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Description of the Task:  Technologies Gaps and proposal for strategic goals and long, medium and short 

term RDI needs, updated in conjunction with the Strategic Research and Innovation Agendas issues 

Task 3.2 R&D Road Map updating proposal: implementation plan suggestions  

The work of Task 3.1 and 3.2 will be closely coordinated in the definition of strategic technology targets 

and the identification of technology gaps. While task 3.1 will focus on the current state of technology, Task 

3.2 will put emphasis on the definition of future RDI needs in the Technology Area.  The deliverable D.3.2 

will be structured along the following lines: • Definition of strategic goals and visions in the technology 

area in long, medium and short term – Technology Goals; • Identification of technology gaps by comparing 

the State of the Art with the Technology Goals – Technology Gaps; • Identification of RDI needs in long, 

medium and short term based on the Technology Gap Analysis – RDI Needs; • Development of an 

Implementation Plan for the RDI Needs as an input to the WATERBORNE documents, including a 

prioritization and proposals for the implementation in different funding schemes – Implementation Plan. 

Under the task leadership of CMT the work will be shared between the WP partners along technical sub-

areas as described before. Industry partners will be responsible to ensure the feasibility of the 

implementation plan and the correspondence to industry targets, market needs, policy goals and 

international rule development (MW, DAM, and FSG). The work will be documented in Deliverable D.3.2, 

which will be updated according to the dates. Results will be represented and endorsed during the 

workshops and conferences described in Task 3.3. 

 

 



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

3 

 

 

 

Table of Contents 

Table of Contents .............................................................................................................................................. 3 

Executive Summary ........................................................................................................................................... 4 

2. Strategic Goals and Visions ............................................................................................................................ 7 

2.1 Highly competitive, most competitive ships ........................................................................................... 8 

2.2 Global trends influencing production processes ..................................................................................... 9 

2.3 Specific conditions ................................................................................................................................. 10 

3. Technology Gap Analysis ............................................................................................................................. 11 

3.1 Design for Life Cycle Processes .............................................................................................................. 18 

3.2 Numerical Modelling and Integrated Simulation of Production and Life Cycle .................................... 20 

3.3 Joining and Automation of Production and LC Processes ..................................................................... 22 

3.4 Design, Processing and Use of Non-Metallic Materials and Hybrid Structures .................................... 25 

4. TTG3 Production RDI Needs and Implementation Plan .............................................................................. 28 

4.1 Future Opportunities and Their Relevance to TTG3 - Production ......................................................... 29 

4.2 TTG3-Production Technology Needs & Key Enabling Technologies ...................................................... 30 

4.3 TTG3-Production RDI Road Map - Implementation Plan....................................................................... 31 

5. Recommendations for the Implementation ................................................................................................ 36 

5.1 Key Enabling Technologies (KET) ........................................................................................................... 39 

5.2 Documentation and Dissemination of Project Outcomes ..................................................................... 39 

5.3 Cooperation between Projects and Researchers .................................................................................. 40 

5.4 Take-Up and implementation of project results ................................................................................... 41 

5.5 International Cooperation (outside Europe) ......................................................................................... 42 

List of Figures ................................................................................................................................................... 43 

List of Tables .................................................................................................................................................... 44 

Appendixes ...................................................................................................................................................... 45 

Appendix I: Vessels for the Future (VftF) RDI RoadMap - Materials and Production ..................................... 46 

Appendix II: Call Ideas Proposed by MESA TTG3 – Production ....................................................................... 51 

  



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

4 

 

 

 

1. Executive Summary 

Content 

This Deliverable covers an updating proposal for the Research, Development and Innovation (RDI) Road Map 

in the area of maritime production. It covers the strategic goals and visions, technology gaps, RDI needs and 

an implementation plan with suggestions which are developed in accordance with the previous State-of-the-

Art analysis as well as the strategic documents that were developed in the MESA project by the foresight 

(WP5) and integration (WP6) groups. 

Contractual Basis 

The work described in this document corresponds to Task 3.2 of the contractual Description of Work (DoW) 

of MESA, which is quoted at the beginning of this document. The document is structured along with the 

suggested outline in the task description. 

Strategic Goals and Visions 

The strategic goals and visions of TTG3-Prodcution could be summarised as follows: 

 Europe will remain to focus on highly complex, customer specific niche markets with a substantial 

earning potential. Europe therefore need to strengthen its capability to manage complex supply chains 

and distributed design and production process chains, to enhance its capability to efficiently produce 

complex lightweight (thin sheet) structures and to improve efficiency of outfitting processes; 

 Cost efficiency over lifetime, as well as safety, reduced energy demand and reduced environmental 

impact will become more important in the future. Hence, life cycle performance and environmental 

impact is a prime competitive factor and corresponding skills need to be further developed.  

 With globally operating products and new technological trends coming up (digitalization, additive 

manufacturing) life cycle processes as compared to newbuilding will become more important for the 

competitiveness of products. European shipbuilders shall therefore aim to develop efficient processes 

and skills to obtain a competitive advantage in global life cycle services which need to be further 

developed and integrated with the other design and production support tools as well as with the 

operational data.  

 Along with maintaining traditional niche markets, advanced production and life cycle processes shall 

enable the European maritime industry to also re-gain market shares from “lost markets”, like LNG 

vessels, smart series of modular ships etc. 

 Aging population in Europe and other regions of the world lead to a lack of qualified work force across 

industry sectors. This calls for automation in production and life cycle processes, a permanent improve-

ment of working conditions in the industry to attract people, but also in new ways to handle and transfer 

knowledge and experiences between generations and in the entire process chain;  

 Digitalization: The rapid progress of ICT technologies and the huge potential of sharing information and 

data along the entire process chain will contribute to a better process integration, more intelligent and 
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smart manufacturing and assembly equipment, new business models and work sharing along the life 

cycle process chain, but will also allow to increase safety and efficiency in operation. However, there are 

also challenges like the management of big data, IPR protection and data security to be solved in an 

interdisciplinary approach. 

 More and more complex and interconnected processes will require to find new ways for automation by 

means of smart and adaptable equipment, advanced computer models to plan processes on the 

computer, reducing the risk in real-life production. 

 Technology transfer to smaller companies is also an important aspect to consider in the strategic goals 

considering that the SMEs are the backbone for innovation and job creation in Europe as well as in the 

European maritime sector. 

Key Technology Needs 

From the point of TTG3 – Production’s view, below key technologies need to be developed in the coming 

years in order to achieve the above mentioned strategic goals: 

 Design for Life Cycle Processes 

o Life Cycle Performance Assessment Methods and Tools 

o Integrated Maritime Design (for Life cycle) Environment 

o Advanced Approval strategies for new processes and materials 

o ICT technologies to manage big data and high performance computing (Key Enabling Technology) 

 Integrated Numerical Modelling of Life Cycle Processes 

o Resource planning and scheduling tools for all LC processes 

o Advanced simulation for geometries, ergonomics and processes 

o Virtual and Augmented Reality Techniques 

o Measurement and Reverse Engineering Methods 

o ICT Environments for integrated process simulation 

o ICT technologies to manage big data and high performance computing (Key Enabling Technology) 

 Further Automation of Production and Life cycle Processes 

o Advanced welding and multi-material joining processes 

o Strategies and technologies for automation of complex one-off processes 

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

o Process re-engineering and supply chain management tools 

o Smart and intelligent manufacturing systems (Key Enabling Technology) 

 Innovative and smart materials and combinations 

o Advanced design and optimization tools (see 3.1) 

o Advanced joining, coating and additive manufacturing processes 

o Innovative ways for approval 

o Condition monitoring, sensors and through life data management  

o Advanced materials at lower TRL for further adapting in marine industry (Key Enabling Technology) 
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RDI Needs and Implementation Plan  

TTG3-Production shaped and adapted its technology needs and consequently the RDI needs, not only 

considering its own priorities resulting from the extensive state of the art and technology gap analysis, but 

also based on the future trends and opportunities. In addition, TTG3 has interacted with several external 

experts and participated in policy development initiatives such as Vessels for the Future in order to further 

elaborate the identified RDI needs. Within the first half of the project, TTG3 has proposed (3) call ideas for 

the upcoming framework programmes and shared these ideas within its network for further improvement. 

Key technology needs and the RDI needs were then mapped out in an implementation plan covering short, 

medium and long term research needs with application scenarios that are corresponding to the future 

opportunities and trends. The timing of implementing technological innovations is largely depending on 

market factors, which are heavily influenced by (unpredictable) political factors. Therefore, the 

implementation plan refers to a rough sequence (short, medium, long) rather than concrete timing.  

Recommendations 

For successful and smooth implementation of the plan general recommendations and possible collaboration 

of different players and use of different funding schemes were given in detail in this document. Below is an 

executive summary of the major points from these recommendations: 

 To foster wider participation in EU research projects: Technical networks to be established and supported 

with incentives 

 Diversity of participants to be increased through encouraging member states to combine the national / 

regional programmes with the EU level ones 

 Involvement of SMEs to be increased via staff exchange within industry and research institutes, 

establishment of SME focused networks and reduced administrative efforts for the project participation 

 Improved dissemination and use of project results by avoiding tailor-made results, making the actual 

demonstrators reachable and more visible, continuously analysing the project outcomes with provided 

special access rights from the EU Commission to the designated specialists 

 Increase the use of key enabling technologies by joint calls  

 Key enablers to be provided for common use such as; 

o Technology Transfer Mechanisms to smaller companies; 

o Improved Training Schemes including post graduate training on the job; 

o New business models and value chains in particular in new Blue Growth markets, including IPR and 

data security issues; 

o Development of rules, regulations and standards reflecting the latest state of technology; 

o Cross sectorial and international technology monitoring and cooperation 

o Research and test infrastructure in particular for real-life large-scale long-term testing 
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2. Strategic Goals and Visions 

MESA Work Package 5 has identified market (D5.3), societal (D5.4) and regulatory (D5.5) trends for the 

maritime industries for the next decades. Those trends were perused and their related outcome and practical 

relevance for TTG3 is summarised in Table 1. 

Table 1: Future Trends and their practical relevance to TTG3-Production 

Relevant Trends and Opportunities:  (Foresight 
and Integration Groups) 

TTG3 - Production Practical Relevance 

Waterborne transport will remain as the most 
efficient means for the transfer of goods globally 
and continue to grow towards 2030 

High added value, sophisticated and innovative 
products are required 

Use of oceans as a source of energy, raw 
materials and nutrition, i.e. “Blue Growth” 
activities will increase  

Complex, sophisticated and innovative offshore vessels 
and structures are required 

Emissions at sea and in port will be more tightly 
regulated and further legislation is expected to 
limit the overall impact of transport activity on 
the environment, especially in coastal areas. 

Specialised, modular, multi-fuel/electric vessels that 
are reconfigurable throughout operational life, built 
with environment friendly production processes as 
well as plug-in refitting solutions 

Increased demand for water based leisure 
activities 

Cruise ships and recreational craft of all sizes along with 
customers` expectations of innovative, reliable and 
safe products are required 

Accelerating move towards more vessel 
automation 

It is required to manage the vessel performance 
through use of digital data, starting from design to end 
of life, including production processes 

Increased port activities Design, build and operation of innovative, flexible, 
modular and highly efficient working boats are 
required. 

However, above analysis are generic and only partly define specific needs for Materials and Production of 

ships and maritime structures in the future.  Moreover, the general analysis of global trends does not directly 

probably reveal the most important strategic target for TTG-03 and perhaps the entire European maritime 

industry, a competitive European maritime industry that helps: 

 to maintain and create jobs primarily in the producing maritime sector; 

 maintain and develop strategic knowledge and skills; 

 contributes to explore new markets and to  

 solve global, but also specific European problems and challenges, such as inland waterway and short sea 

transport within Europe, maintaining Europe’s demand for external supply, reduce emissions and 

increase safety in European waters etc. 

Being this probably the most important strategic goal, it is clear that achieving it requires advanced and 

competitive products as well as production and life cycle processes, which reflect long-term challenges and 

make use of latest technology trends.  
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2.1 Highly competitive, most competitive ships  

Production processes are not a purpose of their own, but they need to be adopted and optimized for specific 

products. This is reflected in Figure 1, which was elaborated in cooperation with the International Ship and 

Offshore Structures (www.issc2015.org), Committee V.3 – Materials and Fabrication Technology and shows 

main products and production-related research priorities in different regions of the world. 

 

Figure 1: Main products & priorities in production R&D (ISSC2015 Congress, Lisbon, 09/2015) 

Hence, answering the question about strategic goals in production requires first to understand future 

products and define visions and goals for them. From the global trend analysis, the following targets and 

visions can be derived for European built vessels and related production and life cycle processes: 

 Europe will remain to focus on highly complex, customer specific niche markets with a substantial 

earning potential.  Global trends do not give any reason to believe that those markets will 

substantially decline in the next decade, even if temporary drawbacks are well possible. European 

shipyards became the global leaders in the cruise ships market, due to their unbeatable innovative 

light ships which would hardly be so significant without the development and implementation of 

laser welding processes. Details of this case was given in the D3.2 Innovation Show Cases. In order to 

maintain this leadership future products need to be even lighter and also safer.  Europe therefore 

needs to strengthen its capability to manage complex supply chains and distributed design and 

production process chains, to enhance its capability to efficiently produce complex lightweight (thin 

sheet) structures and to improve efficiency of outfitting processes; 

 Cost efficiency over lifetime, as well as safety, reduced energy demand and reduced environmental 

impact will become more important in the future. Hence, life cycle performance and environmental 

impact is a prime competitive factor and corresponding skills need to be further developed. This 

requires to develop advanced LC assessment tools and integrate it into design, but also a better 
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understanding of life cycle processes (including repair, retrofit and de-commissioning) e.g. by means 

of numerical process simulation. Moreover, new materials – in a proper combination with traditional 

ones – will allow improving functionality, safety and efficiency of the products. More and more, 

design for life cycle processes will gain importance to reduce the life cycle cost of products.  

 With globally operating products and new technological trends coming up (digitalization, additive 

manufacturing) life cycle processes as compared to newbuilding will become more important for the 

competitiveness of products. European shipbuilders shall therefore aim to develop efficient 

processes and skills to obtain a competitive advantage in global life cycle services which need to be 

further developed and integrated with the other design and production support tools as well as with 

the operational data. This will provide the means for the assessment and selection of the best design 

option (alternative fuels, new processes and materials, etc.) based on economic and environmental 

performances. It will also serve as a decision support aid for large investments which could be a 

selling point to the customers. 

 Along with maintaining traditional niche markets, advanced production and life cycle processes shall 

enable the European maritime industry to also re-gain market shares from “lost markets”, like LNG 

vessels, smart series of modular ships etc. 

2.2 Global trends influencing production processes 

Independently from the product, the following trends will influence production processes of the future and 

will need to be considered when developing a strategy: 

 Aging population in Europe and other regions of the world lead to a lack of qualified work force across 

industry sectors. Without increased efficiency in production, Europe will not be able to maintain its 

leadership in the above referred product groups. This calls for automation in production and life cycle 

processes, a permanent improvement of working conditions in the industry to attract people, but also in 

new ways to handle and transfer knowledge between generations and in the entire process chain;  

 Digitalization: The rapid progress of ICT technologies and the huge potential of sharing information and 

data along the entire process chain will contribute to a better process integration, more intelligent and 

smart manufacturing and assembly equipment, new business models and work sharing along the life 

cycle process chain, but will also allow to increase safety and efficiency in operation. However, there are 

also challenges like the management of big data, IPR protection and data security to be solved in an 

interdisciplinary approach. 

 More and more complex and interconnected processes will require to find new ways for automation by 

means of smart and adaptable equipment, advanced computer models to plan processes on the 

computer, reducing the risk in real-life production. 

 Shortage of resources and energy will require not only the products to be energy efficient, but also the 

production processes to be performed in a more efficient way. Therefore, integrated numerical 

modelling of life cycle processes are required to build one-of-a-kind complex ship and offshore structures 

with first time application of innovative solutions, but without any room for trial and error  



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

10 

 

 

 

2.3 Specific conditions 

A specific aspect to be considered when assessing the status of production technologies and the strategic 

goals and visions is, the way companies are organized. While European shipbuilding is dominated by a large 

number of smaller yards, their competitors in Asia are normally significantly larger and focusing on series of 

more or less standard products. Moreover, they are usually embedded in multi-sectorial companies, allowing 

them to use synergies with steel makers, IT developers and other sectors. Both concepts have advantages 

and disadvantages which cannot be discussed in detail at this stage nor will those organizational concepts 

change in near future. However, they are important to understand different ways to produce ships.  

Small and medium enterprises are an important backbone for innovation and job creation in Europe as well 

as in the European maritime sector. Many of the smaller shipyards are working in new building, repair and 

maintenance, retrofitting and offshore industry with very limited resources to access, evaluate and make use 

of the previous research results and to get involved in new projects. They need specific instruments and 

technologies to improve their productivity, which may differ significantly from those developed for larger 

yards. Moreover, the implementation of new technologies needs to be accompanied by training measures, 

new business models and cooperation as well as by an infrastructure stretching from European Union 

through national and regional levels up to the companies.  

Therefore, efficient means for technology transfer to SMEs is crucial for the success of the European 

maritime industry to achieve its goals and visions to build, repair and retrofit the most competitive ships in 

the most efficient way. 



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

11 

 

 

 

3. Technology Gap Analysis 

In this chapter, main technology gaps are given for the technology areas of strategic importance for the 

European maritime industry and its products. The gap analyses were made based on comparing the detailed 

analysis of State of the Art (SotA) and the technology goals. Detailed SotA analyses were given in D3.01 

Clustered Research Projects and covered the following Technology Sub Areas (TSAs), each of them led by one 

of the beneficiaries engaged in TTG 3. Table 2 shows the TSAs` names and responsible beneficiaries. 

Table 2: Technology Sub Areas (TSAs) and responsible beneficiaries 

TSA ID Name Leader 

TSA 3-A Design tools and their integration FSG 

TSA 3-B Production Preparation and Management Tools CMT 

TSA 3-C Metals and their processing - cutting, shaping, welding CMT 

TSA 3-D Non-metallic structural materials and their processing – joining, outfitting CMT 

TSA 3-E Materials and processes for corrosion and fouling protection SAF 

TSA 3-F Assembly and outfitting techniques FSG 

TSA 3-G Maintenance, Repair, Retrofitting and End-of-Life NMTF 

The state-of-the-art analysis was conducted with a bottom-up approach for above mentioned seven 

Technology Sub-Areas (TSA) that are defined for TTG-03 “Materials and Production”. The analysis was 

conducted under the lead of the task leaders and involved the input received from external experts and at 

dedicated workshops. Intermediate results were presented, discussed and endorsed by those experts and at 

the workshops. Although the detailed analysis provides a good foundation for an assessment of the State-of-

the-Art in production technologies in shipbuilding, it is too fragmented to draw strategic conclusions and 

identify the “big picture”. To overcome this, the main conclusions on the State-of-the-Art in technology 

fields found most relevant for the competitiveness of European shipbuilders are summarized together with 

a list of identified technology gaps in Deliverable D3.01 Clustered Research projects (SotA). Subject analysis 

are in the following pages with an executive overview (see Table 4) and detailed descriptions in sub-chapters 

3.1 – 3.4 with their importance, state of the art and gaps. 

These technology gaps were then fine tuned, discussed and agreed within the expert groups as well as in the 

TTG3 Final Workshop that was held in June 2016 in Papenburg / Germany (see Figure 2). The final version of 

the major technology gaps and needs are given in Table 3. 

The SotA and the gaps described in this chapter are mainly related to leading edge research and development 

and current practice of leading industry players, i.e. it describes what is technologically possible and not 

necessarily what is implemented in the majority of shipyards. The need for increased technology transfer to 

broaden the use of leading edge technology and to achieve a critical mass as well as a larger impact on 

European scale is addressed separately, where relevant. 
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Figure 2: TTG3 SotA & Gap Analysis Approach 
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Table 3: TTG3 Technology Gaps and Needs - Final 

1 - DESIGN FOR LIFE CYCLE – Gaps and Needs  

Life Cycle 
Performance 
Assessment (LCPA) 

 Future Operational Scenarios and Cost Drivers (incl. external cost) 

 Reliable operational data feedback into design 

 Integration of LCPA into Design IT Environment and PLDM 

 Enablers: ICT, Data and IPR Security 

Design for Life Cycle 
Processes 

 Knowledge and Design Methods for new materials and processes 

 Innovative Business Models, LC Asset Management 

 Advanced Condition Monitoring and LC Data Feedback 

 Design for easy Retrofit, Repair, Inspection & Maintenance, Recycling 

 Optimization and Decision Support for Complex One-Off Design (short time) 

 Enablers: ICT, Data and IPR Security, Process Models  

Integrated and Fast 
Approval Procedures 

 Advanced Approval Strategies for new materials based on first principle 

 Quality Assurance Standards and Tools for LC Processes 

 Integration of work safety and environmental protection standards 

 Enablers: Long term real life behavioural data for new materials, Correlation of 
real life – advanced lab tests and numerical methods 

2 - MODELLING and SIMULATION – Gaps and Needs 

Resource Planning 
and Scheduling 

 Process models for repair, retrofit, offshore installation 

 Statistical approaches, integration of real life data 

 Supply chain management tools for multi-actor chains 

 Integrated accuracy management, energy and cost monitoring 

 Enablers: ICT, Data and Commercial Data Security 

Simulation of 
Kinematics, 
Ergonomics and 
Processes (physics) 

 Validation of existing tools and building maritime-specific models 

 Development and validation of models for new processes and materials 

 Optimization and decision making tools for multiple criteri 

 Enablers: High Performance and Cloud Computing, Material Sciences 

Virtual and 
Augumented Reaility 

 Further integration into production, repair, retrofit processes, offshore 

 Simplified solutions for smaller shipyards 

 Enablers: ICT, Handling of big data 

Process Re-
Engineering 

 New work sharing business models, process re-engineering, improved work 
organization to prepare for automation  

ICT Environment for 
Integrated Simulation 

 Distributed simulation 

 Enablers: High Performance Computing, Management of Big Data, ICT Security  
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3 – AUTOMATION and new PROCESSES – Gaps and Needs 

Advanced Welding of 
Metallic Structures 

 Welding of advanced steels and other metallic alloys, including multi-metal 

 Automation of welding in assembly, installation and repair – smart equipment 

 Friction Stir Welding of steel – tool development and qualification 

 Weld post treatment to improve fatigue 

Strategies for 
Complex One-Off 
Processes 
Automation 

 Process re-engineering to prepare for automation 

 Work organization for human-machine interaction 

 Simplified automation and productivity improvement for small yards 

Smart Equipment 
Solutions for Assem-
bly, Outfitting, Repair 

 Mobile, reconfigurable and intelligent equipment for complex large parts 

 Design-production optimization for pre-outfitting and retrofit 

 Work safety strategies and technologies for complex parts and human-machine 

 Enablers: ICT, Factories of the Future 

Additive 
Manufacturing 

 Process and equipment for AM of large parts, multi-material AM 

 Design and Approval for AM 

 Integration with other manufacturing techniques (e.g. welding) 

 Improved functional properties for AM parts in maritime use 

 QA in a world-wide distributed manufacturing 

 Enablers: ICT – Data Security and IPR, Process Development in NMBP 

4 - ADVANCED MATERIALS – Gaps and Needs 

Advanced thin-sheet 
metallic structures 

 New structural concepts including pre-outfitting using advanced metallic materials 
and hybrids (fibre cladding) for thin sheets (<5mm) 

Qualification of 
Advanced and Smart 
Materials for 
Maritime Use 

 Qualification of new materials (bio-based, fire retardent) for maritime 

 Industrialization of manufacturing and assembly processes 

 Prove of concept for adaptive hull structures 

 Design tools for advanced materials, „fast track to approval“ 

 Advanced coating and surface treatment 

 Enablers: material sciences, long term testing under real-life conditions 

Multi-Material 
Joining Processes 

 Pre-approved joining for onboard assembly and offshore  

 Robust adhesive bonding and mechanical joining processes 

 Mechanization of joining processes in offshore 

 Technologies for inspection, repair and recycling 

 Enablers: business models along the process chain 
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Table 4: Executive Overview of technology levels reached and important technology gaps 

Main Technology Areas TRL* reached Gaps identified 

3.1 Design for Life Cycle Processes (Production, Maintenance, Repair, Retrofit, Dismantling) 
Related to TSA-3A and G 

Life Cycle Performance Assessment (LCPA)  

 for equipment and systems  

 holistic LCPA for complex products (ships) 

 
TRL 7-9 
TRL 5-6 

 
Integration into design process of complex products, reliable operational data 
feedback into design, prediction of future scenarios and cost drivers 

Design for Life Cycle Processes 

 design for “conventional” production 

 design for new materials and processes 

 design for retrofit, repair, maintenance, dismantling 

 decision support tools for retrofitting 

 
TRL 7-9 
TRL 2-4 
TRL 3-5 
TRL 6-7 

Knowledge and design methods for new materials and processes,  
Business models, IPR for life cycle data and asset management, advanced 
condition monitoring and condition based maintenance 

Approval procedures integrated in Design 

 for conventional processes and materials 

 for new materials and processes 

 
TRL 8-9 
TRL 3-6 

“fast track to approval” based on equivalent safety, calibration of real-life data, 
accelerated lab tests and numerical assessment tools; quality assurance, work 
safety and environmental protection procedures for new processes and materials 

3.2 Numerical Modelling and Integrated Simulation of Life Cycle Processes (Production, Maintenance, Repair, Retrofit, Dismantling) 
Related to TSA-3B, 3C, 3D, 3E, 3G 

Discrete event simulation 

 resource and layout planning, scheduling 

 cost, energy, environmental assessment of production 

 simulation for offshore, retrofit, repair 

 
TRL 5-9 
TRL 3-5 
TRL 4-6 

Simplified simulation tools, models and tools for repair, retrofit, offshore 
installation, dismantling, integration of real life data, integration of several 
functionalities  

Kinematics, ergonomics and process simulation 

 verified tools for (conventional) maritime applications 

 integration of tools with other numerical models 

 numerical modelling of new production techniques 

 
TRL 4-5 
TRL 3-4 
TRL 2-4 

Validation of numerical tools versus experiments, development of numerical 
simulation for new production processes and materials, solutions for big data 
and distributed simulation, optimization of complex systems, real life data 
feedback 
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Main Technology Areas TRL* reached Gaps identified 

Virtual Reality and Reverse Engineering 

 VR in design 

 VR in production, repair, retrofit 

 Reverse engineering (measurements to CAD) 

 Decision support for retrofitting 

 
TRL 7-9 
TRL 4-7 
TRL 5-6 
TRL 5-6 

Extended simple and robust solutions for repair and retrofit in complex 
environments, handling of big data  

ICT Environment for Integrated Simulation 

 Simulation at stand-alone IT systems 
 

TRL 4-8 
Distributed simulation and “virtual demonstrators” on high-power computer 
systems, management and security of “big data” 

3.3 Welding and Automation of Production and Life Cycle Processes, Innovative Production Processes 
related to TSA-3C, 3E, 3F 

Welding of metallic structures 

 Conventional welding 

 Laser and hybrid welding (stationary, mobile) 

 Friction stir welding  

 
TRL 5-9 
TRL 4-8 
TRL 3-9 

 
Welding of advanced steels, parameter optimization, automation 
Welding of thick structures and advanced steels, mobile welding 
FSW tools for steel, qualification of welding and post-treatment in maritime 

Cutting and edge preparation 

 Plasma cutting, laser cutting for thin sheets 

 Mechanical or thermal edge preparation 

 
TRL 7-9 
TRL 5-8 

 
More efficient laser cutting, economy of scale 
Automated edge preparation, thermal edge preparation for advanced steels 

Automation of production processes 

 Part manufacturing and pre-assembly  

 Assembly, repair and retrofit, dismantling, offshore  

 
TRL 7-9 
TRL 3-5 

Simplified automation, advanced manufacturing equipment (autonomous, 
intelligent), process re-engineering, design for production, human-machine 
interaction 

Additive Manufacturing (AM) in maritime TRL 2-3 
Processes and equipment for large parts, integration with other manufacturing 
processes, functional properties of AM parts, approval and quality assurance, 
IPR issues 

3.4 Advanced Materials and multi-material structures including design and production techniques 
related to TSA-3A, 3D, 3E, 3F 
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Main Technology Areas TRL* reached Gaps identified 

Take-Up and Qualification of Advanced Materials for 
maritime use 

 Structural lightweight with conventional materials 

 Adaptive structures 

 Advanced material in non-critical applications 

 Composite and advanced materials in load bearing 

 Coatings with reduced drag resistance (see also TTG-1) 

 
 

TRL 7-9 
TRL 3-5 
TRL 4-7 
TRL 5-8 
TRL 4-5 

 
 
New structural concepts including outfitting, use of ultra-high tensile steel 
Prove of concept, materials and production at larger scale 
More industrialized manufacturing and process integration 
Long term real life experience, cost efficient processes, design integration 
Long term experience on the behavior, application technologies 

Multi-material joining 

 Adhesive bonding 

 Mechanical joining 

 Pre-fabricated multi-material components  

 
TRL 4-8 
TRL 4-8 
TRL 3-6 

Standards and pre-approved solutions, automation and industrialization of 
processes, efficient process chains, inspection, repair and recycling 

* TRL levels (H2020, Work Programme 2014-2015, General Annex G): TRL1 – basic principles observed, TRL2 – technology concept formulated, TRL3 – 

experimental proof of concept, TRL4 – technology validated in lab, TRL5 – technology validated in relevant environment, TRL6 – technology demonstrated in 

relevant environment, TRL7 – system prototype demonstration in operational environment, TRL8 – system complete and qualified, TRL9 – actual system proven 

in operational environment. For the purpose of this document “operational environment” is a real production process in a shipyard or similar. 
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3.1 Design for Life Cycle Processes  

(related to TSA 3A, 3G) 

Life Cycle Performance Assessment 

Importance During the recent years, ship operators, shipyards and equipment suppliers have 

become increasingly aware on the impact of design on life cycle cost and 

environmental footprint of their products. The demonstration of better life cycle 

performance (LCP) to customers are key to compensate higher labor and building cost 

of European producers.  

SotA LCP Assessment (LCPA) for individual components are largely available and in use by 

equipment suppliers (TRL 8-9). Methods and tools for holistic LCPA of ships have 

been recently developed, and partly validated and demonstrated in relevant 

environment (TRL 6). Company specific solutions and methods developed in other 

industries are being tested in desktop studies (TRL 4-5). LCPA is however not yet fully 

integrated in the design process. 

Gaps Integration in the design process and optimization strategies to balance different 

requirements are needed. Availability of reliable operational data and their 

integration in design is a challenge due to IPR issues and for new operational scenarios 

(ships under extreme conditions, new Blue Growth markets). Reliable prediction of 

future cost drivers (e.g. fuel cost) as well as upcoming legislation are challenges for 

trustworthy LCPA.  

 

Design for Life Cycle Processes 

Importance Decisions in design largely determine cost in production, repair, retrofit and 

dismantling. New production techniques on hand open opportunities for better 

products, which requires innovative concept and detail designs to fully use the 

potentials. On the other hand new production processes require modifications in 

design to be efficient and reliable.     

SotA Different aspects of design for production have been studied in research since many 

years, but need to be continuously updated reflecting new processes and materials. 

Specialized yards with in-house design departments have rules in place or apply 

simulation to ensure design for production (TRL 8-9), primarily for conventional 

processes. Solutions and principles for design for retrofit, easy maintenance and 

repair or dismantling have been developed and tested (TRL 3-4), but are mainly used 

for ship equipment and much less for decisions influencing the overall ship concept. 
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Decision support tools for retrofitting are available and partly demonstrated in 

relevant environment (TRL 5-6) – see also MESA TTG-01 and TSA 3G.  

Gaps New production processes and materials require new design and simulation tools 

(see item 2.2.3 below). While ICT solutions for life cycle data management are largely 

available, new business models, measures for IPR protection and ICT security as well 

as new approaches for life cycle asset management are required to implement design 

for life cycle processes to its full potential. Approaches in other industries (such as 

aeronautics) could serve as blue print for maritime life cycle chains. A better 

knowledge on product behaviour under real life conditions (long term, combined 

loads) are essential in new markets and applications.   
 

Approval Procedures  

Importance For innovative technical solutions (new materials, production processes) and new 

applications beyond existing rules and standards risk based design has to be applied. 

The framework for this is available and requires a proof of equivalent safety as well 

as approved quality assurance procedures. The entire risk based design process is 

time consuming which requires specific knowledge for each new case which often 

hinders the application of innovations in practice.    

SotA For the design of conventional processes and materials tools are available and largely 

integrated in the design process which are based on existing rules and standards (TRL 

8-9). The adaptation of existing rules and experiences for close-to-conventional 

solutions (e.g. new welding procedures or metallic materials) is relatively easy, but 

requires sufficient time for the design and approval process (TRL 5-8). However, for 

radically new materials with a large variety of design and processing options 

(composites, AM) new approaches and tools are required (see also TSA 3D under 

chapter 3 and topic # 2.2.3 below).   

Gaps New ways for a “fast track to approval” of new materials and processes are needed. 

Based on real-life data (long term, combined loads in maritime environments) 

accelerated lab tests and numerical assessment methods and tools need to be 

developed and turned into new standards and guidelines. Consistent standards for 

quality assurance during all life cycle processes, including measures for work safety 

and environmental protection need to be developed.    
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3.2 Numerical Modelling and Integrated Simulation of Production and Life Cycle 

Processes (related to TSA-3B, 3C, 3D, 3E, 3G) 

 

Importance Increasing complexity of products, new operational scenarios, the trend to one-off 

products, reduced design lead times as well as complex distributed process chains 

lead to increasing economic risks for the stake holders in the maritime value chain. 

Process planning merely by experience or “try and error” in real life is less and less an 

option. Numerical modelling and virtual simulation of life cycle processes is a means 

to better understand and plan processes and to find an optimum balance between 

functional requirements of the product and life cycle processes. New technologies to 

handle “big data”, high performance computing as well as virtual reality technologies 

are key enablers which support more complex and integrated simulation of life cycle 

processes. Advanced simulation capabilities are a precondition for mechanization and 

automation beyond part manufacturing and pre-assembly (see topic # 2.2.3 below).     

 

Layout and resource planning and scheduling   

Importance See above    

SotA Advanced planning tools, simulation models and optimization approaches are 

available and used for layout (investment) planning, logistics, resource planning and 

scheduling by leading shipyards (TRL 7-9), partly including the supply chain (TRL 5-7). 

Feedback of real-life data into planning is established in leading yards, supporting 

shop floor management. In smaller yards advanced planning tools are rarely used. 

First models for offshore assembly, repair, retrofit and dismantling have been 

developed and tested in relevant environment (TRL 4-6). Stand-alone solutions are 

available for cost assessment, energy monitoring in production or assessment of the 

environmental footprint, but those tools are not integrated and find limited everyday 

use in the maritime industry to date (TRL3-5).      

Gaps Simplified simulation and planning tools for smaller yards, development of more 

reliable numerical models for offshore, repair, retrofit and dismantling, integration 

of real life data into planning along the process chain; extension of discrete event 

simulation with additional functionalities like quality assurance, cost monitoring, 

energy and environmental footprint  

Kinematics, ergonomics and process simulation 
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Importance See above; Complex manufacturing and assembly processes of large parts require 

advanced simulation methods to design equipment and work sequences as well as to 

understand complex processes and to foresee problems. 

SotA Tools for ergonomics (human work), simulation of machine kinematics, the 

simulation of physical phenomena in production processes including forecast on 

properties (e.g. welding) are available and tested in other industries (TRL 3-5 for 

maritime), but need to be validated and integrated for specific conditions in maritime, 

in particular for new production techniques.  

Gaps Validation in maritime industries and offshore (large parts, extreme conditions, 

complex structures, one-off), models and verification (physical testing) for new 

production techniques, integration and interaction of various aspects of production 

simulation (discrete event, geometry and kinematics, finite element, process and 

product properties, statistical factors) and along the life cycle process chain; human-

machine interaction, technologies to handle big data and high power computing (ICT), 

distributed simulation of complex processes (ICT); statistical process models, 

optimization techniques for complex systems, real life data feedback 

 

Virtual Reality and Reverse Engineering 

Importance See above, VR technologies allow a better visualization of technical solutions towards 

customers as well as integrated into processes, reducing paper and providing a higher 

level of up-to-date information directly integrated into design. Reverse engineering is 

needed where PLM is not available to create numerical product models from 

measurements in reality (e.g. in retrofitting of ships).    

SotA Various VR techniques are available and are used in design by leading shipyards (TRL7-

9). Prototype applications of VR integrated in production, repair and retrofit are 

available (TRL 4-8), but not widely used. Integration of simulation and VR is currently 

limited to prototype studies (TRL 4-5). Reverse engineering has been validated under 

relevant environment (TRL5-6), necessary measurement technologies are fully 

available (TRL 7-9) 

Gaps Further process integration and validation in maritime life cycle processes. 
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ICT Environment for Integrated Simulation 

Importance See above; More complex and integrated simulation of complex production 

environments will require high computing power to get acceptable response times. 

Moreover, the amount of data to be managed and processed in short time will 

dramatically increase. ICT security is essential for distributed simulation, real-life 

feedback and distributed data storage. ICT infrastructure can be a limiting factor for 

more integrated simulation. 

SotA Simulation in the maritime industry is currently run mostly on stand-alone computer 

systems within a company (TRL 7-9). Interfaces to other systems are in principle 

available, but adaptations are mostly needed for specific cases (TRL 4-6). In the first 

maritime case studies, distributed simulation in computer grids has been successfully 

demonstrated (TRL 5-6). 

Gaps High performance computer and data management networks, solutions for ICT 

security, data mining and technologies for the management of big data (ICT) 

3.3 Joining and Automation of Production and LC Processes 

(related to TSA3-C. 3-F) 

Welding of metallic structures (conventional, laser, friction stir) 

Importance Due to good properties, available long term experience and easy processing, metallic 

structures will remain the back bone of ships and maritime structures in the coming 

decade. Welding processes are significantly influencing cost and lead time as well as 

quality and thus safety. Low heat input and high energy efficiency processes reduce 

rework in assembly and outfitting, energy demand, and improve working conditions. 

SotA Laser and especially laser hybrid welding is fully feasible and partly commercially 

exploited in the pre-fabrication of maritime components (TRL 5-8). Laser welding also 

allows the production of innovative components, such as steel sandwich panels and 

tailored blanks. Mobile equipment for laser welding of larger parts and assembly 

joints has been proven to be feasible in principle (TRL 4-6). 

A variety of conventional welding processes are established and widely used in 

industry (TRL 5-9). Based on available knowledge and technology, best practice to 

select and adapt optimal welding processes need to be spread to a wider community 

especially of small shipyards. 
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Friction Stir Welding (FSW) for butt and partially fillet welds on lightweight alloys (e.g. 

aluminium) is an established process and standard as well as customer-specific 

components are being produced by specialized companies under market conditions 

(TRL 7-9). FSW of steel is possible in principle (TRL 3-4) and bears a high potential 

especially for multi-metal joints, high fatigue loads and difficult to fusion-weld alloys. 

Gaps Laser welding: Decreasing cost of the laser equipment and available practical 

experiences will allow to extend the application to smaller companies (technology 

transfer), to advanced metallic materials (aluminium, high tensile steel and other) and 

to the assembly of more complex structures. The technologies and knowledge for this 

extension is widely available. Mobile laser welding of larger parts and assembly joints 

needs further developments in view of process integration, work safety and quality 

assurance. 

Conventional welding: New variations of process parameters and welding 

techniques will be continuously developed for practical use in particular in connection 

with an increased automation of the production of large and complex structures in 

workshops, on land and offshore. Welding of very high tensile steels needs to be 

qualified for maritime use. 

FSW: The availability of low cost reliable tools for FSW of steel is currently a show 

stopper for economic use in the maritime sector. Applications where improved joint 

quality and the ability to join different (metallic) materials need to be found, validated 

and qualified as well as applications to improve conventional weld quality by FS post 

treatment. 

Metal cutting and edge preparation for welding 

Importance Cutting is the first process in part manufacturing. Its quality has impact on accuracy, 

weld quality and assembly, however this impact is less than for joining processes. 

SotA A wide variety of cutting processes are available. Processes are sufficiently known and 

widely used. Plasma cutting still appears to be the most efficient solution for maritime 

application (TRL7-9), whereas laser cutting is ready for use for specific requirements 

like advanced materials or high edge quality and accuracy (TRL 6-7). Some shipyards 

use specialized subcontractors for cutting and forming for increased economies of 

scale. Edge preparation for welding and is done mechanically (milling, grinding) either 

manually or in automated processes (TRL 6-8). 
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Gaps Business models for cooperation and economy of scale, more efficient edge 

preparation for coating, including thermal processes; correlation between edge 

preparation and coating life time 

 

Automation and mechanization of production and life cycle processes  

Importance Demographic developments (lack of qualified personal) as well as high labor cost are 

main drivers for mechanization and automation. However, work safety aspects (laser 

assisted processes, offshore assembly), quality aspects are additional reasons to 

increase the degree of automation which also allows reducing energy demand and 

emissions.  

SotA In part manufacturing and pre-assembly (flat components) the degree of automation 

has reached a significant level in leading yards (TRL 7-9), whereas manual processes 

still dominate smaller yards. Mechanization and automation of subsequent assembly 

and outfitting processes, offshore assembly as well as repair, retrofit and 

dismantling processes is limited to a few robot applications in leading yards and is 

largely dominated by manual processes in workshops (pre-assembly in leading yards) 

or on board. Means for simplified and more advanced automation are in principle 

available, but need to be further adopted and implemented in practice (TRL 3-5). 

Gaps Simplified automation for smaller yards, process re-engineering to improve pre-

conditions for automation, design for production, intelligent manufacturing systems 

(no offline programming), specific kinematic and sensor solutions for maritime 

applications – both stationary and mobile systems, advanced simulation to prepare 

automation, human-machine-interaction, advanced manufacturing processes for 

new materials 

 

Additive Manufacturing (AM) (“3D Printing”) 

Importance AM (sometimes referred to as 3D printing) is a key enabling technology with a high 

potential also for the maritime sector. It allows the production of optimized and 

complex components with improved functionalities, which cannot be produced so far, 

due to limitations in the production processes. AM also bears the potential to reduce 

the number of processing steps and thus reduce cost and production lead time. 

SotA While the concept has been proven (TRL 4) and AM is commercially used in other 

industries for extremely complex parts or the need for extreme lightweight, the 
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current cost and performance of known processes are not sufficient for economic use 

in the maritime sector. Limitations in the size of parts which can be produced, low 

fatigue performance of AM parts and lacking integration in the shipbuilding process 

chain are other challenges ahead for maritime use (TRL 2-3). 

Gaps Functional properties of components manufactured with AM need to be improved. 

More efficient processes and equipment for larger parts are missing. Quality 

assurance / approval strategies as well as IPR issues in a modified global supply chain 

need to be clarified.  

3.4 Design, Processing and Use of Non-Metallic Materials and Hybrid Structures  

(related to TSA-3A, 3D, 3F) 

Importance New materials, the more intelligent use of conventional materials and hybrid 

structures with the right material at the right place are main mechanisms to improve 

product performance (payload-to-weight ratio, durability, functionality, safety) and 

thus to reduce life cycle cost and improve the environmental impact (e.g. fuel and 

emission reduction). New materials are also needed to develop innovative products 

for new operational scenarios (e.g. arctic) and markets (offshore). The efficient and 

reliable use of new materials requires new process chains and technologies from 

design through production to repair, retrofit and dismantling.  

 

Take-up and qualification of advanced materials and structures for maritime use 

Importance Material sciences have yielded significant progress during the last years by developing 

advanced materials with nanoparticles, adaptive properties or integrated condition 

monitoring and intelligence. However, extreme environmental conditions and safety 

hazards in maritime operations require profound knowledge and qualification of the 

material behaviour under combined stressors (loads, chemical exposure, radiation 

etc.) and in long term. In addition, cost efficiency of advanced materials for maritime 

products require modular design approaches and standard solutions to increase 

economy of scale.   

SotA New first principle design methods (Finite-element analysis) and advanced joining 

methods allowed to use tailored blanks and beams from conventional materials 

(metals) also in leading shipyards (TRL 7-9). More advanced structures (sandwich 

panels) have been demonstrated in operational environment (TRL 6-8), but full 

commercialization has not yet been achieved. Adaptive structures with conventional 
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materials have been proven technically and economically feasible at lab scale (TRL 3-

5), but production processes need to be further developed and qualification at larger 

scale is pending. For less critical components (interior walls, windows, pool areas 

composite materials and adaptive surface layers have been applied in pilot 

applications (TRL 4-7), but industrialization at larger scale is missing. Very advanced 

materials for maritime applications currently work in lab scale, but are too costly and 

properties are not sufficiently proven for real-life applications in the sector (TRL 3-5). 

Composite structures for critical components are under development and partly 

applied, in particular for fast ferries and naval ships (TRL 6-8). Various coating systems 

for reduced resistance, improved anti-fouling and corrosion protection have been 

developed (TRL 4-6), but commercial products are rarely available and limited 

experience is available for combined properties and long term behaviour under 

realistic conditions.       

Gaps Advanced structures with integrated outfitting, light weight and advanced functional 

properties (including adaptability to changing operational conditions) and their 

integration in ship concepts; cost efficient use of very advanced materials for 

maritime; efficient design and approval processes for advanced materials and 

composites; economy of scale and standards for composites; long term experience on 

material behaviour under realistic marine environments, systematic take-up of 

solutions from material sciences and other industries 

 

Multi-material joining, adhesive bonding and other joining techniques 

Importance New materials and material combinations require new design and manufacturing 

techniques. In complex structures like ships, joining of various materials is a major 

cost factor, but also largely determines product quality and safety.  

SotA Knowledge and technologies for adhesive bonding in the maritime sector are proven 

to be feasible and find first commercial applications (e.g. aluminium to steel joints, 

windows in cruise vessels) - (TRL 4-8). However, the process is still complicated, 

requires specific environmental conditions, specific conditions and mostly case-by-

case approval. Standard materials, processes and approval procedures need to be 

developed and available data and experiences need to be made more readily available 

and useable for a range of similar applications. Pre-fabricated multi-material 

components are being developed in a variety of industries and are in principle suitable 

for mass production, bearing a substantial cost saving potential. They have the 

potential to produce ships and marine structures more efficiently, improve product 
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quality (strength, ageing, damping etc.), more flexibly (customer needs) and with 

improved life cycle performances (TRL 3-6).  

Gaps Standards and approval of adhesive bonding, wider use and qualification of 

mechanical joining for multi-material components in maritime applications, standard 

solutions and industrialization of manufacturing, assembly and outfitting of multi-

material components; integration in ship concepts, design and production processes; 

inspection, repair, recycling technologies and processes 
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4. TTG3 Production RDI Needs and Implementation Plan 

Within the MESA project, four thematic technology groups (TTGs) analysed the State of the Art and 

the technology gaps in their area. In parallel, the foresight working group (WP5) reviewed the market, 

societal and regulatory trends towards 2030. These parallel tasks helped the identification of future 

opportunities for the EU maritime industry. Outcome of these studies as well as the RDI Road Map 

updating proposals from each TTG will be used by the integration group (WP6) in order to provide a 

harmonised and updated version for the waterborne research and innovation agenda. The MESA 

project structure is given in Figure 3.  

TTG3-Production shaped and adapted its technology needs and consequently the RDI needs, not only 

considering its own priorities resulting from the extensive state of the art and technology gap analysis 

(see chapter 3), but also based on the future trends and opportunities. Key technology needs and the 

RDI needs were then mapped out in an implementation plan covering short, medium and long term 

research needs with application scenarios that are corresponding to the future opportunities and 

trends. 

  

Figure 3: MESA Project Structure 
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4.1 Future Opportunities and Their Relevance to TTG3 - Production 

Market, societal and regulatory trends and opportunities towards 2030 were reviewed and analysed 

by the foresight (WP5) and integration (WP6) working groups of the MESA project. As it is mentioned 

in the strategic document of the MESA integration group, “The EU´s maritime industry is characterised 

by high value added endeavour, rapid innovation, high safety standards, and a leading position on 

green technologies”. European maritime industry shall in the future design and build even more com-

plex and high added value ships and offshore structures with improved life cycle performance and with 

more efficient production processes and innovative materials.  

Above referred strategic analysis were perused and their related outcome and practical relevance for 

TTG3 is summarised previously in chapter 2, in Table 1.  

In order to harmonise the technology needs through the Waterborne stakeholder, TTG3 has interacted 

with several external experts and participated in policy development initiatives such as Vessels for the 

Future (VftF) Material and Production related chapters of the RDI Road Map developed by the VftF 

initiative is given in Annex I.  In addition, within the first half of the project, TTG3 has proposed (3) call 

ideas for the upcoming framework programmes and shared these ideas within its network for further 

improvement (see Annex II). 

In order to satisfy the future requirements TTG3 – Production need to develop new technologies based 

on the following main topics which make the basis for the identification of key technology needs: 

 Design for life cycle processes: For better support on investment decisions on high value ships to 

increase the competitiveness, greener shipping,  

 Integrated numerical modelling of life cycle processes: For increased efficiency and reduced costs 

even for one-of-a-kind complex ship and offshore structures, flexibility and efficiency in refitting 

processes, innovative solutions without real life trial and error 

 Further automation of production and life cycle processes: For improved production efficiency, 

and reduced costs to maintain the competitiveness in sophisticated vessels  

 Innovative and smart materials and combinations: For reduced weight as a major contribution 

for greener shipping and competitiveness of shipyards, especially in cruise ships and recreational 

crafts  

 

 

 



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

30 

 

 

 

4.2 TTG3-Production Technology Needs & Key Enabling Technologies 

Based on the main topics on technology needs and considering the gap analysis (see chapter 3) key 

technology needs for TTG3-Production are given in below Table 5: 

Table 5: TTG3-Prodcution Technology Needs 

Main 

Technology 

Area 

Key Technologies needed 

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 

 ICT technologies to manage big data and high performance computing (*) 

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 

 ICT technologies to manage big data and high performance computing (*) 

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 

 Smart and intelligent manufacturing systems (*) 

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 

 Advanced materials at lower TRL for further adapting in marine industry (*) 

* Key Enabling Technologies (KET): 

Technologies in bold in above table indicate Key Enabling Technologies (KET) which need to be 

adopted by maritime industry, but shall be primarily developed as KET. When developing and adopting 

technologies for the specific conditions in the maritime sector, it is crucial to rely on “input” of Key 

Enabling Technologies (KET) which are developed outside the sector and will be taken up by maritime 

players. They need to be provided with recommendations / potentials for joint actions with other in-

dustries. General recommendation on the key enablers are given in chapter 5. 
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4.3 TTG3-Production RDI Road Map - Implementation Plan 

TTG3-Production RDI needs and implementation plan is given in Table 6 where the key technology 

needs (see ch.4.2) are divided in RDI steps in short, medium and long terms.  

It must be clearly said, that the timing of implementing technological innovations is largely depending 

on market factors, which are heavily influenced by (unpredictable) political factors. This simple fact 

has also been shown D3.2 Innovation Show Cases deliverable. Therefore, the columns in Table 6 are 

referring to a rough sequence (short, medium, long) rather than concrete timing.  

On the other hand, technology development has as a minimum of two dimensions: broadening its 

application and developing (deepening) the technology. As an example, advanced scheduling tools are 

now already being used in newbuilding, but they are far from being used in repair due to specific 

additional constraints. This also makes it difficult to mention only one application area. In Table 6, the 

two dimensions are given for each technology; one describing the technology advance and one the 

application. Selected application scenarios are listed as follows: 

 Highly complex ships with high investment costs and  

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

ships and offshore installations 

 Ships and offshore structures with new design principles and materials 

 Design of complex ships and offshore structures 

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

processes 

 Development and preparation of advanced manufacturing and development of automation 

tools and strategies in life cycle 

 Production of complex ships, knowledge intensive products 

 Complex high value added vessels 

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

 Complex high value-added vessels, all life cycle processes 

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

 Highly complex ships with new functional capabilities and efficiency 

 Multi-material ships and offshore structures 
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Table 6: RDI Needs and Implementation Plan 

Key Technology SotA Short term  Medium Term Long Term Application 

3.1 Design for Life Cycle Processes 

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 
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Key Technology SotA Short term  Medium Term Long Term Application 

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 

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 
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Key Technology SotA Short term  Medium Term Long Term Application 

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 

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 
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Key Technology SotA Short term  Medium Term Long Term Application 

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 (The multi-material Ship) 

Qualification of new 

materials for maritime 

use 

Metallic materials (low 

alloy steels, 

aluminum) 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 
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5. Recommendations for the Implementation  

In order to realise the RDI Implementation Plan, TTG3 also developed some recommendations, which need 

to be considered in a wider perspective than maritime industry, e.g. covering the key enablers. Subject 

recommendations were partly given before in deliverables; D3.1 and D3.2. A summary of the 

recommendations are provided in Table 7.  

In addition, possible different funding schemes as well interaction between different players are illustrated 

in Figure 4. 
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Table 7: Overview of Recommendations on Implementation Plan 

TOPIC Recommendation 

 For projects For WATERBORNE For COM services 

Foster wide 
participation in EU 
research projects 

- Try new partners,  

- Establish external user groups 

- Establish technical networks across 
WB projects 
- Encourage industry partners to 
access and shape the RTD 
programmes 

- Incentive for projects to add new partners 
along with strategic policy targets and establish 
user groups 

M-ERA including EU, 
national and regional 
research 

- Extend the network and interact 
with the project participants that are 
involved in the other disciplines 

- Support and provide means to 
gather the project participants which 
are involved in different schemes 

- Encourage the member states to combine the 
programs with their national and regional ones 

Involve SMEs - Staff exchange between SMEs and 
research centres 

- Support a network through the 
maritime SMEs, e.g. SMARTYards 
sustainable RDI Network 

- Reduced administrative effort for smaller 
organisations through special funding schemes, 
e.g. I4MS project 

Dissemination and use 

of project results 

- Avoid presenting the results as too 
general or tailor-made to a specific 
partner 

- Physical / actual demonstration of 
the results to a larger community 
rather than scientific publications 

- Increase the visibility of results  

- Continuously analyse and 
demonstrate the economic impact of 
the research 

- Solutions to be developed to share 
the project results while protecting 
the IPR and EU interest 

- Access right to research outcomes to experts 
contracted by EC for further analyses 
- Public part of the Final Reports of the 
completed projects to be made available in a 
standardised format and in a central IT 
platform, e.g. CORDIS 

Key Enablers - Combine projects with key enablers - Establish technical networks across 
WB projects 

- Joint calls  
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Figure 4: Recommendation on the Interaction of different players and funding schemes 
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5.1 Key Enabling Technologies (KET) 

It is crucial for maritime industry to rely on “input” of Key Enabling Technologies (KET) which are developed 

outside the sector and will be taken up by maritime players. For TTG3-Prodcution, relevant KET are 

summarised below: 

 ICT Technologies for big data, data mining and high performance computing (ICT); 

 Advanced and smart material solutions (NMBP); 

 Smart and intelligent manufacturing systems (FoF). 

It is assumed that above KET are relevant for other thematic technology groups (TTGs) in MESA as well. Even 

though technologies are available, their successful implementation requires special consideration on the 

“environmental factors” for each thematic area. Therefore, in addition to the key enabling technologies, 

below key enablers would also be necessary not only for TTG3-Production, but also for other TTGs: 

 Technology Transfer Mechanisms to smaller companies; 

 Improved Training Schemes including post graduate training on the job; 

 New business models and value chains in particular in new Blue Growth markets, including IPR and data 

security issues; 

 Development of rules, regulations and standards reflecting the latest state of technology; 

 Cross sectorial and international technology monitoring and cooperation 

 Research and test infrastructure in particular for real-life large-scale long-term testing 

5.2 Documentation and Dissemination of Project Outcomes 

Hypothesis: Project Outcomes are often NOT consistently and clearly DOCUMENTED and are POORLY 

VISIBLE 

Observations: 

 The reporting guidelines and templates for the “Plan for Using and Disseminating Foregrounds (PUDF) 

respectively the Final Report are useful and provide a good overview on project outcomes as seen at the 

end of the project;   

However, these reports are not consistently filled by all projects and they are often not available for 

analysis and for the general public beyond Commission services. 

 A large variety of data bases (e.g. TRIP, MARPOS, EurOceans and CORDIS) and surveys financed by EC 

provide fragmented and incomplete information, overload the projects and lead to a reluctant response. 

Many data bases are not maintained after the end of the funding for them. CORDIS appears to be still 

the most complete and reliable source of information. 

 Limited information about national research activities is available in European data bases. National data 

bases contain different levels of information and their use requires inside knowledge. Analysing and 

comparing outcomes of national and EU projects is therefore difficult and time consuming. 

 Post-project information on the use of results and their impact is largely missing. No instrument is in 

place to follow-up implementation after the end of the projects systematically and continuously. 

 Recent opportunities to support projects in dissemination after their end can have positive effects.  
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Recommendations: 

 Projects (like MESA) or consultants which are contracted by EC to analyse research outcomes shall be 

given access to the information in the Final Reports, at least to their public part; 

 The public part of the Final Report shall by default contain at least a list of foregrounds, a brief 

description, a contact person and the list of publications (all this information is currently required for the 

Final Report, but not necessarily in the public part); 

 The public part of the Final Report containing the above information shall be made readily available at a 

central IT-platform under supervision of EC e.g. CORDIS (all other data bases and platforms have found 

to be less complete and are normally only maintained while funded through a project);   

 The number of surveys and questionnaires supported and financed by COM shall be better coordinated 

and reduced; 

 Standard information formats about research projects shall be agreed and maintained between EC and 

the member states. National research data bases shall be connected and basic information about the 

projects shall be made accessible in CORDIS or another central IT platform; 

 Mechanisms and incentives shall be established to monitor the implementation of project outcomes 

after the end of the projects, e.g. after one and after three years. This should be implemented in a central 

platform to avoid a large number of parallel questionnaires and surveys. 

 Professional help to projects to support post-project dissemination shall be maintained and extended. 

5.3 Cooperation between Projects and Researchers 

Hypothesis: Direct information exchange between projects working on similar fields and cooperation 

between them is mainly driven by individual initiative and CAN BE IMPROVED 

Observations: 

 Projects running in the same part of the research programs usually know each other (e.g. in maritime 

Transport of Blue Growth), while similar projects running on national level or in other parts of the 

European program (e.g. KET) are usually not known; 

 Direct cooperation between similar projects is limited to exceptional cases. Giving follow-up projects 

access to the Deliverables of previous projects is the main way to implement this. Mechanisms to 

implement such a cooperation (joint workshops, joint research and access to results, and joint follow-up 

activities) as well as the legal requirements are not widely known; 

 Thematic Networks and User Groups (with member fees financing additional research or follow-up 

activities) have proven to be efficient instruments in the past, but are not being used lately. 

 Larger projects (focus on cooperation within the own consortium) as well as the move “closer to market” 

(Demonstrators and corresponding IPR issues) decrease cooperation beyond the limits of the own 

project; 

Recommendations: 

 Identify clusters of projects working on similar fields, ideally across funding programs (e.g. Transport, 

Blue Growth, KET) with the help of the corresponding Technology Platforms and associations; 
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 Encourage and support joint technical workshops and other dissemination events across projects. This 

as well as connected technical visits will increase the interests of experts to actively participate in those 

events; 

 “Thematic Networks” on technical fields can support information exchange, cooperation and may 

initiate follow-up activities complementing research (e.g. standardization activities, technology transfer). 

Those networks can be funded by CSA’s which have more technical than policy supporting character. 

Those Thematic Networks require a critical mass of projects to participate and (with the limited number 

of maritime projects funded in each call) shall thus include national projects and other sectors; 

 Provide guidelines and templates for cooperation, e.g. sample contracts to give mutual access to 

deliverables etc. Make best practice experience more widely available;  

 Develop incentives for trans-sectorial cooperation between projects. Specific calls for existing projects 

to implement trans-sectorial cooperation could be one of them.  

 Joint calls e.g. between Transport and KET could foster cooperation and interaction between sectors. 

5.4 Take-Up and implementation of project results 

Hypothesis: While the uptake of research results by partners of the projects analysed appears to be 

ABOVE AVERAGE, the uptake of results by partners outside the project consortia is VERY 

LIMITED and bears potential for improvement. 

Observations: 

 For the projects which gave information to the MESA TTG-03 analysis, the uptake of results by partners 

in the form of commercial application or follow-up research seems to be satisfactory, especially for the 

partners who developed the results and in “Transport” projects. Information about the uptake of results 

in other parts of the Framework Programs is less encouraging. The use of results by entities outside the 

consortium is largely limited to direct contact of projects with companies (e.g. in User Groups) and to the 

transfer of knowledge to follow-up projects through partners; 

 There is no systematic mechanism for know-how and technology transfer in place in and beyond the 

maritime sector, although projects like SMARTYards have made a first step; 

 The implementation of research results often requires “follow-up” activities, like standardization, input 

to rule making, the elaboration of training material (especially for post graduate training) or technology 

transfer to smaller companies. This need is neither reflected in the corresponding research strategies of 

the sector nor there is a systematic approach to support those follow-up initiatives, e.g. by means of 

other instruments from the research framework programs or by regional funds; 

 The same applies for a systematic knowledge transfer from Key Enabling Technologies (KET) into the 

maritime sector. 

 Networks in the projects – especially the large projects – are often “static” and do poorly involve partners 

from less developed regions. 

Recommendations: 

 Specific calls and measures to support ongoing projects in follow-up activities like standardization, 

international rule making or training measures; 
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 Include follow-up activities like rule making, standardization, training and technology transfer to SME in 

the Strategic Research and Innovation Agendas; 

 Encourage the establishment of industrial User Groups and develop incentives for projects 

 Better link basic research, applied research as well as SME instruments and European infrastructure funds 

in the maritime sector 

 Support technology transfer and the Europe-wide cooperation between regional maritime clusters; 

 Support the implementation of partners from less developed regions in Europe into ongoing research 

(e.g. joint calls with other programs) 

5.5 International Cooperation (outside Europe) 

Hypothesis: There is a LIMITED overview on technical developments in the maritime sector on European 

level and NO STRATEGIC APPROACH towards international cooperation.  

Observations: 

 There is no systematic survey of research activities and technical developments in the maritime sector 

outside Europe. Through the participation in conferences and through market participation companies 

and research centers have a good overview about specific fields of expertise, but the overall picture 

remains fuzzy. 

 There is no clear strategy for international cooperation in the maritime sector, identifying thematic and 

geographic areas for cooperation considering also the protection of the European maritime 

manufacturing sector and IPR protection. More international cooperation in rule making, the 

development of international legislation, material sciences and to explore new market potentials would 

bring benefits for Europe, whereas knowledge transfer on production processes at high TRL shall be seen 

critical.  

Recommendations: 

 A monitoring mechanism on international technical developments shall be established jointly by the 

Technology Platform and EC; 

 Specific funding instruments to support European researchers in particular from SME to attend 

international conferences and participate in international rule making activities; 

 Consider specific calls for rule making and basic science for cooperation with international partners; 

 Better harmonise research cooperation and technology transfer on national level on production 

processes and technologies in the maritime sector with industrial policy (protect European know-how 

and market leadership) 

 Support exploratory measures on research cooperation e.g. with Russia and South America 
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Appendix I: Vessels for the Future (VftF) RDI RoadMap - Materials and 

Production 

This Annex I is taken from the strategic document prepared by the “Vessels for the Future group “A Multi-

annual Research, Development and Innovation Roadmap for a contractual Private Public Partnership” dated 

2016-04-07 

A.4 – Technical Arena 4 – Materials and Production 

Changing operational conditions and increased cost pressure require a steady improvement of the ships life 

cycle properties. Materials and structures as well as their production, assembly, outfitting, repair, retrofit 

and recycling processes have an important impact on the life cycle cost, the environmental impact and the 

safety of modern ships. Previous research has focused on reducing the structural weight by optimizing 

conventional materials and introducing innovative materials, like composites. Future ships will see an 

increasing combination of different materials in structural as well as outfitting applications. By using smart 

materials and design solutions, vessels will become more flexible and efficient. 

While previous research has brought excellent results for specific applications and materials, an integrated 

approach is now necessary to explore new frontiers of innovation at one hand side and to foster innovation 

and market uptake on the other side. Specific effort is necessary to prove the feasibility of innovative material 

and structural solutions in commercial vessel building towards customers and approving bodies through large 

scale real life tests and prototypes. 

Research on new materials for the maritime application is considered as highly promising and can be 

regarded on both the aspect of the weight reduction and of the environment protection. In parallel non-

metallic material structures, bio material structures can also lead to a higher recyclability rate of materials. 

Further, also the potential of high quality high strength steels and manufacturing processes have not yet 

been utilized fully. Advanced materials are expected to significantly improve the vessels machinery 

performance as well: examples are innovative high temperature corrosion resistant materials for diesel 

engines and new surface treatment for friction reduction in the pistons ring package. 

R&D activities relevant to the “process” – intended in the broad sense, grouping the various design phases 

of the product and the production of it – are foreseen to focus on new production methods for new materials 

structures, on process optimization to reduce use of resources and waste generation, to improve the lifecycle 

environmental and economic footprint of the vessel. 

Regarding the area of “Materials” and referring to the metallic materials, aluminium alloys and high tensile 

steel for thin structures, with an assessment of their behaviour in relation with buckling phenomena, 

corrosion and fire resistance have been studied FASDHTS and SANDWICH. Metallic lightweight sandwich 

plating has been studied in order to deepen the understanding of problems associated with welded joints 

and their fatigue behaviour (laser welded joint in BESST); production and assembly techniques for metallic 

prefabricated sandwich structures have been studied by SANDWICH, InterSHIP, DE-LIGHT projects. 

Innovative non-metallic materials for application in ship outfitting in the absence of load criticality have been 

investigated by BESST; non-metallic materials to be used for structural components (examples exist for naval 
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and pleasure boats use) have been investigated by DE-LIGHT and CLEANMOULD. The application of 

composite materials in large vessels remains a challenge, considering specific problems as the structural 

integrity, the fire resistance, the joining technologies and configurations and the production phases: these 

aspects have been acknowledged and studied by several projects (BONDSHIP, DE-LIGHT, SAFEDOR, BESST). 

Regarding the area of “Design and Production processes”, and referring to the Design phase, the process and 

information flow of the initial and basic design was studied and optimized by MOBISHIP; in particular the 

early design phase was deepened by IMPROVE and InterSHIP projects. The structural design was studied by 

IMPROVE with specific structural optimization tools, cost estimation tools and production flow simulation; 

DISCO and CRASHCOASTER have also applied first principle tools to define more efficient structures in the 

peculiar cases of cruise ships and crash worthiness. MARSTRUCT studied tools for load prediction and 

quantification, with the definition of reliability indexes. Structural safety and survivability was studied by 

HULLMON+ and TULCS. A design tool for lightweight structures (as mentioned before) was developed by DE-

LIGHT. 

The overall design process and its integration with the production activities were studied by InterSHIP, with 

methods and tools to implement the “design for production” concept. Specific models for the prediction of 

the comfort on board – realistic standards for motion sickness – have been defined by COMPASS, together 

with a mathematical model for a design and assessment tool. CRASHCOASTER defined a modelling tool for 

the assessment of the materials behaviour under ordinary and extreme loading conditions. Ship-Ice 

interaction modes have been defined by SAFEICE, together with a methodology to determine the ice loads 

on ship hull; SAFEWIN developed an ice compression and dynamics forecasting system, suitable for the 

design of the relevant structural vessel parts subject to compressive ice damage. 

The projects BESST and SAFEDOR provided new tools for the estimation of the vessel life cycle costs. The 

tools, based on absolute figure costs, represent important first steps for the assessment of the impact of 

innovations in terms of costs as well as from an environmental impact point of view. A techno-economic 

model suitable as decision support tool for the maintenance and replacement of vessel propellers – related 

with fuel consumption – was defined by SUPERPROP. 

Specifically devoted to the ‘design for safety’ concept are the projects SAFEDOR and ADOPT (risk based design 

and regulatory framework). Regarding the flooding risks the projects SAFEDOR, HARDER, GOALDS, NEREUS 

and ROROPROB defined the phenomena governing flooding in function of the ship configuration and 

operational conditions together with damage and intact stability. Regarding the fire risks, the projects 

FIREPOOF, SAFETY FIRST and FIRE-EXIT studied the phenomena governing fire in function of the vessel lay 

out and operational conditions. The survivability aspects in extreme sea conditions have been studied by the 

projects HANDLING WAVES and EXTREME SEAS. The towing of disabled vessels was studied by SAFETOW. 

In relation with high speed crafts, the project S@S studied the safety aspects and TOHPIC developed a tool 

for the simulation of different operational conditions. 

Regarding the Production phase and in particular the hull production technologies, the project SHIPYAG 

deepened the solid state laser welding process for ship panels, DOCKLASER studied extended laser welding 

applications in block assembly, InterSHIP concentrated on lower costs laser welding solutions. SANDWICH 

studied laser-welded new structures and BESST concentrated on the assessment of the superior fatigue 



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

48 

 

properties of the hybrid laser-welded structures. Joining processes and technologies have been studied by 

BONDSHIP, in particular for connection of composite materials with metallic structures, for outfitting 

applications. 

The painting process was studied by ECOPAINT, with methodologies and guidelines defining software tools 

to manage the entire process in the yards and over vessel lifetime. ECODOCK, AURORA and CLEAN-HULL in 

particular defined several solutions for an increased mechanization and automation of the paint removal and 

of coating process; these projects have also addressed the safety and environmental conditions of the 

painting process in the yards. 

The automation in the hull assembly phase and in the outfitting activities have been studied by the projects 

InterSHIP, CREATE3S and BESST; they have in parallel studied the accuracy and quality management in these 

operations; due to the generally high costs of the systems today defined, a large industrial application 

appears to be still depending on new research achievements. 

Regarding the production management, the projects CREATE3S, DE-LIGHT and InterSHIP investigated in 

particular the modularization and the work sharing aspects. IMPROVE adopted production simulation tools 

in order to assess costs and resources necessities in the production phases. Logistics aspects in the shipyard 

have been studied by InterSHIP, including sub-contractors integration, integration of external supplies, 

logistic flow planning, non-conformity reporting, etc. 

Repair and dismantling operations have been studied by SHIPMATES (extensive analysis of operations, 

technologies and best practices for the repair yards), ECO-RETROFIT (environmentally friendly technologies 

for retrofitting and facilitating the overall retrofitting process), SHIP-DISMANTL (processes and best practices 

in the vessel dismantling operations), DIVEST, focused on benchmarking and validation of risk and economic 

impact assessment related to ship dismantling. Specific technology – overlaying composite layers for 

structural repair was studied by CO-PATCH, with related fatigue test assessment under DE-LIGHT project. 

Simulation tools of the different phases of the vessel building were developed in a variety of (national) 

projects, cooperating in the SIMCOMAR network. The trans-sectorial network SIMOFIT shares experiences 

and solutions for planning and management of outfitting operations. The European projects InterSHIP and 

IMPROVE have developed solutions for resource planning within a company and for the assessment of 

product designs with regard to producibility. CREATE3S and CARGOXPRESS have developed innovative ship 

concepts and have investigated their production in networks, whereas CARGOXPRESS in particular has clearly 

shown that new processes and work sharing is required for innovative product solutions. THROUGHLIFE is 

developing first solutions for better integrations of actors along the life cycle of specific ships (new building 

yard, repair yard, owner). 

Key Action 4.1 – Consistent use of operational data for design of next generation products 

Advanced sensor systems, ocean monitoring infrastructure and ICT solutions from e-maritime provide the 

technical basis for a wider use of real-life data in the design of ships and ocean structures. The use of such 

“big data” is needed to make maritime products more suitable for new and extreme operational conditions 

and to develop accelerated lab tests and numerical models to better predict the operational behaviour of 

ships and new materials. Research should focus on i) building a sustainable infrastructure to test innovative 

materials, structures, coatings etc under real life conditions and to use this data to develop accelerated lab 
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tests and numerical models for the prediction of the life cycle behaviour of maritime products; ii) advanced 

condition monitoring systems with focus of usage of data for predictive and condition based maintenance of 

maritime assets in an integrated way, i.e. considering a variety of systems; iii) use of life cycle data for 

planning and execution of repair, retrofit and end-of-life processes; and iv) analysis and strategies for IPR 

issues related to the through-life use of data across different stake holder groups. 

Key Action 4.2 – Integrated simulation tools for improved production 

First principle design and calculation methods and simulation tools are increasingly being used for the design 

and production preparation of modern ships. The Virtual Demonstrator Platform and integrated design tools 

recently proposed in MG4.3-2015 largely cover design for operation aspects. However, complex ships and 

new markets require advances and better integration of tools related to production preparation, 

manufacturing and assembly as well as retrofitting and end-of-life processes. Research should focus on i) 

development of a concept for an integrated production simulation environment, considering new production 

processes , economic feasibility and working as well as environmental considerations ; ii) development and 

validation by physical testing and statistical analysis of simulation tools for new and established 

manufacturing processes; iii) integration and interaction of various aspects of production simulation such as 

discrete event simulation, geometry and kinematic simulation, finite element simulation; metallurgical 

simulation and statistical factors; and iv) integration of simulation into production planning and control 

considering the specifics of one-off production 

Key Action 4.3 – Visionary materials and related manufacturing processes 

Technological developments in key enabling technologies open new prospects for innovative products also 

in the maritime sector. Extreme environmental conditions, considerable hazards in operation as well as 

lacking knowledge of scientific developments often withstand a fast application of new scientific 

developments in the sector. The project shall therefore aim to explore and – where possible – demonstrate 

the use of radically new materials and processes which are in a lab stage or in first prototype use in other 

sectors for an industrial application in the maritime sector in a time range of 4 to 10 years after the start of 

the project. Research should focus on i) coatings and antifouling protection with high durability and drag 

reduction potential; ii) adaptive hull structures for improved fuel economy and flexible adaptation to 

changing operational scenarios; iii) additive manufacturing including related IPR issues; iv) bionic and 

biomimetic solutions for maritime applications; and v) radically new structural design concepts for ships, 

making use of new manufacturing and maintenance processes. 

Key Action 4.4 - Automation of assembly and outfitting of large and complex structures 

While mechanization and automation have reached a significant level in typical shipbuilding pre-fabrication 

lines, the final assembly and outfitting stages of ships and offshore structures are still dominated by 

expensive and dangerous manual work. Research results and technical solutions (equipment, sensors, and 

control systems) from other industries need to be adopted and further developed to large and complex 

structures with difficult accessibility, typical manufacturing tolerances and extremely small series. To achieve 

economically feasible and resource efficient production, research should focus on i) efficient programming 

or self-adaptation capabilities of equipment to specific designs and manufacturing conditions; ii) mechanical 

systems to cope with large and difficult to assess structures; iii) product re-design for material efficiency, 
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lightweight, manufacturability, life cycle and standardization; iv) coordination and interaction between 

automated systems such as collaborative robots and manual work; v) sensors and adaptive control for 

reliable processes and quality assurance; vi) process qualification and QA for advanced joining processes, 

including for multi-material; and vii) improved working and environmental conditions as well as energy 

efficiency in shipyards. Results should demonstrate the feasibility of smart automation in larger and smaller 

companies for typical maritime products (large components, ships, offshore structures, repair and retrofit). 

 

Technology Arena 4 - Materials and Production

Key Action H2020: 2018-2020 by industry 

4.1 – Consistent use of operational data for design of next generation products 12.0 1050%

4.2 – Integrated simulation tools for improved production 12.0 250%

4.3 – Visionary materials and related manufacturing processes 10.0 900%

4.4 - Automation of assembly and outfitting of large and complex structures 12.0 563%

total 46.0 682%

Required funding (M€)



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

51 

 

Appendix II: Call Ideas Proposed by MESA TTG3 – Production  
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CALL IDEA 1 
Title: Towards smart, adaptive and multi-material complex ships 

Objective: 

Building upon results from previous research, an integrated approach is needed to further explore smart 

and adaptive materials and structures (leading edge research), to foster cooperation with other sectors and 

material sciences (enabling technologies), to improve the skills and tools in the areas of design, production 

and life cycle processes (applied research), to test and prove feasibility of solutions through real life tests 

and demonstrations (demonstrations), to foster risk based rule development and technology transfer to the 

industry, including SMEs (innovation). Technical feasibility and functionality as well as life cycle sustainability 

of the proposed solutions need to be assessed and demonstrated. In compliance with the extended scope 

of H2020, the project shall include elements of the entire RDI chain, from enabling technologies through 

applied research to innovation, rules and standard development and technology transfer. It shall thus aim 

to produce innovative solutions applicable for maritime applications as well as to foster the application of 

technologies developed in previous research and the proposed project. The scope of applications shall 

include complex ships being built in Europe as well as new material options for offshore applications 

(especially offshore renewable energies). It should be investigated, if the project can be implemented 

through a Joint Call with other thematic priorities in H2020. 

Progress beyond SoA: 

 Exploring new frontiers: smart and adaptive materials and structures for hull structures and outfitting, 

which will improve the flexibility of the vessel to react on changing environmental and operational 

conditions;  

 Enabling technologies: Analysis of material options available in other industries and material sciences in 

view of their applicability under maritime conditions (including FRP with natural fibres, fire resistant 

composites, innovative steel and metallic materials), exploring synergies to create a critical market size 

and unified standards for new materials, development of standard materials and joints; 

 Applied research: Development and test of design, production, repair, retrofit and recycling methods 

and tools for advanced materials and structures including solutions for innovative work sharing along 

the production chain;  Development and qualification of suitable joining techniques for multi-material 

structures (e.g. adhesive bonding, mechanical joining); 

 Technical and Life Cycle Sustainability Assessment: Real life large scale tests under realistic conditions 

covering strength, fire, ageing etc. with the aim to establish a better compliance between large scale 

tests, accelerated lab tests and numerical methods; comprehensive assessment of the cost, 

environmental and safety impact over life time; 

 Prove of concept and demonstration: on realistic scale and environmental conditions to demonstrate 

the feasibility of design and production techniques as well as the technical life cycle performance; 

development of scenarios for the efficient integration of innovative materials and structures into 

innovative concepts of complex ships; consistent test and qualification strategies comprising 

decentralized test data into a common statistical basis; 
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 Standardization and rule development: proposal of new inter-sectorial standards and maritime rules in 
close cooperation between technology developers, shipyards, classification societies and flag states 
(SOLAS); 

 Technology transfer: Efficient dissemination and knowledge transfer to specialized suppliers and service 
providers, new building and repair shipyards and operators with special emphasis on SME. 
Establishment of a virtual knowledge network.   

Previous projects:  

SAND.CORe, DE-LIGHT, InterSHIP, BESST, BONDSHIP, LASS (Sweden), SAFEDOR, CARGOXPRESS, ADAM4EVE, 

MOSAIC, CO-PATCH et al 

Expected impact: 

 Increased flexibility of European built vessels and offshore structures to cope with varying 

environmental and operational conditions; 

 Cost reduction in design, production, assembly, repair and recycling technologies for processes related 

to new materials and structures; 

 Reduced life cycle cost along with equivalent safety and reduced environmental impact; 

 Increased competences and suitable networks to enable the European industry to produce and apply 

innovative materials and structures; with special attention given to SMEs; 

 Risk based design and production standards and rules paving the way for a wider application of 

innovative materials and structures; 

 Improved acceptance of innovative structures by operators, producers and approving bodies; including 

shipyards, specialized suppliers, equipment manufacturers, classification societies and flag states;  

Scenario: 

Changing operational conditions and increased cost pressure require a steady improvement of the ships 

life cycle properties. Materials and structures as well as their production, assembly, outfitting, repair, 

retrofit and recycling processes have an important impact on the life cycle cost, the environmental impact 

and the safety of modern ships. Previous research has focused on reducing the structural weight by 

optimizing conventional materials and introducing innovative materials, like composites. Future ships will 

see an increasing combination of different materials in structural as well as outfitting applications. While 

previous research has brought excellent results for specific applications and materials an integrated 

approach is now necessary to explore new frontiers of innovation at one hand side and to foster innovation 

and market uptake on the other side. Specific effort is necessary to prove the feasibility of innovative 

material and structural solutions in commercial shipbuilding towards customers and approving bodies 

through large scale real life tests and prototypes. 

Duration: 

The project duration shall be five years with clearly identifiable milestones and phases. The project schedule 

shall allow a suitable duration of real life tests to prove at least medium term behaviour. 

Funding: 

To facilitate the necessary integrated and complex approach as well as real scale tests, the project funding 

shall be in the region of 25-30m€. 

It should be investigated, if the project can be implemented through a Joint Call with other thematic 

priorities in H2020. 
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CALL IDEA 2 

Title: Sustainable RDI  Network for Small Shipyards 

Specific challenge:  

Small shipyards have a considerable impact on the industrial competitiveness of Europe like the other SMEs. 

Many of the smaller shipyards are working in new building, repair and maintenance, retrofitting and offshore 

industry with very limited resources to access, evaluate and make use of the previous research results and 

to get involved in new projects. They need specific instruments and technologies to improve their 

productivity, which may differ significantly from those developed for larger yards. Moreover, the 

implementation of new technologies needs to be accompanied by training measures, new business models 

and cooperation as well as by an infrastructure stretching from European Union through national and 

regional levels up to the companies.  

The challenge is to convince, encourage and support the small shipyards to be well informed about the results 

of previous RDI projects and participate in new ones for increasing their productivity and competitiveness. 

Scope 

In order to overcome this challenge, proposals should address a sustainable RDI network for SME shipyards. 

This network shall support smaller and medium sized shipyards in their development by giving an insight for 

relevant topics and developments in the field of shipbuilding as well as technologies related to the operation 

of these shipyards. In order to collect, evaluate and distribute the information within the network, an 

organisation could be utilised. The distributed information shall: 

 Be managed by competent experts considering the industry requirements as well as the IPR.  

 Focus on the advancements in maritime research, technology and best practices in the aim of: 

- Consequent simplification of design and a re-engineering of shipyard processes (design for 

production). 

- Low cost flexible automation and mechanization (use of simple, robust and “self-programming” 

equipment). 

- Establishment of production networks (sharing facilities and special skills)  

The efficiency of the network shall be increased through cost & time saving communication channels as well 

as regional workshops and seminars to maximise the number of participants from the SME shipyards. 

Expected impact:  

 Increased awareness and knowledge on new technologies and best practices for SME shipyards. 

 Effective utilisation of previous project results by SME shipyards. 

 Wider participation of SME shipyards in new maritime research activities. 

 Long-term cooperation and voluntary information exchange between SME shipyards across Europe. 

General indication on requested funding: 

The required project period is considered as 3-5 years with a total budget of EUR 1 to 1,5 million 



 

European Technol-

ogy Platform 

of the Waterborne 

Industries  

 

 

55 

 

CALL IDEA 3 

Title: COFUND - Transnational Research Funding Scheme 

Specific challenge & Scope :  

With the European projects growing bigger and more complex, and national research funding 

remaining widely restrictive towards the inclusion of foreign research partners, the need for smaller 

trans-national research projects is as evident as it was when the MARTEC ERA-NET has been initiated. 

MARTEC ERA-NET is now concluding and there is no follow-up action yet decided. The follow-up shall 

base on the success of MARTEC, but aim to, increase the number of cross national projects; improve 

the funding conditions as well as the selection and approval process; and support projects in all 

technical areas of relevance for the industry, e.g. in transport and in blue growth. 

Focus of the follow up action shall move from supporting the administration to supporting projects, 

using the new COFUND scheme available in H2020, which covers only a smaller lump sum for the 

administration by national funding authorities, but offers an up to 30% European co-financing of the 

national and private investments in projects. The maritime community and the PPP shall therefore 

propose and support a CSA (COFUND) for transnational research along the technical topics as defined 

in the PPP agenda. With the European projects growing bigger and more complex, and national 

research funding remaining widely restrictive towards the inclusion of foreign research partners, the 

need for smaller trans-national research projects is as evident as it was when the MARTEC ERA-NET 

has been initiated. MARTEC ERA-NET is now concluding and there is no follow-up action yet decided. 

The follow-up shall base on the success of MARTEC.  

Expected impact:  

 Increased  number of cross national projects  

 Improved funding conditions as well as the selection and approval process for new projects 

 Increased support for projects in all technical areas of relevance for the maritime industry  

General indication on requested funding: 

The required project period is considered as 5 years.  

The total contribution from the national and private investments in projects is considered to be EUR 

25 million. 

The total contribution from EU to be considered  EUR 7.5 million (+30%  co- funding on top of the 

national and private investments) 

 


