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EU RESEARCH STRENGTHS AND PRIORITY AREAS 
 

The structure of this section is as follows: 

State of the art.  This section defines the current state of the art based on a detailed analysis of 

past research programmes from around the world.  This is the foundation upon which new research 

will be based and against which gaps in knowledge are identified.  Ref: ??? 

Research priority areas.  This identifies the broad technical outcomes which will be needed to 

realise the 2030 opportunities and the research focus required to achieve this.  These topics build 

upon EU research strengths as identified in the current state of the art section, and fill any gaps that 

have been identified. 

Pathways to innovation.  This section identifies the specific technical areas to be developed 

under each of the research priority areas and provides an indication of the timing.  Rather than using 

specific dates, the timing is broken down into short, medium and long term activities, where long 

term equates to around 2030. 

By developing technologies which will be needed by 2030 and basing this on a clear understanding 

the state of the art will ensure the best possible return on research investment, both commercial 

and strategic. 

 

  



 

 
 

Energy efficiency 

 

State of the art 
Past EU research has addressed a large number of energy efficiency related topics in the previous 

framework programmes FP 5 to FP 7. Substantial progress has been achieved in a number of 

individual areas, e.g. in ship resistance and propulsion and engine technology. Here, European 

makers and suppliers are clearly among world market leaders and it can be reasonably concluded 

that at least part of these successes are due to the work performed in European research projects. 

The developments and resulting products typically address individual solutions which already, 

considered as stand-alone solutions, promise substantial improvements.  

Despite the individual successes in a number of Energy Efficiency related technologies, the full 

potential of the technologies still has not been unleashed as often the integration of all advanced 

tools and concepts into a holistic energy saving approach is missing. 

The following technology trends have been found most relevant for maintaining technological and 

commercial competitiveness and leadership for the European Maritime industry:  

 Hydrodynamics, Resistance & Propulsion: Whilst a lot has been achieved particularly during the 

last decade to improve hull forms and propulsive efficiency, not least due to recent numerical 

(CFD) developments originating from earlier framework research, further improvements of 

frictional resistance (mainly on ship hulls) through the use of advanced coatings, air lubrication 

techniques and boundary layer control methods, all considered in a life-cycle context, are 

required. In the present operational context this appears to be the most important element to 

further reduce energy consumption of maritime transportation.  

In addition, full scale validation of prediction methods, further aspects of operational resistances 

– including wind and waves – and dedicated developments for advanced propulsors will form 

the basis of anticipated future developments.  

 Powering: Improved engine design for operation in “off-design” conditions remains an issue. A 

special focus needs to be laid on advanced control strategies. the use of new engine components 

and materials for improved corrosion, fatigue, fouling and high load performance. In view of the 

expected increase in retro-fit and conversion actions, novel concepts for engine room design to 

work for integrated retro-fit concepts will be required.  

The use of alternative fuels in the context of multi-fuel engines opens a complete new field. 

While LNG has been widely adopted in Europe as well as international, the next big step will be 

the adoption of even more alternative fuel concepts to be run in a single engine. This is 

associated with developments addressing technology as well as logistics with a special focus on 

life-cycle cost and impact assessment.  

Renewable energy sources, associated with Energy storage and distribution systems, can make a 

meaningful contribution to energy efficiency, significantly integrating the main sources for 

power peak shaving or for crisis management, to help to reduce noxious gas emissions 

 Emissions: Emission reductions, though not strictly in the context of Energy Efficiency or savings, 

will play an important role in the future. Post treatment technologies like 2nd generation 



 

 
 

scrubbers will receive more attention; modelling and more technical developments will be 

required. Here again, life-cycle considerations will play an important role.  

 Energy Management: A complete management of the entire energy household on board ships is 

one of the main development areas promising substantial gains for the future. While several EU 

research and other development lines have addressed the issue already in the past 5 years, a 

holistic solution is still missing.  

With “Big Data” being one of the buzz words in present shipping terminology, technological 

advances (IT) and advanced regulations (e.g. MRV guidelines) allow and require capturing a 

much larger amount of data relevant for the assessment and management of Energy 

consumption of a vessel. Whilst it will soon be possible to accumulate a large amount of 

information on fuel consumption, performance of individual components and the overall energy 

household of a ship, together with operational and environmental conditions, the processing of 

such data will remain a challenge. A proper analysis and decision making support tools will 

remain the main task for future development. 

 Energy Efficiency governance: The technological evolution is further expected to lead to 

changes to the presently (IMO) adopted approach to the formulation of the Energy Efficiency 

Design Index (EEDI). With more knowledge on efficiency gains, minimum power requirement, 

e.g. for safe return to port and conceptual rule driven designs an adaptation of the design index 

shall become mandatory.  

 

 



 

 
 

 

Research priority areas 
 

1.  Energy Efficiency 
 

Objective Key Technologies 

1.1 Minimise 

resistance & optimise 

propulsion 

Friction reduction 
techniques 

Life-cycle 
considerations 

Full scale validation 
of advanced 
prediction methods 

Delivered power in 
operational 
conditions (wind, 
waves) 

Dedicated developments for 
advanced propulsors 

1.2 (Ship) Powering Improved engine design 
for operation in “off-
design” 

Optimisation of 
energy distribution, 
storage and peak 
smoothing 

new engine 
components and 
materials 

multi-fuel  engines life-cycle cost and impact 
assessment 

1.3 Emissions 2nd generation Post 
treatment technologies  

Modelling 
techniques 

Zero emission 
propulsion 
techniques 

  

1.4 Energy 
Management 

Advanced Data 
acquisition and 
management tools e 

Analysis and decision 
making (tools) 

Dynamic modelling 
and simulation tools 

Data acquisition 
governance 

 

1.5 Energy Efficiency 
governance 

Rule driven design Update of EEDI to 
account for 
advanced technology 

   

 

 
  



 

 
 

Research and innovation pathways 

 

1.1 Minimise resistance & optimise propulsion 

Key technology State of the art Short term Medium term Long term Application 

Friction reduction 
techniques (I) 

FR coatings,  Compliant coatings Hydrophobic surfaces  All ships, resistance 
reduction 

Friction reduction 
techniques (II) 

Air lubrication (cavity) Air bubble techniques 
optimised 

  All ships, resistance 
reduction 

Full scale validation 
of numerical 
techniques 

Limited number of 
useful (integral) full 
scale data sets 

Definition of a 
reference case 

Data sets for reference 
cases 

 Validation of numerical 
tools used in ship design 

Delivered power in 
operational 
conditions 

Model tests, numerical 
simulations, limited 
range and quality 

Advanced numerical 
methods 

Optimisation for 
operational conditions 
(wind, waves, shallow 
or restricted water) 

 Low emission in ship 
operation 

Advanced propulsors Theoretical 
background 
elaborated 

Design studies ready 
and (lab) validated 

1st implementations 
and full scale tests 

 High efficiency ship 
propulsion 

 

  



 

 
 

1.2 Ship Powering 

Key technology State of the art Short term Medium term Long term Application 

Improved engine 
design for operation 
in “off-design” 

Efficient operation for 
(single) design 
condition  

Concepts for improved 
engines 

Prototypes  Optimised propulsion 
for operational 
conditions 

New engine 
components and 
materials 

Corrosion, fatigue and 
fouling in highly 
loaded engine 
components.  

High temperature 
materials and 
corrosion material. 
Materials for high load 

Prototype engines More efficient engines in 

use.  

Use in advanced 
engines / prime movers 

Multi-fuel  engines High efficiency diesel 
(HFO) engines 

Fuel Benchmarks 
Engine concept 

Multi fuel engine 
prototypes 

 Flexible propulsion 
systems 

Optimisation of 
energy distribution, 
storage and peak 
smoothing 

Hybrid or full electric 
ships but of limited 
sizes; limited use of 
batteries and super 
capacitors 
Liquid fuel oil or LNG 
as fuel 

Improvement of 
existing system and 
architecture for the 
storage. Optimization 
of the power load 
Distribution, in normal 
and/or peak 
conditions. 

Design of new energy 
storage system and 
distribution onboard, 
especially for DC 
networks 

Efficient adoption of 

renewable energies on 

board vessels 

Power generation and 
distribution 

 

  



 

 
 

1.3 Emissions 

Key technology State of the art Short term Medium term Long term Application 

2nd generation Post 
treatment 
technologies 

after treatment: 
scrubbers 

Design for 2nd 
generation scrubbers 

2nd. Gen. Scrubbers   Emission reduction 
through new and better 
scrubbers 

Modelling 
techniques 

Emission reduction 
through improved 
combustion processes; 

Improved modelling 
and simulation 
techniques;  

Engine prototypes;  Low emission prime 
movers 

Zero emission 
propulsion 
techniques 

i) Concepts for nuclear 
propulsion;  
ii) Several concepts 
(technical) for wind 
propulsion 

i) Depends on public 
acceptance;  
ii) new concept for 
sailing vessels in a 
global logistics chain.  

i) … ?  
 
ii) prototype vessel 
and application 

 Slow-steaming 
merchant vessels 

 

  



 

 
 

 

1.4 Energy Management, Ship Analytics & Decision Support 

Key technology State of the art Short term Medium term Long term Application 

(Energy) Data 
acquisition and 
management 
systems 

Various EU project 
results (FP 7);  
First set of commercial 
tools – limited 
functionality 

Higher integration 
level, linking of data 
(ship – environment);  

Dynamic energy 
models for ships and 
offshore structures.  

First vessels running with 
optimised on-board 
energy management 
systems using advanced 
decision making systems. 

Ship operation 

Analysis and decision 
making (tools) 

Limited functionality 
routing tools; trim 
optimisation;  

Concepts for optimal 
energy management; 
advanced decision 
support systems.  

Prototypes for energy 
management decision 
support systems.  

Ship operation 

Dynamic modelling 
and simulation tools 

Limited real-time 
functionality for 
simulation 

Advanced modelling 
tools allowing for real 
time simulation of 
energy consumption 
as a function of many 
parameters. 

1st prototype 
applications on board.  

 Ship operation 

Data acquisition 
governance 

Standard on-board 
technologies;  
MRV regulations 

Improved ship – shore 
communication;  
Better data sampling 
Large data sets 
publically available  

  Ship operation 

 

  



 

 
 

 

1.5 Energy Efficiency governance 

Key technology State of the art Short term Medium term Long term Application 

Rule driven design EEDI compliant design Uptake of new 
concepts into next 
generation EEDI 
formulation 

First vessels according 
to novel EE design 
rules 

 Ship design 

Update of EEDI to 
account for 
advanced technology 
and concepts 

Energy saving designs;  
Minimum power 
requirements 

Optimisation of ship 
designs for operational 
conditions – 
prototypes.  

  Ship design 

 

 

 



 

 
 

Safety 
 

A large number of past research projects have been analysed to produce a comprehensive definition 

of the state of the art of safety technologies in the maritime sector. 

Information has been grouped under a number of different interest areas, service and vessel types 

as follows:  

1. Goal based regulations, accident reporting, and data reporting 

2. System integration for safety and security 

3. Survivability of smaller vessels in extreme conditions 

4. Collision and grounding 

5. Failure mechanisms 

6. Safety of operations in sea and inland ports 

7. Fire and evacuation 

The analysis of past research projects has identified of a number of technological approaches, 

namely: 

 Navigational tools 

 Data network and communication systems 

 Decision support systems 

 Design software 

 Knowledge exchange platforms 

 Methodology / design concepts / requirements 

 Monitoring instrumentation 

 Remote vehicles and inspection robots 

 Sensors 

 Simulation tools 

 Stabilizing device 

To give a common understanding of the current status of each of these technologies and the degree 

to which it has been implemented, the technology readiness level (TRL) of each has been assessed. 

As a general principle, technologies with a TRL of more than 5  (“Component and/or breadboard 

validation in relevant environment”) are likely to require further funding for the development of 

demonstrators, whilst those below this will require further funding for research. 

 

State of the art 
 

1.  Goal based regulations, accident reporting, and data reporting - the technologies available in 

this area are generally below TRL 5 indicating a need for further research funding.  Technologies 

include: 



 

 
 

 New data networks for security and ship monitoring data transmission 

 Integrated Safety and Security Management Platform (ISSMP) software 

 Decision Support system integrating different model 

 Methods to forecast negative effects on the ship due to external forces (e.g. waves) 

 Crisis Management systems 

2.  System Integration for Safety and Security -  most technologies identified in this area are at TRL 6 

or higher, suggesting that they are about to be implemented in real contexts. 

3.  Survivability of smaller vessels in extreme conditions – technologies identified include: 

 Risk models 

 Wave modelling 

 Methodologies and design concepts aimed at increasing safety during extreme sea 

conditions or in an emergency.   

As indicated by the average maturity level observed (i.e. average TRL around 6), the projects are 

principally in the preliminary implementation phase. 

4.  Collision and Grounding – technologies identified include: 

 Motion and acceleration monitoring systems 

 Hull stress monitoring systems 

 Active operator guidance systems 

 Navigation planning aid tool to forecast compressive ICE dynamics and tool to assess the 

damage resistance related to ICE compression 

 Docking aid (with laser meters and rope auto-tensioning) and mooring monitor on-board 

system 

Except for few cases, most of these are at TRL 5 or below. 

5.  Failure mechanisms -  there are a number of clustered projects in this subject area, whose target 

is that of preventing failures through the adoption of tools and software for assistance during 

navigation.  TRL levels are typically above 5. 

6.  Safety of operations in port - this covers port operating procedures and the associated support 

systems.  TRL levels are typically greater than 5  

7.  Fire and evacuation – this is a significant area of interest, covering for example:   

 Fire emission toxicity tests, methods and tools 

 Fire safety engineering methodology 

 Fire growth, toxic effects on people and effect on structural integrity simulation tools 

 Evacuation of people simulation tool 

 

 

 



 

 
 

 



 

 
 

 

Research priority areas 
 

2. Safety 
 

     

Objective Key Technologies 

2.1 Accident prevention Preventative tools such as 
collision avoidance 
systems 

Improved user 
information and 
interface systems 

Use of external 
observation 
systems 

  

2.2 Safe automation and 
autonomy 

Enhanced application of 
ICT to autonomous 
vessels 

Internal and 
external 
monitoring tools 

Automated 
emergency 
intervention 

Integrated safety and 
security systems 

Integrated safety 
systems for smaller 
vessels 

2.3 Increased vessel survivability Analysis of vessel 
performance in extreme 
weather conditions 

Stability 
management 
under accident 
conditions 

Hull resistance to 
damage 

Cargo management  

2.4 Fire resistance and 

prevention 

Fire monitoring Fire resistant 
materials 

Fire management 
systems 

Evacuation 
management 

 

2.5 Improved evacuation 
methods 

Launch and recovery 
systems for lifesaving 
equipment 

Stability of 
lifeboats and other 
safety equipment 

New concepts for 
life saving 
equipment for 
ultra large vessels 

  

2.6 Reduced occupational 
casualties 

Preventative measures Mitigation 
measures 

   

 

  



 

 
 

Research and innovation pathway 
 

2.1 Accident prevention 

Key technology State of the art Short term Medium term Long term Application 

Preventative tools There are several 
systems that support 
safe navigation.  These 
systems simulate 
traffic and forecast 
position, congestion, 
etc.  Recent work 
considers all ships in a 
specific area. 

Continue the 
development of 
system level tools. 
Improve information 
exchange ship to shore 
and ship to ship 
Increase real time 
positional accuracy. 

Pilot application at 
system level 
 

Develop a sea traffic 
control system similar to 
air traffic control 
including route 
optimisation and 
congestion management 

All vessel 
All services 

Improved user 
information and 
interface systems 

Today’s bridge 
systems are not 
optimised for the user 
and can be difficult to 
understand when 
under stress. 
 

Improve navigational 
systems’ user interface 
applying expert 
system principles to 
detect fault 
conditions.  Apply 
virtual reality 
techniques to increase 
understanding of 
abnormal conditions 

Pilot application at 
system level 
 

Improve the Human 
Machine Interface: 
increasing the awareness 
of alert status or 
potentially alert status 
 

All vessel 
All services 

Use of external 
observation systems 

The use of remotely 
controlled equipment 
including drones is 
increasing 
significantly.   

Design and develop 
drone prototype (air 
and underwater) 

Pilot application at 
also at system level 
 

Define rules for 

application of these 

equipment (where and 

when). 

All vessel for critical 
areas (traffic, weather, 
shallow water, etc.) 



 

 
 

 

2.2 Safe automation and autonomy 

Key technology State of the art Short term Medium term Long term Application 

Enhanced 
application of ICT to 
autonomous vessels 

Current technologies 
are increasing the level 
of ship board 
automation.  
Technically, an 
autonomous vessel 
could be produced.   

Study the safety and 
regulatory case for 
automation. 
Define the range of 
application of the 
autonomy (e.g. not in 
coastal area) 
Define the new risks 
generated by 
automation 

Study to an approach 
to classify the 
component that will 
used to increase the 
automatic towards the 
concept of 
Autonomous vessel. 
Evaluate the possibility 
to classify all the 
component in terms of 
safety (for example 
use Safety Integrity 
Level approach) 

Define rules to apply this 
concepts 

All vessel 
All service 

Internal and external 
monitoring tools 

Vessel behaviour is 
modelled but more 
data is required.  All 
the data today 
collected should be 
shared and analysed 
(big data approach) 

Develop new sensors 
(status of engine and 
equipment in general, 
status of the ship) 
Procedure for data 
collection and analysis 
Development of new 
tools to predict 
behavior 

Validate these new 
sensors and software 
tools with pilot 
application 

Test at system level  
 

All vessel 
All services 

Automated 
emergency 
intervention 

Systems reporting on 
ship status and the 
position of persons on 
board are available.   

Advanced use of 
existing data to 
manage evacuation 
Intelligent muster list 

Pilot application to 
validate the solution 
Definition of a 
communication 

Test at system level and 
new standard for the 
new information (e.g. 
position of onboard 

All vessel 
Passenger ship priority 



 

 
 

Some safety 
management systems 
use this data to 
provide a “Safe return 
to port” assessment 

Simulation tool to 
define the strategy for 
evacuation 
Communication 
system with SAR 
center 

standard to share 
information (for 
example the position 
of the person within 
the ship) 

person, status of the 
compartment of the 
vessel, evacuation plan 
adopted) 
 

Integrated safety 
and security systems 

Security technology 
allows the monitoring 
and detection of 
potentially dangerous 
status and/or event.  
These applications 
should be transferred 
to the safety domain: 

 Monitoring system 
(e.g. drones) 

 Expert system (to 
evaluate 
consequences and 
define the strategy 
for dangerous 
situation 

 

Define the strategy for 
technology transfer. 
Develop applications 
and equipment that 
can be use also for 
safety 
Study technologies  
that can be used for 
safety and security 
applications 

Pilot application of 
these solutions, e.g.: 

 Drones to verify if 
there is man over 
board or if it is 
false alarm 

 Drone to look for 
man over board 

 

Validation of the 

solutions at system level 

and potentially review 

rules and regulations in 

order to use these 

technologies 

Passenger ship 
Transport of dangerous 
goods 

Integrated safety 
systems for smaller 
vessels 

ICT tools play a 
significant role in the 
management of 
maritime systems.  
Some of the new 
equipment and tools 
should be also used in 

Study and develop 
application that can be 
use also in these boats 
(reduction of 
functionality if 
compared with the 
other system, but no 

Testing a validating of 
these application 
and/or equipment in 
real contest. 
 

Define new rules and 
regulations to have these 
application and/or 
equipment as standard 
When a Sea Traffic 
Management system will 
take in place, we have to 

small vessel  
pleasure boat 



 

 
 

small vessel pleasure 
boats, e.g.: 

 Accurate 
positioning system 

 Communication 
system 

 Real time weather 
(but also wind, 
wave conditions) 

expansive) 
Study how to integrate 
this information in the 
sea traffic 
management system 

avoid the risk to don’t 
consider all the boats 

 

  



 

 
 

2.3 Increased vessel survivability 

Key technology State of the art Short term Medium term Long term Application 

Analysis of vessel 
performance in 
extreme conditions 

Different model and 
methods to forecast 
waves and estimating 
forces 
Analysis of different 
hull configurations to 
minimise motions 
Design models of 
modified hull 

Validation of waves 
modelling and 
probabilistic 
description 
Test and model results 
of the modified hull 
designs 
New risk-based 
stability requirements 
formulation 

Construction of 
prototype vessels to 
be used for testbed 

Prototype to be tested in 
real conditions 
Definition of rules, 
regulations and 
standards for ship 
production 

Each vessel type 
Each service type 

Stability 
management under 
accident conditions 

Implementation of 
Management tools for 
crisis management 
 

Test and validation of 
management tools 

Definition of prototype 
and application in pilot 
contests 

Actual application of the 

technology in its final 

form in real conditions 

Each vessel type 
Each service type 

Damage stability 
(tools to evaluate 
hull resistance) 

Flooding sensors 
system design 
Data interpretation 
software 
Monitoring systems 
for real-time 
assessment of damage 
to the ship 
Comprehensive model 
testing to investigate 
the process of ship 
stability deterioration 
in damaged condition 

Test and validation of 
monitoring systems 
based on simulated 
scenarios 
 

Application of the 
developed 
technologies in pilot 
contexts 

Actual application of the 

technology in its final 

form in real conditions 

Each vessel type 
Each service type 



 

 
 

Damage stability 
(e.g. watertight 
integrity) 

Flooding simulation 
tools in design and on-
board use 

Test and validation of 
monitoring system 
based on simulated 
scenarios resulting 
from the analysis of 
previous incidents 

Definition of  
prototypes and 
application in pilot 
contexts 

Actual application of the 

technology in its final 

form in real conditions 

Each vessel type 
Each service type 

Hull resistance (new 
material and new 
concept) 

Redesign of some 
parts of the ship 
structure (e.g. achieve 
the best possible 
damage resistance 
with reduction in 
structural weight) 

Simulation  and 
models for the 
assessment of the 
benefits provided by 
the innovative ship 
design 

Construction of 
prototypes vessel to 
be used for testbed 

Prototype to be tested in 
real conditions 
Definition of rules, 
regulations and 
standards for innovative 
ship design 

Each vessel type 
Each service type 

Hull resistance (new 
tools to evaluate to 
hull resistance) 

Hull stress monitoring 
system 

Test and validation of 
intelligent systems for 
active direct 
monitoring 

Definition of 
prototypes system and 
application in pilot 
contests 

Actual application of the 
technology in its final 
form in real conditions 

Each vessel type 
Each service type 

Cargo Management Currently, risks arising 
from the management 
of goods and cargos 
are not well recorded. 
As a results, it is 
extremely difficult to 
develop suitable risk 
control options 

Collection of data 
concerning accidents 
due to cargo 
management (e.g. 
dangerous goods 
mishandling typically 
leading to fire, lashing 
failures leading to 
cargo loss, liquefaction 
leading to loss of 
stability, sloshing 
leading to structural 
damage and 
inappropriate stowage 

Investing in R&D to 
define suitable risk 
control options 

Definition of rules, 
regulations and 
standards for risk-based 
cargo management  

Cargo vessels 



 

 
 

leading to damage or 
loss of cargo and/or 
loss of stability) 

Cargo management Currently, risks arising 
from the management 
of goods and cargos 
are not well recorded. 
As a results, it is 
extremely difficult to 
develop suitable risk 
control options 

Collection of data 
concerning accidents 
due to cargo 
management (e.g. 
dangerous goods 
mishandling typically 
leading to fire, lashing 
failures leading to 
cargo loss, liquefaction 
leading to loss of 
stability, sloshing 
leading to structural 
damage and 
inappropriate stowage 
leading to damage or 
loss of cargo and/or 
loss of stability) 

Investing in R&D to 
define suitable risk 
control options 

Definition of rules, 

regulations and 

standards for risk-based 

cargo management 

Cargo vessels 

 

  



 

 
 

2.4 Fire resistance and prevention 

Key technology State of the art Short term Medium term Long term Application 

Fire resistance 
(monitoring system 
and extinguish 
system)  

Definition of Fire 
monitoring system 
which continuously 
monitors the 
surroundings and 
keeps a track of the 
temperature recorded. 
Fire extinguishing 
system switches the 
extinguisher as soon as 
it detects the fire or 
when the temperature 
crosses a certain 
threshold level, 
performed by 
extinguishing node 

Assess the possibility 
to adopt these 
systems on-board the 
ship. 
Simulate different fire 
accident scenarios and 
assess the benefits 
provided by the 
system 
Initially the attention 
should be on 
passenger ships and 
for dangerous goods 
transport 
 

Perform real tests so 
as to evaluate the 
effectiveness of both 
the monitoring system 
and the extinguish 
system 

Actual application of the 

technology in real 

conditions 

Ships equipped with 
Wireless Sensor 
Network based on Fire 
Monitoring and 
Extinguishing System 

Fire resistance, use 
of new material 

Assessment of 
different materials and 
their interaction with 
fire. 
Assessment of Fire 
effluents toxicity for 
different materials. 

Definition of a library 
of products and 
advanced materials 
which are design to 
resist burning and 
withstand heat 

Application on real 
test-cases to assess 
the benefits provided 
by the innovative 
materials 

Development of rules, 
regulations and 
standards to adopt the 
new materials for ship 
production 
 

Highly complex ships 
with capabilities of 
resist burning and 
withstand heat 

“Fire” management 
system (strategy to 
extinguish, 
evacuation 

Fire accident and 
evacuation procedure 
simulator 
Decision Support 

Application on real 
test-cases of the 
implemented 
technologies 

Definition of a 
software prototype 
and test it in an 
operational 

Close of the software 
development and actual 
application of the 
technology in its final 

Advanced systems  and 
DSS for the 
management of fire 
accident and evacuation 



 

 
 

management) System for fire 
evacuation 
management 

environment form procedure 

 

  



 

 
 

2.5 Improved evacuation methods 

Key technology State of the art Short term Medium term Long term Application 

Launch and recovery 
system for lifeboats 
and other safety 
equipment 

The current 
regulations allow 
limited operations 
(inclination of the 
ship).  Recent events 
have showed that this 
limit can have 
significant 
consequences 

Study and simulation 
of new solutions 
 

Prototypes to be used 
for testbed 

Prototypes to be tested 
in real condition 
Proposal for new 
regulation 
Application 

Each vessel type 
Each service type 
 

Stability of lifeboats 
and other safety 
equipment 

Recent events have 
showed that the 
stability of lifeboats 
and safety raft must 
be improved. 

Study and simulation 
of new solutions 
System to increase the 
communication 
capacity with S&R 
center 

Prototypes to be used 
for testbed 

Prototypes to be tested 
in real condition 
Proposal for new 
regulation 
Application 

Each vessel type 
Each service type 
 

New concepts of 
lifeboats and other 
safety equipment for 
large passenger 
vessels 

The UltraLargeShips 
(cruise vessels) under 
study need a 
completely new 
approach regarding 
the evacuation.  For 
this reason an new 
concept of lifesavings 
is needed 
 

Study and proposal for 
new lifesavings: 
Lifeboats (or 
equivalent) 
Launch and recovery 
system 
New muster-list 

Prototypes to be used 
for testbed 
 

Prototypes to be tested 
in real condition 
Proposal for new 
regulation 
Application 

Ferry 
Cruise vessel 
Ultra Large Ships 

 



 

 
 

2.6 Reduced occupational casualties 

Key technology State of the art Short term Medium term Long term Application 

Preventive measures 
(Human behaviour, 
training, etc.) 

Some public 
Administrations are 
doing analysis about 
the occupational 
accident, with the 
purpose to understand 
the main causes both 
from technical and 
behavioral point of 
view.  

Complete the analysis 
about the main causes 
(technical and 
behavioral) 
Define detail 
approaches that can 
be followed the 
reduce the number of 
accident: 

 Training (e.g with 
support of virtual 
reality support) 

 Behavior 
(monitoring 
system to increase 
the awareness of 
situation 
potentially 
dangerous, near 
missing  

 Ergonomy. 

Application of the 
innovative approach in 
pilot context 
 

Application of the 
solution in real context 
 

Each vessel type 
Each service type 
Off shore 
On shore 

Mitigation measures 
(during navigation: 
remote support in 
health disease event) 

The remote support in 
health disease is a 
service used only in 
limited contexts.  
There is still the 
possibility to increase 

Improve the 
communication 
system; 
Research for: 

 Advanced 
equipment for 

Application of the 
innovative 
components 
(communication 
system, equipment for 
diagnosis and care) in 

Large scale application Each vessel type 
Each service type 
Off shore 



 

 
 

the spread using new 
technologies for 
diagnosis and for the 
care 

diagnosis 

 Advanced 
equipment for care 

pilot contexts 
 



 

 
 

Production  

 

State of the art 
 
The main lines of technical development and the technical gaps are as follows. 
 

 A large gap can be observed between the state of production technologies in leading yards and 
smaller companies. While the description of the state-of-technology is primarily referring to 
leading yards, the situation in smaller yards is described where appropriate. Technology 
Readiness Levels achieved are usually given as ranges representing the different state of 
application across the industry. The analysis has underlined the need of technology transfer and 
technology adaptation to smaller companies to maximize the impact of research. This should be 
reflected in a Research and Innovation Agenda (D 3.2); 

 Continuous research and development along strategic lines, rather than isolated projects, is 
important to achieve a sustainable improve in competitiveness. RDI on production technologies 
on European, national and private level have contributed significantly to achieve and maintain 
the leading position of EU shipyards in high value-added niche markets. Success Stories (D 3.4) 
will demonstrate this in more detail.  

 In an international comparison Europe is leading research and application of maritime 
production technologies relevant for its products. The efficient cooperation of research entities 
and industry in projects and implementation makes the European maritime research area 
(EMRA) unique. However, competing players in the global market tend to invest more in research 
infrastructure, “basic” maritime research to take up key enabling technologies and international 
rule development.  

 

Main technology trends in strategic fields: 

 

The following technology areas are of key importance for the competitiveness of the maritime 

industry and represent focus areas of research and development: 

 Design for life cycle methodologies and tools have been developed and applied. This includes 
tools and processes for improved retrofitting as well as dedicated decision support and 
assessment tools. A more consistent use of operational data using the potentials of big data 
management and industry 4.0 as well as more sophisticated and integrated life cycle simulation 
tools are technology gaps to be overcome in the next decade. 

 Simulation tools and numerical modelling for investment and resource planning, robot 
programming and process modelling have been developed and are used by leading actors along 
the value chain. Those tools need to be further improved for new manufacturing processes and 
materials and integrated. Logistics and supply chain management are one of the major 
advantages of leading European yards versus their competitors. 

 Automation of pre-assembly processes primarily of metallic structures has reached an 
impressive level in leading shipyards with a clear European lead in the use of low distortion 
welding processes. The level of mechanization and automation in block and final assembly, in 
outfitting, repair and retrofitting, in smaller shipyards and in the production of offshore 
structures bears a significant potential. 



 

 
 

 The use of innovative materials and material combinations has made significant progress during 
the last years, but due to lacking long-term experience, lacking standardization and high cost and 
insufficient work sharing along the supply chain is not common practice yet. Nonetheless, the 
use of advanced material combinations, lightweight and adaptive structures, innovative coatings 
is a major contribution for greener shipping and competitiveness of shipyards and ship operators 

  



 

 
 

Research priority areas 
 

3.  Production 
 

Objective Key Technologies 

3.1 Design for Life 
Cycle Processes 

Life Cycle Performance 
Assessment Methods and 
Tools 
 

Integrated Maritime 
Design (for Life cycle) 
Environment 
 

Advanced Approval 
strategies for new 
processes and 
materials 

  

3.2 Integrated 
Numerical Modelling 
of Life Cycle Processes 

Resource planning and 
scheduling tools for all LC 
processes 

Advanced simulation 
for geometries, 
ergonomics and 
processes 

Virtual and 
Augmented Reality 
Techniques 

Measurement and 
Reverse Engineering 
Methods 

ICT Environments for 
integrated process 
simulation 

3.3 Further 
Automation of 
Production and Life 
cycle Processes 

Advanced welding and 
multi-material joining 
processes 

Strategies and 
technologies for 
automation of 
complex one-off 
processes 

Smart solutions for 
outfitting, repair, 
retrofit, end-of-life 

Process re-
engineering and 
supply chain 
management tools 

New production processes 

3.4 Innovative and 
smart materials and 
combinations 

Advanced design and 
optimization tools (see 
3.1) 

Advanced joining, 
coating and additive 
manufacturing 
processes 

Innovative ways for 
approval 
 

Condition 
monitoring, sensors 
and through life 
data management 

 

3.5 Key enabling 
technologies 

ICT technologies to 
manage big data and high 
performance computing 

Advanced and smart 
material solutions  

Smart and 
intelligent 
manufacturing 
systems 

  

 



 

 
 

3.1 Design for Life Cycle Processes 

Key Technology State of the Art Short term  Medium Term Long Term Application 

Life Cycle 
Performance 
Assessment Methods 
and Tools 

First prototype stand-
alone tools for LC Cost 
and Environmental 
Impact Assessment 

Tool Validation and 
broader use, data base 
for external cost and 
environmental footprint 

Extension of data 
base, statistical 
methods, data base of 
operational scenarios 
and cost options 

LCPA integral part of 
design, optimization 
procedures, continuous 
update of data by feedback 
from operation 

Highly complex ships 
with high investment 
costs 

Integrated Design for 
LC Environment 

LCPA tools as stand-
alone software 

Commercialization of 
software tools, data 
base extension 

First step of 
integration into design 
tools, decision support 
procedures 

IT infrastructure for real 
life feedback and data 
analysis, fully integrated 
design and optimization 
platform 

Complex high-value 
ships with changing 
operational scenarios; 
extension to less 
complex ships and 
offshore installations  

Approval Procedures Principle of Equivalent 
Safety for new designs 
known, Risk 
assessment 
established, limited 
knowledge on new 
materials and 
processes 

First principle design 
tools for modelling new 
materials and 
processes; standard risk 
scenarios, extended test 
data base 

Additional modelling 
tools for new 
processes and 
materials, first long 
term experiences, 
integrated data base, 
more standard designs 
for new materials 

Ongoing process, update 
with new materials and 
processes; more approval 
based on numerical models 
correlated with real-life 
data and accelerated 
testing 

Ships and offshore 
structures with new 
design principles and 
materials 

ICT Infrastructure Technical means for 
big data and HP 
computing under 
development, first use 

Increased use of HP 
computing in design, 
distributed design, first 
models of data sharing 

Design in high 
performance grid, 
more numerical 
simulation in a 
distributed 
environment 

Ability to share and 
manage big amounts of 
data, standards for IPR 
protection and data 
security widely established 

Design of complex ships 
and offshore structures 

 



 

 
 

3.2 Integrated Numerical Modelling of Life Cycle Processes 

Key Technology State of the Art Short term  Medium Term Long Term Application 

Resource planning 
and scheduling 

Advanced planning 
tools and simulation 
available in large 
shipyards 

Simplified planning 
tools for smaller yards, 
first use in repair and 
retrofit, additional 
functions such as cost 
and energy   

Wider use of 
simulation for decision 
support in production 
management, 
simulation of supply 
chains 

Extension along the entire 
life cycle chain, integrated 
tools and real life data 
feedback from design to 
end-of-life 

Complex ships and 
offshore structures with 
a large number of stake 
holders involved in LC 
processes 

Advanced kinematics, 
ergonomics and 
process simulation 

First models and tools 
in prototype use 

Further development of 
models for specific 
maritime processes and 
new material 
processing, verification 
of tools in real life 

Extension throughout 
the life cycle process 
chain, optimization 
and decision support 
tools integrated 

Real life data feedback, 
integration with other tools 

Development and 
preparation of 
advanced 
manufacturing and 
development of 
automation tools and 
strategies in life cycle 

Virtual Reality and 
Reverse Engineering 

First applications 
validated and tested, 
primarily in design 

VR and Augmented in 
production in large 
newbuilding yards, first 
use of reverse 
engineering in retrofit  

Extension along the LC 
chain, integrated PDM 

Integration with other 
tools, advanced computer 
systems and data 
management allows more 
complex applications 

Production of complex 
ships, knowledge 
intensive products 

ICT Environment and 
Integrated Simulation 
Tools 

Stand-alone tools, 
poorly integrated 

First integration of 
similar tools for 
newbuilding of complex 
ships 

Extended use and 
wider integration 

Complex numerical models 
of life cycle processes with 
full integration and real life 
data feedback 

Complex high value 
added vessels 

 

  



 

 
 

3.3 - Further Automation of Production and Life Cycle Processes 
Key Technology State of the Art Short term  Medium Term Long Term Application 

Advanced welding  Arc and laser-hybrid 
welding widely 
applied, automated in 
pre-assembly 

High efficient welding of 
advanced steels and 
metals, post weld 
treatment to improve 
fatigue 

Innovative lightweight 
metallic structures 
produced by welding 
and forming  

Friction stir welding of 
steel, mechanization and 
automation in hull 
assembly, offshore, repair 

Any kind of vessels and 
offshore structures, 
Production, repair, 
retrofit 

Intelligent 
automation 

Automated part 
manufacturing and 
pre-assembly in 
leading yards 

Smart automation in 
smaller yards and 
assembly processes 

Process re-
engineering, 
autonomous and 
intelligent (adaptive) 
equipment 

Automated coating and 
outfitting, human-machine 
interaction 

Complex high value-
added vessels, all life 
cycle processes 

Additive 
manufacturing 

Enabling technology, 
not widely used in 
maritime 

AM of spare parts for 
less critical applications, 
AM of parts of ship 
equipment 

Qualification of AM for 
larger parts in 
combination with 
other manufacturing 
techniques 

AM of innovative structural 
components with high 
loads in combination with 
other manufacturing 
techniques  

Highly complex parts 
and components, 
decentralized 
manufacturing, repair 
and retrofit 

 

  



 

 
 

3.4 – Innovative and smart materials and combinations 
Key Technology State of the Art Short term  Medium Term Long Term Application 

Qualification of new 
materials for 
maritime use 

Metallic materials (low 
alloy steels, 
aluminium) in full use, 
first composite 
applications 

More extensive use of 
composites and high 
tensile steels 

Advanced composites 
(fire retardant, bio) in 
outfitting and 
structural applications, 
advanced thin sheet 
structure 

Innovative materials 
developed in material 
sciences qualified and used 
in maritime, long term 
experience 

Highly complex ships 
with new functional 
capabilities and 
efficiency 

Joining techniques for 
none-metallic 
materials and 
material 
combinations 

Adhesive bonding and 
mechanical joining In 
less critical 
applications 

Adhesive bonding and 
mechanical joining for 
structural and critical 
components 

Pre-qualified bonding 
solutions, 
industrialization of 
processes, catalogue 
of standard solutions 

Mix of joining techniques 
used in shipyards, repair 
and retrofit technologies 
available 

Multi-material ships 
and offshore structures 

 

 



 

 
 

Maritime connected and automated transport; smart vessels, ports 

and infrastructure 
 

State of the art 
Improving competitiveness, safety, and security of European shipping is a major objective of the EU 

Maritime Transport Strategy, which in turn shapes the requirements for upgraded maritime 

transport information management. Advances in ICT have created a demand for new forms of 

surveillance and information management systems; these are increasingly driven by policy and 

governance addressing safety, security, and sustainability. This is reflected in the emergence of the 

IMO’s e-navigation concept and the more embracing European Commission’s e-Maritime framework, 

established for measurable economic, social and environmental benefits. 

The rapid development in information and communication technologies will significantly increase 

digitalisation in all waterborne sectors and lead to data-driven services such as optimising energy use 

and fuel efficiency, vessel performance and condition monitoring, and weather routing. A higher 

degree of systems automation, the availability of smart sensors and global networks for data transfer 

between ship and shore will promote remote controlled, and semi or fully autonomous operation of 

assets. Interconnectivity between sea-based operations and shore-based operation centres will 

enable increasing support and control from the shore. This will require secure systems and operations 

against cyber-attacks.  

The requirements for maritime connected and automated transport, (which includes e-Maritime and 

e-navigation), to address future impacts and challenges are based on forecasted trends and trend 

interdependencies, taking into account market intelligence, predicted societal trends and the future 

regulatory framework, for all waterborne sectors. The principal outcomes from these trends 

represent the likely demands on the maritime industry through to 2030.  

From the above demands a set and knowledge research priorities for connected and automated 

maritime transport were selected to specifically address the above requirements and these are as 

follows:  

 Improved port and logistics infrastructure and operations 

 Improved littoral management and development 

 Improved crew working conditions and health and safety requirements on board  

 Improved ship security systems/Improved protection against hacking 

 Greater shore based monitoring and surveillance 

 Continuing drive for greater energy efficiency/Better design codes and modelling 

 Flexible and adaptive ship operations/ Improved ship handling and survivability/ Improved 
vessel routing  

 Greater ship autonomy/More autonomous ship operation 

 Greater integration of the logistics chain/Displacement of paper systems 

Four research priority topics for Digital Waterborne Transport research and development were then 

selected from the focussed set of Digital Waterborne Transport technology and knowledge research 

priorities. These topics addressed the maritime requirements for future impacts and challenges, 

arising from the identified trends. The four research priority topics are indicated below and 

illustrated in Figure 1 as interdependent entities.  



 

 
 

 Smart and Autonomous Ships; 

 Smart and Connected Ports; 

 European Integrated Transport System; 

 European Marine Digital Highway. 

 

Research priority areas 
 

 

Figure 1: Priority topics for Digital Waterborne Transport research and development 

 

 

 

 

 

 

 

 

 

 

European Integrated Transport System 

Interoperable ICT infrastructures for all 

modes of transport, including commercial 

and authorities' requirements, based on 

semantic interoperability or common 

reference models. 

Smart Ports 

Port facilities fully integrated with ships and 

hinterland transport for a sustainable supply 

chain realised through advanced digital and 

communication technologies and 

automation. 

European Marine Digital Highway 

An “e-navigation-based” ship traffic and 

transport management system through the 

integration of navigation and supply chain 

management technologies with shore based 

data networks and centres. 

Smart and Autonomous Ships 

Ships with reduced manning levels, real-time 

monitoring of ship performance with 

automated information management and 

surveillance, optimisation and control of 

machinery, and real-time weather routeing. 



 

 
 

 

4.  Maritime connected and automated transport - research priority areas 
 

Objective Key Technologies 

4.1  Smart 
and 
Autonomous 
ships 

Open and integrated data 
networks protected from 
cybersecurity risks enabling 
new innovative ship 
functions and easy 
integration with shore 
services. 

New sensors and real-
time collection of ship 
parameters with 
automated information 
management and 
surveillance, enabling 
big data analysis in 
shipping. 

Improved integration 
with shore support 
centres for technical 
operation and remote 
maintenance. Improved 
maintenance systems 
and processes for zero 
defects during voyage. 

Development of a 
Decision support tool 
for e-Performance, 
incorporating AI and an 
energy efficient 
operation index (EEOI), 
adjusted for the actual 
vessel and voyage 
particulars. 

Development of Decision 
Support for safer and more 
automated nautical operation 
of ships at sea and in port, 
including fully or periodically 
remote control from shore. 

4.2  Smart 
and 
Connected 
Ports 

Development of digital 
infrastructure, ICT 
innovation, and automation:  
Robotics, automation, and 
autonomous vehicles; 
The Internet of Things and 
Big Data Analytics; 
Simulation, virtual reality, 
and cybersecurity. 
 

Improved 
interoperability of 
existing port related 
systems (PCS, SW, CCS, 
TOS, TMS, etc.) and the 
integration between 
transport modes.  
 

Integration of national 
single windows with 
trade portals and port 
community systems 
 

Development of 
advanced logistic chain 
management systems 
and operational tools 
to facilitate very fast 
sea/land interchange. 
 

Development of Intelligent 
holistic solutions for the 
efficient management of ships 
in ports for freight, passengers 
and workers, integrated with 
Urban Mobility Plans and 
solutions. 
 

4.3  EU 
Marine Digital 
Highway 

Integration of ship 
navigational and 
communication facilities 
aboard ships, including the 
bridge systems, other ships, 
VTS and SAR, into a 

Integration of 
navigation technologies 
with shore based data 
networks and centres: 
(SafeSeaNet, (AIS, LRIT), 
GNSS, National Single 

Development of new 
interfaces for 
cooperative navigation 
between several ships 
and shore functions, 
including, e.g. VTS, pilots 

Development of 
information standards 
for data, data 
transmissions and data 
networks for 
increasing the 

Development of a shore-
based European marine digital 
highway information 
management system to 
provide e-navigation support 
and e-services for different 



 

 
 

European marine digital 
highway information system. 
 

Window, VTS, route 
planning etc.) 
 

and remote control 
centres. 
 

innovation rate in the 
e-Navigation area. 
 

levels of the transport chain, 
interfaced with SafeSeaNet, e-
Freight, e-Customs, Intelligent 
Transport Systems, and the 
Motorways of the Sea 

4.4 EU 
Integrated 
Transport 
System 

Improved interconnectivity 
and integration between 
transport modes and 
established systems, such as: 
Maritime national Single 
Windows, RIS, e-Customs, 
TAF, ERTMS and rail one stop 
shop, "access points", "data 
pipelines";  
 

Digitalisation of 
transport documents 
and recognition of e-
transport documents 

especially the eWB (e-
WayBill) and the eBL (e-
Bill of Lading).  

Digitalization of 
compliance 
requirements. 

Safe, secure, and 
interconnected systems 
for data exchange. 

Open and integrated 
data exchange systems 
that are cyber threat 
proofed and reliable. 

 
 

Big Data and Analytics, 
offering quality data to 
all interested parties 

Integration of the Digital 
Waterborne Transport tools 
to include logistics operators, 
transport operators, rail 
operators, short sea shipping 
providers and inland 
waterways operators, as well 
modal operators (stevedores, 
crane handlers). 

 

  



 

 
 

Research and innovation pathways 
 

4.1 Smart and Autonomous ships 

Key technology State of the art Short term Medium term  Long term Application 

Open and integrated 
data networks 
protected from 
cybersecurity risks 
enabling new 
innovative ship 
functions and easy 
integration with 
shore services. 

Data networks are 
extensively used on 
ships, but are not 
integrated and not 
generally open for 
third parties. Cyber 
security is not yet 
sufficient, although 
addressed on physical 
level. Approval today 
is on physical 
equipment and 
system level. 

Establish new 
standards for open 
integration on ships 
and between ship 
systems, including 
cyber security 
measures.  

Establish new rules for 
type approval of 
system functions 
based on software and 
a new architecture for 
bridge systems, 
allowing new software 
based functionality on 
bridge and also 
automation systems. 

Smart and automated 
functions are developed 
that can be integrated 
from third parties into 
existing ship systems and 
can be type approved by 
software and 
functionality. System 
approval automatically 
from the configuration of 
individual function and 
infrastructure approval. 

Smart integration on 
ships with digital 
technology and 
automation with 
reduced manning levels 
for more sustainable 
ships. 

New sensors and 
real-time collection of 
ship parameters with 
automated 
information 
management and 
surveillance, enabling 
big data analysis in 
shipping. 

Some standards exists 
for bridge systems, 
but it is time 
consuming and costly 
to collect and 
integrate information. 

New standards for 
data exchanges 
between equipment, 
functions and ship 
systems. Open access 
to data for owner and 
other authorized 
parties. 

Standard and 
extended set of 
sensors for better 
measurement also of 
environmental 
conditions as well as 
ship operation and 
performance. 

New big data applications 
for analysis of ship 
operational and 
performance data, 
combined with 
environmental conditions 
and voyage optimization. 

Big data applications for 
ships – increasing and 
optimizing data access 
and use. 



 

 
 

Improved integration 
with shore support 
centres for technical 
operation and remote 
maintenance. 
Improved 
maintenance systems 
and processes for 
zero defects during 
voyage. 

Some shore services 
exist, e.g. in operator 
office, a few remote 
monitoring, weather 
routing etc.  

Establishment of 
standards for services 
on shore. This should 
cover maintenance 
and navigation as well 
as general automation 
data. 

Development of new 
maintenance 
strategies and systems 
for preventive and 
predictive 
maintenance and 
rapid repair when in 
port. Aim for zero 
defects during voyage. 

Development of new 
shore control centres for 
navigation as well as 
technical maintenance 
and operations. This 
should support remote 
monitoring and control of 
ships. 

Internet of services for 
ships. Remote 
monitoring and control 
of ships. 

Development of a 
Decision support tool 
for e-Performance, 
incorporating AI and 
an energy efficient 
operation index 
(EEOI), adjusted for 
the actual vessel and 
voyage particulars. 

A number of basic 
support tools for 
measuring the EEOI 
have currently been 
developed.  

Improved decision 
support tool for 
emissions monitoring 
and energy efficiency, 
making use of higher 
availability of data. 

An integrated highly 
resilient performance 
system to minimise 
emissions and 
optimise energy 
efficiency, integrating 
information from ship, 
environment, voyage 
and shore centres. 

Advanced decision 
support tool for e-
Performance, 
incorporating AI for 
actual vessel and 
voyages. 
Optimum fleet 
performance system. 

Voyage related e-
Performance tool for 
EEOI and optimum 
energy efficiency for 
ship operation.  

Development of 
Decision Support for 
safer and more 
automated nautical 
operation of ships at 
sea and in port, 
including fully or 
periodically remote 
control from shore. 

Some navigational 
assistance systems 
exist, including 
demonstrations, e.g. 
automated mooring. 

Better sensors and 
collision detection 
systems for assistance 
to navigator. 

Integration with 
control systems to 
allow automated, but 
supervised, operation 
in low traffic 
situations. 

Automated navigation 
functions, integrated 
with VTS and shore 
control for autonomous 
voyages combined with 
remote control and 
periodically unmanned 
bridge. 

The autonomous ship, 
data driven and greener 
with real-time fleet 
tracking for more 
sustainable ships and 
shipping. 

 



 

 
 

 

4.2 Smart and Connected Ports  

Key technology State of the art Short term Medium term Long term Application 

Development of 
digital infrastructure, 
ICT innovation, and 
automation:  
Robotics, 
automation, and 
autonomous 
vehicles; 
The Internet of 
Things and Big Data 
Analytics; 
Simulation, virtual 
and augmented 
reality, and 
cybersecurity. 

Minor automation 
(e.g. automated gates) 
is quite common but 
major automated 
solutions (involving 
yard and ship-to-shore 
equipment) are only 
available in few port 
terminals. 
Leading ports are 
starting to develop 
their smart port 
concept. 
 

Improvement of semi-
automated and full-
automated port 
terminal solutions. 
Upgrading and 
updating port ITC 
systems for the 
development of new 
services exploiting the 
Internet of Things and 
Big data Analytics.  

Implementation of 
major automated 
solutions at port 
terminals (robotics, 
autonomous vehicles 
and cranes). 
Expansion of port 
services and solutions 
based on IoT and Big 
Data Analytics. 
Introduction of 
solutions based on 
virtual and augmented 
reality. 

Consolidation of smart 
port solutions with digital 
infrastructure and 
advanced technologies, 
with cybersecurity. 

Smarter and more 
sustainable port 
operations. 

Improved 
interoperability of 
existing port related 
systems (PCS, SW, 
CCS, TOS, TMS, etc.) 
and the integration 
between transport 
modes.  

Interoperability is still 
a problem in many 
ports.  

Development of the 
virtual transport 
corridor concept (key 
role of ports and their 
interoperable systems) 
Development of the 
virtual transport 
corridor concept (key 
role of ports and their 
interoperable systems) 

Proof of concept for 
virtual transport 
corridors 
(interoperable port 
related systems and 
the integration 
between transport 
modes) 
 

Implementation of virtual 
transport corridors, 
integrated interoperable 
e-Maritime systems and 
electronic ecosystems 

Extended scope, 
functionalities and 
performance of existing 
port related ICT systems 
as key elements of 
logistic chains.  



 

 
 

Integration of 
national single 
windows with trade 
portals and port 
community systems 

Integration of the 
Maritime Single 
Window with other 
systems is outstanding  

Harmonised Maritime 
Single Window with 
Port Community 
Systems 

Integration of 
Maritime Single 
Window with trade 
portals, Port 
Community Systems, 
and other transport 
modes 

Advanced Maritime 
single window integrated 
with other modes of 
transport (virtual 
corridors). 

Optimisation of 
interconnectivity 
between transport 
modes for efficient, 
safe, secure and 
environmental 
operation (virtual 
corridors). 

Development of 
advanced logistic 
chain management 
systems and 
operational tools to 
facilitate very fast 
sea/land 
interchange. 

Logistic chain 
management systems 
and operational tools 
are available. 

Advanced logistic 
chain management 
systems and 
operational tools. 
 

Upgraded 
interoperability with 
integration between 
transport modes. 

Advanced logistic chain 
management systems 
with interoperability and 
integration between 
transport modes. 

Very fast and efficient 
sea/land interchange  

Development of 
Intelligent holistic 
solutions for the 
efficient 
management of 
ships in ports for 
freight, passengers 
and workers, 
integrated with 
Urban Mobility Plans 
and solutions. 

Integrated port 
management with 
urban mobility 
available in only a few 
ports.   

Development of 
intelligent holistic 
solutions for port 
management. 
Eco friendly ports with 
low carbon footprint 
(air quality, energy, 
and noise etc.).   

Integration of holistic 
solutions with urban 
mobility solutions. 

Intelligent holistic port 
management system 
integrated with a low-
carbon footprint and 
urban mobility solutions.  

Efficient and 
environmental port 
management for ships, 
freight, passengers and 
workers, integrated 
with urban mobility 
plans and solutions.  

 

 



 

 
 

4.3 European marine digital highway 

Key technology State of the art Short term Medium term Long term Application 

Integration of ship 
navigational and 
communication 
facilities aboard 
ships, including the 
bridge systems, 
other ships, VTS and 
SAR, for interfacing 
with a European 
maritime digital 
highway information 
system. 

Navigational and 
communication 
facilities are being 
integrated with some 
bridge systems and 
shore based services.  

Integrated bridge 
systems with 
personnel, other ships, 
and the VTS as well as 
SAR. 
 

Advanced navigational 
and communication 
system for more active 
cooperation between 
ship and shore. 
Traffic management 
system for Smart and 
autonomous ships. 
 

Integrated navigation 
and communication 
system interfaced with a 
European maritime 
digital highway 
information system. 

e-navigation and e-
Maritime services 
interfaced with a 
European maritime 
digital highway 
information system. 

Integration of 
navigation 
technologies with 
shore-based data 
networks and 
centres: (SafeSeaNet, 
(AIS, LRIT), GNSS, 
National Single 
Window, VTS, route 
planning etc.). 

Navigational and 
communication 
facilities are currently 
being integrated with 
some shore based 
centres.  

Integrated navigation 
systems with shore 
based networks. 

Advanced integrated 
navigation 
technologies and 
systems with shore 
based supply chain 
networks. 
Integration of National 
Single Windows to 
provide one entry 
point for all logistics, 
operational and 
administrative 
information. 
 

Integrated navigation 
and communication 
system interfaced with 
shore based networks. 
 
 

e-navigation and e-
Maritime services 
interfaced with shore-
based data networks 
and centres for 
navigation and logistic 
services. 

Development of new Interfaces for bridge New interfaces for New principles for Actual cooperative Better cooperation 



 

 
 

interfaces for 
cooperative 
navigation between 
several ships and 
shore functions, 
including, e.g. VTS, 
pilots and remote 
control centres. 
 

systems, the operator 
and alarm 
management have 
been developed but 
more development is 
needed to improve 
human factors and 
make these interfaces 
applicable to 
cooperative decision 
support. 

integration between 
bridge systems, other 
ships, and the 
operator, including 
alarm management, to 
improve the human 
factor. 
Harmonized and user-
friendly bridge design. 

cooperative decision 
support between ships 
and shore functions. 
New information 
displays for all 
operators, e.g. using 
augmented or virtual 
reality. 

decision support, 
ensuring safe navigation 
even in congested traffic 
situations, ensuring 
optimal voyage execution 
and also paving the way 
for autonomous ship 
operations. 

between ships and 
shore, reducing 
accidents, improving 
efficiency and 
supporting autonomous 
ships. 

Development of 
information 
standards for data, 
data transmissions 
and data networks 
for integration into 
the digital highway. 

Information standards 
for data, data 
transmissions and data 
networks are 
incomplete. 
SafeSeaNet has some 
operational data. 

Information standards 
for data, data 
transmissions and data 
networks. 

Information standards 
for data, data 
transmissions and data 
networks for the 
supply chain. 

European level data 
distribution through an 
electronic ecosystem. 

Integration of ship data 
transmission into the 
production and supply 
chain. 

Development of a 
shore-based 
European marine 
digital highway 
information 
management system 
providing e-
navigation support 
and e-services for 
different levels of 
the transport chain.  

e-navigation and e-
freight systems and 
services are currently 
being developed 
separately.   

Information 
management system 
to provide e-
navigation support 
and e-Freight services. 

Prototype maritime 
digital highway 
information 
management system.  

European marine digital 
highway information 
management system 
providing e-navigation 
support and e-services 
for different levels of the 
transport chain, 
interfaced with 
SafeSeaNet, e-Freight, e-
Customs, Intelligent 
Transport Systems, and 
the Motorways of the 
Sea. 

Ship traffic and 
transport management 
system with integrated 
navigation and supply 
chain management 
technologies and shore 
based support systems. 
 



 

 
 

 

 

4.4  European Integrated Transport System 

Key technology State of the art Short term Medium term Long term Application 

Improved 
interconnectivity and 
integration between 
transport modes and 
established systems, 
such as: Maritime 
national Single 
Windows, RIS, e-
Customs, TAF, rail 
one stop shop, 
"access points", 
"data pipelines". 

Connectivity between 
some transport modes 
is available, but 
limited. Most 
processes take place 
manually. 

Advanced 
interoperable and 
secure networks and 
mechanisms, for the 
facilitation of 
information exchange 
along the logistics 
chain and for efficient 
and reliable transport 
services. 
Harmonising and 
simplifying National 
and international 
requirements for 
ports, ships, logistic 
terminals and logistic 
operators for more 
coordinated reporting 
formalities through 
the European 
Maritime Single 
Window. 

Interoperable 
management 
framework 
architecture to 
improve the 
cooperation between 
the partners in the 
logistics.   
Extension of Maritime 
Single Window (2015) 
to include logistics 
service providers. 
Interconnectivity 
between transport 
modes, to simplify 
administrative 
processes to increase 
synergies and 
collaboration. 
Smart processes to 
improve security and 
auditability / 
accountability. 

Decision Support and 
Monitoring Systems 
enabled for cloud 
operations and 
integration with different 
systems (e.g. SafeSeaNet, 
AIS, LRIT, eCustoms, 
SESAR, ERTMS, etc.). 
Integration of SafeSeaNet 
(AIS, LRIT), GNSS, e-
navigation and RTMS into 
a digital framework for 
an integrated European 
Supply Chain information 
exchange. 

Integrated platform for 
exchange of transport 
management 
information, linking 
other established 
systems (e.g. 
SafeSeaNet and e-
Freight). 
Improved data quality, 
management and 
operational efficiency 
between transport 
modes. 



 

 
 

Digitalisation of 
transport documents 
and recognition of e-
transport 
documents, 
especially the eWB 
(e-WayBill) and the 
eBL (e-Bill of Lading). 
Digitalization of 
compliance. 

Digitalisation of 
transport documents 
and acceptance of e-
transport documents 
is imperfect. There are 
e-travel documents 
but they are not 
widely accepted.   

Information exchange 
to reduce unnecessary 
administrative 
complexity.  
Logistics taxonomy 
and classification on 
cargo types and 
information requests.  
A legal framework that 
will impose digital and 
e-dox.  

Systems to improve 
compliance, reduce 
red tape and to 
enforce European 
wide regulations 
based on e-documents 
that are accepted by 
commercial 
stakeholders and 
governmental 
agencies. 
Enhanced 
interconnectivity 
between transport 
modes to simplify 
administrative 
processes and 
systems. 

Digitalisation and 
acceptance of 
harmonised transport 
documents for all modes 
of transport 
Digital Ecosystem to 
support interoperability 
and cooperation 
between business 
stakeholders and 
institutional 
stakeholders, including 
government agencies. 

Reduction of 
unnecessary 
administrative 
complexity throughout 
the supply chain and a 
systematic recognition 
and acceptance of e-
travel dox. 

Safe, secure, and 
interconnected 
systems for data 
exchange. Open and 
integrated data 
exchange systems 
that are cyber threat 
proofed and reliable. 

Systems for data 
exchange currently 
have security 
provisions, but do not 
adequately allow for 
cyber security. 

Improved security and 
interconnected 
systems for data 
exchange based on 
proven security 
principles.  
 

Interoperability 
systems for secure 
data exchange with 
increased reliability 
and quality control as 
well as auditability and 
accountability.  
Advanced 
interoperable and 
secure networks and 
mechanisms, for the 
facilitation of 
information exchange 

European system for safe 
and secure data 
exchange, with cyber 
security, for all modes of 
transport. 
A pull based 
decentralized security 
system, enforced by the 
commercial and business 
stakeholders themselves. 

Improved Security 
Systems for data 
exchange at a European 
level and for efficient 
and reliable transport 
services. 
 



 

 
 

along the logistics 
chain.  

Big Data and 
Analytics, offering 
quality data to all 
interested parties 

Big Data Analytics not 
current used for 
maritime transport 
systems 

Development of Big 
Data and Analytics for 
security and safety 
decision making 

Big Data and Analytics 
and the Internet of 
Things that allow 
improved and 
optimised business 
processes, reduce 
costs and improve 
security and safety 
decision making 

Big Data and Analytics for 
security and safety 
decision making for all 
supply chain operations  

Improved service 
provision offering 
quality data to all 
interested parties for 
supply chain operations  

Integration of the e-
Maritime tools to 
include logistics 
operators, transport 
operators, rail 
operators, short sea 
shipping providers 
and inland 
waterways operators 
as well modal 
operators 
(stevedores, crane 
handlers. 

Only some large 
organisations in each 
market use such 
systems and the 
integration of e-
Maritime tools with 
other modes of 
transport is far from 
complete.   

Improved interfaces 
between sea and 
multimodal 
transportation 
Advanced co-operative 
decentralised 
multimodal transport 
networks to fully 
integrate all modes 
along a “level playing 
field” principle into 
the logistics chains, 
with greater 
interoperability 
between systems. 

e-Maritime tools for 
logistics operators, rail 
operators, short sea 
shipping providers and 
inland waterways 
operators  
Big Data Analytics and 
the Internet of Things, 
offering quality data to 
all interested parties, 
in order to improve 
service provision. 

Advanced e-Maritime 
services for logistic and 
rail operators, short sea 
and inland waterways 
operators, (base services, 
Value Added Services, 
etc.). 

Integration of digital 
tools and services 
within the supply chain 
for all modes of 
transport  
 



 

 
 

Green maritime 
 

The environmental impact of shipping includes greenhouse gas emissions, acoustic, and oil 

pollution. The International Maritime Organization (IMO) estimates that Carbon dioxide emissions 

from shipping were equal to 2.2% of the global human-made emissions in 2012[1] and expects them 

to rise by as much as 2 to 3 times by 2050 if no action is taken.[2] 

The First Intersessional Meeting of the IMO Working Group on Greenhouse Gas Emissions[3] from 

Ships took place in Oslo, Norway on 23–27 June 2008. It was tasked with developing the technical 

basis for the reduction mechanisms that may form part of a future IMO regime to control 

greenhouse gas emissions from international shipping, and a draft of the actual reduction 

mechanisms themselves, for further consideration by IMO’s Marine Environment Protection 

Committee (MEPC).[4]  

Sulphur Emission Control Areas (SECAs) or Emission Control Areas (ECAs) are sea areas in which 

stricter controls were established to minimize airborne emissions (SOx, NOx, ODS, VOC)[1] from ships 

as defined by Annex VI[2] of the 1997 MARPOL Protocol which came into effect in May 2005.[3][4] 

Annex VI contains provisions for two sets of emission and fuel quality requirements regarding SOx 

and PM, or NOx, a global requirement and more stringent controls in special Emission Control Areas 

(ECA).[5] These regulations stemmed from concerns about the contribution of the shipping industry to 

"local and global air pollution and environmental problems." By July 2010 a revised more stringent 

Annex VI was enforced with significantly tightened emissions limits.[1] 

As of 2011 there were four existing ECAs: the Baltic Sea, the North Sea,[4] the North American ECA, 

including most of US[6] and Canadian coast[5] and the US Caribbean ECA.[5] Also other areas may be 

added via protocol defined in Annex VI. ECAs with nitrous oxid thresholds are denoted as Nitrogen 

Oxide Emission Control Areas (NECAs). 

Under the UN Convention on Biological Diversity, the EU has committed to ensure the conservation 

of 10% of its coastal and marine areas by 2020. In 2012, 5.9 % of Europe's seas had already been 

designated as marine protected areas, and work is continuing with a view to achieve 10 % coverage 

by 2020. This objective is also reflected in Sustainable Development Goal 14 to conserve and 

sustainably use the oceans, seas and marine resources for sustainable development. 
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Research priority areas 
 

5.  Green maritime 
 

Objective Key Technologies 

5.1  Continuous 
reduction in 
emissions to air 

Clean burn, efficient 
multi fuel engines  

Clean, alternative fuels 

and associated 

infrastructure 

 

Electric and hybrid power and 

propulsion 

Airborne noise 

reduction 

technologies 

Alternative 

propulsion systems 

5.2  Continuous 
reduction in 
emissions to water 

Alternative methods of 
ballasting 

Improved management 
of the vessel water cycle 

Improved knowledge of 
underwater noise sources, 
propagation, impact and 
mitigation techniques 

Alternative coatings 
and anti- fouling 
technologies 

 

5.3  Continuous 
reduction in the 
impact of maritime 
activity 

Modelling of the impact 
of anchoring and 
anchorages in a 
congested littoral 

Modelling of the impact 
of maritime activity in 
the open ocean 

Advanced dredging, dredge 
monitoring and waste disposal 
technologies 

  

5.4 Continuous 
reduction in 
accidental pollution  

Improved collision 
avoidance systems, 
sensors and control 

Improved management 
of crowded waters 

Improved ship resilience in 
abnormal operating conditions 

Use of non polluting 
energy sources 

Improved pollution 
control and 
containment 
measures 

 

  



 

 
 

Research and innovation pathways 

 

5.1 Continuous reduction in emissions to air  
Key technology State of the art Short term Medium term Long term Application 

Clean burn, efficient 
multi fuel engines 

     

Clean, alternative 

fuels and associated 

infrastructure 

     

Electric and hybrid 
power and 
propulsion 

     

Airborne noise 
reduction 
technologies 

     

Alternative 
propulsion systems 

     

 

 

5.2  Continuous reduction of emissions to water 
Key technology State of the art Short term Medium term Long term Application 

Alternative methods 

of ballasting 

     

Improved 
management of the 

     



 

 
 

vessel water cycle 

Improved knowledge 
of underwater noise 
sources, 
propagation, impact 
and mitigation 
techniques 

     

Alternative coatings 
and anti- fouling 
technologies 

     

 

5.3  Continuous reduction in the impact of maritime activity  
Key technology State of the art Short term Medium term Long term Application 

Modelling of the 

impact of anchoring 

and anchorages in a 

congested littoral 

     

Modelling of the 
impact of maritime 
activity in the open 
ocean 

     

Advanced dredging, 
dredge monitoring 
and waste disposal 
technologies 

     

 

5.4  Continuous reduction in accidental pollution 



 

 
 

Key technology State of the art Short term Medium term Long term Application 

Improved collision 
avoidance systems, 
sensors and control 

     

Improved 
management of 
crowded waters 

     

Improved ship 
resilience in 
abnormal operating 
conditions 

     

Use of non polluting 
energy sources 

     

Improved pollution 
control and 
containment 
measures 

     



 

 
 

 


