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PREFACE:
CONNECTIONS
ACROSS THE SRIA

The present document is part of the overarching Strategic Research and Innovation Agenda (SRIA)
of Waterborne TP, which includes a set of documents focusing on some key segments and topics
of the European Waterborne Sector. This paragraph outlines the connections between the overall
documents composing the strategic roadmap of the European Waterborne Sector, namely “Ships &
Shipping”, “Blue Growth”, “Ports & Logistics” and “Transversal Aspects”.
As mentioned above, each document covers key segments of the European waterborne sector
and sets out the roadmap of solutions and technologies to be delivered in order to achieve the
overall objectives of the sector. As a consequence, it is not possible to deal with a given solution or
technology within one single document, since they are all interrelated and complement each other.
The list set out below is designed to guide the reader by identifying the main connections across
the documents composing the SRIA.
Digital technologies may find different applications in waterborne manufacturing processes,
onboard ships, at ports, and for the exploitation of data sciences for Blue Growth. We have not
mapped the transversal connection across “Ships & Shipping” (including the SRIA of “Zero Emission
Waterborne Transport”), “Blue Growth” and “Ports & Logistics”, since digitalization pervades all
aspects of waterborne and interconnects assets, operations and stakeholders. These will cover
all aspects of digitalization, from sensorization and Internet of Things (IoT), to cybersecurity
and big data and the application of Artificial Intelligence in different cases. The reader will find
complementary aspects of digitalization across all documents.
Digital Twin technologies represent another transversal field of application of digital technologies
across different fields, enabling a closed loop connection between different phases, such as design
and operations. It may be applied to any asset under operations, such as a ship, a platform, or a
port. For this reason it will appear with different specificities across all parts of the Waterborne TP’s
SRIA.
Technologies supporting autonomous operations have commonalities in “Ships & Shipping” and
in the “Blue Growth” chapters. In the former they support the highest degrees of autonomous
navigation, whilst in the latter they find applications in Unmanned Vehicles. Clearly, the application
is completely different, even though underlying technologies have both commonalities and
complementarities. The area of application differs, thus creating the need for a specialization.
Robotization is another area which is implemented with different applications in the various
chapters. In shipyards and in the factories of equipment suppliers covered by “Ships & Shipping”, it
facilitates and increases production, whereas with regard to “Blue Growth” and “Ports & Logistics” it
supports seamless and faster operations at sea or in ports.
Design and simulation tools for manufacturing may indeed be applied to several application fields,
such as ships and waterborne infrastructure. A specific focus on these tools is described in “Ships
& Shipping”, whereas in the document on “Blue Growth” the focus is limited to their application to
specific products.
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The ambitious objectives of the European waterborne sector aim at fostering the green and
digital transition of the sector, across all its segments. This will lead, for example, towards a more
connected and automated waterborne transport, a Digital Ocean or zero emissions ports. In
parallel, some regulatory barriers and social issues will emerge that have an influence on the
overall waterborne sector. Indeed, the green and digital transformations not only require some new
technologies and solutions, but they also necessarily require an enabling regulatory framework,
which will determine the paradigm shift of the sector. Furthermore, transition will also entail new
social challenges that may be tackled in a horizontal way and with a global perspective, e.g. through
upskilling and reskilling processes.
The main regulatory gaps and social issues are referred to in each document composing the
present SRIA, while the document on Transversal Aspects has the ambition to set out a strategic
roadmap that will address these challenges.
In conclusion, the waterborne environment requires integration amongst different segments
of the sector and between its stakeholders. Waterborne TP intends to support this integration
by facilitating an organic and synchronized development of technologies along the entire value
chain. Digital technologies fostering synchro modalities, supporting digital twins of waterborne
infrastructure, data sharing and management therefore merely represent some examples of the
complexity of these cross relations between the segments. Waterborne TP aims at addressing all
of these complexities through a coordinated programme that will guide towards the achievement
of the overall objectives of the sector.
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Achieving carbon-neutrality, persistent monitoring and digitalisation
of seas and oceans, along with a sustainable use and management of
marine resources
According to the definition of the European Commission1, Blue growth is “the long term strategy
to support sustainable growth in the marine and maritime sectors as a whole”. In the context of
Waterborne TP’s Agendas2, Blue Growth – unless otherwise specified – is to be understood to also
include the activities related to inland waterways and lakes.
This Strategic Research and Innovation Agenda (SRIA) aims at setting the pace for Blue Growth
sustainable development. The main barriers and challenges at this stage primarily concern marine
and maritime environment, which therefore represent the focus of the strategy. Nevertheless,
RD&I solutions delivered through this SRIA will contribute to the overall scope of Blue Growth and
give due consideration the close interaction between land-coastal-ocean.
The activities described in the following part of this SRIA concern the Blue Growth area of
Waterborne TP.
The “Blue Economy” is already facing a difficult choice which will become more challenging in
the coming years: whilst resources will be increasingly necessary for food, energy, medicines,
transport, urbanisation and jobs, their increasing exploitation will put more pressure on
marine ecosystems, which are already straining under the weight of anthropogenic impacts
(pollution, rising water temperatures and consequent sea level rise, loss of biodiversity, growing
acidification, etc.).
The most effective response to the dilemma is probably a balanced portfolio of measures including
technological breakthroughs and deployment of existing high-TRL solutions, the development
of suitable regulatory environments and close interaction with civil society while scientific
understanding of the ocean and its ecosystems is gradually improving. Moreover, the promotion of
security, protection and inclusion, along with innovative technologies for people working and living
at sea – i.e. in coastal areas, as well as on offshore platforms, – will be key in transforming human life
and activity in the waterborne environment for a sustainable Blue Growth-based economy.
For these reasons, this Strategic Research and Innovation Agenda (SRIA) sets out three core
research objectives, reflecting the key challenges to be tackled by the Waterborne TP on Blue
Growth, including several impacting technologies that can cope with the sustainability challenges:
“blue technology” for the sustainable “blue economy”.
Knowledge of seas and oceans, coastal areas and marine ecosystems presents interconnections
with all the six Clusters of Horizon Europe. Indeed, it deals with the “climate, energy and mobility”,
“food” and “health” clusters through the necessity of understanding both the processes that bind the
supply of ecosystem goods and services to biodiversity and the mechanisms that give resilience
to climate and global changes. Furthermore, “security for society” for the protection of the coastal
areas and “culture, creativity, and inclusive society” - since the sea is always a source of artistic
inspiration and cultural growth – are also focal points. Eventually, these activities connect with
“Digital, Industry and Space”, since the development of sustainable technology by ocean industries,
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in line with, and supporting, the objectives of the Partnership ‘A climate neutral, sustainable and
productive Blue Economy’, is the fundamental key element towards the creation of a climate
neutral and sustainable Blue Economy to deliver innovation and employment.
The three core activities identified are:
1. Seas and Oceans for CO2 Neutrality: contributing to the decarbonisation process
through development and demonstration of deployable, competitive and sustainable
technological solutions for energy transition.
2. Sustainable use and management of marine resources: addressing sustainable
exploitation and exploration of oceans, seas and coastal areas to provide new resources
(ranging from raw materials to products, including food) developing ocean planning and use
models.
3. Persistent monitoring and digitalisation of seas and oceans: addressing the
assessment, development and exploitation of digital-based knowledge input for multipleuse purposes (e.g. simulation of the effects of decisions relating to the management and
use of the marine environment, etc.) based on multiple-source heterogeneous data.
Short, medium, and long term research priorities and the enabling technologies to achieve these
objectives are defined below.
The need to reinforce research infrastructures (software and hardware laboratories), training
and capacity building (human resources dedicated to science and technologies on blue growth)
and knowledge exchange (a multidisciplinary index), for each core theme, is highlighted in the
following Table.
Disciplinary
themes

Activities

Seas and
Oceans for
CO2 neutrality

Sustainable
use and
management
of marine
resources

•
•
•

•

•
•
•

•

Persistent
monitoring and
digitalisation of
seas and oceans

•
•
•

Ocean energy
Carbon capture, transport and
storage technology
Carbon utilisation technology:
recycling and valorisation
Sustainable solutions for
construction and reuse of
offshore platforms
Offshore aquaculture
Deep-sea mining
Planning and managing
sea use - Maritime Spatial
Planning (MSP)
Planning and managing sea
use - Maritime Surveillance

Digital Ocean
Sensors and tools for digital
transition
Marine Robotics

Research
Infrastructures

Capacity
building

Knowledge
exchange

high

medium

high

high

medium

medium to high

high

high

medium to high

low

medium

medium

medium
high
low

medium
high
high

medium
high
high

medium

medium

high

high

high

high

high

high

high

medium

high

high

Moreover, a preliminary survey on the current status of regulations and standards for marine
activities has been developed, aimed at promoting an overall view of the general frameworks for a
sustainable Blue Growth-based economy (see Transversal Aspects section).
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SEAS AND OCEANS FOR CO2 NEUTRALITY
The transition from fossil fuels to renewable energy production may not be sufficient to reduce
CO2 emissions to the extent necessary to achieve the objective set out by the Paris Agreement,
i.e. to keep the temperature increase well below 2°C above pre-industrial level. Therefore, the
energy system will be required to generate “negative emissions” by producing bio-energies with
CO2 Capture and Storage (CCS). In this context, the geological offshore environment is the most
promising for the implementation of CCS in Europe.
Therefore, this activity is subdivided into three research themes:
1) Ocean energy, contributing to the decarbonisation process by energy harvesting from the
marine environment.
2) CCUS technology, exploring innovative capture, transport and storage systems for CO2.
3) CO2 conversion, introducing a new approach for recycling and valorisation of processes
involving CO2 emissions.

RELEVANCE
Sustainable energy systems will progressively integrate more diverse energy sources and
will be based on distributed generation, fostering the development of innovative and smarter
technologies. In this context, Ocean Energy has a great potential for the transition to a low-carbon
energy system, but significant cost and time reductions are still needed. Besides, large-scale
demonstration projects are fundamental to drive its development from basic and applied research
to the market. Therefore, new plants should be designed and operated paying attention also to
the protection and promotion of biodiversity, thereby favouring the adoption of an ecosystem
approach. Potential conflicts may arise between Marine Renewable Energy (MRE) installations
and other uses of the sea, such as transport and tourism, but potential synergies have been
already identified, particularly concerning the capacity of offshore energy infrastructures to
create artificial reefs that can provide new habitats, increase biomass in specific areas and allow
aquaculture plants to grow.
In addition to increasing renewable energy and promoting energy efficiency and conservation,
capturing and storing CO2 is a potential way to achieve large-scale reductions in emissions,
investigated for more than 20 years and deployed today in a limited number of large-scale projects.
A complete CCS system relies on three technological components: capture, transport and storage
(including connected constant monitoring activities). Ships today are cost-effective options for
offshore transport only if the CO2 has to be moved more than 1,000 miles or so3.
On the other hand, CO2 conversion requires a carbon-neutral cycle involving conversion of CO2
from various sources/emissions into renewable organic fuel, using the excess of renewable
energy. In this framework, CO2 and water are the substrates used to produce methanol, dimethyl
ether, syngas, ethanol, biodiesel etc. as renewable fuels to replace conventional fossil fuels in
waterborne applications. Accordingly, carbon dioxide is progressively seen not as a problem,
which may only eventually be solved by capture and sequestration approaches, but rather as a
resource, i.e. a significant and critical substrate useful to the efforts being made to move towards
a sustainable future. The processes involved are essentially related to power-to-fuel, e.g. carbon
dioxide recycling by using advanced CO2-H2O co-electrolysis systems and microalgae-mediated CO2
capture and biorefinery. It should be noted that offshore platforms provide efficient environments
for growing microalgae.
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INNOVATIVE ASPECTS
Ocean energy
OCEAN
ENERGY

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

CCS TECHNOLOGIES
AND CO2 CONVERSION

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

ENERGY
PRODUCTION,
STORAGE, AND
DISTRIBUTION

Energy production concepts (models for wind/tidal/wave)

PLANNING AND
MANAGING SEA USE

Control systems
Smart energy
management system

Energy storage concepts (models for wind/tidal/wave)

Sustainable solutions
for construction and
reuse of offshore
platforms

Overall ocean energy scenario analysis

STORAGE
SYSTEMS FOR
INTEGRATED
PLANTS

Methodologies for
identification of
installation sites

Sustainable plant
integration in marine
environment

Life-cycle
methodologies for
plant design and
assessment

MARINE
ROBOTICS

Carbon capture
technologies and CO2
conversion

Smart grids modelling

Energy storage concepts (models for wind/tidal/wave)

LIFE-CYCLE
PLANT DESIGN,
ASSESSMENT,
AND MAINTENANCE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

Offshore aquaculture

Robust, flexible
and resilient plants

Max. life-cycle
end-of-life value
Optimal layout

Efficient and
sustainable platforms
intelligent monitoring
and maintenance

Deep-sea mining
Planning and
managing sea use
Digital ocean

Business models
Strategies for integrated
energy storage systems

System integration

Sensors and tools for
digital transition

Standardization
of storage solutions

Marine robotics

Efficient synergies
for plants multi-use
Integration
TIMELINE

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

In the short and medium-term, it is essential to both improve the technologies and devices for
the production, storage and distribution of energy and for the integration of different forms
of renewable energy (wind-tidal-wave, solar) and to devise methodologies for the choice of
installation sites, taking into account the mitigation of the impacts of the structures on the
marine environment. For the short term, the design of plants, including end-of-life effects on the
marine environment, is foreseen. Finally, for the medium term, fostering rapid innovation of the
storage systems is seen as a significant factor leading towards greater energy system integration
of renewable energies. To support the sector in the development of robust, flexible, and resilient
plants, advanced computational methods must assist in the design, assessment and optimisation
of the single energy device, as well as of the plants. Furthermore, the integration of these methods
with the extensive use of sensors (e.g., sensors everywhere) and tools for digital transition (e.g.,
predictive analysis, artificial intelligence and everywhere computing) can lead to the development
of digital twins for the single devices and plants to be used both in design and in operating
conditions. Advanced materials coupled with marine robotics for devices/plants inspection and
maintenance will contribute to enhancing the lifespan of the operative devices/plants.
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Carbon capture and storage technology

OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

CAPTURE, TRANSPORT
AND STORAGE

The transport and storage scenarios regarding the choice of technology choice depending
on institutional barriers and social awareness, has to be explored for short to medium term
applications (also see the documents on “Ports & Logistics” and “Transversal Aspects”).

Scenario
analyses:
strategies for
large-scale
carbon capture,
transport, and
storage
systems
implementation

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

MARINE
ROBOTICS

Ocean energy
Institutional
barriers and
societal
acceptance

Standardization
of carbon
capture,
transport,
and
storage
solutions

Technological component development for CO2 capture
Technological component development for CO2 transport

Components
integration

Technological component development for CO2 storage

Sustainable solutions
for construction and
reuse of offshore
platforms
Planning and
managing sea use
Digital ocean

RECYCLING AND
VALORIZATION

Scenario
analyses:
strategies for
large-scale
carbon-neutral
cycle
implementation

Development and assessment of efficient
methodologies for multiple-sources CO2
conversion into renewable organic fuel using
renewable energy excess

Sensors and tools for
digital transition

Advanced CO2-H2O co electrolysis systems development

Marine robotics

Microalgae-mediated CO2 capture and biorefinery

Breakthrough solution to sustain recycling and valorization processes

Efficient synergies for
multi-use platform
Integration

TIMELINE

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

CO2 conversion
There are several challenges in the field of CO2 conversion that require breakthrough solutions,
such as: i) the chemical inertness of CO2, especially at low temperatures, ii) the need to develop
economically competitive processes using non-critical raw materials, iii) improving microalgae
growth rate caused by the sensitivity to local climatic conditions, iv) large energy requirements for
mixing during growth, v) low volumetric productivity, vi) the need to handle large quantities of water,
vii) poor harvesting and conversion efficiency.
For the medium term, the development of renewable energy-assisted CO2 reduction, such as
CO2 - H2O co-electrolysis processes, should be pursued as a means to produce renewable fuels,
in a carbon-neutral cycle, for waterborne uses. At the same time, innovative approaches based
on photosynthesis processes (e.g. microalgae, biochar) for enhanced biofuel production must be
developed.

SUSTAINABLE USE AND MANAGEMENT OF MARINE RESOURCES
Economic activities resulting from the exploitation of sea and ocean resources must be carefully
managed to maintain and increase their value by preserving the ecosystem. The path towards
the sustainable use and management of marine resources includes several actions, such as
the conversion of activities that have previously adversely affected the health of ecosystems
into sustainable processes, the development of new sectors and applications based on
clean operations and technologies and the support of cross-sectorial integration tools and
methodologies.
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The following activities can contribute to these general objectives:
1) Sustainable solutions for construction and reuse of offshore platforms, providing
nature-based solutions for structures at sea.
2) Offshore aquaculture, fostering innovation and sustainability of the aquaculture sector.
3) Deep-sea mining, exploring the possibility to exploit deep-sea resources in a
sustainable way.
4) Planning and managing sea use, providing tools supporting integrated ocean
management.

RELEVANCE
Sustainable solutions for the construction and reuse of offshore platforms/infrastructures
have recently attracted great interest, representing a significant opportunity for the integration
of various user functions in a single unit. New built platforms, along with the reuse of older ones,
might be used in support of the increasing number of operations at sea, hosting – as an example
- ocean energy and (or) aquaculture installations, or as supply stations for autonomous vehicles.
Both new builds and converted platform design and assessment should be defined, including lifecycle methodologies which also consider decommissioning costs.
The EU Blue Growth strategy recognises aquaculture as one of the sectors that can lead to the
growth of the blue economy and bring benefit to European citizens through new employment.
This sector needs to be harmonically developed with the ecosystem, thus preserving, monitoring
and managing finely balanced ecosystems. However, the industry is challenged by the scarcity of
sustainable fish feed, high-risk operations, environmental loads and disease outbreaks. Technology
can help in addressing some of these issues, supporting the development of sustainable and
responsible aquaculture. There is an increasing interest in moving coastal farming to offshore
sites to avoid conflicts with other activities, limiting exposure to diseases and parasites from
neighbouring farms and otherwise reducing environmental impacts. Therefore, the experience
gained in the field of offshore technologies can be used to develop new design concepts for farms,
apply new methods of analysis and innovative technologies for the safety and resilience of these
new structures at sea. The concept of ad hoc multifunctional platforms implemented, or converted,
from existing platforms, is very relevant, since it will enable the hosting of different activities from
energy extraction to aquaculture.
The ocean seabed is largely unexplored and preliminary deep-sea mining explorations have
revealed the presence of raw materials which are essential for the green economy (e.g. polymetallic nodules, sulphides, cobalt-rich ferromanganese crusts, methane hydrates). Their
concentrations are generally much higher than those found on land, a fact that may represent - in
the future - a solution to the increasing demand for mineral resources and supply risks.
The planning and managing of sea uses is becoming of prime importance since the coexistence
of multiple economic activities needs to be carefully planned to avoid conflicts and promote
synergies, while preserving the marine ecosystem. Therefore, the development of good practices
for Maritime Spatial Planning (MSPs) is an urgent task for seas and oceans that requires a
multidisciplinary effort to create supporting tools able to integrate many different aspects and
disciplines, including socio-economic and political conditions. Fair regulation and enforcement
is essential to coordinate and manage the competing demands in the marine environment.
The protection of marine resources (illegal fishery control, oil spill detection, environmental
degradation monitoring etc.), food security, transport safety and the monitoring of critical maritime
infrastructures (renewable energy and offshore aquaculture platforms) are crucial to allow
sustainable growth of the blue economy.
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Sustainable solutions for construction and reuse of offshore platforms
CCS TECHNOLOGIES
AND CO2 CONVERSION

BUSINESS MODELS
DEVELOPMENT AND
ASSESSMENT

OCEAN
ENERGY

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

MARINE
ROBOTICS

Ocean energy
Environmental
sustainability
parameters

Integrated models for
analysis and evaluation of
decommissioning projects

Platforms
Carbon capture
technologies and CO2
conversion

Business models
Services (ships, etc.)

SUSTAINABLE
DESIGN
(LIFE-CYCLE)

Offshore aquaculture

New materials,
technologies, and
processes

Sustainable design
and assessment
methodologies

Robust, flexible,
and resilient
platforms

Deep-sea mining

Max. life-cycle
end-of-life value
Min. end-of-life
environmental impact

Planning and
managing sea use
Digital ocean

MONITORING AND
MAINTENANCE

Efficient and sustainable
platforms
intelligent monitoring
Integration of technologies
Efficient and effective
predictive methods for platform
analysis and decommissioning risks

Sensors and tools for
digital transition

Cost efficient
maintenance

Marine robotics

Efficient synergies
for multi-use platform
Integration

TIMELINE

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

The main activities envisaged relate to the development of models for design and assessment
of new constructions and conversion/reuse of already installed platforms, taking into account
the main environmental sustainability parameters and including identification of installation
sites, life-cycle methodologies and decommissioning costs. In the short term, new materials
and technologies should be integrated in the design and construction of new platforms, taking
into account the minimisation of the end-of-life impacts, as well as the deterioration effects
on those already installed. Both aspects should be identified and included in the design/
maintenance processes. Moreover, efficient and sustainable technologies for maintenance and
intelligent monitoring of platforms, as well as predictive methods for knowing their status and the
decommissioning risks, must be developed through the support provided by marine robotics (e.g.,
monitoring and inspection). Studies for floating, multi-use synergies island concept design and
demonstrator, might also be carried out.
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Offshore aquaculture
OCEAN
ENERGY

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

BUSINESS MODELS
DEVELOPMENT AND
ASSESSMENT

CCS TECHNOLOGIES
AND CO2 CONVERSION

Development and
assessment of
ecosystem-based
plant models

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

Identification of plant
location characteristics

Ocean energy

Sustainable plant integration
in marine environment

Sustainable solutions
for construction and
reuse of offshore
platforms

Business models

LIFE-CYCLE
PLANT DESIGN
AND ASSESSMENT

Cost analysis

TECHNOLOGIES
FOR MAINTENANCE
AND MANAGEMENT

Life-cycle
methodologies for
plant design and
assessment

MARINE
ROBOTICS

Max. life-cycle end-of-life value

Planning and
managing sea use

Optimal layout

Digital ocean

Min. environmental impact

Sensors and tools for
digital transition

Robust, flexible and
resilient plants

Marine robotics

Efficient innovation
for intelligent monitoring
Integration of technologies
Efficient and intelligent innovation
for production management

Cost efficient
production
management
and maintenance

Efficient synergies for
multi-use plants/platform
Integration

TIMELINE

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

The knowledge of the ecosystems in which the offshore aquaculture plants are located, for both
abiotic (e.g. currents, thermosalinity, etc.) and biological variables (from productivity to the natural
recycling of elements), represents a fundamental research objective in the sector. Technological
innovation will focus on reducing the environmental impacts of existing plants, while improving
maintenance and operativity through intelligent autonomous vehicles and ICT. The development
of dedicated ecosystems models, including plant locations characteristics, environmental impacts
and costs, must be developed. Besides, intelligent support systems based on tools for the digital
transition must be realised and assessed to assist the management of the production.
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Deep-sea mining
OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

SAFE AND SUSTAINABLE
EXPLORATION MODELS

Development and assessment of
sustainable exploration models

Development and assessment of
sustainable exploitation models

PLANNING AND
MANAGING SEA USE

Development and
integration of
supporting
technologies
for deep-sea

Development of
models for cost
assessment

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

MARINE
ROBOTICS

AUVs, ASVs, ROVs, …

Sustainable solutions
for construction and
reuse of offshore
platforms

Systems for deep
underwater communication

Planning and
managing sea use
Digital ocean

Sustainable management
of deep-sea

REGULATORY
FRAMEWORK
DEVELOPMENT

TIMELINE

DEEP-SEA
MINING

Tools & methodologies for real-time
data monitoring, sharing, and control
Adaptive energy management system

Scientific studies and understanding of the
activities impacts on the deep-sea
environment

2021

2022

2023

Sensors and tools for
digital transition

2024

Marine robotics

Regulatory
framework
development and
assessment for sea
and deep-sea
mining exploration
and exploitation

2025

Efficient synergies
for multi-sectorial
integration of
approaches
and technologies
Integration

2026

2027

2028

2029

2030

2031

Approaches will be developed for safe and sustainable exploration and exploitation, with minimum
and reversible environmental impacts. This will include the development and assessment of
dedicated autonomous underwater vehicles and remotely operated vehicles, as well as the
development of new communication systems. The necessary regulatory framework and industry
standards also need to be defined in collaboration with the scientific understanding of the impacts
and relevant synergies with other sectors.
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Planning and managing sea use: Maritime Spatial Planning and Maritime Surveillance
OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

Ocean energy

MARITIME SPATIAL PLANNING

Scenario analysis

Development
and assessment
of analysis
models for
single economic
sector

MARINE
ROBOTICS

Development
and assessment
of advanced
models
integrating
relevant sectors

Relevant variables
and parameters for
each sector

Relevant variables and parameters for each sector
Relevant mutual interaction variables and parameters
Management of mutual interaction

Continuous
acquisition and
sharing of
heterogenous
and multi-source
data for model
updating

Carbon capture
technologies and CO2
conversion
Sustainable solutions
for construction and
reuse of offshore
platforms
Offshore aquaculture
Deep-sea mining

MARITIME SURVEILLANCE

Planning and
managing sea use

TIMELINE

Tools & methodologies
for data sharing

Tools & methodologies
for data management

Development and
assessment of
platforms allowing
Big Data Analytics
ad social sensing
data integration

Integration of
platforms and
services

Continuous
development and
assessment
specific services
for sustainable
Blue Economy

Digital ocean
Sensors and tools for
digital transition
Marine robotics

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

Based on the existing models, new methodologies for the analysis of the single economic activity
must be developed to identify relevant variables and thresholds based on existing data.
In the medium term, advanced models for the integration of different economic sectors and for
the study and management of their mutual interactions need to be developed. Moreover, in the
long term, continuous and shared acquisition of data regarding different variables (environmental,
socio-economic etc.) must be available to update models and to predict their evolution through
predictive analytics (data fusion, machine learning, artificial intelligence). Different observation
systems for data acquisition (satellite, in situ, Autonomous Underwater Vehicles - AUV, social
media, etc.), data sharing and management are the fundamental tools for Maritime Surveillance.
The first step consists in the integration of platforms and services for maritime surveillance
through data sharing between the existing EU and national platforms. The implementation of new
platforms allowing Big Data Analytics and social sensing data integration and the development of
new concepts and specific services for the Blue Growth and related technologies are needed.
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PERSISTENT MONITORING AND DIGITALISATION OF SEAS AND OCEANS
Today, the availability of Big Data is coupled with new science paradigms that manage the main
issues these data entail (e.g. large volume, high production velocity, variability of complexity,
variety of representational format and untrustworthiness). These paradigms, e.g. Open Science,
also support collaborative and multidisciplinary experimentation and the open publication of
scientific findings. Overall, they foster the Reproducibility, Repeatability and Re-usability of models
and results and use advanced IT infrastructures that support Artificial Intelligence (AI) modelling
via High Performance and High Throughput-Computing. This technological development is
enabling AI to overcome its traditional boundaries - of research on systems that simulate human
intelligence - to also meet the needs of many industrial applications. In fact, in Open Science
platforms, collaborative machine learning modelling and AI experimentation can seamlessly access
standardised data from many scientific domains, having a cross-domain re-application strategy.
The benefits of cross-domain and Open Science AI modelling are visible in their current support to
long-term strategies, such as the EU-Blue Growth.
Such an innovative approach and related solutions can be articulated along three main lines:
1) Digital Ocean, integrating knowledge, data, and existing tools with new digital
technologies.
2) Sensors and tools for digital transition, enhancing the ability to develop and improve
advanced technologies to support the digitalisation of the sea.
3) Marine Robotics, exploring the possibility of performing increasingly complex and
challenging missions at sea.

RELEVANCE
Oceans are not digital: digital is the way we look at them. The Digital Ocean is a concept
introducing a new paradigm for marine research, integrating and facilitating the combined use
of existing technologies and tools with new key digital technologies. New, advanced ICT will bring
significant benefits to marine research and maritime spatial planning, simultaneously converging
towards the construction of an intelligent digital environment: The Digital Ocean. It is intended to
be a large and ubiquitous space of data, connections, models, simulations, tools and digital means,
superimposed on physical space, capable of radically innovating research means and methods,
especially when more extensive and effective connection structures become available. The
simultaneous use of sensor networks, underwater or (pico-) satellite communication/connectivity
systems, satellite data, intelligent interconnections (IoT and Internet of Actions), as well as marine
vehicles and observation networks, will produce significant volumes of data. These amounts of
data can be quickly analysed through artificial intelligence to become, in turn, knowledge input
for other systems, e.g. for the simulation of the effects of decisions relating to the management of
marine resources and for the possibility of simulating different impacts of the same decision.
Remotely Operated Vehicles (ROVs) and Autonomous surface/underwater vehicles (ASVs,
AUVs) are used to perform missions that cannot be easily done by other marine vehicles or by
humans due to multiple concurrent reasons, such as the cost, the harsh environment, or because
they involve risky operations, etc. The range of applications of marine robotics is vast and includes
– but is not limited to - surface and underwater observation and monitoring; search and rescue
(SAR) operations; deployment, inspection, maintenance and recovery of structures; identification
of mines and unexploded ordnance, detection and collection of marine litter. However, while
digital technologies provide unique possibilities for marine research and maritime spatial planning,
they also create new digital risks and open substantive new trust gaps. The deployment of AI
technologies, for example, needs to be trustworthy. The combination of physical and digital

15

STRATEGIC RESEARCH AND INNOVATION AGENDA
FOR THE EUROPEAN WATERBORNE SECTOR
BLUE GROWTH

1.THE SRIA OF
BLUE GROWTH

PREFACE: CONNECTIONS
ACROSS THE SRIA

systems creates complex systems with emerging properties that require new forms of assurance.
In order for the potential of a digitalized ocean to emerge, we need to ensure that this is established
in such a way that applications are subject to certification. A digital ocean becomes a digital asset
in need of assurance, demonstrating that applications of digital technologies are fit for purpose and
have no negative effects, cyber risk, risks to safety of the natural environment, ocean biodiversity
and to people. These topics are also central for this new research agenda.

INNOVATIVE ASPECTS
A new approach is needed for understanding the ocean ecosystems and the impacts of human
activities, including those of the ocean industries: there is a need to collect new data, integrate
these with existing data sets, assimilate past and new data with physics-based computational
models. New digital technologies also allow for the intelligent reuse of past heterogeneous
data and models via AI and digital data distribution and programme, direct and manage planned
missions and data gathering with the use of swarms of autonomous vessels and cloud-based
analysis.

Digital Ocean
OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

MULTIPLE-SOURCE
DATA ACQUISITION
AND ANALYSIS

• enhance geospatial
data processing;
• allow data mining in
large repositories
extracting trends;
• perform data cluster
analysis and outliers
detection;
• identify distribution
of species;
• develop ecosystem
modelling;
• perform vessel data
analysis;
• forecast fishery
statistics;
• estimate climate
change effects on
species distributions;
• predict the spread of
alien and invasive
species;
• perform stock
assessments

Continuous acquisition of
heterogenous
and multiple-source data

Satellite data
Marine vehicles

INTEGRATION OF
MULTIPLE-SOURCE
DATA

Observation networks

Existing data sets
Novel data sets
Assimilation of past and new data with physics-based computational models

Integration of
heterogenous and
multiple-source data

Artificial intelligence
Knowledge input
for other systems

Cloud-based analysis
Digital data distribution

2021

2022

2023

MARINE
ROBOTICS

Ocean energy

Underwater communication systems

Continuous
analysis of data

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

Sensor networks

DATA ANALYSIS

TIMELINE

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

2024

2025

2026

2027

2028

2029

Carbon capture
technologies and CO2
conversion
Sustainable solutions
for construction and
reuse of offshore
platforms
Offshore aquaculture
Deep-sea mining
Planning and
managing sea use
Sensors and tools for
digital transition
Marine robotics

2030

2031

The enhancement of geospatial data processing, as well as data mining in large repositories
extracting trends, should be implemented. Data cluster analysis and the detection of outliers also
needs to be performed. The identification of the distribution of species and ecosystem modelling
(in the long term), as well as vessel data analysis, will therefore be enabled. Fishery statistics
forecasts and climate change effects estimates on species distributions are also part of the
activity. In this respect, the spread of alien and invasive species and stock assessments might also
be studied.

16

STRATEGIC RESEARCH AND INNOVATION AGENDA
FOR THE EUROPEAN WATERBORNE SECTOR
BLUE GROWTH

PREFACE: CONNECTIONS
ACROSS THE SRIA

1.THE SRIA OF
BLUE GROWTH

Intelligent sensing everywhere and tools for digital transition
OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

MARINE
ROBOTICS

INTELLIGENT SENSORS
EVERYWHERE

Ocean energy
Range of application:
• Detection
• Sensor fusion
• Dynamic modelling

Cost and size reduction of sensors
advances in materials technology
Advanced
computational
methods to fuse
multiple sources
sensors data

Carbon capture
technologies and CO2
conversion
Extended
marine
picture

Design and optimization of tools for observe,
monitor, and simulate marine environment

Sustainable solutions
for construction and
reuse of offshore
platforms

Anthropogenic
impacts

Offshore aquaculture

Digital twin
DIGITAL TRANSITION
ARCHITECTURES AND TOOLS

Predictive analytics

TIMELINE

Inference/forecasts
states from Big Data
Artificial intelligence
Machine learning tools
Advanced
computational
methods

2021

2022

Everywhere computing

Real time decision support,
indicators and warnings of
hazard, and real-time
monitoring

Provide marine vehicles optimal routes
Digital ocean

Development IoT for transport,
offshore activities, and maintenance

Marine robotics
Intelligent
sensing
everywhere

Design and optimization of new marine energy devices/plants/vehicles
Virtual prototyping, and next-generation energy management

2024

Deep-sea mining
Planning and
managing sea use

Support marine vehicles avoiding accidents

Assisting and control of
vehicles/models for sensor
networks/ signal processing

2023

Fast response to build up
reaction strategies and
decisions in real time

2025

2026

2027

2028

2029

2030

2031

Advances in materials technology allow for both cost and size reduction of sensors, fostering
their ubiquitous incorporation into a wide range of inexpensive objects. In the medium/long term,
everything might be a potential source of sensor data. The range of applications of sensors is
broad and includes – but is not limited to - (i) detection; (ii) sensor fusion and (iii) dynamic modelling.
Advanced computational techniques to fuse sensor data – coming from, e.g., underwater sensor
nets, autonomous system, etc. - will, therefore, lead to an ability to sense the environment and
to identify anthropogenic impacts at significantly greater ranges and with richer context than is
currently possible, allowing for the establishment of a universal marine picture (digital ocean). The
impact of additional applications, such as automated logistics planning, might also be mapped.
Tools for digital transition must be coupled with everywhere sensors (and marine robotics).
In particular:
- Predictive Analytics, that is the process of generating understanding and providing insight
for inference or forecasts of future states from Big Data (collected by sensors everywhere)
and the reuse and integration of past research. Sensor-based predictive models can
outperform the traditional state of the art predictive methods, especially in uncertain
environments. Possible applications are real-time monitoring; early indicators and warnings
of hazard; real-time decision support; etc.
- Artificial Intelligence, the key application of AI is machine learning applied to (Big) data,
sometimes requiring considerable computing power. Applications will grow in scope
and sophistication as data becomes more widely available and more members of the
maritime community become familiar with machine learning technology and tools. Possible
applications are simulation models for sensor networks, acoustic signal processing in the
underwater environment, classification and monitoring, as well as assisting and control of
autonomous systems, robots, ships, anomaly detection, etc.
- Everywhere computing, technology is rapidly connecting devices to benefit from
distributed data structures and cloud computing services using cyber-secure connections
and technologies. Everywhere computing also encompasses software-driven functionality,
the ability to process environmental data at the sensor before transmission: advances
in learning and recognition will enable fast responses to devise reaction strategies and
decisions in real-time. Decision-makers will, therefore, have access to sophisticated
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simulation models to support time-sensitive decision making. Possible applications might
include: (i) supporting marine vessels to avoid accidents and providing better, faster and
more accessible routes; (ii) helping and assisting the development of the Internet of Things
for the transport of people and goods, for offshore activities and maintenance; etc.

Marine Robotics
OCEAN
ENERGY

CCS TECHNOLOGIES
AND CO2 CONVERSION

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

OFFSHORE
AQUACULTURE

DEEP-SEA
MINING

PLANNING AND
MANAGING SEA USE

SENSORS
AND TOOLS
FOR DIGITAL
TRANSITION

DIGITAL
OCEAN

Increase endurance and navigation for extended exploration

Ocean energy

AUTONOMOUS
AND REMOTELY
OPERATED VEHICLES

Hoovering stability for high-resolution imagine analysis and
automatic identification of objects/species also using AI approaches
AUVs, ASVs,
ROVs
Improvement
design and
assessment

Swarms of small, low-cost, single task, easily
deployable autonomous vehicles

Sustainable solutions
for construction and
reuse of offshore
platforms

Tools for observe, monitor and simulate marine environment

Offshore aquaculture

Design and optimization of single vehicles
Virtual prototyping

Deep-sea mining
Planning and
managing sea use

Lightweight materials

ADVANCED MATERIALS
AND ADDITIVE
MANUFACTURING

TIMELINE

Carbon capture
technologies and CO2
conversion

Advanced methods
for data collection
and analysis

Low acoustic signature for underwater noise minimization

Advanced
computational
methods

New
advanced
materials

MARINE
ROBOTICS

Materials capable to operate in diverse environment (sea/deep-sea)

Digital ocean

Materials capable to operate in adverse environment (harsh sea/deep-sea)
Up-to-date
manufacturing
techniques

Modular systems

Sensors and tools for
digital transition

Rapid prototyping
In situ production/repair

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

Each Marine Robotics application requires the development of advanced systems and tools
supporting further progress in the sector allowing for:
(i) endurance and navigation for extended exploration,
(ii) hovering stability for high-resolution image analysis and automatic identification of objects/
species, also using AI approaches,
(iii) low acoustic signature for underwater noise minimisation
(iv) swarms of small, low-cost, single task, easily deployable autonomous vehicles.
None of the abovementioned improvements could be achieved without taking into consideration
the steadily increasing need to include, in the development process of marine robotics, elements
such as:
- advanced materials and manufacturing (e.g., materials to operate in adverse
environmental/operating conditions);
- manufacturing up-to-date techniques for modular systems, including rapid prototyping and
on-site production/repair of modules;
- advanced computational methods (e.g., tools to observe, monitor and simulate marine
environment);
- virtual prototyping; modelling and simulation tools for the design and optimisation of the
single vehicle;
- advanced methods for data collection and analysis.
FOOTNOTES
1
see also “Strategic Research Agenda for the European Waterborne Sector, January 2019”.
https://www.waterborne.eu/images/pdf/190121-waterborne_sra_web_final.pdf
2
see also “Strategic Research Agenda for the European Waterborne Sector, January 2019”.
https://www.waterborne.eu/images/pdf/190121-waterborne_sra_web_final.pdf
3
IEA Report PH4/30, 2004 “Ship Transport of CO2”
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