of each other in assessing innovations. Consequently, following TRL more loosely
by choosing MRL signifies a more comprehensive assessment of innovations from different
backgrounds. The best illustration of this is the large number of scouted niches from other
industries, that are already in full use outside of port ecosystems. Those are technologies may be
highly transferable to port operations but challenging to impose in what can be a strictly tied-up

system.

1 |

Development i I
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1 |
1 Pilot Scale Commercial | Supported Competitive
: Scale | commercial Commercial
1

Post project

exploitation

Figure 8: PIONEERS Demo Technology Readiness Level and, in its continuity, the Commercial Readiness Level, from the
PIONEERS project proposal

5.2.3 Societal Readiness Level

Societal Readiness Level (SRL) completes this set of innovation readiness evaluation criteria by

allowing for the inclusion of stakeholders' increasingly prevalent position in economies striving

towards sustainability. Developed by Innovation Fund Denmark, the tool allows to broaden our

assessment's scope by bringing focus on aspects such as social acceptance, ethics, and cultural

alignment. The original work by the Danish innovation fund is programmed for a wide use in

several sectors, rendering its SRL proposition easy to adopt®. We nevertheless made minor

changes to accommodate our scouted innovations, which are the following:

e In the absence of an SRL level 0 (zero), we added one for the sake of integration with our
existing personalised TRL and MRL.

o Despite already expressing SRL levels grouped into phases, the original work only included
three, with no phase designed to accommodate fully societally mature and scaling-up

8 https://innovationsfonden.dk/sites/default/files/2019-03/societal_readiness_levels_-_srlpdf
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innovations, something we sought to change - again - for better integration with our TRL and

MRL frameworks.

The following tables show Innovation Fund Denmark's original work on SRL, and the following

adaptations made for integration to our set of innovation assessment tools.

SRL

Description

Identifying problem and current societal readiness

Formulation of problem, proposed solution and its potential impact, expected
societal readiness, and identifying relevant stakeholders

Initial testing of proposed solution together with relevant stakeholders

Validation through pilot testing in relevant environment to substantiate
proposed impact and societal readiness

Proposed solution validated by relevant stakeholders in the area

Solution demonstrated in relevant environment and in cooperation with relevant
stakeholders to gain initial feedback on potential impact

Refinement of solution and, if needed, re-testing in relevant environment with
relevant stakeholders

Proposed solution and plan for societal adaptation complete and qualified

Actual project solution proven in relevant environment

Table 6: original SRL tiering system from Innovation Fund Denmark

SRL phase | Description
0-2 e Problem identification
Prepare e Current social readiness evaluation
e Relevant stakeholder identification
3-5 e Description of societal adaptation and integration plans
Test e Testing in lab environment with relevant stakeholders
e Testing in real environment with actual stakeholders
6-7 e Implementation
Apply e Dissemination and awareness
8-9 e Solution proven and acceptation as new normal
Grow e Long-term community improvements from solution

Table 7: redrawn SRL tiering system for use in innovation radar

5.2.4 Evaluation criteria for in-radar visualisation

Once these three criteria defined, we took on the task of presenting scouted innovations'
readiness levels in a way that allowed for efficient overviews and comparisons while
guaranteeing access to precise information. Indeed, the innovation radar was to be a means for

quick, visual scanning of current innovations, and in parallel a tool for in-depth analysis.
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To fit the MLP-based circular model chosen for the innovation radar, with in its centre the port
ecosystem, scouted innovations were to express their readiness level by their distance to the
radar's middle point. Thus, the three readiness levels were to be condensed into one average,
summarizing score.

To quantify collected data on technology, market and societal readiness, we opted for a points
allocation system, best adapted to assess all scouted innovations despite their diversity.

Points were allocated as follows:

TRL phase | Points MRL phase | Points SRL phase | Points
TRL 0-2 0 MRL 0-3 0 SRL 0-2 o]
TRL 3-4 1 MRL 4-5 1 SRL 3-5 1
TRL 5-7 2 MRL 6-7 2 SRL 6-7 2
TRL 8-9 3 MRL 8-9 3 SRL 8-9 3

These points were to enable attributing an average score for each scouted innovation. Average
scores were to all be comprised between 0 and 3 (included), and were all to be multiples of 1/3,
thus giving a set of 10 possible average scores for innovations to obtain. In preparation for use in
the innovation radar, average scores were organised into three colour-coded categories,
corresponding to the three areas of the radar's concentric circles. These categories and their
respective colours are the following:

Average scores range Colour attributed
O < average score <1 Blue
1< average score < 2 Yellow
2 < average score <3 Green

5.2.5 PIONEERS pillars and subcategories for radar

To bring further clarity to the innovation radar, it was decided early-on that the four PIONEERS
pillars would have an important role in the scattering of scouted innovations. The PIONEERS
pillars are the following:

e Clean energy production and supply.
e Sustainable port design.

e Modal shift and flow optimization.

¢ Digital transformation.

Keeping in mind the user journey and the importance of clear categorization of innovations, it was
chosen to introduce, for the needs of the radar, a set of subcategories to the four pillars. These
were elaborated based on the objectives that PIONEERS demonstrators and scouted innovations
work towards. Once grouped following their expected impact, scouted innovations were to be
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easier to identify to the user of the radar. As such, it was crucial to build a set of subcategories
that would be sufficiently precise to effectively classify innovations, while being exhaustive, and
offering in a couple of words a clear impression of what each project strives for.

The chosen PIONEERS pillar subcategories are as follows:

¢ In ‘Clean energy production and supply":

O

@)

Electrification, concerning projects for electrifying infrastructure and port
mechanisms with the phasing-out of fossil fuel usage in mind.

Renewable energy production, regarding projects for in-port production of
renewables, building autonomy and reducing fossil fuel usage.

Alternative fuel, concerning endeavours for introducing and developing
alternative fuels (such as hydrogen, biofuels, or methanol) production,
transportation and usage.

Clean energy use incentives, concerning projects that aim for new ways of
pushing port actors and further stakeholders towards responsible energy use.
Energy savings, involving efforts towards the limitation of energy consumption.

e In 'Sustainable port design”.

@)

Climate resilience, regarding innovations built purely to enhance efforts towards
climate change adaptation.

Accidents avoidance, concerning projects that increase safety for employees and
goods in port operations.

Security, concerning endeavours to fight against attempts to harm the good
functioning of ports, including cyberattacks.

Positive stakeholder networks, concerning innovative solutions for stakeholder
engagement in port operations, be it in decision making, integration of new talent,
or joint efforts towards sustainability.

Positive port networks, concerning efforts pushing towards lasting exchange and
collaboration between ports, leading to benefits such as learning, economies of
scale, or standardization.

Biodiversity conservation, involving projects for which the main aim is the
preservation or reintroduction of ecosystems, most often marine.

Impact measuring, concerning innovations that allow for better understanding of
port operations' effects on local ecosystems, surrounding communities or the
climate at large.

Circularity systems, concerning projects with the aim of introducing or developing
processes that engage in the circular economy.

e In‘Modal shift and flow optimization".

O

Communication channels, intended for projects that work towards enhancing
information exchanges between ports and various actors, most commonly
inbound ships, thus allowing for swift circulation.
Inter-modality, concerning innovations that strengthen capacity to transfer people
and goods from one transport mode to another.
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Ship downtime reduction, concerning projects which aim to limit periods of
unproductivity for ships, be it while waiting for access to the port or while docked.
Automation of physical operations, including innovations that bring efficiencies
by introducing automation to handling operations.

¢ In Digital transformation’.

O

O

O

O

Information exchange, involving projects that aim to fluidify existing
communication channels and push for new information sharing through digital
solutions.

Automation of administrative processes, concerning innovations that look into
digitizing official procedures such as bookkeeping or obligatory inspections.
Automation of business processes, concerning projects that build digital tools for
operations such as tenders or resource management.

Automation of physical networks, regarding innovations that offer and enhance
digital tools for automation in networks such as water supply, inland waterways or
transportation webs
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5.3 Results

5.3.1 Examples from scouted innovations

As a first stage, we tried to select 16 scouted innovations that are possible to be represented
under the pillars of PIONEERS. In Table 8: examples of scouted innovations and of their
assessmentTable 8 appears a list of potential scouted innovations represented over the port
innovation radar. The readiness level of the innovations were calculated based on the mean
average of the assessed readiness level of each MRL , TRL and SRL as described in the
methodology section (35). We also made a self-assessment on which sector the scouted
innovation could make particularly a positive impacts. The impacts were observed either
environmental or social , or economical as assessed from the available literature information for
each scouted innovations

Technological, market

Project PIONEERS pillar and societal readiness Area of impact | Potential impact
TRL8-9
ISMAEL loT Sustainable port design MRL6-7 Environmental |Medium (localised)
SRL8-9
TRL8-9
Kakao Talk chatbot Digital transformation MRL6-7 Social Low (limited scale)
SRL8-9
Warehouse 'Vision Modal shift and flow TRLE-7 , Medium
Picking' optimization MRL4-5 Economic (efficiency gains)
SRL3-5
. TRL5-7 .
RESHIP project Clean energy production MRL4-5 Environmental ng.h (energy
and supply efficiency gains)
SRLO-2
TRL5-7 .
Remote-controlled Sustainable port design MRL4-5 Economic-Social ngh. (.work.
drone network productivity gains)
SRL3-5
. TRLO-2 .
visiBIT asphalt Sustainable port design MRLO-3 Environmental Medlum energy
alternative savings)
SRLo-2
: o : : TRL8-9 . :
Friend Ship simulation | Clean energy production MRL6-7 Environmental- | Medium (energy
solution and supply SRL6-7 Social savings)
. TRL8-9 . -
Zero-to-hero mentoring Sustainable port design MRL8-9 Social Medium (building
programme corporate culture)
SRL8-9
Travalytics sustainable . . TRLo-2 Environmental- Low (limited
commutin Sustainable port design MRLO-3 Social scope)
9 SRL3-5 P
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. TRL5-7 . .
Hynetwci)rI;“hnyedrogen Clean 2232?: prcL)ductlon MRL4-5 Environmental H|gk;f/eer;ﬁ;%;t/)mlx
pip ppty SRL3-5
PAULA PortCDM » , TRL8-9 | Medium twork
. . Digital transformation MRL6-7 Economic-Social . .
implementation productivity gains)
SRL8-9
. TRL5-7 .
PEP platform, Green C Modal shift and flow Economic- . .
. L MRL6-7 . Medium (localised)
Ports project optimization Environmental
SRL6-7
Smartbolt digital cargo Modal shift and flow TRL3-4 . Medium
seal optimization MRL4-5 Economic (efficiency gains)
. . TRL8-9 High (truck
Charglgitmitr)ufskrsheavy Clean ear;]edrgsﬁ pr(L)ductlon MRL8-9 Environmental electrification
y PPty SRL6-7 pioneer)
Bio Huts for local fish . . TRL8-9 . Low (limited
ooulation Sustainable port design MRL8-9 Environmental scope)
PoR SRL6-7 P
Clean ener roduction TRLE-7
Eco Wave Power gyp MRL6-7 Environmental JLow (limited scale)
and supply
SRL6-7
. o TRL5-7 . .
Hinterland resilience Digital transformation MRL4-5 Social ngh (contlnet"lt—
model SRL3-5 wide undertaking)

Table 8: examples of scouted innovations and of their assessment

5.3.2 First sketches of an innovation radar

In general, we observed in literature review that Innovations are ranked based on relevance of
business, stage of development and segment. Segments are used to demonstrate the area of
innovation. Innovation development stage, indicated by the distance from the centre, and this
can be based on ‘“years-to-market” or research stages (e.g. research, conceptual, market
launched).

After the innovation scouting and the assessment of scouted innovations based on the scoring
system, we developed an innovation radar. Figure 9 shown below gives the pictorial
representation of the PIONEERS Innovation radar developed as part of D1.3. This radar structure
gives a visual representation of potential port innovations. The port innovation radar is designed
with 4 sectors representing the 4 pillars of our PIONEERS project. The 4 pillars of PIONEERS
includes, Clean energy storage and supply, Modal shift and flow optimization, sustainable port
design and Digital transformation. The innovation development stages were represented in
concentric circles based on the innovation readiness level. We adopted the innovation readiness
level of the scouted port innovations based on the mean average score of the technology, market
and social readiness level. It was considered that the innovation is close to the port ecosystem if
the Innovation readiness level (IRL) >2 and we represented this region as green in colour. Similarly,
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if the Innovation readiness level is between 1 and 3 ( 1<IRL=3) , those innovations are represented
a bit far from the port and the region is represented as yellow in colour. When the innovation
readiness level IRL<1, scouted innovations were placed quiet far from the port and the region is
represented light blue in colour.

The positive impact in environmental, social and economic aspects were also represented in
terms of different shape, size and colour while tagging the scouted innovations over the radar.
The impacts of the scouted innovations were identified from the literature review of individual
project descriptions.
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Figure 9: PIONEERS Ports innovation radar sketch with examples of 16 innovations
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6 Conclusion and next steps

During the third year of innovation assessment activities in WP1, the expansion of the innovation
scouting process to new search areas led to a broad and diverse collection of over 250
innovations. To effectively structure and filter these results, the PIONEERS Innovation Radar
plays a central role by enabling expert pre-assessment and providing a clear, visual
representation that supports port stakeholders in identifying and selecting the most suitable
innovations for their specific operational needs.

Building on insights from innovation radar models in other industries, the PIONEERS Innovation
Radar integrates the most relevant features to meet the project's objectives. Its functionality is
being tested with 16 selected innovations in terms of practical applicability and value for end
users.

As an integral component of the WP1 workflow, the Innovation Radar acts as a crucial pre-
selection tool, guiding stakeholders toward the most promising innovations before detailed
assessments such as impact analysis, lifecycle performance, SWOT and PESTLE evaluations, or
business model development are conducted in subsequent work packages.

In addition, the PIONEERS Innovation Radar will serve as a strategic and user-oriented
instrument within the Green Port Masterplaninng process, helping ports navigate emerging
innovation niches and accelerate their green transition through informed and focused decision-
making.
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