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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 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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Developing rules and standards for safe Waterborne assets and operations
In the framework of the ZEWT cPP, the first operational objective relating to the elimination of
GHG emissions concerns the use of sustainable alternative fuels on board. The fuel transition is
paramount to the elimination of GHG emissions. Electrification of ships is the second operational
objective relating to the elimination of GHG emissions. Using electricity directly from a renewable
source is more energy efficient than converting the electricity into a fuel and placing the fuel on
board. Increasing Energy Efficiency is the third operational objective relating to the elimination of
GHG emissions. The transition of waterborne transport into a net zero-emission mode of transport
needs to be facilitated by ports and their infrastructure. The fourth operational objective is
therefore related to the development and demonstration of port-based supply infrastructures.
On the other hand, when considering new waterborne assets and operations in general (outside
ZEWT scopes), it is evident that, over the past decades, ship systems have become increasingly
complex, software-driven and integrated. In the years ahead, the transition starting from the
development of zero-emission solutions for all main ship types and services (before 2030) to the
implementation of zero-emission waterborne transport (before 2050), requires the development of
new rules and standards for safe and secure design and operations.
In particular, the focus will be placed on three areas related to regulatory aspects:
- The digitalisation of the waterborne sector requires a collaborative effort among the
stakeholders towards common digital interfaces and standards and related regulatory
needs. In the waterborne sector, systems and equipment are typically delivered by a
vast range of different manufacturers for each unit, unlike what happens, for example,
in the aviation and automotive sector. This aspect has led to several steadily increasing
challenges throughout the life-cycle of the systems, including design for integration, safety
assessments, change management, both in construction and operation, human-machine
interaction, cybersecurity and system safety.
- On the other hand, the development and introduction of new ship types, such as
autonomous and remote-controlled ships, the transport demand for new commodities,
such as CO2 and H2, or the use of significantly new materials and ship systems, requires
the establishment and (or) amendment of guidelines and regulations at national, regional
and international level, such as IMO. Due to their complexity, these issues are expected to
be only partially addressed and, depending on the technical and political aspects, might
take several years before implementation. As a consequence, early involvement of industrial
players can safeguard a leading position when the market takes off.
- With the introduction of new technologies, characterised by digitalisation and innovative
zero-emission systems, new survey procedures need to be established. Surveyors,
inspectors, regulators and personnel from flag state and port administrations will have
to develop new competencies that are “fit for the future”. At the same time, given the
increasing need to guarantee health and bio-safety on board (particularly after the COVID-19
crisis), new bio-safety hazards will have to be taken in account, as well as the need to
prepare for new infectious diseases.
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RELEVANCE
Regarding the aspects related to the ZEWT cPP recalled here, the introduction of Sustainable
Alternative Fuels in the waterborne transport domain will enable the final step towards zeroemission operation, in particular, for ships that cannot be fully electrified, due either to their
mission profile or legacy, and which instead will need retrofitting to meet the zero-emission target.
With a view to becoming the first continent to achieve zero net emissions of greenhouse gases
in 2050, Electrification is one of the most promising options for Europe. New electrical power
sources (i.e. batteries) will reduce greenhouse gas emissions from the transportation of goods
and passengers by ship, for both short sea and long route waterborne transport.
Improving ship Energy Efficiency offers multi-dimensional advantages for this new paradigm
of zero-emission waterborne transport, through the reduction of fuel needs and fuel storage
volumes on board as well as the down-sizing of ship power production systems. A reduction of
energy needs by at least 55% before 2030 will directly impact a ship’s emission of GHG and air and
water pollutants by the same amount.
Ports are enabling the energy transition of ocean and inland shipping. Therefore, developments
in port infrastructure are strategic in facilitating GHG reduction and reduction of other
pollutants for vessels.
Regarding the aspects analysed here which are not included in the cPP objectives, digitalisation
has to be taken in account first of all, as the overarching technology trend pushing the
boundaries of complex, cyber-physical systems. Modelling and simulation are already
widely used and needed, digital twins are also being established for various purposes, while
virtualisation and emulation have become commonplace. Machine learning algorithms have
entered decision support systems and will enter control systems, up to the point of enabling
autonomous decision-making performance. Once this level of autonomy has been reached,
proper system design, integration and testing will have to be in place. The only way to ensure a
harmonised and fruitful approach for the future, as well as a leadership role for the European
waterborne industry, is to engage in international standard-setting and to create the right
level of regulations. With the spreading of new technologies and applications in the waterborne
domain, such as composites and advanced manufacturing processes (e.g. 3D printing or additive
manufacturing), future competencies will have to be developed to ensure safe ship design and
operation, i.e. by remote controlling and cyber-secure supervision of ships and cargo, as well as
with continuous assurance of environmental safety compliance. Business continuity for cargo
ship operations will also benefit from remote surveys but will also depend on health and infection
control on board. The future business success of cruise and ferry operations will rely on health
and biosafety on board their ships and the measures in place to guarantee it. Moreover, the
widespread adoption of alternative fuels will only work if accompanied by the appropriate
protection of the crew against the associated health risks.
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INNOVATIVE ASPECTS
Zero emission

PORT-BASED SUPPLY
INFRASTRUCTURE

ELECTRIFICATION
AND ENERGY
EFFICIENCY

ALTERNATIVE
FUELS

ZERO EMISSION
(ZEWT CPP)

NEW WATERBORNE
ASSETS

DIGITALISATION

FUTURE-PROOF
WATERBORNE COMMUNITY

Robustness and operational
safety for power conversion
Alternative fuels regulatory
framework

Design and operational
safety requirements to store
and handle large quantities
of alternative fuels

Bunkering and emergency
response procedures
Requirements for grid
control and testing

Safety requirements for large
energy storage systems
Guidance for energy
efficiency optimization and
system integration

Electrification regulatory
framework

Requirements for safe use of
renewable and free energy sources

Regulatory responsibility
requirements and standards
for alternative fuel bunkering
and recharging stations
Regulations for zero
emission ships at IMO

Link or cooperation with partnership ZEWT (Alternative fuels, Electrification, Energy Efficiency, Ports)

Demo

Requirements for alternative
fuels onboard established

Milestones

2021

2022

2023

2024

Requirements for bunkering
and port infrastructure established

2025

2027

2026

2028

2029

Today, very few sustainable alternative fuels are in use in significant quantities in the
waterborne transport domain. Whilst trials with sustainable alternative fuels, such as ammonia
and methanol, are taking place throughout the industry, no single fuel has yet emerged to
address all requirements and concerns.
For an electric drive system to be attractive as a main power system, one challenging aspect,
which depends on ship power and operational profile constraints, has to be overcome: highpower and compact electric storage solutions on board (i.e. batteries). This also requires ports
to have a suitable charging infrastructure.
A new paradigm for achieving energy efficiency improvements will be based on i) a systemic and
holistic approach, ii) a switch to active and adaptive, multi-parameter ship design and solutions
and iii) large-scale applications of renewable energies.
Standards for flexible fuel storage and supply options for different energy suppliers and
integrating them into the overall port energy grid is seen as a prerequisite for the fast adoption
of bunkering different alternative fuels in European ports (sea and inland ports). Standards would
also be needed for flexible solutions providing shore power for larger vessels (for instance, for
large passenger vessels).
The industry is currently faced with a lack of a comprehensive regulatory framework on safe use
of alternative fuels and safe bunkering of those fuels. Since IMO does not regulate bunkering,
the development of a wider alternative fuels regulatory framework is required, addressing the
immediate need for regulatory responsibility requirements at European, national and local level.
Standards for alternative fuel bunkering and recharging stations are to be set, taking advantage
of those being developed for other transport modes.
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Sustainable alternative fuels
We will develop the design and operational safety requirements to store large quantities of
sustainable alternative fuels on board ships. The integration of the full alternative fuel-value chain
through ports will be addressed to ensure appropriate development of bunkering and emergency
response procedures.
To enable efficient on-board power conversion, based on multiple technology paths, including
Internal Combustion Engines, Fuel Cells and Turbines, requirements related to the robustness of
the entire system, its loading capabilities (i.e. the possibilities to react quickly to changing energy
demand) and operational safety (including, but not limited to, fire safety and severe weather
conditions) will be developed.

Electrification and energy efficiency
Today, Energy Storage Systems are not widespread, mostly being limited to lead-acid batteries
used for UPS in emergency conditions. The full electrification of ships will be feasible, including
for longer ranges, with new generation batteries and other innovative Energy Storage Systems.
Requirements to ensure safety of large onboard Energy Storage and Management Systems will be
developed. To ensure safety of the entire electrical system, requirements on grid control, smart
energy management systems and converters will be developed, addressing issues related to high
power density, redundancy and reliability. In addition, requirements for testing such systems will be
created.
Guidance for conducting full-scale multi-parameter optimisation of energy efficiency for overall
operation conditions, selection and optimisation for the integration of new energy power systems,
will also be developed.
Requirements for the safe and effective use of renewable and free energy sources to power
smaller vessels (such as solar energy for an energy-autonomous drone) or to provide off-shore fuel
bunkering, will enable new, energy-efficient waterborne applications.

Port-based supply infrastructure
The definition and development of practical and consistent requirements will support the
introduction of sustainable alternative shipping fuels in ports in the safest way possible for the
bunkering infrastructure, the environment and the surrounding population. Furthermore, technical
standards will be developed for transferring to ship or recharging ships and the directly related
facilities to ensure that ships can be safely serviced throughout Europe.
To support the waterborne activities related to the electrification of vessels and shipping-port
operations, technical standards for recharging equipment and power supply solutions need to be
developed, as well as integration with smart grids and mobile solutions. Wide use of digital, cyber
safe technical solutions and related regulatory development needs are to be aligned and unified
with applicable national regulations within the EU member states.
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Digital ships
Digital ships and their systems are already at the forefront of innovation in the waterborne industry.
Since digitalisation will affect all aspects of current ship design, construction and operation, the
following three areas require particular attention with regards to regulatory developments.

STANDARDS AND
INTERFACES FOR
DIGITAL ASSETS

NEW WATERBORNE
ASSETS

DIGITALISATION

Standard for maritime
system integration

FUTURE-PROOF
WATERBORNE COMMUNITY

Requirements for testing,
verification and updating software
Cyber-safe ships

Standards for building,
testing and using “digital
twins” in complex system
simulations

Requirements for AI-powered
control systems

Requirements for secure
digital connections

CYBER SECURITY
FOR SYSTEMS &
COMMUNICATION

COMPLEX &
CYBER-PHYSICAL
SYSTEMS

ZERO EMISSION
(ZEWT CPP)

Cyber-secure ships
Standard architecture for
cyber-secure ships

Requirements for AI-powered
security systems

Standardization of “digital twins” solutions

Standards for surveys of
digital technologies

Standards for digital ship connections,
for crew, other ships and shore
stakeholders

Standards for ship data transmission,
ownership, access rights
Link or cooperation with partnership ZEWT (Digital Green, Electrification)

Demo

Standards for system integration,
digital twins and cyber security
architecture established

Milestones

Regulatory framework for
cyber-safe & cyber-secure
ships agreed at IMO

Standards for using AR/VR onboard ships

2021

2022

2023

2024

2025

Requirements software testing
and updating and AI-powered
systems formulated

2026

2027

2028

Regulations at IMO agreed

2029

2030

Common digital interfaces, standards and related regulatory needs
More stakeholders will soon need to deal with complex, cyber-physical systems. Guidance on how to
do this operatively is urgently required. In order of logic, standards for building, using and testing
digital twins in cyber-physical system simulations are needed first of all, followed by requirements
for testing and updating the software of safety-critical ship systems. On the other hand, since
multiple stakeholders are involved in supplying, testing and commissioning ship systems, a
standard for the waterborne transport sector system integration is also required. In a more distant
future, software installed onboard ships will have AI-based components, so requirements for AIpowered control systems working in safety-critical functions are becoming necessary. The overall
ship system integration needs to feed into a ship cybersecurity architecture to eventually achieve
lower cyber risk levels. Two areas are primarily in focus for necessary development: standards
for AI-powered security systems (and those AI-powered systems operating in security-relevant
roles) and standards for secure waterborne communications. Considering the overwhelming
importance of digital twins, the standardisation of digital twins requires research and eventually
international collaboration to establish a quality assurance regime capable of providing trust in this
digital technology. Future waterborne assets will need to connect to their crew digitally to other
ships and relevant shore systems such, for example, terminals or dedicated service centres.
The use of augmented and virtual reality on board and the integration of supplier data into an
overall digital status and health picture of the entire ship will enable a more efficient overall
logistic system. Paperwork will therefore be progressively eliminated (towards the paperless ship)
and safety and security-related information will be provided to address port state and flag state
requirements (e.g. Vessel Traffic Service (VTS), customs and rescue services).
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New Waterborne assets
ZERO EMISSION
(ZEWT CPP)

AUTONOMOUS
SHIPS

FSA for autonomous ocean-going navigation
FSA for autonomous inland water navigation

MATERIALS &
ADVANCED
MANUFACTURING
FOR SHIPS

FUTURE-PROOF
WATERBORNE COMMUNITY

Automated testing of
autonomous systems

Requirements for assurance
of autonomous navigation systems

E-ColRegs

SHIPS CARRYING
AND USING NEW
COMMODITIES

NEW WATERBORNE
ASSETS

DIGITALISATION

Requirements for advanced
decision support systems

Requirements for onshore
control centres

Requirements for ships
built from FRP

Standards for recycling
ships build from FRP

Requirements for ships and their
equipment constructed with
advanced manufacturing

Requirements for personnel

FSA for H2 carrier

Regulatory framework on responsibilities
for autonomous ships in operation
A marine insurance scheme
for autonomous ships
Regulatory Framework for
autonomous vessels operations
agreed at IMO / CESNI

Standards for CCS
onboard ships

Requirements for tank and safety
systems for H2 carriers

FSA for CO2 carrier

Requirements for CO2 carriers

CO2 carrier with CCS

Link or cooperation with partnership ZEWT (Alternative fuels)

Demo

Risk picture for autonomous ocean-going
and inland water vessels established,
risk control options identified

Milestones

Future-proof
waterborne
community

Requirements for autonomous ocean-going and
inland waterway vessels, in transit and in port

2021

2022

2023

2024

Regulatory requirements for
ship using unconventional
materials established

2025

Regulatory requirements for
autonomous ships established

2027

2026

2028

2029

Autonomous and remote-controlled ships would not only require new technology to enable new
functions, but also open up business model innovation potential which can easily be scaled to
other markets. Besides, autonomous technology might be used on traditional ships for improving
safety. Identification of new and (or) increased risks from autonomous waterborne transport
(both ocean-going and inland waterways) needs to be investigated systematically using Formal
Safety Assessments (FSA). Furthermore, exploring societal awareness of these news ships will
help determine suitable risk control options, linking to a new waterborne insurance scheme
for future autonomous ships, taking advantage of data transmitted and collected for accident
analysis. Enabling autonomous navigation requires not only the development of new systems
for obstacle detection and collision avoidance, but also the requirements and methods to test
those new systems. The need for new test methodologies crucially includes the development of
so-called e-ColRegs, an electronic version of the collision avoidance rules that can be interpreted
by algorithms. Importantly, these can also be applied for advanced decision support systems
onboard traditional ships to increase the safety of navigation. Enabling autonomous ships also
requires the development of enhanced performance requirements for power generation and
propulsion systems, manoeuvring systems, cargo systems, etc. Furthermore, requirements for
the vessel operation and infrastructure are needed: monitoring of vessel and system condition,
data transmission and analysis, (remote) survey, communication with ports and onshore control
centres, control centre functions and equipment, competence for future remote operators. As a
consequence, the development of standards for assurance and the incorporation of the ability
for new in-service requirements will have to be built in at the design stage itself. Furthermore,
solutions related to legal aspects, regulatory responsibilities for units controlled from shore,
liability and insurance, as well as the coexistence of autonomous and traditional ships, will be
developed.
The improvement of life cycle performances of many of the materials that can be used as
an alternative to steel (i.e. composites) currently remains a challenge. At the same time, the
development of innovative shipbuilding processes and associated assurance procedures and
standards for structural integrity, fire safety and end of life or recycling, is necessary. From the

10

STRATEGIC RESEARCH AND INNOVATION AGENDA
FOR THE EUROPEAN WATERBORNE SECTOR
ANNEX 1 - TRANSVERSAL ASPECTS

REGULATORY ISSUES
FOR SHIPS & SHIPPING

PREFACE: CONNECTIONS
ACROSS THE SRIA

REGULATORY ISSUES
FOR A SUSTAINABLE
BLUE GROWTH

SOCIAL
ASPECTS

advanced manufacturing processes perspective, traditional assurance will be a profitable interim
step. Nevertheless, quality control, inspection and verification regimes will need to be reviewed
broadly to look at data which is different to that currently being recorded. Advanced manufacturing
of spare parts production onboard may be a driver for the development of associated standards and
procedures for their assurance.
An important driver in shipping is decarbonisation and developments to enable zero emission
waterborne transport are described in the cPP ZEWT. In relation to this, waterborne transport
demand for new commodities, such as CO2 and H2, is expected to grow and ships capable of
carrying these cargoes (assumed to be in a cryogenic state), called CO2-carrier and H2-carrier, will
be required. For the CO2-carrier, onboard Carbon Capture and Storage (CCS) would enable a zeroemission transport solution.
The actions needed to support future zero emission shipping include ships using and carrying the
new fuels (commodities), which will be developed in the ZEWT SRIA, as well as the creation of the
related infrastructures, as detailed in the Ports & Logistics document of this SRIA. In particular,
captured CO2 might need to be transported to suitable long-term storage locations and offshore oil
and gas fields are considered for such storage, as further described in the Blue Growth documents of
the SRIA dedicated to CCS. Therefore, the latter can be considered as a transversal topic.
On the other hand, hydrogen might be produced offshore or in other remote locations and need to
be transported to locations for use. Therefore, H2-carriers would contribute to enabling a hydrogen
value chain. In addition, both CO2 and H2 are needed to produce synthetic fuels which could be
used for trucks, airplanes and ships, depending on their respective future emission regulations.
With regards to storage onboard (either to be used as fuel or to be transported as a commodity),
new tanks and safety technologies are required. IMO has issued interim recommendations for
hydrogen carriage (Res. MSC.420(97)) and this will be the starting point for the development of
a more complete set of requirements. In parallel, requirements for the carriage of CO2 will be
developed. Both actions will start by conducting an FSA. The development of standards for CCS
onboard ships will enable the design of CO2 carriers equipped with a CCS system, which falls within
the scope of ZEWT cPP.
NEW WATERBORNE
ASSETS

DIGITALISATION

Crews fit for handling complex systems

HEALTH AND
BIO-SAFETY ON SHIPS

FUTURE-PROOF
WATERBORNE COMMUNITY

Ship operators in onshore control centre
Future fit crew, engineers, surveyors
training and certification schemes

Competence for inspection
and survey of “digital ships”

Systems engineering skills for engineers

SURVEY FIT
FOR THE FUTURE

COMPETENCES
FIT FOR THE FUTURE

ZERO EMISSION
(ZEWT CPP)

Standards for assurance of future advanced ships
& systems in design, construction and operation
Automated assurance
of advanced ships

Standards for continuous monitoring
and remote survey
Standards for using robotic and
remote inspection technologies

Health and infection control for
passenger ships

Health and infection control for
other ship types

Health of crew handling
alternative fuels

Health and infection control for
cargo ships

Demo

Standards for training future
competences
Standards for future survey

Health and infection control
for passenger ships

Milestones

2021

2022

2023

2024

2025

2026

2027
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Future-proof waterborne community
Training to develop competencies fit for the future will need to be closely aligned with the
technology developments taking place. The adoption of digital twins will enable the broader use
of virtual reality technology for training. Collaboration of technology suppliers, shipyards and
training institutions, as well as international dialogue to ensure uniform implementation of new
knowledge and training standards, will be required. The training will always be up-to-date since
it will be based on digital twins of the latest technologies. Future condition-based, remote and
more automated ship surveys will be based on robust data collection, transmission and analysis
and will also use digital twins. An appropriate survey data infrastructure needs to be established
and data ownership and access rights need to be standardised. The health of passengers and
crews has always been taken for granted, but as a result of COVID-19, the industry will be forced to
take a more active approach to limit bio-risks and to avoid business disruption. A combination of
standards, procedures and technologies will be required to address this new challenge. Training the
future competencies will require standards for professional personnel onboard and onshore. Crews
will need to handle more complex cyber-physical systems, work with complex human-machine
interfaces and address novel situations. There will be new professions related to autonomous
and remote-controlled ships, with operators being onshore. Surveyors need to inspect more
complex and software-controlled systems. Regulatory bodies need to be involved at early stages
in development to understand new technologies to be able to develop appropriate regulations
covering specific aspects of human interaction with robotic and software dependant systems.
Ships will become more cyber-physical, with more systems being software controlled. Future
survey need to be adapted to those novel ship systems. At the same time, condition-based and
remote surveys will be progressively adopted and will require appropriate standards, international
harmonisation and regulation. Ship hull structure surveys will gradually be complemented using
data gathered by ship hull structural health monitoring and assisted by robotic inspection
technologies, which also require standardisation. A longer-term requirement is the inspection
of digital instruments, such as digital twins used in ship operations, to ensure their integrity and
functionality. A more data-based survey opens up the possibility for using the collected data in
other areas, e.g., in insurance. If data ownership and access are clarified, data could be used for
rescue and salvage operations, accident analysis and claims management. Based on existing
standards and regulations, requirements for health on passenger ships will be developed as a
priority. Requirements for cargo ships and other ship types will follow. In parallel with the technical
work on storing and handling of alternative fuels, requirements for crew health related to possible
bio-risks from such fuels will be developed.
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This chapter has to be considered as a preliminary assessment of the current status of regulations
and standards for marine activities, aimed at promoting an overall view of the general frameworks
for a sustainable Blue Growth-based economy, a thorough discussion of this topic being far beyond
the scope of the current version.

Introduction
The Marine Strategy Framework Directive1 and The Law of the Sea (UNCLOS)2, which represent,
respectively, the environmental pillar of all sectorial strategies and the legal and policy framework
reference for all activities at sea, are identified as common background documents for most of the
regulatory issues analyzed in this context.
The Marine Strategy Framework Directive applies the Ecosystem Approach (EA) to the
management of human activities to achieve the Good Environmental Status (GES) of the EU's
marine waters and to preserve the resources on which sea-related economic and social activities
depend. The Directive covers all sectors having an impact on the marine environment, establishing
environmental targets and eleven (11) correlated qualitative indicators.
In the absence of sets of rules tailored to the specificities of each basin, the Law of the Sea
Convention is still the main legal reference: it defines the rights and responsibilities of nations with
respect to their use of seas and oceans.
The convention introduces several provisions regarding navigation, continental shelf jurisdiction,
deep seabed mining, exploitation regime, protection of the marine environment, scientific
research and settlement of disputes. The Law of the Sea provides a clear definition of the limit of
various maritime areas (Internal, Territorial and Archipelagic waters, Contiguous zone, Exclusive
economic zones (EEZs), Continental shelf and High seas), measured from a baseline. Figure 1
shows the relevant coastal state maritime zones and the associated defining Articles following Part
VI, Part XII and Part XIII of UNCLOS3.
1 nautical mile (M) = 1852m

Contiguous
Zone

Territorial Sea
Baseline
12M
Territorial
Sea
UNCLOS
PART XIII
Art. 245

UNCLOS PART XII
Art. 234

Limited enforcement
zone

24M
200M
Exclusive Economica Zone

UNCLOS PART XII
Art. 246

UNCLOS PART XIII
Art. 246 (3)

Continental Shelf

To a maximum of 350M from the TSB
or 100M beyond the 2500m isobath,
whichever is the greatest

The Area

UNCLOS PART VI
Arts. 76 to 78

Scale of Rights
Sovereign
Territory

The High Seas
UNCLOS PART VII Arts. 86 to 120

Sovereign rights to the water column
and continental shelf

Figure 1: Maritime Zones under UNCLOS classification

Sovereign rights to
the continental shelf

No National rights
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RELEVANCE
For sustainable Blue Growth, a balance between productivity (economic growth) and protection
of the environment and ocean health is essential. Key enablers are accessibility to oceans’
living and non-living natural resources, made possible with modern technological and scientific
breakthroughs, together with long term policies, the enforcement of sound and just regulatory
frameworks and common industry standards that safeguard safety and the environment. These
are essential elements of sustainable growth.
A trade-off between various aspects needs to be finely tuned for successful Blue Growth: economic
growth, accessibility to oceans’ living and non-living natural resources (made possible with modern
technological and scientific breakthroughs), legal and regulatory framework and environmental
aspects and preservation, are the essential principles for sustainable growth to the benefit of
humankind.
UNCLOS is defined as a framework convention, providing an overarching legal regime for this
complex landscape and invoking generally accepted international rules and standards, at both
global and regional level, as operational instruments4. Most of these instruments are put in place
to govern traditional maritime sectors (e.g., shipping and fisheries), with significant contributions
from the energy sector. The recent rapid developments in the regulatory framework for renewable
ocean energy represent significant progress. However, the range of these instruments is vast
in their perspective and principles. It is essential to assess coherence between the available
instruments and work on their synchronisation at all levels (from the international all the way
down to local jurisdiction). Furthermore, it is essential to identify and appropriately address any
gaps in the regulatory framework specific to the Blue economy.

Sectors and tools

The focus of this document is on (i) Ocean Energy, (ii) Carbon capture, utilisation and storage
technologies, (iii) Sustainable solutions for construction and reuse of offshore platforms, (iv)
Offshore aquaculture and (v) Deep-sea mining. The Blue Growth sectors addressed here have
been identified based on the need for large industrial investments, newly developed technology
applications, or for substantial (global) economic interests.
Maritime spatial planning (MSP) and Maritime Surveillance (MS) are considered transversal
aspects and, as such, interdisciplinary tools requiring specific focuses/notices/investigations for a
correct understanding of their potentials.

SUSTAINABLE
SOLUTIONS FOR
CONSTRUCTION AND
REUSE OF OFFSHORE
PLATFORMS

CARBON CAPTURE,
UTILISATION AND
STORAGE
TECHNOLOGIES
(CCUS)

OCEAN ENERGY

SEAS AND OCEANS
FOR CO2 NEUTRALITY

SUSTAINABLE USE AND
MANAGEMENT OF MARINE
RESOURCES

PERSISTENT MONITORING
AND DIGITALIZATION OF
SEAS AND OCEANS

Definition of new regulations for
the development of ocean energy
farms/installations

Ocean energy development and
coastal land use integration via
maritime spatial planning

Access to coastal land use

Harmonization of actual EU procedure
and regulations with the new ones

Integration of the
authorization process flow
across the lifecycle of an
offshore CO2 storage site

Standards for storage site
characterization and
long-term monitoring

Harmonization of rules
and procedures

Identification of specific standards
regarding ocean energies

Alignment with both relevant
Authorities and initiatives
Overall
harmonization
of regulatory
processes across
Blue Growth
activities

Identification and mitigation of conflicting
regulatory requirements

Advancement of the existing
maritime regulatory framework

Identification of regulatory framework and
jurisdictions gaps for accountability
New regulatory instruments for new
and emerging activities

Future-proofing regulatory
framework

Keeping update with new
technologies and the regulatory
instruments

Synchronization of regulatory
instruments at all levels

Common standards for Seas and
oceans for CO2 neutrality

Demo
Link or cooperation with partnership ZEWT (Alternative fuels, Ports)

Milestones

2021

2022

2023

2024

2025

2026

2027
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Ocean Energy
Ocean energies commonly refer to offshore wind, tidal, current, wave energy, Ocean Thermal
Energy Conversion (OTEC), salinity gradient and tidal range. The development of ocean energies
is a necessity to achieve the EU objectives regarding the production of renewable energies and
the reduction in greenhouse gas emissions. The EU Commission has issued a communication
on “Blue energies” to foster their development5. It is recognised that regulation and standards
play an important role in the market uptake of ocean energies (from planning, licensing and initial
exploration, to decommissioning). For instance, permitting and licencing play an important role
in the development of an ocean energy farm. Member States are responsible for the delivery of
permitting and licencing whilst, at the same time, they must also ensure compliance with European
environmental directives. In particular:
- Environmental Impact Assessment Directive
- Birds & Habitat Directive
- Marine Strategy Framework Directive
Furthermore, access to coastal land use is also paramount, as there is competition between
different activities at sea and the maritime spatial planning directive aims at facilitating this aspect.
There is a need to synchronize this approach and also to develop an overall more harmonised EU
procedure.
Whilst the overall energy sector is well covered by the existing standards6, there is a need for more
specific standards regarding ocean energies. These would be more geared towards ocean energy
technologies and, amongst other things, would facilitate comparisons between devices, give
more visibility for performance and risk assessment evaluations, facilitate insurance and leverage
investment.

Carbon capture, utilisation and storage technologies (CCUS)
Carbon capture, utilisation and storage (CCUS) technologies commonly refer to the capture of
carbon dioxide from the combustion of fuel or industrial processes, its transport via road, ship
or pipeline and either its use as a commodity to create products, such as synthetic fuels, or its
permanent storage underground in onshore or offshore geological formations7.
Two large-scale CCUS projects are currently in operation in Europe, as well as several pilot and
test facilities. STATOIL is separating CO2 from natural gas and is injecting it in offshore saline
aquifers beneath the gas reservoirs in Sleipner and Snohvit. The “Porthos” project in Rotterdam is
currently in the permitting phase with a view to an FID in 2021 for large-scale capture of CO2 within
an industrial cluster in the Port of Rotterdam. Once captured, the intention is for the CO2 to be
transported via an offshore pipeline and stored in a depleted gas field approximately 20 kilometres
off the coast.
Regulation considers the following main steps in the lifecycle of an offshore CO2 storage site:
- site characterization and baseline studies
- injection, including continuous monitoring
- closure of the site
- post-closure, including continuous monitoring by the operator
- transfer of responsibility from the operator and long-term stewardship
With regards to Carbon Capture and Storage (CCS) in particular, the EU CCS Directive8 provides the
legal framework for the environmentally safe geological storage of CO2 and its inclusion in the EU
Emissions Trading System. It covers CO2 storage in geological formations in the EU and the entire
lifetime of storage sites. It is interlinked with provisions on CO2 capture and transport (covered
mainly by other EU legislation, such as the Environmental Impact Assessment (EIA) Directive or the
Industrial Emissions Directive). It outlines the principle of a mandatory CO2 storage permit based
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on extensive site characterization, as well as storage site closure and post-closure obligations and
criteria for the transfer of responsibility from the operator to the Member State. On the other hand,
it prohibits CO2 storage in the water column. The OSPAR Convention9 adopted amendments to the
Annexes of the Convention in 2007 to allow the storage of carbon dioxide in geological formations
under the seabed, including guidelines for risk assessment and management of storage of CO2
streams in geological formations. The provisions explicitly state the prohibition of the storage of
carbon dioxide streams in the water column or on the seabed. Within the LONDON Convention and
Protocol, an amendment was adopted in 2006 to allow CO2 storage in sub-seabed formations.
Currently, the degree of “CCUS Readiness” varies widely between European countries. The
CCS Directive gives flexibility to the Member States with regards to the authorisation and
implementation of CCUS projects. As a result of economic challenges and public awareness issues,
a patchwork of rules and procedures is in place, ranging from full authorisation and support, to the
banning of underground CO2 storage in certain territories. It is therefore recommended that further
collaboration should take place between both the relevant Authorities and initiatives such as the
European Research Infrastructure Consortium on CCS (www.eccsel.org), the European CCUS
project network (www.ccusnetwork.eu), the ERA-Net focusing on acceleration of CCS technologies
(www.act-ccs.eu), the North Sea Basin Task Force and the Baltic Sea Region CCS network.
Maritime CCS R&I topics concern, amongst others, CO2 capture and transport technologies and
related transport infrastructure in port areas, CO2 storage tanks for waterborne transport and
offshore technologies for storage site characterization and long-term monitoring.

Sustainable solutions for construction and reuse of offshore platforms
Most of the maritime offshore activities are related to the shipping, fisheries and energy sectors.
These sectors have well developed regulatory frameworks under IMO10, regional and national
(i.e. Flag State or Port Authority) instruments. Any activities involving offshore platforms are well
regulated through a combination of performance-based and goal-based legislative instruments
and generally accepted industry regulations, practices and standards.
Although this framework addresses the whole lifecycle of the platforms (from planning, design,
installation, operation to decommission), experience has shown that further work is required. In
particular, since Blue Growth encompasses a vast and ever expanding range of the activities and
stakeholders, a transparent and clear regulatory framework is needed to support the rapid growth,
as further detailed below:
• An advancement of the existing maritime regulatory framework, in order to:
- identify and mitigate conflicting requirements demanded by various existing instruments
and authorities,
- identify gaps in regulatory frameworks and jurisdictions to establish clear accountability,
notably in regard to environmental impact management and liability,
- simplify and streamline the regulatory processes across Blue Growth activities (shipping,
energy, fisheries, Seabed, …, etc.).
• Future-proofing the regulatory framework, aimed at the:
- development of the new regulatory instruments for the new and emerging activities,
- synchronisation of the new and existing regulatory instruments at all levels (international
to local),
- advancement of the regulatory instruments, inspection processes and competencies
to address technological advancements (e.g., digitalisation, novel design and fabrication
processes, automation, AI, etc.).
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PERSISTENT MONITORING
AND DIGITALIZATION OF
SEAS AND OCEANS

OFFSHORE
AQUACULTURE

Reduce administrative procedures
Integrate aquaculture in spatial planning

New strategic guidelines for aquaculture

Definition of a set of common indicators

DEEP-SEA
MINING

Promote a level playing field for
aquaculture operators
Development of technology
standards and operational
requirements, environmental
impact assessment
frameworks and guidelines

MARITIME
SPATIAL
PLANNING

Better understanding of the
impacts of deep-sea mining
on the marine environment

Requirements priority
identification for MSP
assessment and implementation

Promotion of land-sea interaction
and transboundary cooperation

Harmonization of sectorial Directives,
policies and legislation

Establishment of public
participation processes

Promotion of new regulations to
support economic growth
Common standards and
operating practices

Demo

Milestones

2021

2022

2023

2024

2025

2026

2027

2028

2029

Offshore aquaculture
The reference European regulation for aquaculture is the Common Fisheries Policy (CFP)11, whose
general objectives are to enhance sustainability, food security, growth and employment linked
to the aquaculture sector. Four priority areas are addressed in order to unlock the potential of
EU aquaculture (Art. 34): i) reduce administrative procedures, ii) integrate aquaculture in spatial
planning, iii) improve the competitiveness of aquaculture industries and iv) promote a level-playing
field for aquaculture operators. CFP aims at promoting aquaculture through an open method
of coordination (OMC) that is a voluntary process for cooperation based on Strategic Guidelines,
issued in 201312 and Multiannual national strategic plans. To engage all relevant stakeholders,
an Aquaculture Advisory Council was established in 2013. The framework for these activities is
represented by guidance documents on EU law affecting the aquaculture sector. Besides the
Marine Strategy, the environmental Directives and Regulation with which aquaculture must comply
are:
- Directive 2000/60/EC Water Framework Directive aimed at improving water quality and
‘good ecological status’ in inshore coastal waters, estuaries, rivers and ground water,
- Regulation (EU) N°304/2011 Regulation concerning the use of alien and locally absent
species in aquaculture,
- Directive 92/43/EEC Birds and Habitats Directive ensuring that aquaculture is not
environmentally damaging in Special Areas of Conservation (SACs) and Special Protected
Areas.
Concerning food safety, the reference law is Regulation (EC) No 178/2002 General Food Law
whereas, for animal health and welfare, the following directives and regulations must be
considered:
- Council Directive 98/58/EC Protection of animals kept for farming purposes,
- COM (2012) final European Strategy for the Protection and Welfare of Animals 2012-2015,
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- Council Directive 2006/88/EC of 24 October 2006 56 Council Directive on animal health
requirements for aquaculture animals and products thereof, and on the prevention and
control of certain diseases in aquatic animals,
- Regulation (EU) 2016/429, the “Animal Health Law”: Regulation on transmissible animal
diseases and amending and repealing certain acts in the area of animal health.
The strategic guidelines on aquaculture are currently being revised and the report on the Interim
Evaluation of the Open Method of Coordination is now available13. From the analysis of National
plans, no regulatory and policy gaps have been identified so far, but the need to define common
indicators has been highlighted.

Deep-sea mining
The international legal framework for deep-sea mining is laid down in Part XI of the 1982 United
Nations Convention on the Law of the Sea (UNCLOS) and in the 1994 agreement relating to the
implementation of Part XI. UNCLOS provides coastal states exclusive rights to resources on the
continental shelf. The deep seabed beyond the continental shelf, “the Area”, and the minerals
contained in it, are considered to be the common heritage of humankind. The regime is regulated
by the International Seabed Authority (ISA). States which have ratified UNCLOS are automatically
members of ISA.
The ISA’s "Mining Code" refers to the set of rules, regulations and procedures that have been issued
by the Authority to regulate prospecting, exploration and exploitation of marine minerals in the
Area. ISA has regulations in place for the exploration of mineral resources in the Area, while the
regulations for exploitation are still being finalized. Deep-sea mining is an emerging industry which
is currently receiving attention due to the growing demand for minerals and metals, particularly in
relation to the green energy transition. However, before exploiting these reserves, the impacts of
deep-sea mining on the marine environment must be better understood. Additionally, there are
still regulatory gaps and robust environmental and legal frameworks must be developed. Missing
aspects include technology standards and operational requirements, environmental impact
assessment frameworks and guidelines, as well as the integration of the ISA regulations withing the
EU and national regulations to ensure common standards and operating practices.

The role of maritime spatial planning
Maritime Spatial Planning is an approach to efficiently organise the use of marine space among
all players, as well as the interactions between different uses, to avoid and resolve conflicts and to
find a compromise between economic growth and the preservation of the marine environment. As
such, MSP has the specific objective to harmonize sectorial directives, policies and legislation. EU
Directive 2014/89/EU14 “establishes a framework for maritime spatial planning aimed at promoting
the sustainable growth of maritime economies, the sustainable development of marine areas and
the sustainable use of marine resources”. The Directive indicates how each Member State shall
establish and implement maritime spatial planning in its marine waters by 2021, taking into account
a number of so defined “minimum requirements” presented in Article 6 and detailed in Articles 7-12.
Therefore, Member States shall consider land-sea interaction, organize and share the use of the
best available data, promote trans-boundary cooperation with EU Member States and with Third
Countries, establish public participation processes and ensure the cooperation between national
authorities and stakeholders. Moreover, to promote the sustainable growth of maritime economies,
MSP should apply an ecosystem-based approach as referred to in Article 1(3) of the Marine Strategy
Framework Directive that represents the reference environmental pillar for MSP.
It can be concluded that MSP does not have its own specific regulations, but rather must comply
with the regulations of all sectors/activities and promote, in synergy with other sectoral plans, new
regulations to support economic growth, preserving the marine ecosystems and accelerating the
achievement of the GES.
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Maritime Surveillance
SEAS AND OCEANS
FOR CO2 NEUTRALITY

SUSTAINABLE USE AND
MANAGEMENT OF MARINE
RESOURCES

PERSISTENT MONITORING
AND DIGITALIZATION OF
SEAS AND OCEANS

Regulatory framework for data
protection, data share and data use
MARITIME SURVEILLANCE

European Integrated Maritime Policy
Harmonized regulatory framework
for the use of unmanned vehicles
Integrated Maritime Surveillance
Coordination between MS
surveillance in national waters and
surveillance in international waters

Achievement of a European
Integrated Maritime Policy and
of an Integrated Maritime
Surveillance

Link or cooperation with partnership ZEWT (Digital Green, Ports)

Demo

Milestones

2021

2022

2023

2024

2025

2026

2027

2028

2029

Maritime Surveillance is a transversal tool to ensure that all activities at sea can be performed with
an adequate level of safety/security. Given that MS has a high economic potential, it is sometimes
considered as a Blue Growth sector15.
By virtue of the Law of the Sea, each Country has the exclusive right to undertake surveillance
in its territorial waters, in its Exclusive Economic Zone and even beyond for the exploitation of
the seabed and sedentary species on its continental shelf. In principle, water monitoring can be
extended to the high seas, but without interfering with the exercise of the freedom of ships flying a
foreign flag.
Moreover, the most important legal instruments for the managing of external borders are the
Schengen Borders Code (SBC), Frontex Regulation, EUROSUR Regulation and Regulation on
Surveillance of External Sea Borders (RANGER, 2017).
Most regulations applicable to Maritime Surveillance derive from legal reporting obligations such as:
- The Control Regulation (EC) 1489/97 and VMS Regulation (EC) 2244/2003 for the Vessel
Monitoring System.
- Regulation 19 of Chapter 19 of the International Convention for the Safety of Life at
Sea (SOLAS) and the Vessel Traffic Monitoring Directive 2002/59/EC for the Automatic
Identification System.
- Regulation 19-1 of Chapter V of SOLAS for the Long Range Identification and Tracking of
Ships.
- Port Security Regulation (EC) 725/2004 for Port security notification requirements.
Other reporting obligations and associated regulations can be found in EC documents16.
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The achievement of a European Integrated Maritime Policy and of an Integrated Maritime
Surveillance system requires addressing several legal issues, such as, for instance, those related to
data sharing and use. Data protection laws are usually included in the cited regulations; however, a
significant number of steps related to confidentiality and personal data protection still need to be
taken.
Although the use of unmanned vehicles (AUV, USV, …, etc.) is becoming more and more popular
for both civil and military purposes, an adequate regulatory framework has yet to be introduced.
To fully exploit the monitoring capabilities of unmanned vehicles, whilst ensuring safe operations
and not harming marine wildlife (e.g., noise generation), specific constraints and regulations are
urgently needed.
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If the Waterborne sector is to achieve the goals described in this Strategic Research and Innovation
Agenda (SRIA), a highly-skilled, versatile and competitive workforce across all qualification levels
and disciplines is required. This aspect encompasses everyone employed in the waterborne sector,
namely vocational workers, professionals and seafarers who are able to keep up with the latest
innovative technologies. It also means satisfying a growing demand for professional engineers and
scientists whose innovations will lead to zero-emission shipping. The waterborne sector is one
of the most diversified sectors in terms of types of jobs and required skills, ranging from ports,
forwarders, stevedores, designers and builders of thousands of systems. Managing and developing
such extensive and diversified types of skills and tasks requires a coordinated approach to
adaptation along the entire value chain during the transformation.
All of this must be supported by a wide range of educational and training opportunities, proactive
administration and inclusive recruitment strategies. The challenge is that the world is changing
quickly due to the rapid advances in technology, including automation, decarbonisation, increased
electrification and digitalisation. Recent studies and projects carried out by the social partners
of the shipbuilding and maritime technology sector (SEA Europe and IndustriAll Europe) and of
the maritime transport sector (ECSA and ETF) have identified current training and skills needs
for constructors, designers and operators/seafarers as well as those which will be required over
the next 5-10 years. These studies aim at predicting impact on employment in the longer term
and how the job market will look ten to twenty years from now, as well as the skills that will be in
demand. The increasing crossover of new technologies between different sectors compounds
the problem, potentially leading to increased competition for a dwindling pool of candidates. It is,
therefore, essential for the waterborne sector to increase its catchment area by being fully inclusive
and reaching out to the broadest audience possible. Change is a process and not just an overnight
event.
This chapter is directly linked to all of the activities in the preceding chapters of this SRIA, as well
as the results of previous projects for the identification of skills and training needs in the maritime
sectors and is also linked with the co-programmed partnership for Zero-Emission Waterborne
Transport (cPP ZEWT).
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Highly-skilled and
digital-literate workforce

Life-long learning
Human-centred automation
Human factors for
safety and security

Foster collaboration between
academia, the industry and the EU

Human and organisational resilience
Cultural Aspects

Communication and stimulation
campaigns targeting people of all
ages and genders

Diverse workforce to boost creativity
Attract new and
retain
existing talented
workforce

Attractive and challenging career and
jobs in the waterborne industry,
science research and innovation
Green micro-urban mobility supported
by autonomous technologies
Bridging waterborne jobs and skills with
other industry sectors/modes of transport
Mitigate the negatively perceived aspects
of ports on the local population

Demo

professionals from other industries

Sectoral integration of local
and migrating workforce

young people directly from
school/university

Highlight the full waterborne
career path

Ports as a vital element of coastal
cities and regional economies

Integration of waterborne
transport in the entire
logistics chain

Absorption of waterborne tourism and trade
in regional economies and infrastructures

A safe, reliable and prestigious
European waterborne sector for
highly skilled people of all
genders and ages, seamlessly
integrated with the wider
ecosystem of transport modes
(i.e. rail, road etc.) and regions

Link or cooperation with the Partnership on ZEWT and other non-cPP SRIA chapters

Planning long term skills strategies
and Widening participation
of young people

Milestones

European framework of
competences and accreditation
for the Waterborne sector

Resilience to react to crises
(i.e. COVID-19 pandemic)

Novel curricula and training methods

2021

2022

Increase public awareness
of green maritime careers
and ocean literacy

2023

2024

Human factor in the
waterborne sector and
a Europe fit for a digital age

2025

Minimise the social and
environmental impact of waterborne
transport in highly urbanised areas

2027

2026

2028

2029

RELEVANCE
Today's rapid technological developments affect the waterborne sector with regards to technical
capabilities, technological services, research provision and more, with a transversal effect on
society and the economy. As a consequence, the deployment of a sound strategy to deal with the
social aspects of the new technological landscape in Europe is urgently needed. Job requirements
and human factors also need to be analysed in relation to human machine interfaces. One of the
priorities is to identify emerging jobs, the current needs for education and training, the skills gaps
in the present and future sector and to describe scenarios regarding skills and competencies in
the short, mid and long-term. This action can significantly improve the quality and the number of
jobs in the EU and also secure fair working conditions and safeguard social rights. Investing in the
sector’s attractiveness and gender balance is of tremendous importance. It is worth mentioning
that in the technological side of the industry there is an additional problem which is the ageing
workforce, with 40% of the current workers expected to retire in the next 10 years, meaning that it
is highly important to both attract and retain talent in the sector.
On the other hand, the role of "soft skills", such as communication skills, decision-making, team
working and adaptation to change in complex environments will become more important. The
expansion of automation and digitalisation will even develop new team concepts (i.e. automated
bots on board) that will require appropriate support tools for communication and coordination.
There is a need to improve the image of waterborne transport and show that it can be a reliable
and safe workplace for highly qualified people of all genders and ages. Young people, in particular,
could be given the opportunity in the waterborne sector to develop their full potential and shape a
successful future for a green and digital EU. Indeed, there is a need to increase public awareness
of sustainable waterborne transport. The European waterborne sector can move towards a
more sustainable future and take full advantage of the new opportunities by promoting sectoral
integration in a unique ecosystem that enables the responsible absorption of waterborne tourism
and trade within in regional economies and infrastructures. In this way, businesses can be
encouraged effectively and the new technologies developed may earn the trust of the citizens.
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INNOVATIVE ASPECTS
The strategy that deals with the social aspects of the rapidly developing new technologies in the
waterborne sector also has to deal with the effects of the COVID-19 pandemic and a large migrating
population in Europe. In this respect, the innovative aspect of the current activity would be
achieved by:
• The introduction of novel approaches to job requirements to prepare the way for a sound
system of education, training, upskilling and reskilling for everybody, everywhere in the EU.
The repurposing of Human Factors would capture emerging risks and maintain productivity
and wellbeing in fast moving markets, crisis situations and rapid socio-economic changes
• The improvement of attractiveness and gender balance to make the waterborne sector
a safe, reliable and prestigious sector for talented (particularly if young) people with equal
opportunities for all genders
• Investing in public awareness of sustainable waterborne transport to boost a seamless
integration with the broader ecosystem of transport modes (i.e. rail, road etc.) and regions
(i.e. ports etc.) for an economy that works for people in the EU.

Job requirements and human factors
A range of technology innovations and ‘digital disruption’ are reshaping occupations within
the waterborne sector, making some of the current employment opportunities redundant
("technological unemployment"). There is a need for a continuous re-design of existing jobs and
the development of new jobs and qualifications. Furthermore, in the transition phase, the current
workforce needs to be reskilled to keep up with technological progress. Furthermore, new curricula
in regular educational programmes are required, at both Vocational Education and Training at
University and higher education level. The utilisation of advanced technology in delivering state-ofthe-art courses (i.e. Virtual/augmented reality tools, etc.) would also build the resilience required
to react to crises, based on the lessons learnt during the COVID-19 pandemic. On the other hand,
we cannot forget that a very large part of the training for upskilling and reskilling of workers is done
by companies themselves. A scarcity of sectoral training provision in many regions and the need
to rapidly adapt to technological changes is leading shipyards and technology developers to invest
in their own schools and academies to upskill their employees and also to recruit new people and
support the skilling of their suppliers. Therefore, there is an imperative need, even more so in these
Covid-times, to support the investment and training of these companies which are playing a key
role in skilling workers across the entire ecosystem. Dynamic, fast-paced technology advancement
demands an agile workforce with a wide range of opportunities for education, training and
continuous development, both discipline-specific and cross-disciplinary. A variety of education
and training approaches and schemes will be needed to cater for the newly required knowledge and
skills. A focus on human factors can develop a basis for understanding multicultural interactions
between different roles of organisations and crew members/passengers, as well as other roles in
the waterborne sector, in terms of types of jobs and required skills. A resilient mental frameworkculture, which would create all the prerequisites for an ethically conscious workforce, capable
of continuously adapting and learning new skills, as well as applying creative approaches within
a variety of contexts, is of paramount importance. This new culture will require advancement in
pedagogical methods, social policies and significant investments in education and training. The
use of web-based education tools, MOOCs, devices and simulators (e.g. for inland or maritime
navigation) could be a way to exploit the latest concepts and tools in pedagogy. Training can be
supported by developing programmes and aid devices to enable operators and employees to follow
green guidelines. In a highly automated environment, understanding the effects of the human
factor when designing automation of complex energy systems onboard large ships becomes critical
in supporting user-friendly applications. Specific research needs to be developed to help operators
in the transition towards a more automated shipping sector. With the current developments of
IoT, automation, even remote control ships and changes in the working conditions of seafarers
are expected, with the same human posture being maintained for extended operating hours. In
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addition, particular attention needs also to be accorded to organizational aspects as plausible root
causes for accidents, such as communication, fatigue and stress, as well as specific waterway
situations. The seafarers shall, in fact, be more focused on surveillance and control issues,
meaning that the ergonomic requirements shall change. Automation exists to support humans and
it can certainly improve system performance, safety and security. Cooperation between sectoral
social partners, education and training providers and administrations should be promoted for a
safer, secure, more productive, more efficient, more effective and more rewarding implementation
of innovations.

Sector attractiveness and gender balance
Attracting talented, highly competent individuals to the waterborne sector and retaining them
is critical to the achievement of societal and environmental targets. The sector is already
encountering difficulties in attempts to satisfy a growing demand for a highly-performing
workforce. The demographics of the working population is becoming more diverse. Since it has
already been proven that, under certain organisational conditions and cultural environments, a
diverse workforce boosts creativity, innovation and performance, the waterborne sector should
seize this opportunity. The waterborne community needs to develop an attractive, inclusive culture
and diverse workforce to attract and retain the best candidates. The scarcity of young people
choosing STEM (Science, Technology, Engineering and Maths) careers across Europe makes it
challenging for the waterborne sector to secure graduates coming into the workforce. Fierce
competition for these skilled individuals from other sectors creates further pressure. Therefore,
a significant effort should be made to increase the attractiveness of the sector, particularly
among school children and young people. This aspect is critical for the achievement of societal
and environmental targets. Traditionally, the waterborne sector has been (and still is) dominated
by male workers at all levels. Although some positive changes are occurring and the number of
women employed is increasing, the waterborne sector needs to seek out, encourage and attract
a more diverse workforce. Access and professional development opportunities should be granted
to the most talented individuals in society, regardless of their gender, ethnicity, religion, etc. The
attractiveness of careers in inland navigation, as well as in the shipbuilding and maritime sectors,
must be enhanced further. This necessity is even more evident in light of the number of people
retiring and the increasing difficulties encountered to replace them. The maritime sector needs
to be perceived as offering reliable, safe workplaces for highly qualified people and attractive and
challenging career opportunities, including jobs in scientific research and innovation at all levels.
Therefore, extensive and broad communication and stimulation campaigns targeting young
people of different ages (from early school to university), as well as their parents, are required. The
waterborne sector needs to reinforce its visibility and attractiveness to all young professionals and
increase the diversity of those employed in the sector.

Public awareness of sustainable waterborne transport
As far as public awareness is concerned, a sustainable ecosystem enabling responsible absorption
of Waterborne tourism and trade in regional economies and infrastructures should be promoted.
Ports are a vital element of coastal cities: they contribute to regional economies, offer employment
and represent a link between different transport modalities. In most cases, even if they have been
historically established in a peripheral part of a city, the increase in population and related urban
expansion means they are now embedded in urban ecosystems. That is the reason why public
awareness is critical. A better integration should equally guide port design concepts, development
and operations. Initiatives should be taken to mitigate the negatively perceived aspects of ports
by the local population, to include increased road traffic, noise and air pollution. Another line of
possible actions should be pursued regarding social and environmental impacts (e.g. considering
public housing; nature compensation; infrastructure capacity constraints; etc.). A new model for
green micro-urban mobility, supported by autonomous technologies, for both coastal and river
transport, therefore needs to be established, reducing congestion and fostering smart integration
by connecting separate areas where the land connection becomes inefficient.
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