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Acronym / Term
ADN

Table 1 Glossary of acronyms

Description
The European Agreement Concerning the International Carriage of
Dangerous Goods by Inland Waterways

AFIR Alternative Fuels Infrastructure Regulation
Al Artificial Intelligence
AlS Automatic Identification System
CCAM Connected Cooperative Automated Mobility
CCNR Central Commission for the Navigation of the Rhine
CEF Connecting Europe Facility
European Committee for Drawing up Standards in the field of Inland
CESNI O
Navigation
CEVNI European Code for Inland Waterways
C-ITS Cooperative Intelligent Transport Systems
CJEU Court of Justice of the European Union
COLREG International Regulations for Preventing Collisions at Sea
ENISA European Union Agency for Cybersecurity
ES-TRIN European Standard for Inland Navigation Vessels
EU European Union
FAME Fatty Acid Methyl Esters
GHG Greenhouse gas
HVO Hydrotreated Vegetable QOil
IMO International Maritime Organization
loT Internet of Things
IWT Inland Waterway Transport
LLMC Limitation of Liability for Maritime Claims
MARPOL International Convention for the Prevention of Pollution from Ships
MASS Maritime Autonomous Surface Ships
OPS On-shore power supply
RCC Remote Control Centres
RIS River Information Services
RN Small Navigation Committee
SFAZ Small, Flexible Automated, Zero-emission
SOLAS International Convention for the Safety of Life at Sea
SRS Ship Reporting Systems
SSMS Sustainable and Smart Mobility Strategy
SUMPs Sustainable Urban Mobility Plans
1T Automatic Target Acquisition and Tracking
UNCLOS United Nations Convention on the Law of the Sea
UNECE United Nations Economic Commission for Europe
UVARs Urban Vehicle Access Regulations
V2X Vessel-to-Everything
VTS Vessel Traffic Services
ZEZs Zero Emission Zones
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Executive Summary

The regulatory landscape governing the integration of Small, Flexible, Automated, Zero-
emission (SFAZ) vessels in inland waterway transport (IWT) is evolving in response to
technological advancements in automation and decarbonisation. This deliverable, in its first
version, provides an overview of the context regarding regulation, standards, policies,
roadmaps, expert groups related to the adoption of SFAZ vessels. It outlines existing legal
frameworks, identifies gaps and barriers, and proposes pathways for the stepwise regulatory
introduction of automated and zero-emission small vessels.

The legal framework governing IWT is shaped by a complex interplay of international
conventions, EU legislation, standards, and national regulations, as outlined in Chapter 1. The
integration of SFAZ vessels requires adaptation across multiple levels, as the current legal
structure was designed primarily for crewed vessels and does not yet fully accommodate
automated navigation, remote vessel operations, or Al-driven decision-making.

The regulatory framework for automation in IWT is examined in Chapter 2, which provides an
overview of automation levels (2.1) and existing regulatory frameworks (2.2) at international,
EU, and national levels. At the international level, conventions such as UNCLOS [1], SOLAS [2],
COLREG_[3], MARPOL _[4], and ADN_[5], [6] provide the backbone for maritime and inland
navigation safety, pollution prevention, and liability. However, these frameworks do not yet
define clear legal pathways for automated vessels, particularly regarding the role of Al-driven
systems in navigation decision-making, collision avoidance, and emergency response for IWT.

At the European level, the Central Commission for the Navigation of the Rhine (CCNR) [7] has
made initial progress in defining automation levels for inland navigation, but these
classifications have yet to be fully integrated into European regulatory frameworks (2.2.3).

At the EU-Commission's level, the European Green Deal [8], Fit for 55 Package [9] (both at the
transport system level) and NAIADES Il Action Plan_[10] (described in Chapters 2 and 3),
which is IWT specific, establish a strong policy framework for decarbonisation and
digitalisation in IWT. However, while these policies promote modal shift and zero-emission
solutions, they do not specifically address automation, or the regulatory adaptations needed
for automated, autonomous or Al-driven vessel operations. The Alternative Fuels
Infrastructure Regulation [11] and FuelEU Maritime Regulation_[12] mandate the deployment
of charging and refuelling infrastructure for alternative fuels, yet they lack specific provisions
for automated refuelling, remote energy management, or Al-integrated vessel control
systems.

The governance of inland navigation also involves key (regulatory) bodies such as UNECE, DG
MOVE, CESNI, and CCNR, which are responsible for technical standards, safety certification,
legislative acts and regulatory compliance. However, current technical standards, such as
CESNI’s ES-TRIN [13], assume human-operated vessels and do not provide explicit guidelines
for autonomous navigation, cybersecurity protocols, or Al-assisted decision-making.
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The deployment of Al-powered and remotely operated vessels introduces new risks and
responsibilities. Cybersecurity threats pose a significant concern, as long as automated
vessels rely on networked control systems that could be vulnerable to hacking, data breaches,
or system malfunctions. While the EU Cybersecurity Act [14] and NIS2 Directive [15] establish
general cybersecurity principles, they do not yet offer a dedicated framework for securing Al-
driven vessel operations or ensuring data integrity in remote-controlled environments.

The legal implications of Al decision-making in navigation remain uncertain. Existing liability
frameworks, including the Product Liability Directive (85/374/EEC)_[16], assume human
operators and do not clearly define liability for Al-driven navigation errors, system failures, or
cybersecurity breaches. The EU Artificial Intelligence Act [17] classifies Al-powered navigation
as a high-risk application, requiring strict monitoring, risk assessments, and human oversight,
yet practical implementation guidelines for IWT are still lacking.

Moreover, safety regulations remain tied to manual vessel operations and have not yet been
updated to accommodate remote-controlled or autonomous inland navigation. Directive
2016/1629/EU [18] on technical vessel requirements does not include provisions for Al-driven
vessels, automated collision-avoidance systems, or remote supervision centres.

To facilitate the introduction of Small, Flexible, Automated, Zero-emission (SFAZ) vessels, a
structured regulatory adaptation process is required. This deliverable outlines key policy and
legislative priorities to support the harmonised, secure, and efficient deployment of
automated and zero-emission IWT vessels.

A critical first step is to update EU directives and technical standards to accommodate
automated vessel operations, Al-driven decision-making, and cybersecurity risk management.
This includes expanding CESNI’s ES-TRIN standards to establish clear certification pathways
for Al-assisted navigation, remote vessel operations, and Vessel-to-Everything (V2X)
communication protocols. Similarly, CCNR and UNECE must revise their navigation codes to
define legal requirements for autonomous vessel operations, Al-based collision avoidance,
and crew exemption conditions.

A coherent policy roadmap must also be developed to align funding mechanisms under
Horizon Europe, CEF Transport, Innovation Funds, Interreg and national innovation
programmes with the deployment of SFAZ vessels. More effort is needed to raise awareness
and cross-fertilization of running initiatives. Many of these initiatives are addressing similar
problems in a disconnected way that slows down actual progress. Dedicated investments in
infrastructure development, automation-friendly regulatory frameworks, and pilot projects to
test real-world applications are required on top of activities and frameworks to allow cross-
fertilization across initiatives. WATERBORNE and ALICE European Technology platforms as
well as the Taskforce for Zero-Emission Vessels in IWT and Short Sea Shipping are seeds for
that cross-fertilization.

Additionally, cybersecurity and liability frameworks must be reinforced to ensure that Al-driven
vessel operations are resilient against cyber threats and aligned with evolving EU regulations.
The integration of Al governance mechanisms within the EU Artificial Intelligence Act will help
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to provide clarity on accountability, legal responsibilities, and data security measures for
autonomous vessel operations.

Finally, practical implementation measures, including pilot projects and regulatory sandboxes,
will be essential to validate the safety and operational efficiency of automated IWT solutions.
Countries such as Belgium, France, and Romania have already initiated regulatory frameworks
for testing automated vessels, and these efforts should be expanded across Europe.

As the first version, this deliverable provides an initial assessment of the regulatory context
for SFAZ vessels. The findings presented here will be further refined and expanded in the
second version, incorporating in-depth stakeholder consultations and expert interviews.
Engaging with regulators, policymakers, industry representatives, and technology developers
will provide valuable insights into operational challenges, regulatory concerns, and industry
perspectives.

The second version of this deliverable will include a more detailed gap analysis, examining
specific legal, technical, and policy barriers that may hinder the large-scale adoption of
automated and zero-emission vessels in IWT. Additionally, it will propose concrete policy
recommendations for aligning EU and international regulations with the future needs of
automated inland navigation.

By addressing these regulatory gaps and establishing a clear stepwise introduction of SFAZ
vessels, European inland waterways can transition towards a more efficient, digitally
connected, and environmentally sustainable future. The insights gained through further
research and stakeholder engagement will be instrumental in shaping a cohesive and future-
proof regulatory framework that balances technological innovation, legal certainty, and
sustainability goals.
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1. Introduction: setting IWT's operational
context

The FOREMAST project, funded under the Horizon Europe programme, is at the forefront of
advancing automation and zero-emission solutions in Inland Waterway Transport (IWT). As
part of the broader European vision for a sustainable, efficient, and digitally connected
transport system, FOREMAST is in line with key EU policies, including the European Green
Deal, the Fit for 55 Package, the Sustainable and Smart Mobility Strategy, and the NAIADES I
Action Plan.

Automation and zero-emission technologies have been high on the agenda of stakeholders
across all transport modes for several years. IWT, an important component of the European
freight and logistics network, is undergoing a transformation driven by technological
advancements and regulatory developments. This transition requires coordinated efforts
among policy makers, industry stakeholders, regulatory bodies, and infrastructure managers
to establish a harmonised legal and operational framework for highly automated and zero-
emission inland vessels.

This deliverable, "SFAZ Regulation Context, Roadmaps, and Policies v1", provides an initial
assessment of the regulatory landscape governing automated and zero-emission inland
vessels. The approach taken in this deliverable is based on a regulatory and policy analysis,
drawing from multiple sources, including EU legislation, international agreements, technical
standards, and findings from EU-funded projects such as PLATINA3 [19], [20], [21], [22], [23],
PLATINA4Action [24],[25], AUTOSHIP [26], [27] and AEGIS [28]. The analysis is complemented
by gap assessments comparing existing legal frameworks with the operational requirements
of SFAZ vessels. The analysis includes:

e A review of international, EU, and national regulations impacting IWT automation and
zero-emission adoption.

e An assessment of CESNI and CCNR standards, including ES-TRIN 2025/1 and ES-RIS
2025/1, in the context of automated and remotely controlled vessel operations.

e A gap analysis comparing existing legal requirements with the operational and safety
needs of Al-driven vessels.

e Recommendations for regulatory adaptation, policy integration, and standardisation
updates to facilitate the stepwise introduction of SFAZ vessels.

This first version of the deliverable establishes the baseline analysis and will be further
developed in the second version. The next iteration will include interviews with stakeholders
across the IWT ecosystem, including policymakers, vessel operators, technology providers,
and standardisation experts. These insights will refine the recommendations and ensure that
the proposed regulatory pathways reflect real-world challenges and industry needs.

The deliverable does not include an assessment of ongoing regulatory initiatives,
standardisation efforts, and proposed legislative updates, including the EU Regulatory
Position on CESNI and CCNR Standards for Inland Waterway Transport (ST-13009-2024-INIT
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[29]). These regulatory updates aim to modernise ES-TRIN 2025/1 [13] and ES-RIS 2025/1 [30]
standards to accommodate Al-driven and remotely controlled vessel operations, ensuring that
IWT remains compliant with evolving digitalisation and sustainability objectives. These topics
will be covered in the next version of the deliverable.

The approach taken in this deliverable is based on a regulatory and policy analysis, drawing
from multiple sources, including EU legislation, international agreements, technical standards,
and best practices from pilot projects. The analysis is complemented by gap assessments
comparing existing legal frameworks with the operational requirements of SFAZ vessels.

The findings of this research provide the basis for policy recommendations, standardisation
updates, and strategic regulatory interventions that will facilitate the integration of automation
and zero-emission technologies into IWT.
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1.1. Mapping FOREMAST outputs

Table 2 Adherence to FOREMAST Grant Agreement deliverable and work description

FOREMAST GA
Component Title

FOREMAST GA Component Outline

Respective
Document

Chapter(s)

DELIVERABLE

Justification

D4.5 SFAZ This deliverable provides an initial assessment of the | Chapters 2, | The document covers the regulatory and standardisation
Regulation context, | regulatory landscape governing SFAZ vessels in IWT. It 3,4,56 landscape by examining international, EU, and national
roadmaps, and identifies key regulatory challenges, existing legal frameworks. It includes a gap analysis, recommendations for
policies v1 frameworks, technical standards, and policy initiatives policy adaptation, and a roadmap for the stepwise regulatory
impacting automation and zero-emission compliance. introduction of SFAZ vessels.
ST4.3.1 Overview This subtask identifies regulatory barriers that may hinder Chapter 3 The chapter addresses the key legal and regulatory frameworks
of regulation on the adoption of SFAZ vessels, aligning with Task 4.1. It impacting the integration of automated navigation systems in
automated small provides a comprehensive review of existing regulations IWT. It includes references to CESNI, CCNR, and EU regulations.
vessels governing automation, autonomy, safety, and cybersecurity
for class I/1l vessels.
ST4.3.2 Overview This subtask provides an overview of regulations Chapter 4 The chapter evaluates the current legal requirements for zero-
of regulation on governing the use of zero-emission technology in small emission SFAZ vessels
zero-emission vessels. It assesses compliance requirements and gaps
application for related to hydrogen, battery-electric propulsion, and
SFAZ vessels alternative fuels.
ST4.3.3 GAP This subtask performs a gap analysis of the regulatory Chapter 5 The chapter identifies discrepancies between existing
analysis of landscape, comparing the requirements identified in regulations and the operational needs of SFAZ vessels,
regulatory overview | ST4.3.1 and ST4.3.2 with the characteristics of SFAZ proposing targeted recommendations for regulatory
vessels. It provides recommendations for compliance. harmonisation.
ST4.3.4 Creation of | This subtask develops a policy roadmap that outlines the Chapter 6 The chapter presents a preliminary roadmap with milestones

a policy roadmap
towards stepwise
regulatory
introduction of
SFAZ vessels

steps needed to ensure the stepwise regulatory
introduction of SFAZ vessels. It provides a structured
approach for regulatory adaptation and identifies key
stakeholders.

and policy interventions necessary for the progressive
integration of SFAZ vessels into the European IWT ecosystem.




1.2. Legislation types: international, EU, national,
regional, and river-related

The EU’s framework for IWT to operate in, is a complex interplay of international agreements,
EU legislation, national regulations, regional provisions, and river-specific frameworks. These
systems are designed to ensure sustainable, efficient, and safe waterborne transport while
taking into account different geographical, environmental, and governance needs.

International conventions and agreements are fundamental elements in defining the
regulatory framework for IWT, setting standards for safety, environmental protection and
operational efficiency. These agreements are an integral part of EU law, separate from primary
and secondary legislation_[31], and form a sui generis category that can sometimes have
direct effect and take precedence over secondary legislation.

The authority of international law is typically unmediated due to its horizontal nature, which
requires all participating states to adhere to the agreements they have ratified. This lack of
mediation can pose challenges in enforcing compliance. International agreements often
contain built-in mechanisms to ensure compliance, such as procedures for inspections and
methods for dealing with non-compliance.

EU legislation: the legal framework governing IWT in the EU is primarily structured around
both primary and secondary legislation. Primary law consists of the EU treaties, which set out
the basic objectives and rules for all EU activities, while secondary law comprises various legal
acts such as regulations, directives, and decisions that implement these treaties in practice.

The relationship between international conventions and agreements and EU law is complex.
According to the Court of Justice of the European Union (CJEU), international agreements can
have direct effect, which means that they can create enforceable rights for individuals in EU
jurisdictions [32]. This direct effect is particularly relevant in cases where EU law must comply
with the obligations set out in these international treaties.

National legislation in Europe relating to IWT operates within a framework that is consistent
with both European Union directives and international regulations. Member States are
required to implement laws and regulations that comply with EU directives by specific
deadlines, which require Member States to bring into force the necessary provisions by
specified dates.

Regional legislation facilitates local governance initiatives in line with wider European
policies, ensuring that local needs and conditions are taken into account in transport and
environmental planning. Local government initiatives contribute to the development of
regional legislation, fostering a bottom-up approach that influences European policies on
urban mobility, social services, environmental standards, procurement, transport and housing.

The river-specific frameworks governed by bodies such as the CCNR and Danube
Commission focus on maintaining the integrity of regional transport networks and often
introduce additional measures tailored to local conditions and practices. One must be aware



though that the legal nature and competences may differ between the respective river
commissions.

1.3. Overview of regulatory and standardization bodies
and initiatives for IWT in EU

The governance of IWT in the European Union involves multiple regulatory bodies at different
levels: EU-level, international, and national/regional authorities. These organisations develop
and enforce regulations, set technical standards, oversee safety and operational compliance,
and promote innovation in the sector.

As automation and digitalisation progress and zero-emission goals are closer, these
authorities will play an important role in adapting legal frameworks, establishing certification
pathways for highly automated and autonomous vessels, and integrating Al-driven systems
into existing inland navigation infrastructure.

This section outlines the key institutional actors responsible for IWT governance and
highlights their roles in shaping the regulatory framework for SFAZ.

European Commission (DG MOVE)

“The European Commission represents the common interests of the EU and is the EU’s main
executive body. It uses its ‘right of initiative’ to put forward proposals for new laws, which are
scrutinised and adopted by the European Parliament and the Council of the European Union. It
also develops and manages EU policies and the EU’s budget and ensures that countries apply
EU law correctly. Representation offices act as the Commission’s voice across the EU. They
monitor and analyse public opinion in their host country, provide information about EU policies
and the way the EU works, and facilitate the Commission’s cooperation with the host member
country”[33]. For IWT, this responsibility is in the hands of DG-MOVE/unit D3.

Key responsibilities of DG MOVE

Formulates EU transport policies and strategies, including those related to digitalisation,
automation, and sustainability in IWT.

e Oversees the implementation of EU directives and regulations governing inland
waterways, including Directive 2016/1629/EU on technical vessel requirements and
Directive 2005/44/EC on River Information Services (RIS) [34].

e Coordinates funding and research programs, such as Horizon Europe, CEF
(Connecting Europe Facility), and the European Green Deal, to support innovation in
automated and zero-emission inland vessels.

e Ensures compliance with EU environmental and climate goals, such as those outlined
in the Fit for 55 Package.

Relevance to SFAZ vessels

e DG MOVE should develop a legal framework for integrating Al-driven and remotely
operated vessels into European inland waterways.
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e The European Commission should update existing directives and technical standards
to account for automation, digital connectivity, and cybersecurity in IWT.

e Needs to coordinate efforts between Member States, research institutions, and
industry stakeholders to ensure a harmonised transition to autonomous inland
navigation.

European Committee for Drawing up Standards in Inland Navigation (CESNI) [35]

CESNI (European Committee for Drawing up Standards in Inland Navigation) is responsible
for developing technical standards for inland navigation vessels in the EU, ensuring
interoperability and safety compliance. It is a collaborative body involving EU member states,
CCNR states, and other stakeholders. It operates under CCNR but plays a key role in setting
EU-wide technical requirements.

Key responsibilities

e Develops and updates the European Standard for Inland Navigation Vessels (ES-TRIN)
[36], which defines safety, construction, and operational requirements.

¢ Aligns technical vessel certification with both EU and CCNR regulations.

e Establishes crew qualification and training standards, which could be impacted by
automation and Al-assisted operations.

Relevance to SFAZ vessels

e CESNI needs to expand ES-TRIN to include provisions for remote-controlled and Al-
operated vessels.

e Should develop certification standards for Al-driven navigation systems, cybersecurity
protocols, and remote operation centres.

e Should work closely with DG MOVE and CCNR to harmonise automated vessel
regulations across different European waterways.

Central Commission for the Navigation of the Rhine (CCNR) [7]

The CCNR is one of the oldest and most influential IWNT regulatory bodies in Europe, setting
technical and operational standards for navigation on the Rhine River, a key corridor for freight
transport. Its regulations often serve as a reference for EU-wide inland navigation policies.

Key responsibilities

e Establishes technical and safety standards for Rhine navigation, influencing EU
regulations on inland vessel certification.

e Oversees compliance with crewing requirements, vessel design, and traffic
management systems.

e Cooperates with the European Commission and CESNI to develop harmonised IWT
regulations across Europe.
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Relevance to SFAZ vessels

CCNR has established a dedicated committee, the Small Navigation Committee [37]
(RN) to steer work on automation, covering technical, legal, and social questions.

It has adopted the first international definition of IWT automation levels (Resolution
2018-11-16 [38]).

It has set out a detailed vision (2022-2028) for harmonised development of
automation [39].

CCNR provides a testbed for coordination through its pilot project authorization
process. It has issued guidelines for approving autonomous vessel trials on the Rhine
and listed contact points in each country.

CCNR needs to adapt its technical and safety standards to accommodate automated
and remote-controlled vessels.

CCNR should define clear legal pathways for autonomous vessels to operate on the
Rhine without violating crew requirements.

Needs to integrate Al-driven vessel monitoring into existing traffic management
systems.

United Nations Economic Commission for Europe (UNECE) [40]

The UNECE regulates inland waterway transport through conventions and agreements that
set international standards for safety, infrastructure, and navigation. UNECE's role is thus to
ensure that countries along pan-European corridors (like the Danube basin, which involves EU
and non-EU states) adopt compatible rules, preventing regulatory “islands.” The UNECE
Working Party on Inland Water Transport [41] (SC.3) brings together not only EU countries but
also other European and Central Asian states, aiming for common principles in inland
navigation.

Key responsibilities

Maintains the European Code for Inland Waterways (CEVNI), a regulatory framework
for navigation safety.

Oversees agreements such as the European Agreement Concerning the International
Carriage of Dangerous Goods by Inland Waterways and the European Agreement on
Main Inland Waterways of International Importance.

Promotes cross-border interoperability of inland navigation systems between different
countries.

Relevance to SFAZ vessels

UNECE should revise CEVNI to include regulations on Al-driven navigation and
autonomous vessel operation.

The European Agreement Concerning the International Carriage of Dangerous Goods
need to be updated to allow remote-controlled vessels to transport hazardous goods
under strict Al-based risk assessment protocols.
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e The European Agreement on Main Inland Waterways of International Importance
should consider infrastructure and digital connectivity requirements for automated
vessel corridors.

The governance of SFAZ requires coordination between multiple regulatory bodies at EU,
international, and national levels. While these authorities play an important role in ensuring
safety, efficiency, and sustainability, they must now adapt to accommodate automation, Al-
driven navigation, and remote vessel operations.

To fully integrate SFAZ vessels into European waterways, the following steps are necessary:

e DG MOVE and CESNI should update existing directives and technical standards to
define legal pathways for autonomous vessels.

¢ CCNR and UNECE should revise navigation codes and safety regulations to reflect Al-
driven operations.

e National and regional authorities need to support pilot projects to test real-world
applications of automated inland navigation.

By implementing these adaptations, European inland waterways will become more efficient,
digitally connected, and ready for the next generation of waterborne transport.

17 —
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2. Regulatory context for automated small
vessels for inland navigation

The development of automated and autonomous vessels for IWT presents significant
opportunities for improving efficiency, reducing emissions, and shifting cargo from road to
more sustainable waterborne transport modes. However, these innovations also encounter
regulatory and legal challenges that must be addressed to facilitate safe and compliant
integration into the European transport system.

This chapter provides an overview of the current regulatory framework applicable to
automated small vessels in IWT.

2.1. Automation levels of IWT vessels

The safe and reliable operation of automated IWT vessels requires strict compliance with
technical standards and certification protocols. In the European Union, Directive
2016/1629/EU establishes a harmonised framework for technical requirements applicable to
inland waterway vessels, including small Class | vessels. This Directive facilitates cross-
border operations by reducing administrative barriers and ensuring mutual recognition of
vessel certificates between Member States.

Regulatory and standardisation bodies play an important role in supporting the development
and deployment of automated vessels. The Central Commission for the Navigation of the
Rhine (CCNR) [42] is responsible for establishing and maintaining safety standards specific
to the Rhine and its navigable network.

To provide a structured understanding of automation, Figure 1 shows the internationally
agreed classification of automation levels in inland navigation, as developed by the CCNR.
This framework is in line with similar taxonomies used in other transport sectors (e.g. road
transport) and is intended to support regulators, classification societies, and technology
developers in defining system capabilities and corresponding responsibilities.

Figure 1 illustrates six different levels of automation, ranging from level 0 (no automation) to
level 5 (full automation). These levels are defined based on the distribution of responsibilities
between the human operator (boatmaster) and the automation system in three main
operational areas: vessel control, monitoring of the navigational environment, and fallback
performance in case of failure.

e Levels 0-2 (human-in-the-loop): The boatmaster remains primarily responsible the
execution of dynamic navigation tasks. Automation provides assistance in steering or
limited navigation support but does not replace human judgement. These levels are
currently the most prevalent in IWT operations.

e Levels 3-5 (system-in-the-loop): These levels represent increasing reliance on
automation. At level 3 (conditional automation), the automation system performs
most navigation tasks, but the boatmaster is expected to intervene when required.
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Level 4 (high automation) removes this expectation of human intervention during
normal operation, and level 5 (full automation) introduces a fully autonomous system
capable of performing all tasks without human supervision, including fallback
performance.

This classification provides an important basis for regulatory and technical harmonisation in
the EU and its neighbouring countries. It enables a structured approach to risk assessment,
adaptation of crew requirements and validation of control systems in different operational
contexts. Widespread adoption of this framework will support the consistent certification and
safe operation of SFAZ vessels, especially in cross-border operations along pan-European

corridors.
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NO AUTOMATION

the full-time performance by the boatmaster of all aspects of the dynamic navigation tasks, even
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about the navigational environment and with the expectation that the boatmaster performs all
remaining aspects of the dynamic navigation tasks
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expectation that the boatmaster performs all remaining aspects of the dynamic navigation tasks
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CONDITIONAL AUTOMATION

the sustained context-specific performance by a navigation automation system of all dynamic
navigation tasks, including collision avoidance, with the expectation that the boatmaster will
be receptive to requests to intervene and to system failures and will respond appropriately
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the sustained context-specific performance and fallback performance by a navigation
automation system of all dynamic navigation tasks, without expecting a boatmaster
responding to a request to intervene?

AUTONOMOUS = FULL AUTOMATION

the sustained and unconditional performance and fallback performance by a navigation
automation system of all dynamic navigation tasks, without expecting a boatmaster
responding to a request to intervene
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Source: International definition of levels of automation in inland navigation, CCNR

Figure 1 International definition of levels of automation in inland navigation

2.2. Overview of current automation regulations

Automation in IWT, especially for small vessels, is advancing quickly. However, current laws
and regulations are not always ready for these new technologies, which creates challenges

for their integration.
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2.2.1.International framework

Small IWT vessels entering seaports must comply with maritime legislation, in addition to
inland navigation regulations. The legal framework governing such vessels depends on the
specific navigational zone, port jurisdiction, and international conventions applicable in that
area. Exemptions exist for smaller vessels under International Convention for the Safety of
Life at Sea (SOLAS) or national laws, but in general, safety, navigation, and anti-pollution
standards apply.

International agreements and conventions agreements ensure harmonisation, safety, and
interoperability between different national waterways, enabling cross-border transport and
trade. However, these frameworks were developed primarily for conventional, crew-operated
vessels, meaning that the introduction of automated and remotely operated vessels presents
new legal and operational challenges.

This section provides an overview of the key international conventions influencing IWT.

The IMO/SOLAS Convention (International Convention for the Safety of Life at Sea) [2] sets
safety standards for the design, equipment, and operation of ships. While SOLAS generally
applies to seagoing vessels, port authorities may impose specific safety requirements on
inland vessels operating in mixed maritime-inland navigation areas. The convention mandates
crew requirements and onboard safety protocols, which need reassessment for automated
vessels lacking a human crew. New amendments are being considered to incorporate remote-
control operations and Al-supported decision-making in emergency response planning.
Specific areas requiring attention include emergency systems, navigation protocols and crew
evacuation procedures. In addition, the definitions of roles such as "master" and "crew" need
to be updated to include responsibilities related to remote control centres (RCCs) that monitor
autonomous vessels.

The IMO/COLREG Convention [3] (International Regulations for Preventing Collisions at Sea)
lays down rules to prevent collisions, requiring vessels to act based on "good seamanship”
principles. Once an inland vessel enters a sea port, it is subject to COLREGs, which govern
navigational conduct, right-of-way rules, and collision avoidance. However COLREG does not
explicitly address automated systems. The current rules assuming human presence onboard,
need to be clarified to ensure that autonomous vessels can maintain a proper lookout and
make decisions that comply with collision prevention rules. Regulatory adaptations are
required to define the role of remote operators and autonomous systems in fulfilling "duty to
avoid collisions" obligations.

Similarly, the IMO/STCW Convention_[43] (Standards of Training, Certification, and
Watchkeeping), which regulates crew training and qualifications, does not cover RCC
operators who remotely monitor and control autonomous vessels. New frameworks are
required to define training and certification standards for remote operators, ensuring they
possess the necessary competencies to operate autonomous systems safely and effectively.

UNCLOS [1] (United Nations Convention on the Law of the Sea) provides the legal framework
for maritime activities, including inland and coastal waters. UNCLOS establishes principles
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regarding navigational rights, territorial limits, flag state jurisdiction, freedom of navigation,
and legal responsibilities of vessel operators. However, it does not explicitly address the
operational status of unmanned, automated, operated remotely or autonomously vessels,
leading to uncertainties regarding liability, compliance, legal status of RCCs and the
jurisdiction under which they operate, particularly in international waters.

IMO/MARPOL_[4] (International Convention for the Prevention of Pollution from Ships)
regulates pollution prevention, including emissions from ships, ballast water management,
and waste discharge and requires contingency plans for pollution incidents. While these rules
apply to all ships, including autonomous ships, updates are needed to address reporting
procedures and emergency response for ships without crews on board. Automated vessel
operations may also require digitalized emissions monitoring and compliance verification.
Moreover, introduction of automated and autonomous vessels powered by alternative fuels
(hydrogen, methanol, and battery-electric systems) necessitates updates to MARPOL
compliance frameworks.

IMO Guidelines for Maritime Autonomous Surface Ships (MASS) [44] provide a framework
for testing and operating autonomous vessels. They define autonomy levels and address
safety, security, and environmental considerations.

Recognising the increasing relevance of automation in maritime transport, the IMO initiated
the Regulatory Scoping Exercise (RSE) on MASS to assess gaps in current legal frameworks.

The key objectives of this initiative include:

¢ Identifying necessary modifications to existing IMO conventions to accommodate
autonomous vessels.

e Evaluating the legal implications of human responsibility in Al-operated decision-
making.

e Assessing cybersecurity risks associated with remotely controlled vessels.

e Establishing a phased regulatory approach to integrate autonomous vessels safely
into maritime and inland waterway operations.

Several countries, including Norway, Singapore, Japan, and the USA, have initiated pilot
projects to explore real-world applications of MASS. Focused on trials, the guidelines highlight
the need for further amendments to existing IMO conventions to enable large-scale
deployment. The European Union is closely monitoring these developments to ensure
alignment with EU-specific regulatory frameworks.

United Nations Economic Commission for Europe (UNECE) Standards

The UNECE Working Party on Inland Water Transport (SC.3) develops legal and technical
frameworks to facilitate international trade and transportation on inland waterways. It
establishes safety and technical requirements for inland navigation under the European Code
for Inland Waterways (CEVNI) [45]; regulates the standardisation of signs, signals, and vessel
operating procedures; works to harmonise national regulations to ensure cross-border
operability; and oversees the implementation of digital and smart waterway infrastructure.
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CEVNI assumes human-operated vessels, with no explicit provisions for Al-driven decision-
making or remote operation. The legal status of autonomous vessels is unclear, particularly
in international waterway transit scenarios. No unified framework exists for Al-powered vessel
traffic management and collision avoidance.

2.2.2.EU framework

This subchapter examines key EU policies and strategies shaping the regulatory framework
for automated small vessels in IWT. It explores how the European Green Deal, Fit for 55, SSMS,
NAIADES lll, Mannheim Declaration, and PLATINA3 support automation and digitalisation,
while highlighting regulatory gaps such as the lack of legal definitions, funding, and technical
standards for Al-driven vessels.

2.2.2.1. European Green Deal, Fit for 55 Package, Sustainable and Smart Mobility
Strategy, NAIADES Il Action Plan, the Mannheim Declaration, and PLATINA3

The European Green Deal (COM/2019/640 final) [8] outlines several key policy areas that
directly impact the regulatory environment for automated inland waterway vessels:

e Emissions reduction and alternative fuels:

The Green Deal prioritises the shift from fossil fuels to renewable energy sources for all
transport modes, including IWT. The FuelEU Maritime Regulation [12] and the Alternative Fuels
Infrastructure Regulation (AFIR)_[11] mandate the deployment of low-emission and zero-
emission vessel technologies.

Most automated small vessels are designed for zero-emission operation, using electric,
hydrogen, or hybrid propulsion. However, current regulations do not explicitly classify
automated vessels under the Green Deal's emissions reduction policies. The lack of
infrastructure for automated charging and refuelling presents a barrier to widespread
deployment of zero-emission autonomous vessels.

e Modal shift to sustainable transport

The Sustainable and Smart Mobility Strategy (SSMS) [46], a key component of the Green Deal,
promotes shifting freight transport from road to rail and inland waterways. IWT is recognised
as a more sustainable mode of freight transport, yet its full decarbonisation requires further
investment in automation and digitalisation.

Al-driven logistics and automation can improve the efficiency and attractiveness of IWT,
reducing reliance on road transport. The Green Deal does not specifically address how
automation can contribute to modal shift objectives, leaving a gap in policy alignment.

Additionally, inland ports and waterway infrastructure will need to invest in digitalisation to
manage new types of automated vessels. This includes the development of real-time
communication systems, digital traffic management, and interoperability solutions to ensure
seamless integration between automated and conventional vessels. Without these
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investments, the full potential of automated inland navigation to support modal shift and
sustainable transport goals will remain underutilised.

e Digitalisation and smart mobility integration

The Green Deal promotes the digitalisation of transport through smart mobility strategies,
real-time data sharing, and Al-driven traffic management. Automation, Al, and IoT
technologies are considered critical enablers for optimising transport efficiency and reducing
emissions.

The lack of dedicated regulatory guidance for Al-driven vessels within Green Deal policies
hinders their integration into EU sustainability frameworks. Automated vessels need
standardised digital infrastructure to support real-time monitoring, smart traffic management,
and optimised energy use.

The Fit for 55 package [9] is a key component of the European Green Deal. It introduces
comprehensive regulatory updates affecting all transport modes, including IWT, with a strong
emphasis on alternative fuels, emissions reduction, and digitalisation.

Automated small vessels in IWT have the potential to enhance fuel efficiency, reduce
emissions, and improve logistics efficiency. However, current Fit for 55 policies do not
explicitly address autonomous vessels, leaving regulatory gaps in compliance, alternative fuel
infrastructure, and Al-driven energy management.

The Sustainable and Smart Mobility Strategy (SSMS) [47], adopted by the European
Commission in December 2020, serves as the policy roadmap for achieving a more
sustainable, efficient, and digitally connected transport system. It is a core component of the
European Green Deal, aligning with the objectives of climate neutrality by 2050 while
promoting digitalisation and automation across all transport modes, including IWT. The
strategy identifies automation and digitalisation as key enablers for a smarter and more
efficient transport sector, but it does not yet provide specific regulatory provisions for Al-
driven or remotely operated vessels in IWT.

The SSMS sets out ten flagship areas for achieving a green and digital transformation in
transport. The following priorities are relevant to the development and regulation of
automated small vessels in IWT:

e Boosting the use of sustainable transport (Flagship 1 & 2). Encourages a modal shift
to inland waterways as part of efforts to reduce road congestion and emissions.
Automation can increase the efficiency of IWT by reducing costs, improving cargo
scheduling, and enabling 24/7 operations. However, there is no regulatory framework
defining the role of Al-driven navigation in modal shift strategies.

e Deploying digital and automated mobility (Flagship 6 & 7). Promotes the adoption of
Al, automation, and digital twins in transport systems. Encourages connected and
cooperative automated mobility (CCAM) principles for multimodal transport. There are
no existing technical standards or regulatory frameworks for Al-driven inland
waterway traffic management. The integration of automated vessels into digital
corridor initiatives remains unclear.
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e Strengthening green infrastructure and innovation (Flagship 4 & 8). They aim to
decarbonise IWT through clean energy investments and support the integration of
smart navigation systems into RIS platforms. Current infrastructure planning does not
account for automated vessel refuelling and recharging solutions. There is no specific
guidance on integrating Al-driven vessel operations into smart port logistics.

The Sustainable and Smart Mobility Strategy provides a policy direction for the digitalisation
and decarbonisation of IWT, but it lacks specific regulatory provisions for Al-driven and
automated vessels.

The NAIADES Il Action Plan (2021-2027) [10] is the European Commission’s strategic
roadmap for modernising and decarbonising IWT. It builds on the objectives of the European
Green Deal, the SSMS, and the Fit for 55 Package, aiming to increase the modal share of IWT
while promoting digitalisation, automation, and alternative fuels. NAIADES Il recognises
automation and digitalisation as enablers of a more efficient and resilient inland navigation
sector. However, the current regulatory framework does not accommodate Al-driven and
remotely operated vessels, creating legal uncertainties for their deployment.

NAIADES lll is structured around six key areas, three of which are particularly relevant to the
regulatory framework for automated small vessels in IWT:

¢ Transitioning to zero-emission IWT: With the objective of achieve a climate-neutral
IWT sector by 2050 through alternative fuels, electrification, and digitalisation, it has a
relevance to automated small vessels as Al-driven energy optimisation can enhance
fuel efficiency and emissions reduction. However, no dedicated funding schemes for
automated zero-emission vessels exist under NAIADES IlI.

¢ Boosting the competitiveness and resilience of IWT: Objective of this area is to
strengthen IWT's role in the EU’'s multimodal transport system by improving efficiency,
innovation, and market attractiveness. Autonomous vessels can provide cost-
effective, 24/7 operations to make IWT more competitive. However, regulatory
uncertainty around automation discourages investment in Al-driven IWT solutions.

¢ Advancing the digitalisation and automation of IWT: This are objective is to develop
smart waterborne transport solutions, including RIS, Al-assisted navigation, and
automation. Lack of harmonised legal definitions and certification pathways for
autonomous IWT vessels. Moreover, there are no standardised V2X communication
protocols for Al-powered navigation.

The NAIADES Il Action Plan provides a policy foundation for digitalisation, sustainability, and
competitiveness in IWT. However, its lack of dedicated regulatory provisions for autonomous
vessels presents a major gap in the transition towards fully digital and Al-powered inland
navigation.

The Mannheim Declaration [48], adopted on 17 October 2018 recognises digitalisation,
automation, and ecological sustainability as key priorities for future inland navigation policies.
While the Mannheim Declaration primarily focuses on safety, sustainability, and economic
competitiveness, it also provides a foundation for integrating automated small vessels into
the European IWT network.
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The Mannheim Declaration reaffirms the importance of the Mannheim Act (1868) and the
CCNR in regulating inland navigation. It also recognises the CESNI as the key technical body
for developing harmonised regulations. CCNR and CESNI must expand their regulatory scope
to accommodate Al-driven and remotely operated vessels. CESNI should develop technical
and safety standards for autonomous navigation, including certification processes for
automated vessel control systems.

Advancing digitalisation and automation. The declaration explicitly calls for the development
of digitalisation and automation to improve IWT’s competitiveness, safety, and sustainability.
It recognises automation as a transformative technology but does not define a clear
regulatory framework for its deployment. There is no existing guidance on Al-driven
navigation, remote operations, or collision avoidance protocols.

Addressing labour market and crew training challenges. The Mannheim Declaration highlights
the need for flexible crew regulations and improved training standards, given the shortage of
qualified personnel in the inland shipping sector. The transition to autonomous vessels will
impact crew qualification requirements and job profiles in IWT. Current crew certification
schemes assume human-operated vessels, creating legal uncertainties for Al-controlled
operations.

The Mannheim Declaration provides a strong policy foundation for advancing digitalisation,
sustainability, and competitiveness in IWT. However, its lack of specific regulations for
autonomous and Al-driven vessels presents a major gap in the transition towards automation.

PLATINAS3 project

The PLATINA3 Deliverable “D2.3 Report on vision and roadmap on pathway for automation
and on-board systems”_[49] outlines a strategic vision and roadmap for integrating
automation into IWT in Europe. By evaluating pilot projects, European regulatory frameworks,
and technological readiness levels, this roadmap aims to support policymakers,
standardisation bodies (CESNI, CCNR), and industry stakeholders in facilitating automation
adoption within inland navigation.

The roadmap follows a three-phase implementation strategy:

e Short-term (2023-2025): The focus is on regulatory updates and pilot projects
(NOVIMAR, NOVIMOVE, AUTOSHIP, DEME, AEGIS, SCIPPER, A-SWARM, SEAFAR,
ARGONICS - argoTrackPilot, SMASH!, FERRY, ZEABUZ, UNMANNED SURFACE
VESSELS, ROBOAT) to test automation technologies in real-world conditions. Key
priorities include defining legal frameworks, establishing safety guidelines, and
addressing liability concerns for remotely operated and Al-driven vessels.

e Medium-term (2025-2030): This phase aims to develop industry-wide standards and
commercial applications for automation in IWT. Efforts will focus on harmonising
certification processes, integrating automation into River Information Services (RIS),
and fostering public-private partnerships to scale up automation projects.

e Long-term (2030-2050): The objective is widespread deployment of automation
across European inland navigation. By this stage, fully autonomous vessels should be
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operating alongside conventional IWT traffic, supported by a comprehensive digital
infrastructure and regulatory framework that ensures safe, efficient, and
environmentally sustainable automated navigation.

This structured roadmap provides a pathway for the gradual adoption of automation in IWT,
ensuring that technological advancements align with regulatory developments and industry
needs.

The PLATINAS3 Deliverable “D3.6 Report on preparation for update of CESNI standards with a
view to automation” [50] focuses on the necessary updates to CESNI standards to
accommodate automation in IWT. As automation and digitalisation reshape the sector,
existing CESNI technical standards and operational requirements need to be updated to
facilitate the safe and regulated integration of automated and remotely operated small
vessels. This deliverable stresses several gaps and regulatory barriers in current CESNI
standards that hinder the integration of Al-driven and remote-controlled vessels:

¢ Lack of legal classification for automated vessels. Current ES-TRIN assumes human-
operated vessels with no classification system for remote-controlled vessels
(operated from shore-based control centres) and Al-driven autonomous vessels (fully
automated, with or without human oversight). There are no established automation
levels exist, unlike in road transport, where CCAM principles define clear automation
categories.

e Outdated technical and safety standards for automation. No provisions exist for Al-
driven navigation, automated collision avoidance, or machine-learning-based risk
assessment. Vessels are required to have onboard crew for safety interventions,
making it unclear how remotely controlled or fully autonomous vessels fit into existing
standards. Fire safety, fail-safe mechanisms, and emergency shutdown procedures
are designed for crewed vessels, requiring revision for automated ship operations.

¢ Inadequate digital infrastructure standards for automated navigation. Current CESNI
standards do not include V2X communication, which is essential for real-time
coordination between autonomous and manned vessels. RIS lacks provisions for Al-
based vessel monitoring, remote diagnostics, and predictive maintenance integration.
Cybersecurity and Al governance frameworks are not addressed, raising risks of
hacking or data manipulation in remote-controlled vessel operations.

e Ambiguity in crew requirements for remote-controlled operations. CESNI manning
tables (which define minimum crew requirements) assume onboard crew for all
vessels. No provisions exist for certifying RCC operators who would control
automated vessels from shore-based facilities. CESNI's crew qualification framework
does not yet accommodate Al-supervised operations, making it unclear how training
and certification should be adapted.

The PLATINA3 Deliverable “D3.4 Report on required content and options to establish training
and refresher classes for automated vessel operation” [19] focuses on the training and
refresher requirements for inland waterway personnel operating automated vessels. As
automation advances in the IWT sector, new skills, competences, and certification
frameworks are required to ensure safe and efficient vessel operations.
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According to PLATINA3 the key challenges in training and refresher courses for automated
vessels are:

e Absence of mandatory periodic training for automated vessel operators. Unlike
aviation, road, rail, and maritime sectors, there is no compulsory periodic training
requirement for IWT operators working with automated vessel systems. The lack of
structured refresher courses could lead to competency degradation as new
automation technologies evolve.

e Need for specific training modules for remote-controlled and autonomous vessels.
New roles such as RCC operators and Al-supported vessel supervisors require
specialised training, which is not yet covered under existing CESNI standards.
Automation levels (as defined by the CCNR) require different skill sets, but there is no
official training framework differentiating competency requirements per automation
level.

e Lack of standardised training content across IWT Member States. CESNI Member
States have varied approaches to training for automated vessel operations, leading to
a lack of uniform competency standards. The absence of harmonised certification
processes for automated vessel operators may create regulatory inconsistencies
within EU inland navigation.

e Workforce ageing and shortage of skilled labour. A significant portion of the IWT
workforce is above 50 years old, and many boatmasters are approaching retirement.
Younger professionals are not sufficiently attracted to the sector, in part due to limited
training opportunities for modern automated vessel operations.

2.2.2.2. EU directives, regulations

At the European Union level, several directives govern inland waterway transport. However,
these regulations were primarily designed for conventional, crew-operated vessels and do not
yet fully accommodate the emergence of automated and remotely operated small vessels.

Directive 2009/16/EC (Port State Control) [51] lays down rules for the inspection and
certification of ships by national authorities. These inspections assume the presence of crew
and manual systems, which will require modifications to accommodate autonomous vessels.

Directive 2002/59/EC (Vessel Traffic Monitoring and Reporting) [52] requires vessel tracking
and reporting systems, but does not yet address the continuous data transmission required
for autonomous monitoring and control.

Directive 2010/65/EU (Reporting Formalities for Ships Arriving in and Departing from Ports)
[53] standardises reporting requirements to streamline administrative procedures. However,
it does not yet take into account the automated processes associated with autonomous
systems. Updates are needed to integrate digital reporting tools and remote monitoring
technologies.

Regulation (EC) No 725/2004 _[54] (Ship and Port Facility Security) addresses security
measures to protect vessels and port facilities from threats. Autonomous systems introduce
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new cybersecurity risks that require updated security protocols to ensure the integrity of data
transmission and remote operations.

The Revised Machinery Regulation (EU) 2023/1230 [55] The regulation establishes uniform
safety standards for machinery, including automated and Al-driven vessel systems used in
IWT. It establishes safety, cybersecurity, and environmental compliance requirements for
machinery, directly impacting automated small vessels in inland navigation. The regulation
ensures that autonomous propulsion, Al-driven control systems, and zero-emission
technologies meet stringent EU safety and sustainability standards.

Under the regulation, automated vessel machinery falls under high-risk categories,
necessitating rigorous risk assessments, CE certification, and cybersecurity safeguards
aligned with the EU Al Act and Cybersecurity Act. Additionally, manufacturers must integrate
fail-safe mechanisms, real-time monitoring, and human override capabilities to mitigate risks.
The regulation also reinforces eco-design principles, ensuring compliance with the EU’'s Green
Deal and decarbonisation targets.

Directive 2016/1629/EU on Technical Requirements for Inland Waterway Vessels [18]. This
directive establishes the technical (structural, mechanical) and operational requirements for
IWT vessels operating on European inland waterways. It sets safety and design standards,
ensuring vessel compatibility with international navigation requirements. It establishes a
harmonised vessel certification process across EU Member States and aligns with the CCNR
standards for interoperability.

However, the directive assumes a manned operational model, requiring an onboard crew for
vessel operation and emergency response. No specific certification standards exist for
remotely operated or fully autonomous vessels. The absence of Al-driven navigation safety
requirements limits the integration of automation into existing vessel classification schemes.

Directive 2005/44/EC on River Information Services (RIS) [56]

The RIS Directive mandates the standardisation of digital information exchange to improve
safety and efficiency in European inland navigation. It supports the development of
harmonised navigation, traffic management, and logistics systems. The Directive ensures the
interoperability of electronic reporting systems across EU Member States, regulates traffic
management, positioning, and voyage planning for IWT, and facilitates the use of real-time
vessel tracking and navigational data.

However, the RIS Directive does not explicitly accommodate Al-driven navigation or
autonomous vessel decision-making. Current traffic monitoring and reporting standards
assume human intervention, limiting seamless integration with machine-learning-based
navigation systems. There are no provisions for V2X (Vessel-to-Everything) communication,
which is essential for real-time data exchange between automated and conventional vessels.

Directive 2010/40/EU on Intelligent Transport Systems (ITS) [57]
This directive establishes the legal framework for the development and deployment of

intelligent transport systems (ITS) in the EU. While it primarily applies to road transport, it has
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relevant implications for automation in IWT. It promotes the integration of digital and Al-driven
systems in transport networks, encourages the use of real-time traffic data, automated
decision-making, and vehicle-to-infrastructure communication, and supports the deployment
of Cooperative Intelligent Transport Systems (C-ITS).

The ITS Directive does not explicitly cover waterborne transport despite its relevance to
automation in IWT. There is no direct legal framework for Al-based traffic management and
collision avoidance in IWT.

Regulation (EU) 2023/1804 on Alternative Fuels Infrastructure (AFIR) [11]

AFIR aims to accelerate the deployment of alternative fuel supply networks for sustainable
transport. It requires EU Member States to develop alternative fuel supply points for inland
navigation, sets minimum standards for charging, refuelling, and energy infrastructure, and
supports the transition to zero-emission transport modes.

The AFIR does not have any specific provisions for energy supply solutions for unmanned
vessels. Autonomous vessels using battery-electric or hydrogen propulsion may require
distinct refuelling/recharging strategies that are not yet standardised.

TEN-T Regulation (EU 2024/1679) on European Transport Networks [58] recognises IWT as
an important element of the European multimodal transport network and actively supports
the integration of automation and digitalisation within the sector. The regulation establishes
specific priorities for inland waterway infrastructure development, including modernisation,
digitalisation, and the deployment of alternative energy infrastructure.

It particularly highlights the necessity to improve digitalisation and automation processes to
enhance safety, security, and sustainability in IWT. The regulation promotes the introduction
of new technologies for zero- and low-carbon propulsion systems, aligning with the European
Green Deal objectives. It also requires investments in smart navigation, Al-driven traffic
management, and real-time monitoring systems to facilitate the seamless integration of
automated vessels.

Furthermore, Article 24 of the regulation underlines the importance of alternative fuels
infrastructure, ensuring that inland waterways are equipped with the necessary refuelling and
recharging solutions to accommodate the transition to zero-emission operations. It also
recognises the role of urban nodes and multimodal freight terminals in supporting automated
transport solutions.

Inland ports are expected to enhance automation capabilities, integrating smart port logistics
and digital connectivity for efficient data exchange with automated vessels. However, the
regulation does not yet provide a comprehensive legal framework for fully autonomous inland
navigation, necessitating further legislative adaptations to align automation with existing
safety and environmental policies.

ES-TRIN (2025/1) (European Standard laying down Technical Requirements for Inland
Navigation vessels), [13] developed by CESNI, serves as the primary technical framework for
ensuring the safety, design, and operational compliance of inland waterway vessels. The 2025
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edition introduces updates to accommodate technological advancements, including
digitalisation and safety measures for high-speed vessels. However, it lacks specific
provisions for fully autonomous or remotely controlled vessels, necessitating further
amendments.

While ES-TRIN establishes safety and certification standards for crewed vessels, it does not
yet define clear technical requirements for automation levels, remote operations, or Al-driven
navigation. Current provisions assume human presence for emergency interventions,
navigation control, and vessel monitoring, creating a regulatory gap for autonomous inland
waterway transport. The absence of standardised communication protocols, cybersecurity
measures for remote control centres, and fail-safe mechanisms for unmanned vessels
highlights the need for revisions.

Future amendments to ES-TRIN should focus on integrating automation-specific technical
standards, including Al-assisted navigation protocols, remote vessel monitoring
requirements, and interoperability with RIS. Additionally, the framework must address
cybersecurity risks, fail-safe automation redundancy, and the certification of remotely
operated vessel control systems. Aligning ES-TRIN with the ongoing regulatory developments
in CCNR, CESNI, and the European Commission will be crucial to facilitating the safe
deployment of autonomous and Al-driven inland waterway vessels.

Comprehensive European Port Strategy (2024)

The European Port Strategy [59] (2024) aims to modernise port operations by integrating
digitalisation, automation, and sustainability. It encourages automated port operations and
digital logistics hubs, supports integration of smart navigation and Al-driven cargo handling,
and prioritises sustainable infrastructure investments for European ports.

However, it does not set up framework for integrating fully autonomous inland vessels into
port traffic and logistics systems. It lacks standardised digital connectivity between
automated vessels and port control centres.

The European Agreement Concerning the International Carriage of Dangerous Goods by
Inland Waterways (ADN) [5]

The ADN Convention, adopted under the auspices of UNECE, regulates the transport of
hazardous and dangerous goods on inland waterways. Its primary goal is to ensure the safe
transportation of substances that pose risks to human health, the environment, or navigation
safety.

Current ADN regulations require trained crew members onboard to respond to emergencies,
making autonomous transport of hazardous goods legally complex. No existing framework
for Al-driven monitoring and risk assessment of hazardous cargo. Emergency protocols
assume human intervention, creating a legal barrier for unmanned vessel operations.

The European Agreement on Main Inland Waterways of International Importance (AGN) [60

The AGN Agreement, managed by UNECE, provides a framework for the development and
modernisation of an integrated European inland waterway network. It defines the main inland
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waterways and their interconnections, supporting harmonisation of infrastructure and
navigation standards.

No dedicated provisions for integrating autonomous vessels into the trans-European inland
waterway network. Existing digitalisation efforts do not yet include Al-based navigation or V2X
communication. There is a lack of infrastructure planning for remote-control centres
managing automated vessel operations.

2.2.3.River and national frameworks

Continental Europe is home to a network of significant transnational inland waterways that
facilitate navigation and trade among multiple states. These waterways meet the criteria for
international rivers as they are navigable from the sea and traverse two or more countries.
This interconnectedness not only enhances the economic viability of the region by supporting
a shared market among riparian states but also necessitates a structured legal framework to
ensure equitable access and coordination of infrastructure efforts. To this end, various river
commissions have been established to monitor and manage these waterways.

The primary river commissions relevant to the inland waterway network in Europe include:

Central Commission for the Navigation of the Rhine (CCNR): This commission is notable for
its ability to adopt binding regulations concerning navigation practices and safety on the Rhine
River.

Danube Commission: While this commission can only issue recommendations, it plays an
important role in coordinating the efforts of national authorities responsible for the Danube
River.

International Sava River Basin Commission: Similar to the CCNR, it has the authority to
implement binding decisions for navigation on the Sava River.

Moselle Commission: This commission oversees navigation on the Moselle River and also
adopts binding regulations.

The Central Commission for the Navigation of the Rhine [61] is one of the most influential
regulatory bodies for inland navigation in Europe. It establishes technical and operational
standards for navigation on the Rhine River and governs regulatory compliance on the Rhine,
including vessel certification and safety standards. As automation and digitalisation advance,
CCNR has developed a long-term vision for the adoption of automated navigation
technologies. The document “Vision détaillée de I'automatisation de la navigation intérieure”
[62] outlines CCNR’s approach to automation, including its policy objectives, technological
priorities, and regulatory adaptation needs.

The CCNR vision for automation is based on four overarching objectives:

e Enhancing navigational safety. Automation should reduce human error and improve
collision avoidance through Al-assisted decision-making. Al-based situational
awareness and risk detection will be integrated into vessel operations.
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e Improving the efficiency of inland navigation. Automated and remote-controlled
vessels should increase operational efficiency and reduce costs. Digitalisation of
navigation processes will optimise fuel consumption and logistics management.

e Supporting the transition to sustainable IWT. Al-driven energy optimisation should
support zero-emission vessel adoption in line with EU Green Deal objectives.
Automation should contribute to modal shift strategies, making IWT more competitive
with road transport.

e Ensuring regulatory adaptation and legal clarity. Clear legal definitions for different
levels of automation must be established. Regulatory frameworks should harmonise
Al decision-making responsibilities with existing navigation laws.

Given the increasing interest in automated navigation technologies, CCNR has developed a
dedicated authorisation procedure for pilot projects involving automated vessels on the Rhine.
The goal of these pilot projects is to test innovative automation technologies, assess their
safety and operational viability, and support regulatory adaptation. The procedure ensures
that any temporary exemptions from CCNR regulations maintain a high level of safety and
compliance.

To ensure a coordinated regulatory approach, CCNR has designated the Comité Restreint de
Navigation (RN) (Small Navigation Committee) as the primary body responsible for
overseeing automated pilot projects. The RN acts as the main regulatory body for evaluating
pilot projects. It examines exemption requests for temporary deviations from CCNR
regulations, assesses safety measures proposed for automated navigation and coordinates
with other CCNR committees on legal, technical, and personnel-related aspects. The cross-
committee collaboration ensures that pilot projects adhere to safety, operational, and
regulatory requirements.

CCNR may grant temporary exemptions from regulations such as onboard crew requirements,
manual navigation mandates, technical certification for automation equipment. Exemptions
are strictly time-limited and subject to review. Moreover, automated vessels must
demonstrate compliance with existing safety standards, even if exemptions are granted. The
risk assessment submitted must prove that automation does not compromise navigational
safety.

The Danube Commission [63], established under the 1948 Belgrade Convention, is overseeing
and promoting inland waterway navigation along the Danube River. While the Danube
Commission recognises the increasing role of digitalisation and automation in IWT, it does
not have a clearly defined strategic vision or binding framework exclusively focused on
autonomous vessels. However, the Commission acknowledges the importance of digital
transformation, particularly through its work with EU institutions, national authorities, and
industry stakeholders. For example, lin collaboration with the Horizon 2020 PLATINAS project,
the Danube Commission contributed to the "Report on vision and roadmap on pathway for
automation and on-board systems."

Despite recognising the potential of automation, the Danube Commission prioritises
regulatory safety, legal harmonisation, and interoperability over rapid technological adoption.
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Current Convention-based navigation rules do not yet accommodate fully autonomous
vessels. The absence of uniform technical standards and cross-border legal frameworks
remains a significant challenge, as automation must comply with national and EU legal
frameworks.

The International Sava River Basin Commission (ISRBC) [64], established in 2005, is tasked
with implementing the Framework Agreement on the Sava River Basin, focusing on
sustainable water management, flood protection, and the establishment of an international
navigation regime on the Sava River and its navigable tributaries.

Regarding the automation of inland waterway vessels, the ISRBC has not explicitly articulated
a formal position or comprehensive vision. However, the Commission has actively engaged in
initiatives that lay the groundwork for future automation by enhancing digitalisation and
information services within the IWT sector.

The Moselle Commission_[65], established in 1962, is an international body responsible for
overseeing navigation and related activities on the Moselle River, which flows through France,
Luxembourg, and Germany. Its primary objectives include ensuring safe navigation,
coordinating infrastructure projects, and harmonising regulations among the riparian states.

The Moselle Commission has not formally stated its position on the automation of inland
waterway vessels. However, its efforts in promoting digital information services contribute to
creating an environment conducive to future automation. By prioritising safety, efficiency, and
information exchange, the Commission supports foundational elements necessary for the
gradual integration of automated technologies in the inland waterway sector.

National level

National authorities are on the front line of implementing and enforcing regulations for
automated and autonomous inland waterway vessels. They are the ones issuing permits for
trials, examining vessels for safety, and supervising operations on their waters. In the absence
of a harmonised international regulatory framework, some have developed ad hoc approaches
to facilitate innovation while upholding safety and environmental standards.

Within the FOREMAST project, three Living Labs (LLs) have been established: LL1 in Flanders
(Belgium), LL2 in Normandy (France), and LL3 in Galati (Romania). They are used to validate
SFAZ vessel concepts under realistic operational and regulatory conditions. National
authorities provide framework for testing automated vessels. Here is a short overview of the
framework for small automated IWT vessels in these areas.

Flanders, Belgium

In LL1 (Flanders, Belgium), the AVATAR vessel is being retrofitted to test increased levels of
automation in urban transport applications, including platooning, automated mooring, and
real-time remote operations.

The regulatory environment for smart shipping in Belgium is structured around multiple levels
of governance, involving federal, regional, and international bodies. The Flemish government
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has taken a proactive approach in facilitating automation in inland navigation, particularly
through De Vlaamse Waterweg NV [66] (DVW), which manages the region’s waterways.

The Smart Shipping Code of Conduct for Testing in Flanders_[67] (2024) (Smart Shipping
Gedragscode voor testen in Vlaanderen) serves as a guideline for organisations conducting
trials of partially or fully automated vessels. While this code is not legally binding, it provides
regulatory guidance for testing automated vessel technologies in real-world conditions
minimising risks to navigational safety by ensuring adequate supervision of automated
systems. Moreover, it facilitates innovation while maintaining compatibility with existing
waterway regulations and ensures compliance with safety and environmental requirements,
particularly in line with EU and Belgian inland navigation laws. The Code applies to partially
and fully automated vessels operating on Flemish inland waterways; different vessel types,
ranging from small-scale prototypes to full-size commercial vessels; and test organisations,
vessel manufacturers, and technology developers conducting trials of automated navigation
systems.

France

LL2 in Caen tests a new SFAZ catamaran for urban delivery scenarios, including swarm
operations and cyber-secure communication systems.

France is developing a framework for the integration of automated and autonomous vessels
in IWT. The key national actors include the French Ministry of Transport, responsible for
national navigation policies and the oversight of vessel automation initiatives, and Voies
Navigables de France_[68] (VNF), which manages inland waterways and is involved in pilot
projects related to automation.

Bureau Veritas Guidance Note NI 641_[69] provides recommendations for evaluating the
design and operation of autonomous vessels. It sets standards for risk management,
promotes redundancy in control systems and establishes cybersecurity protocols to ensure
safety and compliance.

Romania

LL3 in Galati, Romania focuses on transferability and adaptation of SFAZ innovations to local
needs, including operations in shallow waters and biodiversity-sensitive zones.

The governance of automated inland navigation in Romania is overseen by a combination of
national authorities, regional regulatory bodies, and European legislative frameworks. Key
national actors include the Romanian Ministry of Transport and Infrastructure, responsible for
setting national navigation policies and implementing EU regulations, and the Romanian Naval
Authority, which enforces safety and technical regulations for inland navigation, including
emerging automation provisions.

The authorisation process for autonomous vessel trials in Romania follows a structured
regulatory pathway:

e Application submission: Vessel operators must submit detailed technical
specifications and risk assessment reports.
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e Regulatory assessment: The Romanian Naval Authority and Danube Commission
review compliance with existing safety standards.

e Pilot approval and monitoring: Approved projects operate under strict safety oversight,
with real-time monitoring of vessel performance and navigation safety.

e Regulatory adaptation: Findings from pilot projects contribute to policy adjustments
to integrate automation into inland waterway legislation.

2.3. Safety, security and liability: (re)assessment
needed

With new technologies, alternative fuels, etc coming in, safety, security and indeed also liability
need to be looked at. Not just from the angle of the Economic Operators that offer IWT
services, but also from the one of the users of those services.

For example, with increased automation, the Human-Machine interface as well as
cybersecurity needs to be reviewed from the safety and security perspective.

In the following paragraphs there is a non-exhaustive description what needs to be considered
in this changing environment.

2.3.1.Liability aspects

IWT involves various risks that necessitate a clear understanding of liability and risk
management. Damage to cargo, passengers, their luggage, infrastructure, the environment,
and other vessels triggers a duty to compensate from the liable party. Shipowners possess a
unique right to limit their liability through a limitation fund, as established by the Convention
on Limitation of Liability for Maritime Claims (LLMC) of 1976 and its 1996 Protocol. Similarly,
the Convention on the Limitation of Liability in Inland Navigation (CLNI), first signed in 1988
and revised in 2012, provides a framework for inland shipping liability limitations.

The Product Liability Directive (85/374/EEC) [16] establishes a strict liability regime for
producers of defective products within the EU, ensuring that consumers and businesses
affected by product-related damage receive adequate compensation. This directive has
implications for small, automated vessels in IWT. Here are the main consideration points:

e Strict liability for manufacturers and system providers. Vessel manufacturers,
component suppliers, and software developers involved in automated IWT systems
are liable if a defect in their product causes personal injury, death, or damage to private
property. Liability applies regardless of fault, meaning that injured parties do not need
to prove negligence—only that the defect existed and caused harm. The definition of
“product” includes movable goods and components, meaning that hardware (such as
sensors, propulsion systems, and batteries) and software-driven automation used in
small IWT vessels fall under the directive’s scope.

e Liability for defects in Al and automation systems. Automated vessels rely on Al-
based navigation, remote control, and decision-making algorithms. If an Al
malfunction leads to an accident, liability may extend to the software developer or
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system integrator. The directive considers a product defective if it does not provide
the safety that users are reasonably entitled to expect, taking into account the vessel’s
intended use and operational conditions.

e Shared responsibility across the supply chain. Liability is not limited to the final
manufacturer. Suppliers of navigation software, cybersecurity systems, and
propulsion technology could be held accountable if a defect in their component
contributes to an accident. Importers and distributors of automated vessel technology
within the EU are also liable if they place a defective product on the market.

e Defences available to manufacturers. A manufacturer can avoid liability if they prove
that:

The defect did not exist when the product was first placed on the market.

The defect resulted from compliance with mandatory EU regulations.

The defect could not have been detected based on the state of scientific and
technical knowledge at the time (though this defence is subject to national
implementation).

¢ Potential financial and legal consequences. If a small, automated vessel causes an
accident due to a defective system, affected parties can seek full compensation for
personal injury or damage to private-use property. Joint and several liability applies,
meaning multiple parties (e.g., vessel manufacturers and software providers) may be
held responsible for the same damage. Claims must be made within three years of the
injured party becoming aware of the defect, with a 10-year limitation period from the
date the product was placed on the market.

The Product Liability Directive (85/374/EEC) imposes strict liability on manufacturers,
suppliers, and software developers involved in automated vessel technology for INT, ensuring
high safety standards and consumer protection. As automation and Al-driven navigation
advance, compliance with product safety, cybersecurity, and defect prevention will be critical
to reducing liability risks and ensuring trust in autonomous inland waterway transport.

2.3.2.Risk assessment for automation

Automation introduces new risks, such as system failures or challengers in human
interactions. These risks must be identified and managed systematically. The EU Operational
Guidelines on trials of Maritime Autonomous Surface Ships (MASS) _[44] include steps to
address these risks during the testing phase of autonomous vessels.

The MASS risk-based approach involves:

¢ Designated test areas and ship safety zones: Controlled environments where MASS
trials can be conducted with minimal interference from conventional vessel traffic.

e Comprehensive risk assessments: Evaluating potential hazards such as loss of
control, communication failures, cyber vulnerabilities, and collision risks before trials
commence.

¢ Integration with existing safety frameworks: MASS must comply with established
Vessel Traffic Services (VTS), ship reporting systems (SRS), and navigation safety
regulations (COLREGS).
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Current MASS guidelines prioritise safety, risk mitigation, cybersecurity, and compliance for
small automated IWT vessels. Regulatory evolution will focus on interoperability with
conventional traffic, Al-driven navigation certification, and expanded operational zones for
wider commercial adoption.

Additionally, standards like Standards for Radar and Automatic Identification System (AIS)
[70],.[71] ensure that vessels can detect obstacles and avoid collisions, which is critical for
sale navigation.

Small automated IWT vessels rely heavily on radar and AIS systems to navigate safely, detect
obstacles, and prevent collisions in dense inland waterway networks. The IMQO’s revised
performance standards ensure that these vessels meet minimum operational safety
requirements, particularly for:

e Target detection and tracking, including small and moving hazards.

e Integration with electronic navigation charts and Vessel Traffic Services (VTS) for
enhanced situational awareness.

e Interoperability with conventional vessels, reducing collision risks in mixed-traffic
environments.

The performance standards specify detection capabilities, resolution, and integration
requirements that directly impact autonomous collision avoidance mechanisms in small IWT
vessels:

e Target tracking & identification: Radar systems must be capable of detecting small
floating and fixed hazards, navigation buoys, and other vessels in varying conditions
(fog, rain, sea clutter). Automated vessels use AlS-reported target data to enhance
real-time situational awareness and avoid navigational conflicts.

e Automatic Target Acquisition & Tracking (TT): The directive requires that radar
systems provide real-time tracking of moving objects, essential for automated vessels
to conduct autonomous route adjustments and predictive collision avoidance.

e True and relative motion trails: Ensuring that autonomous vessels accurately calculate
safe passing distances, especially in high-traffic inland routes.

Small, automated vessels must function seamlessly alongside traditional manned vessels
and shore-based monitoring systems. The IMO standards require:

e AIS integration: Autonomous vessels must broadcast real-time position, speed, and
course data, ensuring full visibility within VTS-monitored areas.

e Ground and sea stabilization modes: The vessels must integrate stabilized speed and
heading data for accurate path prediction and control.

e Standardized data exchange: Radar and AIS data must align with VTS protocols to
ensure smooth traffic management and regulatory compliance.

With Al-driven navigation and remote vessel monitoring, ensuring secure radar and AIS data
transmission is paramount. IMO radar and AlS standards emphasize:
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e Interference susceptibility protection: Systems must operate reliably in high-
interference conditions, ensuring no false targets or ghost signals compromise safety.

e Data authentication & integrity: To prevent AIS spoofing and cyber threats,
autonomous vessels must implement robust encryption and verification mechanisms
aligned with the EU Cybersecurity Act and NIS 2 Directive.

¢ Fail-safe mechanisms: The standards mandate backup radar and AIS modes, ensuring
vessels remain operational in case of system failures.

The Performance Standards for Radar and AIS are fundamental to the safe and risk-mitigated
operation of small automated IWT vessels. These systems enable collision prevention,
regulatory compliance, and interoperability with conventional traffic, ensuring that inland
waterways remain a secure and efficient transport mode. As automation progresses,
adherence to these standards will be essential for achieving reliable, cyber-secure, and legally
compliant autonomous vessel operations in the EU’s inland navigation sector.

2.3.3.Cybersecurity and remote operation regulations

Automated vessels rely heavily on digital systems, making cybersecurity a key priority.
Regulations like the EU Cybersecurity Act and the NIS2 Directive set rules to make systems
and companies more resilient against cyberattacks.

For vessels controlled remotely, reliable communication with land-based control centres is
essential. Systems like the Global Maritime Distress and Safety System (GMDSS) are
designed to ensure maritime safety but are still being evaluated for their applicability to
autonomous vessels.

The EU Cybersecurity Act (Regulation (EU) 2019/881) [14] establishes a framework for
cybersecurity certification and strengthens ENISA (European Union Agency for Cybersecurity)
to enhance digital resilience across sectors, including IWT. With the introduction of SFAZ
vessels, cybersecurity considerations become of high importance to ensuring safe, reliable,
and resilient automated inland navigation.

Main impacts of the EU Cybersecurity Act on automated IWT vessels:

e Cybersecurity certification for automated systems
The Act introduces an EU-wide cybersecurity certification framework for ICT products,
services, and processes, which is relevant to the navigation, control, and
communication systems used in automated vessels.
Certification under a harmonised European cybersecurity scheme will help ensure the
security of vessel control systems, remote operations, and onboard Al-driven
navigation against cyber threats.

¢ Strengthened risk management and compliance
Automated vessels rely on networked control systems, sensor data, and Al-based
decision-making, making them vulnerable to cyberattacks. The Act promotes risk
assessment methodologies and requires secure-by-design principles, ensuring
cybersecurity risks are proactively managed.
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Compliance with standardised cybersecurity protocols will be essential for
manufacturers, operators, and digital service providers in the IWT sector.

Resilience against cyber threats in navigation and logistics

The EU Cybersecurity Act supports operational cooperation between national
cybersecurity agencies, enhancing resilience against cross-border cyber threats
targeting navigation and logistics networks.

By aligning with Directive (EU) 2016/1148 (NIS Directive), which addresses critical
infrastructure cybersecurity, IWT operators must implement incident response
strategies to mitigate potential disruptions.

Support for secure digital infrastructure in IWT

The regulation promotes the development of secure loT and Al-based solutions for
vessel automation, requiring secure data exchanges between vessels, ports, and
traffic management systems.

It encourages investment in cyber-hardened navigation and remote monitoring
systems, ensuring safe operation in high-traffic inland waterways.

Impact on stakeholders and policy development

Manufacturers of automated vessels must align software, hardware, and
communication protocols with EU cybersecurity standards.

Port authorities and regulatory bodies will need to integrate cybersecurity frameworks
into IWT governance, particularly for vessels operating autonomously or semi-
autonomously.

EU-funded projects focusing on digitalisation and automation in inland navigation
(e.g., Horizon Europe initiatives) must incorporate cyber risk assessments in vessel
design and operations.

The NIS 2 Directive (Directive (EU) 2022/2555) [15] strengthens cybersecurity requirements
across the EU, introducing enhanced risk management, incident reporting, and resilience
measures for critical sectors, including transport and logistics. As SFAZ vessels increasingly
integrate digitalisation, Al-based navigation, and remote-control systems, compliance with
NIS2 requirements becomes essential to ensure cybersecurity, operational continuity, and
regulatory alignment.

Main provisions:

Inclusion of IWT in transport infrastructure. NIS 2 applies to essential and important entities
in transport, including inland waterways. Operators of automated IWT vessels and related
digital infrastructure providers must adopt risk-based cybersecurity frameworks to protect
networked control systems, onboard Al, and communication networks.

Strengthened cyber risk management measures

Operators must implement state-of-the-art cybersecurity measures, including:

Vulnerability management to prevent cyber intrusions in vessel control systems.
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e Network and system security protocols to safeguard navigation and traffic
management.

e Supply chain security requirements, ensuring cyber resilience of ICT components used
in vessel automation.

Mandatory cybersecurity incident reporting

IWT operators must report significant cybersecurity incidents within 24 hours to the national
Computer Security Incident Response Teams. This includes hacking attempts, ransomware
attacks, and system malfunctions affecting automated navigation.

Operational resilience for autonomous navigation

The directive mandates business continuity planning, ensuring that cyberattacks or system
failures do not disrupt inland navigation operations. This includes:

e Backup and disaster recovery systems for automated vessels.
e Secure data storage and encrypted communication for vessel-to-port connectivity.
¢ Incident response frameworks, enabling rapid mitigation of cyber threats.

Enforcement and compliance monitoring

NIS 2 introduces strict supervisory measures, with national authorities conducting
compliance audits and imposing financial penalties for non-compliance. Automated vessel
operators must maintain comprehensive cybersecurity documentation and ensure adherence
to EU-wide security standards.

The NIS 2 Directive requires enhanced cybersecurity measures, strict incident reporting, and
regulatory compliance. As automation and digital connectivity expand in inland navigation,
cybersecurity will be crucial for safe, resilient, and legally compliant vessel operations.

The EU Artificial Intelligence Act (Regulation (EU) 2024/1689) [17] introduces a
comprehensive framework for the safe and trustworthy deployment of Al systems, including
those used in SFAZ vessels for IWT.

The Al Act categorizes Al applications into four risk levels: unacceptable, high, limited, and
minimal risk. Al-powered autonomous vessel navigation and decision-making systems fall
under the high-risk category, as they affect critical transport infrastructure, safety, and human
lives. This classification imposes strict regulatory requirements on Al developers,
manufacturers, and operators in IWT.

Key compliance requirements for high-risk Al systems in automated vessels include:

e Risk assessment and mitigation strategies before deployment.

e Continuous monitoring of Al-based decision-making in vessel control systems.

e Transparency obligations, ensuring that Al decisions remain explainable and
auditable.

¢ Human oversight mechanisms, ensuring that operators can intervene in case of
system failures.
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The EU Al Act strengthens liability frameworks under the Product Liability Directive
(85/374/EEC), ensuring that Al system failures leading to accidents result in clear
accountability.

e Manufacturers of Al navigation and automation systems bear responsibility for
defects.

o Vessel operators and Al developers must document Al learning processes, decision-
making rules, and risk assessments to defend against liability claims.

e Regulatory audits and safety certifications will be mandatory for Al-driven systems
used in IWT.

Given that Al-driven vessels operate in dynamic environments alongside human-controlled
traffic, transparency and oversight measures are crucial:

e Explainable Al requirements ensure that vessel operators understand Al decision
logic.

e Mandatory logging and data collection for Al decisions enable safety audits.

e Remote human intervention capabilities must be maintained in all Al-driven vessel
operations.

Compliance with the EU Artificial Intelligence Act ensures that Al-powered vessel operations
remain safe, explainable, and resilient against failures and cyber threats.

2.4. Urban mobility framework

The New EU Urban Mobility Framework [72], adopted as part of the European Green Deal, Fit
for 55, and Sustainable and Smart Mobility Strategy, aims to modernise urban mobility across
the European Union. With urban areas accounting for a significant share of transport
emissions, the framework highlights the need for zero-emission mobility, increased
digitalisation, and the integration of automation into urban logistics.

Automated small vessels are an emerging solution within urban freight logistics and
multimodal transport. They can alleviate congestion, reduce emissions, and provide more
efficient freight delivery and passenger transport in cities with waterways. However, existing
regulations do not yet fully accommodate the deployment of these vessels in urban
environments.

The New EU Urban Mobility Framework highlights the importance of urban nodes in the
broader transport network, with a particular focus on ensuring seamless multimodal
connectivity. The framework aims to integrate inland waterway transport more effectively into
urban logistics by expanding multimodal freight terminals and enhancing last-mile
connectivity. This approach is particularly relevant for automated small vessels, which could
provide a low-emission alternative to road-based freight transport in densely populated urban
centres.

The framework also acknowledges the need for harmonised digital infrastructure, including

5G-enabled corridors and Vehicle-to-Everything communication systems, to facilitate the safe
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operation of autonomous vessels. Additionally, Sustainable Urban Mobility Plans are being
reinforced to include specific provisions for the deployment of automated and zero-emission
transport solutions, ensuring that inland waterway automation aligns with broader urban
mobility strategies.
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3. Regulatory context for zero-emission
technology in small vessels

The decarbonisation of IWT is one of the objectives of the European Green Deal and the Fit
for 55 package, as the EU aims to reduce GHG emissions from transport by 90% by 2050.
Freight transport, which accounts for over 30% of transport-related CO, emissions, needs to
move towards zero-emission propulsion technologies to meet the EU's sustainability goals.
The regulatory landscape is rapidly evolving, introducing financial incentives, technical
requirements, and emission reduction targets that will shape the future of freight transport on
inland and coastal waterways.

This chapter provides an analysis of the regulatory framework for the transition to zero-
emission technology in SFAZ vessels operating in inland and short sea shipping networks.

3.1. Legal framework overview

3.1.1.European Green Deal, Fit for 55 Package, NAIADES liI
Action Plan, the Mannheim Declaration, PLATINA3 and
PLATINA4Action

The European Green Deal [8], adopted in 2019, establishes the strategic framework for
achieving climate neutrality in Europe by 2050. As freight transport accounts for over 30% of
transport-related CO, emissions, regulatory measures have been introduced to transition IWT
to zero-emission propulsion technologies.

The Green Deal’s decarbonisation strategy provides a regulatory pathway for zero-emission
vessel deployment, ensuring that alternative propulsion systems, shore-side electricity, and
hydrogen infrastructure are prioritised for freight transport.

The Fit for 55 Package [9], adopted in 2021, introduces binding regulatory measures to align
EU policies with the 2030 climate targets, with a strong focus on decarbonising freight
transport.

Key decarbonisation targets for freight transport

e 90% reduction of transport emissions by 2050, in line with the EU's climate neutrality
target.

e Mandatory emission reduction of at least 55% by 2030 (compared to 1990 levels) for
all transport sectors, including IWT.

e Promoting clean fuels, including hydrogen, battery electric and e-fuels, as required by
the Renewable Energy Directive (RED Ill) and the Alternative Fuels Infrastructure
Regulation (AFIR).

e Deployment of alternative fuel infrastructure in inland ports and coastal terminals
under the AFIR.
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e Expansion of shore-side electricity (SSE) requirements to reduce emissions from
vessels at berth.

e Application of the EU Emission Trading System (ETS) to maritime transport, including
phased obligations for IWT.

e Gradual phase out of fossil fuel powered vessels through economic disincentives and
the promotion of alternative propulsion systems.

e Integration of IWT into multimodal logistics networks to shift freight off the road and
reduce congestion and emissions.

e Expanding Zero Emission Zones (ZEZs) in urban areas, restricting the use of fossil
fuel-powered freight vehicles in urban logistics.

The NAIADES Il Action Plan (2021-2027) [10] is the European Commission’s policy for
modernising and decarbonising IWT. It aligns with the European Green Deal and Fit for 55
Package, setting a roadmap for the sector’s transition to zero-emission propulsion
technologies.

Key objectives related to zero-emission technologies:

e Decarbonisation targets: Supports the transition to zero-emission inland vessels by
2050.

e Financial support: Facilitates access to EU funding mechanisms for operators
investing in clean vessel technologies.

e Energy transition strategy: Promotes the use of hydrogen, battery-electric, and
alternative fuels as primary energy sources for IWT.

e Digitalisation and automation: Encourages integration of smart vessel technologies to
improve operational efficiency and emissions tracking.

Regulatory and policy measures:

e EU energy index for IWT: Establishes a framework for assessing the carbon intensity
of inland vessels, facilitating emissions compliance reporting.

e Technical standards for alternative fuels: Recommends policy adjustments to enable
the safe deployment of hydrogen, methanol, and ammonia propulsion.

e Regulatory flexibility for innovation: Supports derogations from existing vessel
certification rules to facilitate pilot projects for zero-emission vessels.

The Mannheim Declaration

“The inland navigation ministers of the Kingdom of Belgium, the Federal Republic of Germany,
the French Republic, the Netherlands and the Swiss Confederation met in Mannheim on 17
October 2018 to mark the 150th anniversary of the signing of the Revised Rhine Navigation Act
(“Mannheim Act”) and adopted the following declaration relating to the “Basel Declaration” of 16
May 2006 and the Central Commission for the Navigation of the Rhine’s Strategy dating from
2017. The declaration affirms the central role of the Mannheim Act in the collaboration on Rhine
and inland navigation matters between the Riparian states and Belgium within the framework of
the Central Commission for the Navigation of the Rhine (CCNR) and are prepared to furnish the
CCNR with the appropriate financial resources”. [73]

i
FOREMAST



The Mannheim Declaration recognizes IWT as an energy-efficient transport mode but
underscores the need for significant emission reductions to align with EU climate targets. It
sets forth the following key objectives:

e Accelerating the transition towards zero-emission propulsion for inland vessels,
particularly for small vessels used in urban logistics and passenger transport.

e Promoting alternative fuels and clean propulsion systems, such as battery-electric,
hydrogen fuel cells, and e-fuels to reduce carbon and pollutant emissions.

e Achieving at least a 35% reduction in GHG emissions from inland navigation by 2035,
with the long-term goal of climate neutrality by 2050.

The Mannheim Declaration highlights the necessity of developing the necessary infrastructure
to support zero-emission propulsion technologies, particularly for small vessels operating in
inland and urban waterways. Key measures include:

e Mandatory shore-side electricity (SSE) infrastructure in TEN-T inland ports to enable
zero-emission vessel operations.

e Deployment of hydrogen bunkering and battery-electric charging stations along major
inland corridors to facilitate fuel transition.

e Financial incentives for private and public operators investing in alternative fuel
infrastructure, including funding from the Connecting Europe Facility (CEF) and
Horizon Europe.

To promote the adoption of hydrogen, ammonia, and battery-electric propulsion, the
Mannheim Declaration calls for:

e Technical and safety standard revisions under ES-TRIN (European Standard for
Technical Requirements for Inland Navigation Vessels) to accommodate zero-
emission technologies.

e Integration of IWT into the FuelEU Maritime Regulation (EU) 2023/1805, ensuring that
inland waterway vessels benefit from the same GHG intensity reduction incentives as
maritime transport.

¢ Recognition of INT-specific energy requirements in the Alternative Fuels Infrastructure
Regulation (AFIR) (EU) 2023/1804, ensuring that zero-emission vessels have access
to necessary refuelling and charging infrastructure.

The Mannheim Declaration underscores the role of digitalization in improving energy
efficiency and supporting the transition to zero-emission inland vessels. It calls for:

e Integration of zero-emission vessel operations into the River Information Services
(RIS) Directive (2005/44/EC) to enable real-time emissions monitoring and
optimization of energy-efficient navigation routes.

e Deployment of smart navigation technologies that support Al-driven fuel efficiency
monitoring and predictive energy management for zero-emission vessels.

e Mandatory digital reporting mechanisms for alternative fuel usage in IWT, aligning with
the EU Emissions Trading System (ETS) Directive (EU) 2023/959.
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The declaration also recognizes the potential of automated and remotely controlled zero-
emission vessels in improving energy efficiency and reducing operational costs. It highlights:

e The need for regulatory adaptation to allow for automated small vessels under
Directive (EU) 2016/1629 and CCNR technical standards.

e Integration of Connected Cooperative Automated Mobility (CCAM) principles into
inland navigation to support fully automated zero-emission shipping corridors.

To encourage the transition to clean propulsion technologies, the Mannheim Declaration
advocates for:

e Tax incentives and subsidies for early adopters of zero-emission vessels.

e Carbon pricing mechanisms that favour zero-emission technologies, ensuring that
fossil-fuel-powered vessels face higher operational costs.

e EU-wide grants and financing mechanisms for vessel retrofitting programs,
particularly targeting small IWT operators and SMEs.

The Mannheim Declaration emphasizes the need for stronger regulatory coordination at the
EU level to ensure consistent implementation of zero-emission policies for IWT. Key
recommendations include:

e Aligning EU directives and CCNR regulations to create a unified legal framework for
zero-emission vessel operations.

e Establishing an EU-wide governance body to oversee the implementation of IWT
decarbonization policies, ensuring compliance across Member States.

e Standardizing certification processes for zero-emission vessel construction and
retrofitting, reducing administrative barriers for operators.

As many inland waterways in Europe cross multiple national jurisdictions, harmonizing zero-
emission regulations across EU Member States is very important. The Mannheim Declaration
supports:

e Standardized environmental and operational rules for zero-emission IWT vessels to
ensure uniform compliance across borders.

e Recognition of alternative fuel bunkering and SSE charging standards at an
international level, facilitating cross-border transport operations.

e Bilateral and multilateral agreements among EU Member States to coordinate
investment in clean energy infrastructure for IWT.

The PLATINA3 [74] and its continuation Platina4Action [24], EU-funded projects, provide the
European Commission (DG-MOVE) with policy recommendations and strategic guidelines for
modernising and decarbonising IWT by facilitating the transition to zero-emission propulsion
technologies. A key focus is the development of clean energy infrastructure to support
hydrogen, battery electric, methanol and biofuel powered vessels. As a supporting instrument
to NAIADES Ill, PLATINA3 identifies regulatory, financial, and operational challenges that need
to be addressed to accelerate the deployment of zero-emission vessels.

Key PLATINA3 recommendations for zero-emission technologies
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Infrastructure development:
o Expand shore-side electricity (SSE) and alternative fuel bunkering stations
along TEN-T corridors.
o Adopt a corridor-based approach, prioritizing major inland routes like Rhine-
Alpine and Rhine-Danube.
Standardization & regulatory alignment:
o Establish harmonised bunkering protocols for hydrogen and battery-electric
vessels.
o Align national regulations with CESNI, CCNR, and AFIR standards to ensure
interoperability.
Investment & funding:
o Encourage public-private partnerships to finance zero-emission infrastructure.
o Leverage EU funding (CEF Transport, Horizon Europe) to support fleet renewal
and technology deployment.
Pilot projects & innovation: implement real-world demonstrations of hydrogen-
powered vessels, battery electric barges, and methanol bunkering.

The PLATINA4Action project is developing a labelling system for inland vessels to ensure
standardised emissions reporting, improve transparency, and facilitate regulatory
compliance. This initiative builds upon the findings of PLATINA3 and aligns with key EU
policies such as ISO 14083:2023, CountEmissionsEU, and the EU Taxonomy, which provide
harmonised methodologies for assessing GHG emissions in transport.

The label is designed to classify vessels based on their emissions performance, considering
Well-to-Wake (WTW) emissions, energy consumption, and fuel efficiency. It also complements
initiatives such as FuelEU Maritime, which sets progressively stricter limits on CO, emissions
from waterborne transport. Additionally, the Corporate Sustainability Reporting Directive and
the European Sustainability Reporting Standards establish disclosure requirements,
reinforcing the need for accurate emissions data.

Beyond compliance, the labelling system could serve as a tool for state aid allocation, helping
policymakers and financial institutions determine eligibility for subsidies and incentives
supporting zero-emission technologies. It also ensures a level playing field by recognising and
rewarding environmentally sustainable vessels, thus promoting the adoption of alternative
fuels and hybrid propulsion systems.

3.1.2.EU directives, regulations
The legal framework supporting the decarbonisation of freight transport includes:

e European Climate Law (2021) [75] - 55% GHG reduction target by 2030
o Establishes the legal framework for achieving EU-wide climate neutrality by
2050.
Sets a binding target to reduce GHG emissions by at least 55% by 2030.
Requires all EU transport sectors, including IWT, to contribute proportionally to
emission reduction efforts.
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EU Emission Trading System (ETS) Directive (EU) 2023/959 [76] applies to ships
above 5,000 gross tonnage involved in passenger or cargo transport. It does not
explicitly include IWT. However, the directive acknowledges that all transport sectors
must contribute to emission reductions, which implies potential future regulatory
developments affecting IWT.

Revision of the Energy Taxation Directive (ETD) [77] The revision of the ETD aligns
energy taxation with environmental impact, gradually removing exemptions for fossil
fuels in aviation and maritime transport. While IWT is not explicitly included, the
directive’s shift towards taxing polluting fuels and incentivising renewable energy
sources may indirectly affect the sector. Future policy developments could introduce
taxation on conventional fuels used in IWT, encouraging a transition to low-emission
alternatives such as electric propulsion, hydrogen, and sustainable biofuels,
supporting the EU’s decarbonisation objectives for waterborne transport.

The Revised Combined Transport Directive [78], aims to incentivise sustainable
freight transport by supporting intermodal solutions, including IWT. By integrating IWNT
into a broader green logistics strategy, the directive will encourage a shift from road
to low-emission transport modes, reducing congestion and emissions. Financial and
regulatory incentives for zero-emission vessels, infrastructure investments, and
harmonised rules across Member States will enhance IWT's competitiveness.
Additionally, the directive will strengthen support for alternative fuels, such as electric
propulsion and hydrogen, aligning with the EU’s decarbonisation goals and fostering
the wider adoption of zero-emission technologies in inland navigation.

DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending
Council Directive 92/106/EEC as regards a support framework for intermodal
transport of goods and Regulation (EU) 2020/1056 of the European Parliament and
the Council as regards calculation of external costs savings and generation of
aggregated data is currently awaiting committee decision.

Alternative Fuels Infrastructure Regulation (AFIR) — (EU) 2023/1804
o Mandates the deployment of shore-side electricity (SSE) and alternative fuel
infrastructure in all major TEN-T ports by 2030.
o Requires hydrogen, battery electric, and e-fuel bunkering stations in inland and
coastal ports.
o Provides financial support for the integration of zero emission vessels in
freight transport corridors.

FuelEU Maritime Regulation (EU) 2023/1805 [12]
o Sets mandatory GHG intensity reduction targets for maritime fuels to
encourage the uptake of low-carbon propulsion technologies. It requires 2%
reduction by 2025; 20% reduction by 2035; 80% reduction by 2050.
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o Mandates onshore power supply (OPS) for container and passenger vessels in
TEN-T ports by 2030.

o Indirectly impacts small IWT freight vessels, as port upgrades will benefit the
entire fleet.

e Renewable Energy Directive (RED Ill) (Directive (EU) 2023/2413) [79]
o Sets a minimum target of a 14.5% reduction in GHG intensity for transport fuels
by 2030.
o Requires fuel suppliers to include at least 5.5% advanced biofuels and 1%
renewable hydrogen.
o Promotes the use of synthetic fuels and green hydrogen in waterborne freight
transport.

3.2. Alternative fuel infrastructure and energy transition

The transition to zero-emission IWT relies on the deployment of alternative fuel infrastructure
and the adoption of clean propulsion technologies. EU regulations, including the Alternative
Fuels Infrastructure Regulation (AFIR) (EU) 2023/1804, the Renewable Energy Directive (RED
1), and the FuelEU Maritime Regulation (EU) 2023/1805, provide the legal foundation for
supporting the energy transition. Additionally, technical standards set by CCNR and CESNI
define the requirements for hydrogen, battery-electric, and methanol-powered vessels,
ensuring safe and efficient operations.

3.2.1.EU regulations on alternative fuels

Alternative Fuels Infrastructure Regulation (AFIR) — (EU) 2023/1804 [11]

The AFIR (EU) 2023/1804, adopted under the Fit for 55 package, establishes mandatory
targets for the deployment of alternative fuel infrastructure across the EU, including TEN-T
ports and urban waterways.

Key provisions affecting zero-emission vessels

e Shore-Side Electricity (SSE) deployment in TEN-T ports
o Mandatory SSE infrastructure in all TEN-T core and comprehensive maritime
ports by 2030.
o Prioritisation of urban and inland ports to facilitate zero-emission last-mile
logistics.
o Reduction of air pollution and noise emissions from berthed vessels through
shore power connectivity.
e Development of hydrogen, battery electric, and e-fuel infrastructure
o Member States must ensure the deployment of hydrogen refuelling stations,
electric charging points, and e-fuel bunkering facilities in major inland ports.
o Infrastructure must support small vessels, ensuring compatibility with zero-
emission propulsion systems.
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o Integration with multimodal transport networks, supporting green freight

corridors.
e Regulatory gaps in standardisation for hydrogen and electric bunkering

o Lack of harmonised technical guidelines for hydrogen bunkering and battery
charging.

o Variation in national permitting processes for hydrogen storage and bunkering
operations.

o Need for CESNI and CCNR safety standards to address risks related to
alternative fuel storage, handling, and vessel retrofitting.

The Renewable Energy Directive (RED Ill) (EU) 2023/2413_[79] and the FuelEU Maritime
Regulation (EU) 2023/1805 [12] set binding targets for the use of renewable and low-carbon
fuels in the transport sector, including IWT.

e GHG intensity reduction targets for maritime transport
o FuelEU Maritime mandates a reduction in the GHG intensity of maritime fuels
by: 2% by 2025; 20% by 2035; 80% by 2050
o The regulation indirectly impacts smaller vessels, as ports, fuel suppliers, and
logistics operators shift towards cleaner fuel sources.
e Mandatory renewable energy share in transport fuels
o RED lll requires a 14.5% reduction in GHG intensity for transport fuels by 2030.
o Fuel suppliers must ensure a minimum renewable energy share in fuels used
by IWT vessels.
o Advanced biofuels and synthetic e-fuels must represent a growing proportion
of energy sources for waterborne transport.
e Phase-out of LNG and transition to hydrogen, ammonia, and synthetic fuels
o RED Il discourages LNG as a long-term fuel solution due to its limited GHG
reduction potential.
o Hydrogen, ammonia, and synthetic e-fuels are prioritised for the maritime
sector.
o The FuelEU Maritime Regulation provides incentives for early adopters of zero-
emission fuels, particularly for short-sea shipping and inland navigation
vessels.

3.2.2.Directive 2016/1629 — Technical requirements for inland
waterway vessels

Directive (EU) 2016/1629 [18] establishes the technical certification requirements for vessels
operating in EU inland waterways. It is critical for the approval of zero-emission vessel designs
and retrofits.

Key provisions impacting zero-emission vessels

e Approval of innovative propulsion technologies: allows for the certification of battery-
electric, hydrogen, and hybrid propulsion systems.
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e Vessel modernisation support: facilitates retrofit incentives for existing diesel-
powered vessels transitioning to alternative fuels.

e Compliance with CESNI standards: ensures that vessel safety and environmental
standards align with ES-TRIN and CCNR regulations.

3.2.3.Non-Road Mobile Machinery (NRMM) Regulation (EU)
2016/1628 - emission standards for vessel engines

The NRMM Regulation (EU) 2016/1628_[80] sets emission limits for internal combustion
engines used in inland waterway vessels. While it primarily regulates diesel-powered vessels,
it has indirect implications for zero-emission propulsion systems, as stricter NO, and
particulate matter (PM) limits drive the transition to clean alternatives.

Emission standards and their impact on zero-emission technologies

e Stage V engine standards:
o Limits NO,, CO, HC, and PM emissions from IWT vessels.
o Phases out older, high-emission diesel engines.
¢ Incentives for zero-emission adoption: diesel engine manufacturers must comply with
more stringent standards, making zero-emission alternatives more competitive.
e Fleet renewal challenges: many older vessels (pre-2003 engines) remain exempt from
the regulation, slowing the industry-wide transition to clean propulsion.

3.2.4.CESNI and CCNR standards for alternative propulsion
systems

The successful deployment of alternative fuels in small vessels requires technical guidelines
and safety standards. The CCNR Roadmap for Alternative Energy in IWT and the ES-TRIN
standards developed by CESNI provide regulatory clarity for the operation of hydrogen,
methanol, and battery electric vessels.

CESNI - European Committee for Drawing up Standards in Inland Navigation [35

CESNI is responsible for establishing technical and safety standards for inland waterway
vessels. Its 2023 and 2025 revisions focus on ensuring the safe and efficient integration of
alternative propulsion technologies into the IWT sector.

Key technical standards for zero-emission vessels

e ES-TRIN 2023/1 [81]:
o Introduces technical specifications for hydrogen fuel cells, lithium-ion
batteries, and methanol storage.
o Establishes safety measures for vessels using alternative fuels, including fire
suppression and ventilation requirements.
e ES-TRIN 2025/1 [82]:
o Expands technical guidelines for hydrogen-powered vessels.
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o Introduces compliance criteria for battery-electric propulsion systems.

CCNR - Central Commission for the Navigation of the Rhine [7]

CCNR sets the regulatory framework for vessels operating in Rhine and connected European
waterways. The CCNR Roadmap for Alternative Energy in IWT outlines technology-specific
pathways for the adoption of clean propulsion systems.

CCNR Roadmap for Alternative Fuels (2023-2030)

e Hydrogen (H;): Regulatory framework for hydrogen bunkering, onboard storage, and
fuel cell technology.

e Methanol (CH;0H): Requirements for fuel handling, engine retrofitting, and emissions
reduction.

e Battery electric: Safety and operational standards for lithium-ion and solid-state
batteries.

e Biodiesel & drop-in fuels: Technical guidelines for hydrotreated vegetable oil (HVO)
and fatty acid methyl esters (FAME) as transitional fuels.

The CESNI and CCNR standards provide the regulatory backbone for deployment of
alternative propulsion systems in European inland waterways.

3.3. Urban mobility policies

As SFAZ vessels will be serving the urban areas, their use is closely linked to urban mobility
policies, particularly in metropolitan areas. The New EU Urban Mobility Framework
(2022/2023(INI))_[72] amends the EU Urban Mobility Framework (2021). The framework
provides a strategic roadmap for achieving sustainable, inclusive, and efficient urban
transport systems and sets up regulatory measures that integrate IWT into sustainable urban
logistics, while Zero-Emission Zones (ZEZs) and Urban Vehicle Access Regulations impose
stricter emission limits on waterborne transport. These policies support the EU’s Fit for 55
package and European Green Deal goals.

The EU Urban Mobility Framework emphasises the importance of integrating low-emission
transport modes, including IWT, into urban logistics to reduce road congestion and improve
the efficiency of last-mile delivery. The framework encourages local authorities to integrate
sustainable waterborne freight solutions into their urban planning and logistics strategies.

The EU mandates the development of Sustainable Urban Mobility Plans (SUMPs) for cities
with over 100,000 inhabitants which provide a structured approach for cities to shift toward
multimodal and zero-emission transport solutions. SUMPs are designed to support efficient
urban freight transport, integrating alternative mobility solutions such as electric cargo bikes,
automated logistics hubs, and urban waterborne freight to reduce reliance on fossil-fuel-
based transport modes.

To facilitate multimodal transport, the framework also proposes:
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e Enhanced connectivity between rail, INT, and road transport, ensuring efficient freight
movement in and out of urban centres.

e Support for zero-emission vehicle deployment, including clean energy infrastructure
for freight transport.

¢ Investment in smart mobility solutions, such as digital platforms for freight tracking,
traffic management, and emissions monitoring.

Zero-Emission Zones (ZEZs) are areas where only zero-emission vehicles and vessels are
allowed to operate. The EU supports the introduction of ZEZs in urban areas to restrict access
for high-emission road and waterborne transport. Key regulatory elements include:

e Mandatory transition to zero-emission propulsion for vessels operating in urban
waterways.

e Phased restrictions on diesel-powered inland waterway vessels, leading to a complete
ban in designated ZEZs.

e Financial penalties for non-compliant vessels entering ZEZs.

Urban Vehicle Access Regulations (UVARs) are legal frameworks that govern traffic
restrictions in urban areas, including waterways. However, the lack of harmonised regulations
across EU Member States creates barriers for cross-border waterborne freight transport. Key
challenges include:

e Variations in ZEZ implementation across cities, leading to compliance uncertainty for
vessel operators.

e Differences in national incentive schemes for zero-emission vessels.

e Lack of standardized emission thresholds for small waterborne transport vessels.

LL1 case, Ghent, Flanders, Belgium: local regulatory measures supporting SFAZ
implementation [83] [84]

In this section a short overview of the city context of the FOREMAST Living Lab1 will be
described.

The city of Ghent has adopted an integrated mobility strategy through its extensive Mobility
Plan Ghent 2030, which includes various measures to coordinate traffic flows in and to the
city. For example, a Low Emission Zone has been set up for the entire city centre, 5 neutral
zones have been set up, there is limited access to the city after 11:00 and heavy traffic is
banned from the 13 streets where schools are located.

The vision paper "Water in the city" [85] regulates the use of the public water network and the
use of SFAZ vessels in urban inland navigation has been made possible. Ghent explicitly
recognizes transport-related emissions as a major source of air pollution and noise, which
contribute to 32% of the city's emissions and expose 15% of the population to noise levels
higher than 70 dB(A). In response, Ghent's policy framework prioritizes the transition to
quieter, cleaner modes of transport, thereby closely aligning with the objectives of deploying
SFAZ vessels.
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Measures already implemented

Establishment of Low Emission Zone (LEZ): Ghent has already implemented a Low
Emission Zone as part of its strategy to mitigate air pollution. Although primarily
targeted at road transport, the LEZ sets a broader precedent for regulatory measures
aiming to reduce transport emissions city-wide, thereby creating an encouraging
environment for adopting zero-emission technologies in all transport modes, including
waterborne transport.

Integrated noise and air quality management: Ghent has conducted extensive
modelling of air quality and noise, introducing quieter road surfaces and street
designs, which indirectly supports the case for low-noise and zero-emission waterway
vessels by setting city-wide standards and expectations for environmental
performance.

Urban co-creation initiatives: The city's co-creative approach encourages active
engagement and partnerships among government authorities, citizens, businesses,
and other stakeholders. There is room for private initiatives, but there is no support
from the city in developing water transport.

Planned regulatory measures

Improved logistics framework for the city: Ghent wants to introduce improved
regulations for freight and delivery logistics, including dedicated routes for quieter,
cleaner vehicles and improved logistics hubs. Such measures can of course be
expanded with dedicated water transport routes and berths, specifically for zero-
emission vessels. In its vision document, the city has designated 2 zones as Regional
Transshipment Centres to the North and South of the city where there is a connection
between road and water-based transport.

Expanding multimodal integration: Ghent plans to strengthen the infrastructure and
regulations to support multimodality, with an explicit focus on improved freight and
delivery routes and a more thorough integration of waterway transport into the overall
logistics network of the city.

Strategic urban waterway use: The strategic paper "Water in the city" identifies the
potential of urban waterways to reduce congestion and emissions from road
transport. Through its urban planning services, the city encourages the use of ships to
transport building materials and remove construction waste when issuing permits for
buildings located on the water.

Ghent has developed 6 major ambitions in the "Water in the city" memorandum:

Providing space for water against global warming, drought and flooding;

Further developing the economy on and along the water;

Stimulating sustainable mobility on and along the water;

Strengthening Ghent as a water city, for living/working/relaxing on and by the water;
Strengthening the green-blue backbone with water as an ecological axis in the city;
Improving the water quality of Ghent's waterways.
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Furthermore, Ghent's waters are divided into 10 Ghent water areas and specific
characteristics and a development profile have been developed for each.

Ghent's established and planned regulatory measures create a favourable environment that
could significantly accelerate the adoption of SFAZ vessels. By explicitly integrating
waterborne transport into city logistics frameworks, further specifying incentives for zero-
emission technologies, and leveraging its co-creative governance model, Ghent is uniquely
positioned as a supportive urban use case for advancing the regulatory context required for
widespread deployment of SFAZ vessels in inland waterway transport.
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4. Gaps analysis

The transition to SFAZ vessels in IWT presents a series of challenges due to gaps in the
current regulatory framework. The existing regulatory frameworks at both the EU and
international levels have not kept pace with technological innovations, thereby creating gaps
that may hinder the adoption of these advanced systems. This chapter provides a preliminary
gap analysis of the existing regulatory frameworks, based on the desktop research, and
identifies key barriers to the deployment of automated IWT vessels. The analysis focuses on
regulatory deficiencies across EU directives, international conventions, and emerging policy
initiatives.

Legal recognition and classification of automated vessels

One of the primary regulatory barriers to the deployment of SFAZ vessels is the absence of a
formal legal classification for automated and remotely operated vessels. Current EU
legislation, including Directive (EU) 2016/1629 on technical vessel requirements, assumes
that vessels are crewed and does not provide a certification framework for autonomous or
semi-autonomous vessels. Similarly, the European Standard for Technical Requirements in
Inland Navigation (ES-TRIN) does not account for Al-driven navigation systems or remote
operation.

The Committee for the Standardization of Inland Navigation (CESNI) has yet to introduce
comprehensive standards for automation, while existing regulatory frameworks, such as the
Rhine Vessel Inspection Regulations and CESNI manning requirements, continue to assume
the presence of a crew. This legal uncertainty complicates vessel certification, operational
approval, and liability allocation for automated vessels.

To integrate SFAZ vessels into IWT, there is a pressing need for revised technical standards
that define automation levels, safety requirements, and operational conditions.

Safety, operational standards and certification

The regulatory framework for vessel safety remains largely based on traditional operational
models, failing to address the complexities of automated navigation. Key safety concerns
include:

¢ Collision avoidance: There are no harmonised protocols for Al-driven decision-making
in mixed-traffic environments, nor for interaction between crewed and uncrewed
vessels.

e Emergency response: Existing regulations lack provisions for how automated vessels
should manage emergencies, including system failures or cybersecurity breaches.

e Human oversight: It remains unclear whether remote operators should hold traditional
maritime certifications or undergo new training programmes tailored to autonomous
vessel supervision.

Current safety standards require an overhaul to include dynamic risk assessment
methodologies and new certification frameworks tailored to automated operations. Future
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regulation must define operational limits, safety thresholds, and remote intervention
protocols.

Digitalisation and cybersecurity deficiencies

As automation in IWT increases, so does reliance on digital systems for vessel monitoring,
navigation, and operational control. However, regulatory provisions governing cybersecurity,
data management, and vessel-to-infrastructure communication remain underdeveloped.

e Directive 2005/44/EC on River Information Services does not incorporate Al-driven
traffic coordination or real-time remote operations, limiting the ability of SFAZ vessels
to integrate with existing traffic management systems.

e Cybersecurity concerns: There is no unified EU framework addressing cybersecurity
threats for autonomous vessels. Risks such as hacking, GPS spoofing, and signal
interference pose significant challenges to operational reliability.

¢ Interoperability issues: The absence of a harmonised digital corridor across Europe
restricts the scalability of remote operations.

Regulatory updates should mandate robust encryption, fail-safe communication systems, and
real-time data exchange protocols to ensure the secure and seamless integration of
automated vessels into inland waterway transport.

Environmental and energy compliance gaps

Despite ambitious EU policies such as the European Green Deal and the Fit for 55 package,
there is limited regulatory clarity on how automated vessels fit within environmental
compliance frameworks. Specific gaps include:

e Lack of clear classification: Automated vessels are not explicitly covered under FuelEU
Maritime or the Alternative Fuels Infrastructure Regulation (AFIR), particularly
regarding their access to automated refuelling and recharging stations.

¢ Funding challenges: No dedicated financial mechanisms currently exist to support the
deployment of automated zero-emission vessels, making investment riskier for vessel
operators.

e Emission standards: Current environmental regulations are based on traditional
propulsion models and fail to account for the energy efficiency gains of Al-driven
vessel optimisation.

Future policy revisions should ensure that automated IWT vessels are explicitly included
within EU decarbonisation strategies and funding instruments to facilitate their market
adoption.

Liability, insurance, and Al governance

Legal uncertainty surrounding liability and insurance for autonomous vessels represents a
significant barrier to adoption. Key issues include:

e Directive 2017/2397 on crew certification does not define the role of remote operators,
leading to questions over their legal status.
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e Product liability and Al governance remain unresolved, as current frameworks do not
clarify liability in cases where Al-driven decisions result in accidents.

e Insurance ambiguity: The absence of clear guidelines on liability allocation leaves
insurers uncertain about underwriting risks for autonomous vessels.

A robust legal framework is required to define responsibilities between technology
developers, vessel operators, and insurance providers, ensuring accountability and regulatory
compliance in the event of incidents.

Implications for key stakeholders

Regulatory gaps in the current framework for automated vessels affect a range of
stakeholders in IWT. Conversely, well-designed regulatory solutions stand to benefit each
group by removing uncertainty and enabling safer adoption of automation. Below we assess
the impacts on key stakeholders:

e Vessel operators and shipowners: Regulatory uncertainty discourages investment in
automation due to unclear operational requirements and potential liability risks. A well-
defined legal framework would provide operators with investment security and reduce
insurance costs through standardised risk assessments.

¢ Insurance providers: Unclear risk parameters make it difficult to structure policies for
automated vessels. Standardised safety regulations and clear liability attribution
would enable insurers to develop tailored policies for SFAZ vessels.

e Technology developers: A fragmented regulatory landscape increases development
costs and complicates compliance testing. Harmonised certification processes would
facilitate market entry and encourage investment in innovation.

e Port and logistics operators: Uncertainty over port access rules and autonomous
vessel interaction with existing infrastructure. Clear operational standards would allow
ports to invest confidently in supporting infrastructure, such as automated mooring
and digital traffic management systems.

The analysis reveals significant regulatory gaps that hinder the seamless integration of
automation, digitalisation, and zero-emission technologies into the European inland waterway
transport system. Addressing these challenges requires a coordinated effort between
international bodies, the European Commission, national authorities, and industry
stakeholders. By bridging these gaps, the regulatory framework can foster a safer, more
efficient, and sustainable IWT ecosystem that is well-prepared for the technological
advancements of the future.
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5. Initial policy recommendations and next
steps

The regulatory gaps identified in the deployment of SFAZ vessels necessitate a
comprehensive and coordinated policy response. This section, based on the desktop
research, outlines the preliminary key policy recommendations and strategic next steps to
facilitate the safe, efficient, and environmentally sustainable integration of automated vessels
into the European IWT system. These recommendations address legislative amendments,
technical standardisation, liability and insurance frameworks, cybersecurity measures, and
alignment with EU sustainability goals. These recommendations will be further developed in
the second version of the deliverable after the interviews with the key stakeholders.

Legal classification and certification

The absence of a harmonised classification system for automated inland vessels remains a
critical regulatory gap. To ensure legal clarity and facilitate market adoption, the following
actions are recommended:

e Develop a tiered classification framework distinguishing between levels of vessel
automation (e.g., remotely operated, partially automated, fully autonomous).

e Amend Directive (EU) 2016/1629 to establish certification pathways for different
levels of automation, ensuring that automated vessels meet stringent safety and
technical requirements.

e Integrate CESNI and CCNR standards with EU directives to ensure alignment across
national and regional jurisdictions, avoiding regulatory fragmentation.

e Ensure recognition under UNECE and IMO frameworks to promote cross-border
operability and compliance with international maritime standards.

Updating safety and navigation standards

The integration of autonomous vessels into IWT requires enhanced safety and operational
standards that address automation-specific risks. Key recommendations include:

e Develop Al-driven risk assessment frameworks to regulate collision avoidance and
emergency response in autonomous navigation.

e Update ES-TRIN technical standards to incorporate automation-related safety
protocols, including remote monitoring and Al-assisted decision-making.

e Expand River Information Services and Vessel Traffic Management to support real-
time tracking, data exchange, and interaction between manned and unmanned
vessels.

e Ensure fail-safe operation protocols to guarantee remote or manual intervention in
case of system failure.
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Digital infrastructure and interoperability

The successful deployment of automated vessels relies on robust digital infrastructure to
enable seamless communication between vessels, ports, and regulatory authorities. The
following actions should be taken:

e Expand 5G-enabled digital corridors along key European inland waterways to facilitate
real-time remote vessel monitoring and control.

e Standardise V2X communication protocols to ensure interoperability between
autonomous and traditional vessels, port operations, and traffic control systems.

¢ Integrate digital twin technology and Al-powered monitoring systems within regulatory
frameworks to enhance operational efficiency and predictive maintenance.

Cybersecurity compliance and risk management

Given the increased reliance on Al and digital systems, cybersecurity threats pose a significant
challenge to the safe operation of automated vessels. The following measures should be
considered:

e Mandate end-to-end encryption and cybersecurity audits for vessel communication
and control systems.

e Develop EU-wide cybersecurity compliance standards for Al-driven vessel operations,
aligned with the EU Cybersecurity Act and GDPR.

e Establish regulatory requirements for incident reporting and cyber risk mitigation
strategies to address hacking threats, GPS spoofing, and unauthorised system
access.

Defining liability allocation for automated vessels

Legal uncertainties surrounding liability for autonomous vessels present a major barrier to
investment and deployment. The following regulatory adjustments are recommended:

e Develop an Al liability framework that clearly defines responsibility allocation between
vessel owners, software developers, and remote operators.

e Establish a legislative framework for product liability in automated navigation,
clarifying the obligations of manufacturers and technology providers.

e Ensure alignment with international maritime liability regimes to facilitate cross-border
legal consistency.

Updating insurance policies for autonomous operations

The absence of a well-defined risk assessment methodology for automated vessels
complicates insurance coverage. The following policy interventions are proposed:

e Create insurance models that account for Al-driven navigation risks, cyber threats, and
remote-control failures.

e Introduce mandatory data recording requirements (black box systems) for automated
vessels to facilitate liability assessment and insurance claims processing.

i
FOREMAST



e Encourage collaboration between insurers and regulatory authorities to develop risk-
based pricing models that reflect safety improvements through automation.

Integrating automated vessels into green transport policies

To ensure that automation contributes to environmental sustainability, the following
measures are recommended:

e Explicitly include automated vessels in the EU Green Deal, Fit for 55, and FuelEU
Maritime initiatives.

e Develop financial incentives and subsidies for zero-emission autonomous vessels to
accelerate market uptake.

e Expand the Alternative Fuels Infrastructure Regulation to include the development of
autonomous vessel charging and hydrogen refuelling stations.

Supporting infrastructure development for green and automated vessels

The successful deployment of sustainable autonomous vessels requires complementary
infrastructure investments:

¢ Mandate the establishment of green energy corridors equipped with shore-side
electricity, hydrogen bunkering, and alternative fuel infrastructure.

e Ensure alignment with TEN-T policy objectives to facilitate the integration of zero-
emission automated vessels into multimodal transport networks.

e Develop funding mechanisms under Horizon Europe and CEF to support pilot projects
demonstrating the economic and environmental benefits of SFAZ vessels.

Next steps

To ensure the effective implementation of these recommendations, a coordinated, phased
approach is suggested:

e Short-term (1-2 years): Conduct impact assessments, engage industry stakeholders,
and initiate targeted legislative revisions.

e Medium-term (3-5 years): Develop regulatory sandboxes to test and refine policies for
autonomous vessel integration.

e Long-term (5+ years): Implement a fully harmonised EU-wide framework governing
automated vessel certification, safety, digital infrastructure, and liability.

Collaboration between policymakers, industry stakeholders, and research institutions is
critical to ensuring a smooth transition to automated inland navigation. Key actions include:

e Establish a public-private advisory group to oversee regulatory developments and
address emerging challenges.

e Encourage knowledge exchange with other transport sectors (e.g., aviation and road
automation) to leverage best practices in Al governance and safety regulation.

e Support R&D initiatives focused on enhancing the reliability, efficiency, and
sustainability of autonomous vessel operations.
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The successful integration of SFAZ vessels into European inland waterways depends on the
timely implementation of a robust regulatory framework that addresses classification, safety,
digitalisation, liability, and sustainability challenges. By adopting these policy
recommendations, EU regulators and industry stakeholders can unlock the full potential of
autonomous inland navigation while ensuring legal certainty, environmental responsibility,
and technological innovation. A proactive, harmonised regulatory approach will foster
confidence among operators, insurers, and technology providers, paving the way for the next
generation of smart and sustainable inland waterway transport solutions.
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6. Conclusions

The transition towards Small, Flexible, Automated, Zero-emission (SFAZ) vessels in inland
waterway transport represents a significant regulatory challenge, requiring a structured and
coordinated approach at international, EU, and national levels. While automation and zero-
emission technologies offer considerable opportunities for efficiency, sustainability, and
modal shift, the existing regulatory framework remains largely tailored to conventional crew-
operated vessels. A stepwise introduction of SFAZ vessels into the IWT system demands an
adaptive and forward-looking regulatory response that integrates automation, digitalisation,
and alternative propulsion technologies into the legislative framework while ensuring
compliance with safety, liability, and cybersecurity standards.

At present, the governance of IWT is characterised by a complex interplay of international
agreements, EU directives, national regulations, and river-specific frameworks. Bodies such
as the European Commission (DG MOVE), CESNI, CCNR, and UNECE play a crucial role in
shaping the regulatory environment for inland navigation. However, these frameworks were
developed in an era dominated by human-operated vessels, and they do not yet provide clear
legal pathways for Al-driven, remotely operated, or fully autonomous inland vessels. While
CCNR has established an international definition of automation levels, there is still no
harmonised certification process for autonomous and remote-controlled vessels within the
EU. Current technical standards, such as CESNI’'s ES-TRIN, do not explicitly account for Al-
assisted navigation, remote vessel operations, or V2X communication, leaving a regulatory
gap that must be addressed to facilitate widespread adoption.

The development of zero-emission vessels is equally constrained by existing regulatory
frameworks. EU frameworks such as the European Green Deal, the Fit for 55 Package, and the
NAIADES Il Action Plan outline ambitious decarbonisation goals, yet the specific integration
of automated, zero-emission small vessels remains inadequately addressed. While the
Alternative Fuels Infrastructure Regulation mandates the deployment of charging and
refuelling stations for hydrogen and battery-electric propulsion, it does not yet account for the
specific needs of automated vessels, such as the requirements for remote refuelling or
autonomous energy management. Additionally, CESNI and CCNR have taken initial steps in
developing technical standards for alternative propulsion systems, but further adaptations are
needed to ensure that these standards reflect the operational realities of Al-driven inland
navigation.

The regulatory uncertainties surrounding liability, safety, and cybersecurity add another layer
of complexity. The existing liability framework, based on the Product Liability Directive
(85/374/EEC) and maritime liability conventions such as the Convention on Limitation of
Liability for Maritime Claims (LLMC), assumes human-operated systems and does not
adequately address the legal implications of Al decision-making in navigation. With Al-driven
vessels operating under remote supervision or autonomously, accountability for navigation
errors, collisions, or system failures remains unclear. Similarly, cybersecurity risks pose a
major challenge, as automated vessels rely on networked control systems that could be
vulnerable to cyberattacks. While the EU Cybersecurity Act and the NIS 2 Directive establish
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broader cybersecurity frameworks, their application to IWT automation remains
underdeveloped, necessitating the establishment of vessel-specific cybersecurity protocols
and resilience measures.

To ensure a smooth and legally robust introduction of SFAZ vessels, a multi-pronged
regulatory adaptation strategy is required. The priority is to review and update the existing
legal framework to explicity accommodate automated vessel operations. This requires
assessing, identifying gaps and addressing these to finally update key directives. As an
example, Directive 2016/1629/EU on technical vessel requirements, to define certification
pathways for autonomous vessels and consider Al-driven navigation systems. CESNI's ES-
TRIN standards must be revised to incorporate provisions for remote vessel operations, Al-
assisted collision avoidance, and cybersecurity standards. CCNR and UNECE should work
towards integrating Al governance principles into inland navigation rules, ensuring that Al-
powered vessels operate under clear legal definitions and safety requirements.

Beyond regulatory adaptation, a well-defined policy roadmap must be established to facilitate
the integration of zero-emission SFAZ vessels into European waterways. Aligning funding
mechanisms under Horizon Europe, CEF Transport, and national innovation programmes will
be essential to supporting the development and deployment of these vessels. Investment in
infrastructure, including hydrogen refuelling stations and battery-electric charging points,
must be coordinated with automation-specific needs to ensure that remotely controlled
vessels can operate efficiently within the existing IWT network.

Cybersecurity and liability frameworks must also be strengthened to reflect the realities of
automated vessel operations. Al governance mechanisms should be incorporated into the EU
Al Act to provide clarity on liability attribution in cases of Al system failures or cybersecurity
breaches. Additionally, cybersecurity risk assessments and digital resilience protocols must
become mandatory for all automated vessel systems, ensuring that remotely controlled
operations are safeguarded against potential cyber threats.

The regulatory transition towards SFAZ vessels must be accompanied by practical
implementation measures, including pilot projects and real-world testing in controlled
environments. Member States and industry stakeholders should work together to establish
regulatory sandboxes where automated inland vessels can be tested under real operating
conditions while maintaining compliance with safety and environmental standards. The
Flemish Smart Shipping Code of Conduct provides a valuable example of a structured
approach to trialling automated vessels within a controlled regulatory framework.

Looking ahead, achieving a fully integrated and regulatory-compliant SFAZ vessel ecosystem
requires close coordination between EU institutions, regulatory bodies, industry stakeholders,
and research organisations. A stepwise regulatory introduction, guided by clear policy
objectives and adaptive legal frameworks, will be crucial to ensuring that automation and
zero-emission technologies are successfully embedded into European inland navigation. By
addressing the identified regulatory gaps, fostering innovation-friendly legislation, and
ensuring alignment with broader EU sustainability and digitalisation goals, the inland
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waterway transport sector can transition towards a more efficient, digitally connected, and
environmentally sustainable future.
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