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Sensorization 
provides a real-

time assessment 
of hull integrity 

and better 
understands the 

real hull structure 
condition.

SENSORIZATION 
Firstly, complete sensoriszation is essential to enable a fully autonomous and digitized product. The sensorization process, 
if adequately advanced and maintained, enables holistic data collection from all over the ship/vessel.

For example, sensorization provides a real-time assessment of hull integrity and better understands the real hull structure 
condition. Similarly, a higher level of machinery sensorization is a key prerequisite to enabling increases in ship efficiency and 
guaranteeing a longer life span even under extreme environmental conditions. Cargo and consumables handling can be fostered 
considerably by digitalization, boosting efficiency, connectivity, environmental sustainability and safety. In addition, highly 
sensorized machinery for loading and discharging enables a better integration with port facilities. Further developments on 
domotics will follow three development lines, namely the monitoring of human movements, monitoring crew movements at work 
or in case of emergency, and the monitoring of both living conditions and health of passengers and crew. However, a complete 
and coherent set of standards and platforms for such a data management and integration process is indeed a prerequisite to 
deliver effective and successful outcomes.

Sensorization gives origin to the integration process along three progressive lines of development towards full automation and 
digitization. The first line, data and big data management, is critical to enact the second line, focused on further integration 
concerning autonomous functionalities performed by the ship/vessel on the ship/vessel itself. Development on such areas 
gradually enables the third line, namely the autonomous capacity of the ship/vessel to interact with its environment.  

Enhanced ship connectivity and automation are critical to innovation and competitiveness. The development  
of current and new technologies to achieve further data integration and the fully autonomous ship is an 
ambitious target, which needs to be addressed on multiple levels. In this regard, the technologies are deeply 
intertwined, making it necessary to adopt a progressive approach which builds on a gradual innovation process 
spread over multiple areas of improvement. Following this approach means considering some technologies 
as a basis for the further development and improvement of higher level technologies. Therefore, achieving full 
automation and digitization requires progressive and parallel research over complementary technology themes 
which will fully enable the innovation process. Such an innovation path will give rise to a real digital revolution 
which will deeply change the sector dynamics and processes.   

MATURITY 

IMPACT



INTEGRATION –            
DATA MANAGEMENT 
Data and big data collected from sensors need to be adequately managed and processed with the support of a coherent data 
architecture capable of enabling a seamless management process. 

Big data management in turn embraces different processes such as data from operations (e.g. cargo), consumption and emission 
data, public data sharing for optimized transport solutions (e.g. sharing between ship, port and other transport modes) and AIS 
data sharing. At the same time, multilevel integration and data fusion solutions are crucial in order to fully integrate the large 
amount of data collected onboard ships or platforms. 

With such a large amount of data to be collected, managed, stored and shared among various heterogeneous systems, a wide 
and comprehensive standardization process is required. This is one of the main enablers for the exploitation of new business 
models. One of the most crucial aspects which also needs to be addressed is the development of a coherent framework for IPR 
protection of shared data as well as privacy, the latter concerning both crew and passengers.

INTEGRATION –       
PLATFORM FUNCTIONALITIES 

The multilevel integration and data fusion process enables the progressive 
introduction of new solutions onboard to the benefit of increasingly 

autonomous functionalities carried out by the ship/vessel/platform in 
navigation or port manoeuvring.

Such functionalities are critical to optimize the product capacity in order 
to assess both the external environment and internal status, optimizing 

the ship/vessel overall performance in several areas (e.g. ship dynamic 
positioning and station-keeping; maneuvering and course-keeping 

operations; autonomous docking and mooring at ports; situation 
awareness, collision avoidance; voyage performance management; 

real-time wave and motion prediction).

Furthermore, the automation of cargo operations, or more broadly of payload operations, can improve logistics, overall efficiency 
and environmental sustainability, thanks to a widespread sensorization process. 

MATURITY 

IMPACT

The automation of cargo operations, 
or more broadly of payload operations, 
can improve logistics, overall efficiency 
and environmental sustainability.
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INTEGRATION –       
ECOSYSTEM FUNCTIONALITIES 
The last stage of integration enables the ship/vessel to fully interact with its environment and autonomously evaluate the 
best course of action based on data and technologies provided and integrated in previous stages. 

In this respect, Decision Support Systems are highly relevant tools to allow a seamless interaction between the ship/vessel and 
the surrounding environment, supporting the human operator who, however, always remains in control. The combination of 
copious and relevant data, coupled with augmented reality fusion, have been crucial for the improvement of the support to the 
master either during navigation or to manage the operation of ship systems. The results are overall improved ship performance 
on navigation control, ship or offshore platform system management, safety and energy efficiency. 

In the long term, the data integration process can deliver the digital twin model, one of the most effective ways to deploy 
digitization on design and product/process management, thus enabling several functionalities deeply affected by the ongoing 
digital revolution. The static model is the first level to be achieved, where design data are being stored and maintained over time. 

The dynamic model is its subsequent enhanced version where the simulation of ship behaviour may be used to give feedback 
to the design phase. A further improvement concerns the integration of the dynamic digital twin with operational data acquisition 
through sensors and hardware simulation facilities, leading to a real hardware-in-the-loop simulation. 

Further functionalities enabled by the digital twin spans through different areas, including ex-ante performance assessment, 
certification, real-time monitoring, planning of maintenance and refitting and thus required high level integration among 
different technologies.

PARALLEL LINES OF IMPROVEMENT 
Achieving the Connected and Automated targets means constantly working on multiple parallel lines which are complementary 
to the technological path towards digitization and full automation. 

Such development lines consolidate the digital revolution and enable further integration of the different technological steps 
developed along the abovementioned process. Therefore, three parallel lines of research need to be implemented.   

MATURITY 

IMPACT

MATURITY 
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To this end a common and wide set of standards is a prerequisite to ensure the safe 
and secure integration of old and newly installed devices as well as the continuous 

update of systems. Ship-to-shore connectivity needs to be carefully conceived, 
modelled and developed to enable autonomous vessels operations and optimize their 

activities within a robust and reliable safety framework. In this regard, interfacing a 
heterogeneous ecosystem composed of different stakeholders with proprietary 

systems which must work synchronously together within the logistic chain, is one 
of the most relevant challenges. 

Investment on further communication infrastructures for both autonomous 
Inland Waterway Transport or Maritime Traffic Management should be 
considerably developed as an essential enabler for autonomous navigation and 

operations. Therefore, test and operational shore support centres must be 
improved to ensure sufficient levels of robustness and resilience to be able 

to remotely control autonomous ships. 

Ship/vessel to ship/vessel communication represents another pivotal element for communication in a digitized and autonomous 
concept, strictly connected to fleet coordination, which must be addressed at waterborne ecosystem level ensuring connectivity 
among ships on the same fleet, with offshore platforms and control centers. 

Furthermore, the relation between Humans and Autonomous vessels needs to be carefully considered, especially in a 
scenario where vessels possessing higher and lower degrees of autonomy must interact with each other. Communication 
barriers must be cleared when Artificial Intelligence (AI) communicates with other ships as well as other aspects more related 
to roles and functions in the ecosystems (i.e. control centers, AI of unmanned vessels, authorities, captains of manned ships) 
should be clarified. At the same time, communication systems between autonomous ship and authorities shall be defined and 
standardized to increase overall safety and security thereby reducing the burden of bureaucratic procedures. 

CONNECTIVITY 
Improving connectivity is an essential objective on the path to the fully automated and digitalized ship/vessel. Although it 
represents a technological challenge, dealing with connectivity is first or foremost a matter related to business models and 
system integration, in cooperation with a wide range of external stakeholders. 

MATURITY 

IMPACT

MATURITY 

IMPACT



W

SECURITY 
Security strategies in the matter of the connected and automated 
ship/vessel are extremely important to preserve its integrity and 
efficiency. Such measures especially need to be implemented to 
prevent and control cybersecurity threats, which are considered one 
of the most relevant priorities by the sector.

The cybersecurity threats need to be addressed from the ship digital 
architecture with a holistic approach and considering cybersecurity is a 
wide transversal issue across several industrial sectors. To this extent, system 
modelling of ship systems and their digital integration within a larger co-design 
strategy is one of the main prerequisites for defining a coherent security strategy. 
Responsiveness in cybersecurity threat identification represents a crucial action 
that needs to be designed and implemented through several possible solutions, with 
the purpose of detecting possible threats as fast as possible. The subsequent response 
strategy shall deploy appropriate mitigation measures, associated with accurate follow-
up and recovering procedures after a system/vessel has been compromised. To this end, 
the continuity and (cyber) security of shore-ship communications must be assessed against 
resilient systems capable of continued navigation until a connection is restored.

INTEGRATION 
A continuous integration process involving, in particular, business models, shall be upheld to support 
and make the digital evolution path more efficient.  

In this regard, innovative business models need to consider a wide number of issues and at the same time 
be sufficiently flexible to be reconfigured following higher maturity of included technologies. Additionally, a 
comprehensive approach to overall ship/vessel behaviour (through testing and demonstration) is a prerequisite 
for developing new and more updated business models, which must concern data sharing with all the aspects 
involved (e.g. best practices; standards; IPR issues; blockchain). 

Moreover, a solid certification process for the autonomous ship needs to clearly outline several acceptance criteria 
for future autonomy in combination with advanced safety and security requirements (e.g. testing; certification; 
approval of the various CAT systems).

MATURITY 

IMPACT

MATURITY 

IMPACT
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EMISSION REDUCTION 
Emission Reduction represents a critical area of improvement where technologies are already considerably developed, 
especially regarding filtering and reduction systems. Harmful pollutants and greenhouse gas emissions, as well as water 
pollution, waste management and noise vibration can be addressed in several ways, but a single technology is very unlikely 
to solve the issue. Therefore, the key aspect of an effective Emission Reduction strategy is the integration of different 
technologies fit for purpose to the specific ship for which they are designed.

Tackling airborne gas emissions means focusing on several emission reduction technologies to address NOx (e.g. Selective 
Catalytic Reduction; Exhaust-Gas Recirculation), as well as particulate matter (PM) and black carbon. 

SOx mitigation is a more developed technology, although some issues still have to be considered, such as the cleaning and 
handling of residues and the reduction of the volume and weight. 

At the same time Carbon Capture and Storage (CCS) also represents a green alternative to sensibly reduce harmful emission, 
not only as far as short-medium term emission mitigation is concerned but also regarding the fuel switch. Captured carbon can 
be used to produce synthetic fuels with low environmental impact, but intensive research is required to lower fuel cost and 
increase produced quantities of such new fuels.

De-fossilization is at the core of the European waterborne sector with the aim to deliver an environmentally 
sustainable future. A gradual evolution towards a carbon-free waterborne ecosystem will be enabled by  
the optimization and introduction of existing and new technologies, which will make waterborne transport 
even more efficient, successful and economically integrated. To reach this target, a progressive approach 
should be upheld, building on a gradual innovation process spread over multiple areas of improvement.  
Taking full de-fossilization as a target, the greening path of the waterborne sector firstly needs to focus 
on areas where technologies are most developed and capable of significantly contributing to improved 
sustainability. Success will therefore be achieved by constantly building on progress and by targeting the 
most impacting technologies.   

MATURITY 

IMPACT

MATURITY 

IMPACT

MATURITY 

IMPACT
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Furthermore, harmful emissions from hull coatings and smart materials, ballast water treatment, and waste management, 
present key challenges in achieving full integrity of waterborne ecosystems and their biodiversity, with actions to be taken 
both during design and construction and during operation, preventing damaging effects on aquatic life and shorelines.

Ship’s Noise is another typology of emissions. Airborne noise is harmful at ports and coastal areas and requires solutions 
which may be in common with the greening of the ship (i.e. batteries or fuel cells). As far as noise and vibrations are concerned, 
improving performance in terms of Underwater Radiated Noise (URN) and structural vibration will offer further opportunities to 
deal with the issue of total waterborne emissions by adopting a more holistic and effective approach.

INNOVATIVE POWER GENERATION SYSTEMS 
Although characterized by less developed technologies, alongside emission reduction, green power generation systems 
represent a significant area of improvement, to considerably reduce the environmental footprint of waterborne transport.

A separate line of development, Fuel Cells for waterborne transport represent a ground-breaking and still relatively 
unexplored technology at high Technology Readiness Level which are currently utilized on a limited scale. In this regard, 
although potentially effective in achieving de-fossilization targets, the use of Fuel Cells coupled with alternative fuels still needs 
extensive long- term research to deliver appreciable results on large ships/vessels.  

At the same time, renewables, such as wind and solar power may support ship power generation plants. Nevertheless, 
their real impact and effectiveness on the overall energy balance must be fully assessed, since their direct contribution to the 
propulsion of large ships/vessels might not always meet the full power demand of a ship.

FUEL SWITCH 
Therefore, directly addressing emission reduction and innovative power generation systems can be considered short- and 
medium-term solutions to dealing with the green challenge, whereas significant results in a longer time perspective will 
indeed be achieved through a progressive fuel switch towards those with a smaller CO² footprint. A transition towards 
alternative fuels will enable more effective local reduction of pollutants, and greenhouse gas emission mitigation, with real 
chances to deliver a fully de-fossilized waterborne ecosystem. 

Multiple approaches on different time spans can be adopted to enable the fuel switch, although all of them need to consider 
several specific problematic issues to effectively support an effective energy transition:

MATURITY 

IMPACT

MATURITY 
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MATURITY 

IMPACT
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 In the short-medium term, fossil fuels with better environmental footprint (e.g. LNG, LPG, methanol) can be widely adopted to 
significantly reduce greenhouse gas emissions. 

 Longer term research should enable the introduction of biofuels (e.g. biodiesel, biomethanol, bio-LNG), but their impact 
should also be considered in relation to the environmental sustainability of the production process (e.g. crop for liquid biofuel 
production), feedstock (carbon) efficiency and availability limitations.

 Hydrogen and hydrogen carriers  (e.g. NH3 or synthetic hydrocarbons) can deliver highly positive results as far as de-
fossilization is concerned when produced by using renewable electricity. Nevertheless, although some promising results 
have been achieved on small vessels in limited navigation conditions, long-term research is absolutely required, addressing 
availability, storage and especially scalability.

Albeit progressive, the fuel switch process is extremely expensive, and resources should be focused on a fuel switch strategy 
capable of delivering the best cost-effective results in the energy transition process. However, no clear and absolutely reliable 
forecast or projection in relation to the evolution of fuel prices is currently available. Selecting a fuel switch strategy on the basis 
of current prices would be quite hazardous; therefore an effective pricing model is needed.   

PARALLEL LINES OF IMPROVEMENT 
However, as already mentioned, fully achieving the Green and Clean targets means constantly working on multiple parallel 
developments. 

The introduction of innovative solutions and technologies on board, as well as their reorganization, requires the continuous 
updating of the ship/vessel hull and the configuration of ship’s platform systems to cope with the new structural and weight  
changes caused by such modifications. By gradually focusing on emission reduction, innovative power generation systems 
and the fuel switch enable a long-term evolution towards de-fossilization. Equally, other areas for improvement also need to 
be considered , since they can provide additional relevant contributions to the green challenge. In this regard three areas of 
research should be carried out in parallel. 

MATURITY 

IMPACT

MATURITY 

IMPACT

MATURITY 

IMPACT

MATURITY 

MATURITY 

MATURITY 
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The fuel switch process is 
extremely expensive, and 
resources should be focused on 
a fuel switch strategy capable of 
delivering the best cost-effective 
results in the energy transition 
process.

HULL DESIGN AND THE SHIP/VESSEL RESISTANCE 
The first concerns hull design and ship/vessel resistance. Introducing a sustainable development concept in future ship/
vessel designs to consume less energy will enable reduced fuel consumption and emissions, with a boost to overall efficiency. 

MATURITY 

The hull structure and form can thus deliver a great potential for 
improvement. Hull viscous and wave resistance should thus be 
addressed, along with analysis on aerodynamics of superstructures. 

Full scale Computational Fluid Dynamics (CFD) and dynamic behaviour 
modelling will support the understanding of the ship behaviour in 

water and the identification of optimal hullforms. The design process 
should therefore address issues related to operational conditions 
and multidisciplinary optimization to deliver an increasingly 

updated and suitable product.

POWER ARCHITECTURE 
AND ENERGY EFFICIENCY 

The second line of development regards conventional 
propulsion plant, which offer potential for considerable 
improvements in the short-medium term. Internal 

Combustion Engines can still be improved as a 
standalone technology. Additional significant 

improvements can be unlocked by moving to fully 
integrated and intelligent hybrid propulsion systems. 

Innovative technologies need to be optimized 
and configured together into a systemic power 

generation architecture, within a long-term Life 
Cycle Performance Analysis perspective. In this 
regard, energy efficiency will be promoted by 

combustion, energy recovery, harvesting and 
storage solutions, with the purpose of limiting 

waste energy during maritime and inland 
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A complete ship/vessel 
reconfiguration needs 

to be implemented, 
which should be widely 

addressed from the 
design phase.

navigation operations and increasing ship/vessel performance. This requires continued 
research on battery (and other storage systems) integration for both on small and large 
ships/vessels, which is crucial to improve the energy balance. Such improvements, 
along with full electrification, reconfiguration and integration of the on-board 
electrical network, and scalable power plant concepts, represent developments 
with great potential for contributing to the overall greening process. 

SHIP DESIGN AND TECHNOLOGY    
INTEGRATION 
Finally, the third line of development involves ship/vessel design and 
technology integration. As stated, it is widely accepted that the 
road to full de-fossilization will pass through progressive stages of 
integration of different environmentally sustainable technologies. 

Therefore, a complete ship/vessel reconfiguration needs to be 
implemented, which should be widely addressed from the design 
phase, with new energy consumption models and integration 
between different technologies and greening systems 
accounted for to maximize the overall energy efficiency. A 
holistic and real-time model of all main energy processes 
on board, enabled by massive digitalization and artificial 
intelligence, and coupled with a reconfiguration of the 
electrical distribution on board, will therefore integrate 
this reconfiguration process and promote new 
opportunities for further greening optimization.

MATURITY 

IMPACT
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The Waterborne sector intends to pursue a zero accident and zero fatalities policy and is committed to 
protect ships, vessels and infrastructures from peril, cyberattack, piracy and terrorism. Safety and security 
shall be ensured in the face of contemporary challenges while developing new types of ships, vessels and 
equipment that will become larger and more complex, carrying more freight and passengers, year after year. 
This requires a proactive approach. The culture of safety cannot only rely on the analysis of past accidents 
(which are becoming far less frequent and will decrease further in the future). It must develop new safety 
concept and focus on prevention based on risk analysis and assessment procedures.

Risk management is a complex process which must account for the seemingly infinite variables involved when human behavior 
interacts with complex ship systems, innovative technologies and multiple environments. Managing safety implies a continuous 
analysis of the underlying causes of accidents as well as understanding how humans interact with each other and with technology. 
However, the safety enhancement process is neither linear nor solved by rigid prescription or static formulation addressing specific 
isolated gaps in regulations.

The Methodological approach should be developed across three areas of intervention, which are flooding and stability risk, fire 
risk, and security.

Specific transversal issues have already been identified among the areas of intervention, within the inland navigation sector, 
regarding cargo management, safe evacuation of passengers and effective Search and Rescue procedures.

METHODOLOGICAL APPROACH 
Safety in design and safety in operation are mutually linked. Safety is transversal and interdisciplinary, influenced by a complex 
variety of systems, parameters and principles. As a matter of fact, accidents are the result of volatile, uncertain, complex, and 
ambiguous (VUCA) environmental and operational conditions. Accident statistics and past experiences are thus no longer sufficient 
to manage this complexity, meaning that model-based assessment criteria need to be developed to support the designers from 
early design stage. Risk models need to be reliable, comprehensive and easy to use, following a rational standardized approach 
to assess the dependability of ship systems and ensure their mutual effectiveness in normal as well as emergency conditions. 
Fail-safe design is to be proven, i.e. measured, and consequently any output of the modelling is to be verified against clear and 
agreed acceptance criteria. As stated above, this is how the risk models, desired safety levels and regulatory framework are tightly 
connected.

MATURITY 

IMPACT
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 The safety enhancement process is neither 
linear nor solved by rigid prescription or 
static formulation addressing specific 
isolated gaps in regulations.

Safety-Level Approach under the Goal-based Standards (GBS-SLA, MSC.1/Circ.1596) 
is no more a vague concept following the recent IMO MSC circular, which described how 

the definitions of objectives, functional requirements and attached regulations can 
be supported by risk models and simulations. The approach, which still represents 
a challenge for the correct identification of risks and safety levels achieved by 

current regulation, aims to improve safety over time. This methodology is based 
on risk models and simulations used to show how the application of a prescriptive 
regulation contributes to safety levels. While the primary goal of such an 

approach is to help regulatory bodies monitor and control the development of 
regulations in a safety engineering manner, it also implies opening the door 
for designers to innovations and risk-based methods. For that purpose, the 

risk models, the desired safety levels - which can be raised over time thanks 
to the introduction of new technologies and operational measures - and 
the regulatory framework are tightly connected within a life-cycle risk 

management approach.

System Integration is the critical factor for success beyond duplication of systems. Numerical models can support system 
integration (in design, construction and operation) and are also the basis for further hardware-in-the-loop testing (for command/
control/monitoring of safety functions) embracing the digital twin modelling approach throughout the life-cycle of the vessel. 
As a result, Decision Support Systems (DSS) can facilitate an effective response during emergencies for managing critical 
situations. DSS should be designed to manage many distress scenarios, propose real-time effective damage control measures 
and assess evacuation of passengers. Furthermore, DSS may facilitate training activities and the continuous improvement of 
crew performance.

AREAS OF INTERVENTIONS 
The risk related to flooding and loss of stability still represents the main cause for most accidents where collision and 
grounding are the root causes, and which result in loss of stability and buoyancy. 

These may be significantly reduced through application of technologies developed for autonomous/remotely-operated ships, 
with specific reference to situational awareness during navigation. New standards must be conceived for fully integrated 
e-navigation systems and bridge watch, including all aspects of Human-Machine Interface (HMI), all other correlated systems, as 
well as ship automation data and propulsion / steering control.

At the same time, structural resilience in the aftermath of an accident (i.e. collision, allision or grounding) relates to the 
implementation of design solutions to maintain hull integrity, through a combination of structural crashworthiness, redundancy, 
layout and innovative materials. A continuous monitoring of the condition of the hull structure with an appropriate hull 
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sensorization may provide essential data on the effects of specific loads (e.g. wave induced accidental loads, sloshing, etc.), 
or specific operational scenario (e.g. navigation in polar regions). The results of this continuous monitoring would then offer a 
better situational awareness on structural fatigue of hull components and structural resiliency throughout the lifecycle of the 
ship.

As far as damage stability is concerned, for ships with a complex internal architecture, such as cruise ships, it is necessary to 
further review the current SOLAS regulations for probabilistic damage stability. These regulations are usually based on cargo 
ships whereas cruise ships, although belonging to the same regulatory group as RoPax vessels, have a significantly different 
behavior in terms of absorbing crash energy and flooding, therefore requiring specific consideration. Further analysis of the 
results of time-domain flooding simulations (transition dynamics, flood propagation inside complex structures, etc.) is needed 
to identify and possibly quantify the differences between known and expected safety levels. The development of a robust and 
technically sound methodology to assess survivability after flooding would require further investigation of the various parameters 
which influence the survivability calculations, quantification of the effects of flooding and assessment of the possible active / 
passive countermeasures. 

Besides flooding, fire risk is to be measured and reduced, working on the frequency and consequences of fire scenarios, 
using multiple strategies. Specific fire safety probabilistic models can be applied, overcoming the current strictly deterministic 
requirements framed into a multi-disciplinary approach based on the implementation of active and passive measures for fire 
prevention, containment and mitigation and validated with different case studies and scenarios.

Anti-piracy systems and security systems onboard have many technologies and solutions in common with safety systems. 
Consequently, safety and security systems, and components, should be fully integrated by adopting strong cooperation among 
stakeholders (designers, operators, suppliers and technology providers, rule makers). As far as practical security related 
interventions, threat minimization and protection of passengers are concerned, a holistic approach should be adopted, 
considering a variety of possible scenarios and threats (sea piracy, terrorism and crime, contamination and poisoning, etc.).
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TRANSVERSAL ISSUES 
A higher safety level in operation is surely influenced by good design supplemented by innovative safety systems and a safety-
oriented approach. After all, a friendly, organized, ergonomic environment facilitates a safe environment since this makes it 
easier for crew members and passengers to integrate and manage safety issues and emergencies. Transversal considerations 
between flooding/loss of stability and fire risk need to be introduced both for cargo management (mishandling of dangerous 
goods can damage stability or lead to fire) and the evacuation process (in response to fire or flooding hazards).
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Inland navigation represents a sector which is not ruled by IMO but by different 
authorities on a European and pan-European level, and where best practices are 

transferable and shareable with the maritime sector. It also has some peculiar 
and specific characteristics. Currently, no legislation for the collection and 

publication of inland waterway accident statistics exist, making any approach 
based on statistical considerations impossible. Eurostat is taking measures to 

harmonize data into an EU database whose methodology was inspired by the 
European Maritime Safety Agency. Notably, allision with fixed infrastructures 

(incl. bridges) represents the most occurring type of accident, whereas 
collision with other ships and grounding requires attention as well; 

the specific situation in which ships flounder is quite relevant in very 
congested areas. Human failure still represents the root cause of 

accidents, whereas other main causes (i.e. communication, technical 
failure or weather conditions) occur less frequently.

The risks related to cargo management concern cargo ships, RoRo ships and RoPax ships. New information technologies 
(e.g. augmented or virtual reality) may simplify and increase the effectiveness of training, thus facilitating crew response on 
emergency management. Mitigation of critical risks requires accident scenario simulation (e.g. lashing failures leading to cargo 
loss, sloshing, cargo liquefaction, etc.). Inappropriate stowage or excessive weight can produce damage / loss of cargo and 
negative impacts on stability, whereas mishandling of dangerous goods can lead to fire, explosion or contamination.

To speed-up the evacuation process in response to fire or flooding hazards and make it safer in case of mustering and 
abandoning ship, innovative and integrated evacuation models can be implemented. Evacuating a large and complex 
environment such as a large passenger ship – maybe in difficult environmental conditions – is a safety-critical and strictly time-
bound task, depending on a complex decision-making process based on the evolving situation onboard and the information 
available to decision makers. Systems for safe evacuation and the safe instruction and guidance of passengers is of paramount 
importance to establish optimum evacuation strategies in a real scenario. 
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The management of a casualty scenario 
must be human centered, i.e. improving user 
interaction and promoting a standard and easy 
Human Machine Interface in safety related systems. 
Crew training and awareness of safety systems and 
their deployment are at the heart of an effective safety 
culture. Clear and innovative procedures need to be 
revised or established to keep pace with the evolving 
technology. Situational awareness during emergencies 
should be strongly improved by the correct management 
of the available (big) data. Equally, people tracking should 
be considered a necessity in the case of a casualty scenario, 
without encroaching on passenger or crew privacy. The definition 
of a coordinated set of procedures and standards for emergency 
response in different scenarios and coordination with shore-based 
control centers during Emergency Response represent essential 
steps towards achieving higher safety levels.

Search and rescue is the last link of the safety chain but not less 
important. Innovative systems should be provided with robust and resilient 
data infrastructure allowing for a reliable communication with the emergency 
support team ashore and a complete view on the casualty situation.
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ADVANCED COMPUTATIONAL METHODS FOR DESIGN 
Advanced computational methods need to be fully integrated into the design process to improve production and make 
it more efficient. The use of advanced computational methods in fluid dynamic calculations can further improve overall 
production efficiency, as well as product functionality and scalability within an environmentally sustainable framework.

With such methods, complex optimization processes, involving interaction of several tools, can benefit from a simpler modelling 
for design optimizations, balancing accuracy and performance to avoid excessive computation time. Therefore simple, fast 
but accurate models must be sought with the support of further computational capabilities which will speed up the entire 
optimization process using appropriate analysis tools. In this regard, ship behavior needs to be assessed through simulation 
to strengthen the overall product resiliency under off-design conditions, such as different environmental and operational 
conditions.

MATURITY 

IMPACT

Establishing a full production chain of safe, competitive and eco-friendly shipyards and production sites is a 
significant challenge which may enable European shipyards to master increasing vessel complexity, thereby 
maintaining leadership in specialized vessels and increasing market share in other vessel types. Therefore, 
the production process needs to become completely integrated and traceable both in terms of supply chain 
and production line. To achieve such ambitious targets, evolution towards an eco-industry ecosystem and a 
fully-developed digital twin will be implemented through a framework of parallel processes. These parallel 
processes cover advanced methods for design, the entire hardware and software manufacturing fields and 
building materials, and they will be boosted by the digital revolution which will enable a radical transformation 
of the sector production dynamics.
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Ship behavior needs to be 
assessed through simulation to 
strengthen the overall product 
resiliency under off-design 
conditions.

MANUFACTURING 
The evolution of the manufacturing process concerns both the further development of existing technologies, through 
incremental improvement or radical innovation, and the introduction of new solutions. The full transformation of advanced 
manufacturing enabled by the digital revolution will lead to a fully-integrated and traceable production process. 

HARD PROCESSES 
In relation to manufacturing, laser welding offers the best quality in production processes. However, the need to reduce 
reworks after welding as much as possible requires advanced modelling and simulation of plates and block deformation to 
introduce geometrical compensations during steel cutting.

Alternative joining technologies – such as friction stir welding, bonding, glueing, hybrid joints and multi material joining – have 
already been explored in the past. They represent interesting solutions to improve manufacturing, even though they have not 
reached sufficient Technology Readiness Level maturity for a wider adoption and need further understanding of their limits, the 
applicable geometries and properties of the joints.

Regarding the latest manufacturing solutions introduced in the maritime technology sector, additive manufacturing offers 
higher levels of geometrical flexibility. Nevertheless, the characterization of the properties of the final product, its quality and 
expected functionality, as well as certification for waterborne use represent issues which still need to be addressed. 
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DIGITAL INFRASTRUCTURE 
As far as manufacturing is concerned, industry 4.0 represents an important 

opportunity to help boost productivity, which is the key to achieving the digital 
twin and enabling connectivity between manufactured pieces, manufacturing 

stations, operators, and the design phase. Industry 4.0 revolves around an 
advanced and integrated technological framework closely connected with 
smart manufacturing, which aims at minimizing human interaction. 

The overall ambition of such technologies strives for the full implementation 
of the automated and seamlessly integrated production process through 

the support of artificial intelligence, automated decision-making, near 
perfect mechanical automation and symbiotic human integration. 
Manufacturing facilities therefore need to be digitally interconnected 
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along the whole production process and during the whole good lifecycle. This digital revolution enables complete integration 
between design and production through full traceability of the entire supply chain and production process. 

Massive digitization is thus essential for automation, integration of processes and data management, allowing for design 
modifications to be immediately transferred to current and future manufacturing processes. Sensorization, which allows for 
cost-effective measurement of a wide range of data on the product itself and on its environment, may then support robotization: 
the latest generation of robots can effectively integrate information from multiple sensors and adapt their movements in real 
time, facilitating the manufacturing upstream-downstream integration process.

Enabling such massive digitization and robotization requires advances in computing power, software-development techniques 
and networking technologies. Sensors and actuators can monitor themselves and report their status to the control system, to 
the benefit of process control and data collection for maintenance purposes. The ability to adapt their actions in response to 
changes in their environment will create opportunities for automation in new and still relatively unexplored areas. To this end, 
a massive integration with Internet of Things (IoT) and a deep sensorization of robotic production lines is envisioned, along with 
machine vision integration.

However, as not all activities in a production line can be automated with robots, human-machine relationship should be further 
optimized with the support of collaborative robots (cobots) and the integration of human and robotic phases. Where larger 
and heavier robots were used to replace humans in production, cobots can be used for a wider range of tasks and enhance 
a production team’s (cap)ability. Cobots therefore enable further automation within manufacturing in such a way that human 
workers aren’t replaced; rather they are enhanced and free to perform more complex operations. 

Finally, cybersecurity issues are a crucial element of the automation and digitization process. As production becomes 
increasingly connected to dataflow along the upstream-downstream integration line, new security concerns arise to preserve 
the overall integrity and efficiency of the production process. New connectivity technologies need to be carefully examined 
from a cybersecurity awareness and risk mitigation point of view. The integration of IoT components within a large and complex 
architecture may lead to critical risks each time proprietary systems neglect the cryptography aspect of their “domotic” 
application, leading to major risks for the entire on-board network.
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MATERIALS 
A further parallel development process concerns building materials, which 

need to be considered holistically. Steel has been the dominant material during 
the last century. Nevertheless, research on metallic materials such as high-
strength steel, aluminium, and lightweight metal sandwich panels continues to 

identify lighter and cost-effective alternatives to traditional steel. 

The aim is to reach at least and beyond the same operational and lifecycle 
performance of conventional materials while achieving lighter structures. 
The properties of these materials in terms of fire and fatigue resistance 

must be proven to ensure an adequate level of safety.

On the other hand, smart composites have more recently demonstrated their potential, especially multifunctional meta-
materials, nano-additivated composites and other lightweight materials suitable for structural applications, which have 
properties comparable to traditional steel at competitive prices. These materials will also provide additional benefits, such 
as easier integration of sensors for wider ship/platform sensorization, and active control of material deformation, possibly 
allowing for self-repairing capabilities. Safety assessment technologies, tools and processes for the integration of such 
innovative composite materials on large mono- and multi-hull vessels are therefore critical. Research should look beyond the 
characterization of the material, aiming to address the functionalities of the manufactured parts.

Multi-material structures are the ultimate frontier for the adoption of innovative materials, ensuring different material 
performances according to different functional use and the location in which they are installed. Such flexibility provides the 
opportunity to start introducing sustainable materials, for both structural and non-structural applications, with the aim of 
improving the lifecycle footprint of the ship. 
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ECO-INDUSTRY PARADIGM  
The Eco-Industry Paradigm should be the basis for the parallel evolution paths 
towards the European Waterborne sector’s targets, starting from the design 
phase and covering the entire production process, fully engaged in a circular 
long-term lifecycle economy approach. 

Product design should be driven by environmental concerns and focus on eco-
driven goals for design and operations, with the support of advanced business 
models and technological integration methodologies. Environmental design 
and manufacturing should therefore consider product design for material 
efficiency, weight reduction, manufacturability and standardization, 
as well as the entire operational life, thereby also addressing reduced 
through-life maintenance. Radical innovation needs to be addressed 
to reconfigure production processes to the new paradigm.

MATURITY 
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