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Introduction 

The SHIPMATES project has successfully completed and the report summarises the outcome of the project.  

The objective of the SHIPMATES project was to provide a blueprint for a technologically advanced and environmentally friendly shiprepair/conversion yard, with a target of productivity improvement over today’s European yards and to investigate the opportunities available in terms of ship breaking.  

As an activity, repair and conversion has more of the characteristics of a service industry than manufacturing. Relative to shipbuilding, it is high volume work with a rapid turnaround and is highly unpredictable.
The Work Packages in the project are intended to provide a clear understanding of best practice in the sector and to map and to simulate the range of repair and conversion yard activities, with the exception of the painting and coating range of activities.

The project comprises six core Work Packages:

· Mapping of the process and operations of a ship repair yard

· Analysis and modelling of the processes leading to:

· Improving the steel cutting and joining processes relevant to repair yards; 

· Advancing the processes of repair and replacement of cabling and pipework; and

· Establishing a controlled process for converting/retrofitting ships ballast and waste water systems in order to make operation more environmentally friendly. 

· Exploring ship breaking and recycling as an alternative market.
During the course of Work Package 1, a considerable amount of detailed information has been collected on the operations of the shiprepair sector. Time has been spent by University research staff in the shipyards, in particular in the UK partner shipyard, working alongside the shipyard staff. Supplementary data has been collected from other UK shipyards, both building and repair, from some industry suppliers and from published sources. The data on operations has been collated in the form of flow charts, on which the activity map has been based. The more detailed information has been fed directly into Work Package 2, to inform the more detailed technology analysis and searches. This information will also inform WP’s 3, 4 and 5. The high level data has been used to develop the Activity Map itself.

Work packages 1 and 2 in conjunction have developed the activity map and are using the data collected to identify technology requirements. The use of the Map for the analysis of technologies is ensuring that the full implications of the use of new technology can be identified. A new process may require actions to be taken for example in the provision of information, training, access to work sites, and even marketing, to ensure full benefits can be obtained. The Map also identifies the inputs and outputs for the relevant activities and these create a means of providing a baseline suitable for the benchmarking of the SHIPMATES project. From this a mechanism will be developed for the results of the project to be reviewed, following up on the technology gap analysis towards the end of the project timescale.

Further data has been collected on performance to support the review, but because much of it is commercially sensitive, it has been normalised to ensure that confidentiality is preserved. The normalised data will be used to determine the potential improvement for the use of new technologies. Anonymous data has also been obtained from quotations for repair work and from published tariffs where these are available. (It is important to note that published tariffs only provide a start point for price negotiations, and discounts may well be offered. Data has been obtained for hours per tonne (steel replacement); and for hours per metre (pipework). Some other measures have proved difficult, for example the wastage rate on steel plate and pipe cutting during replacement and installation. 

Average industry manufacturing costs and production lead-times available in the public domain today coupled with values as provided by the partners where considered as the European average for the sake of simplicity. 

It has been confirmed that current methods of managing hull repairs are largely based on the removal and replacement of the minimum quantity of steel. There is substantial cutting and welding carried out in the open, in poor conditions and with limited access. Although the quantity of steel is minimised, the man-hours are excessive and the energy consumption is high.

Managing the cables and pipes during steelwork repairs can cause problems, because removal is perceived as time-consuming and difficult. Alternative cutting and re-joining methods will permit fast and easy removal of systems, which will enable spaces to be clear prior to steelwork repairs, giving potentially faster and cleaner steel operations, with no damage to the systems and lower resource-hours due to rework.

There are opportunities to develop modular concepts for converting existing ships to greener operation. 

The milestone for this first WP in the project is the activity map for the shiprepair and conversion sector. It is a matrix formed by the stages of a shiprepair contract with the functions in the shipyard (or its sub-contractors). Each intersection of the matrix defines an activity that is necessary to the successful completion of a ship repair contract. The activity may be accomplished by a shipyard department or by a sub-contractor (or even by the ship crew working), but the activity map approach provides a complete picture of the business. It should be noted that although it is based on the information provided by partner shipyards, and from other industry sources, the Activity Map is independent of any individual shipyard organisation structure or sub-contracting policy.

Within the business of shiprepair there are three distinct main domains within which the production activities exist. These are:

•
Hull repair work, replacing worn steel,

•
Equipment repair and replacement to upgrade or maintain capability.

•
Cable and pipe replacement to maintain or upgrade distributive services.

The totality of the work in these four Work Programmes, added to the research conducted in work packages 1 and 2, will be used in a package devoted to devising ways in which ship repair and conversion can be carried out in Europe in a safe, environmentally friendly and economically efficient way. It is anticipated that the final workpackage will pave the way for a further, more focussed project on Shipbreaking/recycling in the EC.

The driving requirement in repair and conversion yards is for new technologies to be applied to meet the need for yards to work more efficiently on small quantity, frequently changed activities. For example, welding robots at their current stage of development cannot be used in repair yards because they are too inflexible in their application. For repair and conversion yards, it would be necessary to modify radically the robots and the operating software. But ultimately it may be more relevant to develop the use of adhesives for joining metal-to-metal and metal to composites in smaller repair jobs as an alternative to welding.
The project Consortium membership demonstrates the cross section of industrial partners and research organisations.  Further industry contact and exploitation was provided by the trade association. 

Participants

	Country
	Main Mission  / Business activity / Area of activity
	RTD Role in project

	
	
	

	UK
	SSA
	Trade Association
	Analysis of Requirements, Design & Development, Prototyping, Dissemination, Exploitation, Project Management

	UK
	A&P Group
	Shiprepair, Conversion
	Prescription and trial of industrial processes

	PL
	BERTECH
	Consultants
	Analysis, Specification, Development of ship breaking technologies.

	IT
	CETENA
	Research & Development Centre
	Research, Analysis, Development

	IT
	Fincantieri
	Shiprepair, Conversion
	Prescription and trial of industrial processes

	P
	Estaleiros Navais de Viana do Castelo
	Shiprepair, Conversion Shipbuilding
	Prescription and trial of industrial processes

	P
	Lisnave Estaleiros Navais 
	Shiprepair, Conversion Shipbuilding
	Prescription and trial of industrial processes

	P
	Lisbon (IST)
	University
	Analysis of Requirements, Modelling, Dissemination

	EL
	Patras (Laboratory for Manufacturing Systems)
	University
	Analysis of Requirements, Modelling, Dissemination

	UK
	Hertfordshire (Dept. of Aerospace, Civil & Mechanical Engineering)
	University
	Analysis of Requirements, Modelling, Dissemination

	UK
	Newcastle (School of Marine Technology)
	University
	Analysis of Requirements, Modelling, Dissemination

	PL
	Choren Design & Consulting
	Design, Conversion
	Prescription and trial of industrial processes


1 Conclusions of project Workpackages 
The SHIPMATES project was divided in 6 Work packages (WP) the outcome of each of the WP are outlined below
1.1 Work Package 1 – Activity map 
The main element of WP1 has been creation and use of the Activity Map, which has been developed into an analysis tool for Shiprepair. Initial Map development was reviewed by the partners, and the input used for the Final Map development. The Map identifies the key activities based on the stages of a contract and the functions in a shipyard. It emphasises the linkages between the activities which ensure that technology is applied effectively. Each activity can be sub-divided into sub-activities for a more detailed review. The tool is available for future use by the EU Shiprepair Industry for Benchmarking Technology, Productivity Assessment and Supporting Investment Decisions (please refer to Appendix 1 for more details).

A considerable amount of detailed information regarding the operations of the shiprepair and conversion sector was collected not only from repair yards but also from suppliers, subcontractors and other published sources. General information was used for the development of the Activity Map and the more detailed information was fed directly into subsequent work packages. The Activity Map for a generic ship repair yard assists in identifying the key activities which contribute to the outputs. Overall the Map helped to identify the inputs and outputs for the relevant activities and these created a means of providing a baseline for SHIPMATES. This mechanism was developed for the review of the results of the project, following up on the technology gap analysis towards the end of the project’s timescale.

The Activity Map was used in the development of a questionnaire for the partner repair yards, aiming to the identification of the key areas where a technological improvement was required. For comparison purposes, the shipyard partners in the project completed the survey questionnaire, and opportunities were taken to survey other international shipyards during the course of the project. Surveys were carried out for shiprepair yards in Europe, with some assistance from CESA, and in the Arabian Gulf, Far East and Caribbean

 It was found that in general the technologies used were very similar. It was noted that the level of technology is higher in the larger shiprepair yards and especially those associated with shipbuilding, where the volume of production justifies, in economic terms, the use of expensive/advanced technology equipment and processes. Although the technologies employed could be considered to be generic, the high variety associated with shiprepair work is such that specific case studies were needed as it is not possible to generalise in terms of performance and the precise conduct of work. A number of cases were attached to the last deliverable that provided a detailed review of operations, the processes in use and the performance. WP1 with the development of the final ship repair & conversion Activity Map provided a summary of the areas of interest to the SHIPMATES project. These areas were areas that there were issues of cost and or environmental impact. The primary focus was on opportunities to find potential cost savings, where the current technologies and methods are known to be deficient in some way. Overall, the Work Package (WP1) did not try to identify solutions – that was the function of later Work Packages – but it identified where a solution is required. The overall objective was to provide a basis for the identification of new and emerging technologies for the shiprepair business which can be adopted to provide improvements. This helped in the identification of the most critical problem areas noted in the industry i.e. improving productivity and reducing costs in order to become competitive. WP 1 provides the shipyards with a means of assessing the current technology within their yard to highlight areas for potential new technology to either provide a cost saving or to combat an environmental issue raised by operating practices. This also assisted in the identification of existing and new technologies and performance of a technological gap analysis in WP2, 3 & 4. Furthermore it assisted in the development of cost models functioning as quick diagnostic tools helping the yards in taking critical decisions in order to improve productivity when considering steel, pipe and cable repair processes (WP3 & WP4). The use of the Map as a basis for the analysis of new technologies and techniques) ensured that the full implications of use of new technology or technique could be identified. A new process may require actions to be taken, for example in the provision of information, training, access to work sites, and even marketing, to ensure full benefits can be obtained. The models developed which utilise the Activity Map give the ship repair yard an overview of the current technology levels and highlight areas of poor technology that may be causing problems in the yard operations. The cost models developed constitute quick diagnostic tools, which are followed by a more detailed review of the technologies employed. 
Within this work package it was also established that current methods of managing hull repairs are largely based on the removal and replacement of the minimum quantity of steel. There is substantial cutting and welding carried out in the open, in poor conditions and with limited access. Although the quantity of steel is minimised, the man-hours are excessive and the energy consumption is high. Moreover it was realised that managing cables and pipes during steelwork repairs can cause problems, because their removal is perceived as time-consuming and difficult. Alternative cutting and re-joining methods would permit fast and easy removal of systems, which enable spaces to be clear prior to steelwork repairs, giving potentially faster and cleaner steel operations, with no damage to the systems and lower man-hours due to rework. Finally, it was confirmed that there are opportunities to develop modular concepts for converting existing ships to greener operation a significant finding for the realisation of WP5. 

The Map summarises technology employed in a shipyard. It also helps to show linkages between activities. As such it can provide a consistent format for recording information, give a basis for benchmarking shipyards, help to identify activities which need improvement and support investment decisions.
In conclusion, large shipyards are more technically advanced but there is considerable scope for development. Small shipyards are less advanced, as there are limited resources for investment. Case studies demonstrated the potential value of investment in new technologies.  The activities selected for SHIPMATES provided good opportunities for improvements. There is a lot more which can be done, using SHIPMATES results, to improve shiprepair in the EU.

Extra New Technologies – WP4 Appendix report 
The driving requirement in repair and conversion yards is for new techniques and technologies to be applied to meet the need for yards to work more efficiently on one off, frequently changing activities. A number of new technologies have been introduced in Work Package 2 (WP2) and 4 (WP4). The introduction of these technologies aimed on the realisation of man hour cost reductions for ship repair/conversion yards for steelwork and outfitting (pipe and cable-work) processes. The environmental friendliness of these technologies was an equally important factor. It was anticipated that several new technologies had been introduced since the first search of new technologies performed by SHIPMATES. Therefore towards the completion of the project it was agreed that an update of the technology database in a form of a report as an appendix report of WP4 would be of great importance for the ship repair & conversion yards. The aim of this report was to perform a thorough search on the market in order to identify any new technologies available with the potential to make the average ship repair & conversion yard more efficient and environmentally friendly. Within this framework a number of extra state-of-the-art technologies were presented. Many of these technologies can also be utilised in ship recycling processes. The report demonstrates some technologies applicable to steel repair process. Alternative techniques are also presented which can result to significant cost reductions in a more environmentally friendly way as supported by case studies. The report also presents some extra technologies applicable to pipe and cable repair processes. A section of the report is devoted to new technologies relevant to access and staging issues as well as to some new technologies for transportation of large modules within a repair, conversion as well as a recycling yard. Moreover a suggestion of a more efficient repair, conversion as well as another concept of a recycling yard is made based on these transportation technologies based on existing highly efficient repair yards. Although it had been decided that painting, hull cleaning, blasting processes were not supposed to be examined by the consortium some technologies that are likely to improve not only productivity but more importantly the environmental friendliness of a contemporary EU shiprepair yard have been also included. 

1.2 Work Package 2 – Analysis of Technologies
The Work Package 2 (Analysis of technologies) provides a blueprint of the current “technologies and processes” employed in the critical manufacturing and repair activity (in particular focusing on: cutting, welding, piping and cabling activity). The work package includes an academic and market survey on new technologies and processes together with a present and foreseen regulation survey, and thus leads to the identification of the ‘technology gap’ between best practice.

The results of this work package constitutes the input for the following research activities, in particular for the developing of ship repair activity process and cost models.

The main objectives of this work package are the following:
· identification of the technologies available in the market and/or applied in other industrial fields and usable in ship repair (Market Review for all Technologies);

· definition of ship repair s.o.t.a about technologies and processes still used in the shipyards;

· searching and analysis of the main rules about the ship repair field (Regulatory Environment);

· identification and definition of technology needs and gap analysis among the various shipyards.

The results of the research activities have been summarized into the following five deliverables:

1. State of the Art in Ship repair, Report on processes employed 

2. Academic and market survey on new technologies and processes

3. Regulatory Environment

4. Technology Gap Analysis

5. Technology Needs Analysis

In the first deliverable, the best practice in ship repair and in other relevant industry sectors has been identifies, taking into account also the results of the deliverable “market review” in which an excursus about the relevant technologies available in the market has been provided. 

In order to give a complete outline of the ship repair process, the deliverable has been divided into the following parts:

· Ship repair activity analysis;

· Best practices and related technologies in Ship repair sector;

· Best practices and related technologies in Shipbuilding sector;

· Best practices and related technologies in Other industries;

· Economical market considerations.

In the first part of the deliverable, the logical model of ship repair process has been presented highlighting the links among the activities, as shown in the following picture.
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The second deliverable offers a summary of technologies and practice, coming from literature of other industrial sectors, potentially applicable in ship repair.

This deliverable has been divided into two parts: the first one reports the literature searches about considerable technologies and working activities and practice potentially applicable in ship repair and conversion sector. A market review about key technologies such as cutting, joining, welding and key working methods for the cabling and piping activities and equipment replacements, has been developed. Various potential technologies have been just reported.

The second part reports the analyses refer also to the automotive and aerospace sectors as far as the level of technology implementation; moreover in consequence of the fact that new technologies can only work successfully where the interaction of the new process is considered alongside all the supporting activities, a survey about key factors such as production & process management and environmental concerns have been reported.

Very important is the third deliverable (Regulatory Environment) which provides a background to the current environmental legislations in Europe, with an overview of the key legislation prevailing in the ship repair industry sector which affects the shipyards and the IMO conventions which affects the ship. The report also provides guidelines for operators carrying out chemical treatment of waste, including waste oil and operators of waste transfer stations.

This deliverable constitutes a fundamental collection of the main international rules that govern the maritime field. Present and foreseen rules have been also evaluated together with the shipyard partners in order to identify new business opportunity for ship repair industry.

The forth deliverable reports the gap analysis between the shipyards involved in the Shipmates project - in terms of: man hours employed, equipments used, and technologies applied in the ship repair process. Each gap is emphasized with the aid of specific diagrams.

On the basis of this analysis, a comparison between the technologies employed in the ship repair process by the Shipmates shipyards and the actual situation in the other industry has been carried out. In particular, following section have been considered:

Best practices/state of the art of ship repair industry

Best practices/state of the art of shipbuilding industry

Best practices/state of the art of other industries

Actual situation in the industry

The gap analysis highlights that measurement, cutting, and welding processes could be improved in the ship repair sector, by using new technologies, such as laser technology both for cutting and welding processes, or numerically controlled machines in workshop.

To collect and analyze data coming from the Shipyards, it has been developed a specific data collection tool in order to gather, in a structured form, process information relevant to some “case study” taken as reference.

This software tool is constituted by a database and some user-friendly forms that allow the user to input data and to analyze the results. Above it is shown the structure of the tool.
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This software tool has been developed in the aim to collect and analyze data about working activities, technologies and equipments coming from the repair Shipyard partners of the project. This tool has been developed in Access format by CETENA and is going to collect critical information about the shipyards involved into the Shipmates project.

Now it contains data about repair activities, technologies and equipments collected from the partners Shipyards, but it is able to receive data coming from others sources.

Data are stored and analyzed with reference to specific case studies in order to compare different data on the same base.

The comparison of technologies and equipments has been made taking into account both performances and environmental parameters.

A User Guide of the software tool it has been realized to help the users in filling up the questionnaire, input the data and analyze the results. This User Guide is completed by an automatic “guided loop” that leads the user in all the phases of the data input process.

All data collected from the Shipyards have been reported in specific working document annexed to the deliverable.

In another working document has been reported, in the first part, the logic used for data collection, the CETENA questionnaire software description (it is the tool used to collect the information), and the data report presentation, in the second one, it is given a critical comparison, gap analysis, between the Shipmates shipyards in terms of: Activities, Equipments, and Environmental impact of the process employed. Furthermore contain a gap analysis about the applied technologies in shipmates shipyard and other industries.

The last deliverable constitutes the final document of the researches and studies which have been developed into the WP2. Starting from the results of gap analysis and taking into account the specific situation of the different partner Shipyards, a summary of the technology needs for the ship repair processes have been done.

The deliverable deals with the technologies and the generic needs of ship repair industry on the basis of the s.o.t.a. of best practices and taking into account present and foreseen regulatory environment. In particular the two following main ship repair process have been analyzed:

Steel repair;

Pipe repair.

A specific section of the deliverable has been devoted to the specific needs of the shipyards involved into the shipmates project.

Starting from the results of all the deliverables of WP2, above all the first in which the logical model of ship repair process has been developed, a software tool has been realized.

This tool has been realized to develop and manage the models of the ship repair process in order to evaluate costs and duration of the whole process starting from data relevant to each repair activity and the related technologies.

The toll, realized in Visual Basic, is structured in user-friendly forms linked each other that allow the user to built a model of ship repair process by defining single repair activities and connecting each other. Specific forms help the user to input the value of the parameters of each activity.

The functional scheme of the tool is shown in the following picture that highlight the links among the forms.
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This tool has been developed to minimize the operation required to evaluate the costs and the duration of a ship repair process. It is only needed to fill up few fields, to define the used technology and the working shifts to obtain an evaluation of the whole duration and costs.

It is possible to store the models it has been developed, in such way the user it is helped in model building, in fact it is easier to modify an existing model the building a new one.

The tool can compare repair costs and duration of different combinations of process flows and technologies. The user can define and memorize a group of models to be compare, then he can visualize directly the results in form of diagrams and tables, or export them in an Excel file.

This tool summarizes the main results of the analysis carried out by WP2 and makes them available for all kind of users in a very easy way.

1.3 Work Package 3 – New process for cutting and joining 
As a whole, the project was structured into eight work packages. The objective of Work Package 3 is to improve processes for cutting and joining in ship hull repair, with better efficiency, productivity and competitiveness and also with environmental impact reductions.

The WP3 takes as its starting point the work undertaken on the previous WPs, on the Development of Shiprepair Activity Map, and the Analysis of Technologies, with the State of the Art in ship repair industry, technology gaps and confirmation of future needs for development.

When selecting a process for a given application the primary factors are cost and efficiency. Environmental friendliness is considered (up to now) a secondary factor, but in the future it will take a larger part in selecting and developing cutting and welding processes.

The first deliverable of WP 3 is the Report on Life Cycle Analysis of cutting and joining process

This report deals with the environmental impact of the most common cutting and joining processes that are used nowadays in the ship repair industry

The information provided in this report can and should be used as an assisting element during a decision making procedure, addressing production planning/redesigning and technology adaptation by a shiprepair yard.

The environmental assessment of cutting and joining processes is to be used in conjunction with cost and any other parameter considered as important in order to select the optimum process for a given application.

The second deliverable of WP 3 is the Report on Developments of Alternative new cutting and joining Processes.

The research work described on this report, concluded that all the competing technologies increase the process efficiency, efficacy and quality since all the technologies are automatic, portable, improve accuracy in assembly, reducing man hours and environmental impact.

However, each of them still presents different limitations that have been avoided their implementation on the ship repair industry, specially related with safety conditions of operation not applicable on board, initial investment to implement the technology, etc

The deliverable covers all the aspects related with advantages /benefits,  disadvantages /limitations and applications of alternative processes and intends to be a reference for the technological development of the shipyards.

The third deliverable is the report on Guidelines on cutting and joining techniques for steel work.

These guidelines have been developed to give a guidance to Shipyards partners to provide information and recommendations on processes that should be implemented so shipyards can improve their own performance in cutting and welding activities of steel plates as a basis to improve their efficiency, productivity and competitiveness provide information and recommendations on methods and procedures which among with processes/ technologies are also issues of systematic concern of industry contribute to encourage the adoption of new processes and methods for steel repair work to address the issues of clean, cost and energy effective processes and autonomous systems for maintenance and repair.

The last deliverable of WP3 is the Moddeling of the cutting and joining processes (Cost model) where is possible to compare current cutting and welding technologies to advanced ones, as alternatives. The comparison is to be made by computing, by modeling, cutting and welding costs.

According to cutting costs modeling important costs savings can be achieved comparing current technologies used by shipyards and advanced ones.

In what respects to welding, important costs in labour, energy and consumables can also be achieved.

1.4 Work Package 4 – New methods of repairing pipes and cables

Introduction

Work Package 4 has researched and developed appropriate techniques and technologies that are applicable to pipe and cable ship repair and conversion work.  The Work Package is divided into four deliverables that successively link the research and development, and has concluded with useful guidelines and models that have resulted in significant improvements in efficiency and the ability to make long-term investment decisions. 

Objectives

The objectives of WP4 are specific to pipe and cable repair, and in line with the overall objectives of the entire Shipmates project: to ensure that the European repair and conversion sector is able to improve its share of the world market using safe and environmentally friendly working practices with improved industry competitiveness relative to our global competitors.  

The specific objectives of WP4 were to produce a detailed review of alternative and emerging technologies applicable to pipe and cable repair work, producing a report, and industry evaluation.  Once complete, the organisational potential of pipe and cable activities were determined through research, application by shipyards and the development of software tools, ensuring that a longer-term view could be considered, consistent with life cycle considerations. 

These objectives were achieved by implementing four deliverables that successively linked together to produce outputs from WP4 that are useful to industry and link well with the SHIPMATES project as a whole.

Outputs

The outputs of WP4 productively and logically link with the overall SHIPMATES project by building on the requirements of the activity map of WP1, the technology reviews of WP2, and the production areas researched in WPs 3 and 5.  Additionally, WP6 benefited from the new techniques and technologies reviewed and developed as part of WP4. 

All outputs provide a high level of detail, in addition to concise and straightforward summaries suitable for a busier reader who can then chose the sections they require.  This approach of the SHIPMATES project makes the use of the outputs in industry far more likely as the deliverables, models and databases are designed for practical use. 

Deliverable 4.1 

The work done in D4.1 included a life cycle analysis of pipe and cable repair and conversion work in order to asses the potential environmental impacts and possible mitigation.  Furthermore, D4.1 compared five job specifications between three differing shipyards in order to identify differences in approach. 

The results of D4.1 are divided into two parts:

1) Life cycle analysis (LCA):  These analyses demonstrated that the negative environmental impacts resulting from pipe and cable repair were very minimal as compared to the production of materials of pipes and cables.  These activities are out of the direct control of the shipyards, but pressure can be applied to suppliers to improve environmental good practice.  Additionally, the deliverable suggests that, where feasible, materials should be reused and recycled, the latter of which is already common place.  

2) Cost estimates: Five work specifications were developed, three pipe and two cable, in order to provide a baseline description for three shipyard partners to provide cost estimates in terms of man-hours and technologies used.  The results showed significant differences in man hour estimates between shipyards, despite the use of similar technologies for pipe and cable work.  Therefore, the differences in estimates were as a consequence of techniques and approaches to work, which highlighted the importance of researching and developing techniques in addition to technologies.

Deliverable 4.2

This deliverable builds on work packages 1 and 2 to identify useful technologies and how these technologies can be applied to pipe and cable work.  The results of D4.1 highlighted the importance of techniques in addition to new technologies available from other industries and, therefore, the deliverable identified techniques and technologies that are useful to general repair yard operations and also specific to pipe and cable repair, removal and refit.  

In addition to being a vital industry review for input into subsequent deliverables, D4.2 provides a very useful standalone review of techniques and technologies: what is available and how best to implement them.

Deliverable 4.3 

This deliverable developed methodologies and guidelines for new techniques and technologies by implementing the recommendations of D4.2.  The methodologies and guidelines were achieved through the quantification of the techniques in a sample shipyard and the assessment of the practical feasibility of the recommended technologies by the end users.

The results of D4.3 demonstrated that by using lean management techniques, heavily utilised in the automotive industry as an example, up to 24% time savings could be realised for pipe work with little need for investment in expensive new technologies.  

The deliverable sets out clear methodologies of lean management and presents case studies to enable other yards to follow these techniques. 

Deliverable 4.4 

This deliverable concludes WP4 by utilising the technologies and techniques reviewed and implemented in D4.2 and D4.3 to produce a logical cost model to assist with decision making processes.  By inputting data on current practices and technologies within a shipyard, the model suggests new technologies and, using cost-benefit-analysis tools, provides a very useful long-term investment prediction, which has often been lacking in the shiprepair industry. 

The cost model trials two specifications from D4.1 to highlight how the new techniques and technologies researched and developed during WP4 have improved efficiency and reduced man hour costs by 35% and 32% as profitable investments in the longer-term ([Internal rate of return (IRR)=14.8%, Net Present Value (NPV) = (+) €210,188, for Discount Rate of 5%] and [IRR=21.9%, NPV = (+) €238,765, for Discount Rate of 5%]) for pipe and cable work respectively as compared to the original estimates.  

Conclusion

Pipe and cable repair and conversion work is notoriously difficult as a consequence of the bespoke nature of each job.  This challenge was met by Work Package 4, which provides an informative and highly practical series of deliverables, a technology database and model for use by industry.  Each deliverable logically flows to the next, with the initial estimates of the shipyards being revaluated at the end of the WP in order to ascertain the improvements that can be achieved for the industry in the long-term.

The outputs are comprehensive, dynamic and practical for the shiprepair industry.  These outputs have benefited the SHIPMATES partners and will continue to benefit the partners and other EU shipyards through exploitation of the developed know-how, databases and models.

1.5 Work Package 5 - Green Technology

The development of shipboard waste management systems over the last 3 years has been concentrated around Ballast water management system. As a result the emphasis of SHIPMATES Work Package 5 has shifted towards these technologies. The complete WP5 deliverables bring together the most up to date technologies for Ballast Water Treatment with respect to current and future legislation and provide an comprehensive overview of vessel requirements providing shipyards with multiple methods to utilise this information ensuring the adoption of best practice for both retrofit and new build vessels. The driving factor throughout this work package was to ensure that technologies are critically assessed for their suitability. An additional consideration of each technology was to ensure that those systems retrofitted to existing vessels are of equal quality and reliability to those incorporated at the new build stage. 

The complete work package consists of three Deliverables:

Deliverable 5.1 Report on LCA of new modular waste management systems.

Deliverable 5.2 Definition of parameters to allow modular packages appropriate to ship types and required systems.

Deliverable 5.3 Report on developments of new modular waste management systems.

Deliverable 5.1:  Report on LCA of new modular waste management systems 

A close liaison with a number of Ballast Water Technology vendors resulted in a detailed analysis of two major BWT systems. The accuracy of the systems was determined by manufacturer information and is thus presented as a guideline. A comprehensive Life Cycle Analysis of the two systems was completed. This includes system manufacture, operation and final disposal and initial indications are presented. The environmental impact was a key factor in the LCA and the findings have been presented. The presented LCA of two selected BWT systems in this report should be considered as typical of the information needed to make an informed selection of a particular system. The environmental impact of installation activities such as pipe cutting, joining, welding have been included and where possible the improved techniques highlighted in earlier SHIPMATES Work Packages have been included. The complete report should be regarded as guidance to explore the opportunities in the new field of ballast water treatment systems.

Deliverable 5.2 Definition of parameters to allow modular packages appropriate to ship types and required systems.

This report critically reviews and assess the effectiveness of the current worldwide developments in the ballast water treatment (BWT) technologies. Highlighted is the fact that at present there is no ballast water treatment technology or system which has been approved by the IMO, nor has the methodology for testing and approval been fully developed. 

The emphasis of D5.2 is to assess environmental impact of each technology and to present this information from a ship owners standpoint. Thus the criteria for system selection has been outlined including; treatment effectiveness, initial purchase price, installation and operating costs. Furthermore the complexity of each installation has been highlighted as a potential concern of ship repair yards. As widespread retro-fit of BWT systems is a new development shipyards will benefit from the data presented. This  includes a the implications and concerns for implementing each system on board a vessel and the associated parameters that help the selection of a matching treatment system for each ship type.  The fact that most BWT systems consist of two stages requires a detailed assessment of suitable 1st and 2nd stage technologies and how they can be combined. 

Deliverable 5.3 Report on developments of new modular waste management systems.

This report includes the latest information on the majority of currently operational ballast water treatment vendors worldwide. This information has been provided in conjunction with the critical parameters required for BWT installations on board a vessel. The data has been presented as the SHIPMATES Web Database. Furthermore the Ballast Water Management legislation as well as copies of the IMOs Marine Environmental Protection Committee Reports on ballast water management have been included to provide a comprehensive single reference source for BWT requirements. The huge scale of retrofit requirements has been assessed and presented as a potential new business area for ship repair and conversion yards. 

The SHIPMATES BWT Web Database includes many smaller companies within the database providing access to the full depth of technology data available. This ensures that there is sufficient information to specify BWT systems for ships operating with radically different structural and systems layouts. This is a significant consideration within the shipping industry as many BWT systems may not be suitable for all vessels as limiting factors such as space or power resources cannot be fully assessed without detailed knowledge of the vessel in question. This database allows the consortium members, and shipyards in particular,  fully detailed information in order to advise their clients on specific installations suitable for each vessel. Thus D5.3 should be considered a reference tool in order to save time allowing the shipyards to utilise their experience within the retrofitting industry more effectively.

Data from WP5 has been presented at the Environment Sustainability conference (ENSUS) in 2005 and the American Society of Mechanical Engineers Pressure Vessel and Piping conference (ASME PVP) in 2005. A further presentation will be given to the Institute of Marine Engineering, Science and Technology (IMAREST) in December 2007.

1.6  Work Package 6 – New Technology for Shipbreaking 
Starting out from the basic presumption that the industrial partners of EC funded FP6-506606 SHIPMATES project could eventually be interested, in the foreseeable future, to diversify their product-mix towards ship recycling, the deliverable seeks to enlarge the circle of potential users of the project research  to the competent EU-EC institutions has been executed.

Proper recycling of ships is a beneficial activity with respect to sustainability, the provision of work to a significant number of people, and for the provision of steel in the ship scrapping nations.

As a part of State of the Art Study of SHIPMATES a questionnaire was prepared and circulated to, mainly ship repair yards, around Europe.

After evaluation of the returned Questionnaires following summary was made:

· Most of the large shipyards, with full work loads and modern facilities, are not at present interested to enter the ship recycling business.

· Many shipyards in Europe are surrounded by inhabited areas and have no sites for development of ship recycling. They would also require to comply with strict environmental requirements.

· Some companies may be interested to enter the ship recycling business on condition that funding from EC or other sources is provided to finance the creation of facilities, and to support introduction of new technologies, making ship recycling profitable and environmentally friendly.

· Ship recycling requires different skills from the work force. Most ship repair yards have limited capacity for hull work (steel cutting).

· Ship repair yards have limited waste handling permits, therefore even if ship recyclers use their facilities, they will still have responsibility for waste handling.

European ship breaking is dominated by steel scrap recyclers. They are using water front facilities of ports or ship repair yards to dismantle ships, providing their waste managements licenses, experience, skilled labor, equipment. Ship recyclers should become a party of legislation concerning the issue.

Potential green ship recycling facilities in Europe may be defined as “dormant”. Without substantial support or incentives from governments or the EC, commercial ship recycling on a larger scale may not be developed in the near future.

There is an EU End of life Vehicle (ECV) Directive (2000) which requires Member States of EU to reuse and recover 85 wt% of the average vehicle weight 2006, increasing to 
95 wt% by 2015. The ship recycling industry easily, even in 2007, complies with ELV Directive as about 95-97 wt % of the vessel is steel and non ferrous metals scrap, which is fully recyclable.

Profitability of ship recycling business depends mainly on market prices of scrap metals and prices of tonnage (US$/LDT) to be paid by ship breakers and is difficult to forecast in the long term. Between 1999 and 2006 prices of tonnage raised from 110/120 US$/LDT to 500 US$ /LDT.

Prices of steel scrap fluctuated between 160 US$/t in May 2005 to 360 US$/t at the end of 2006.

Novel technologies selected for industrialized ship dismantling are: plasma, laser, water jet and mechanical (guillotine) cutting, each to be applied in different stages of ship structure decomposition.

Applicability of the above listed technologies to ship dismantling was presented in the report.

For remaining elements from the material stream after ship decomposition (machinery, insulation, cables, thin plates, electronic scrap) application of machinery and equipment developed and routinely used by recycling industry is recommended.

Technology, facilities, recycling machinery and equipment Data Base are presented.

New building shipyards have created specialized equipment and production lines increasing productivity. Thus industrialized ship dismantling also needs development of machines, equipment and, tools suitable for the industry which will give high productivity.

A modular concept of future ship recycling is presented – modules may be implemented either into existing ship repair facilities, into Model Green Field Ship Recycling facility or as part of European support to ship breaking facilities in the Indian Sub Continent.

Several concepts of Modules, for example the Ship Structure Decomposition Line (SSDL) and manipulators with modern cutting equipment, are proposed in this report.

Another novel idea for a European contribution to improve environmental issues of ship dismantling in developing countries is the Ship Recycling Support Vessels (SRSV), to be anchored close to beaches of Indian Sub Continent, providing pre cleaning services, laboratory support, training etc., before obsolete vessels are handed over to ship recyclers.

Re-use of the equipment from obsolete vessels is discussed and a proposal to create transportable modules (including pumps with generators and fuel tanks, mobile workshops, desalination equipment.) to be used as regional disaster relief for Europe and other parts of the World is presented.

Ship recycling nations, currently dominating the business, are improving their facilities, environmental and working conditions and a European ship recycling industry (if created) may expect strong competition from their side to get vessels for recycling, providing conditions for continuous production.

The idea of manipulators with alternative cutting heads has been further developed, as a part of the modular concept of development of ship recycling model facility.
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Principal novel ideas to be applied to ship recycling are presented above.

Environmental impact of ship recycling has been discussed and proportions of ship recycling waste/material stream are confronted with the global recycling waste stream.

The concept of Ship Recycling Support Vessel (SRSV) has been further developed and a waste stream to be processed by such vessel is presented, based on EC Waste Directives 74/442/ECCand91/689/ECC.
2 Appendix 1: Technology survey for shiprepair facilities

Executive Summary

This document presents the results of an international technology survey for shiprepair yards. For the selected shipyards the Activity Map for the current level of technology being employed in the yard has been completed.

The results provide a baseline against which any shipyard can compare its own technology assessment. This will give the ship repair yard a quick overview of the current technology levels in use and will highlight areas of poor technology which may be causing problems within the yards operations. It can act as a quick diagnostic tool, which will inform and guide a more extensive and detailed review of the technology employed in the areas of activity highlighted as requiring attention.

The results of the survey can also be used to benchmark the shipyard against others, to provide an overview of potential technology gaps. The results are presented in overall terms and also differentiating small and large shipyards, and also those which have associated ship construction.

For the future, the Activity Map can be updated as the technology changes. The overall results rate the technology employed on a scale of 1 to 5, where 1 represents technology typical of the 1960s, and 5 represents technology which is currently state of the art.

According to this scale: 

· Overall the gross level of technology employed in Shiprepair is 
 2.61

· For small shipyards the gross level of technology in Shiprepair is   2.18

· For large shipyards the gross level of technology in Shiprepair is   3.04

· Large shipyards which also build ships have a technology level of   3.21

· Large shipyards which only repair have a technology level of          2.75

The level of technology generally found in shiprepair is well below what is possible in most cases. The levels of technology do not usually vary greatly between different shipyard functions and stages of a contract. The level is relatively low for both the operational technology and the technology associated with management and organisation.
For large shipyards, the most effective stages of a contract are the initial marketing and the material management. The most effective functions in shiprepair are commercial and quality management. For small shipyards the most effective stages are marketing and enquiry management. The most effective functional area is commercial management.
It is apparent that most shiprepair yards concentrate on securing new work, which reflects the intensely competitive market in which they operate. Quality is effective but largely perceived as a marketing tool rather than operational. Considerable advances are capable of being made, using the results of SHIPMATES, with considerable potential for improvements.
Introduction

The survey of the technologies used in the shiprepair process is based on the Activity Map developed for SHIPMATES Work package 1 and is shown below in Figure 1:
[image: image10.png]



[image: image11.emf]Stage

Function

Planning Design        Production    Production     Quality         Purchasing    Commercial   Human          Outputs 

Engineering Resources

Strategy

Market

Enquiry

Contract

Design

Materials 

Resources

Shop Work

Ship Work

Invoicing

Long term     Product           Facilities     Long term     ISO 9000       Supplier          Market          H R Good

Plans            Development      plans          Strategy Relations         Strategy       Strategy Enquiries

Forward        Preliminary     Resource       Special         Quality           Estimate      Tender          Resource        Quality

Workload      Design Needs         Needs            Plan                Prices        Documents   Loading         Tenders

Contract        Functional     Repair             Repair         Quality         Purchase          Cost Training       Contract

Plan  Design       Strategy         Strategy         Plan           Long Lead          Analysis       Needs

Design Detailed         Design        Design for     Information   Purchase         Materials      Training       Approved

Plan Design        Producibility  Production       Quality     Specifications    Costs          Needs            Design

Purchase         Materials         Stores           Value        Supplier         Purchase       Cost              Personnel Materials

Plans            Specification     Control          Analysis     Approval        Orders         Monitoring     Supply         Available

Resource      Sub contract    Resource           Special   Subcontractor    Materials        Cost           Personnel     Resources

Needs           Information  Management   Instructions   Approval          Supply        Monitoring    Supply          Available

Detail           Production      Equipment         Work          Work           Equipment     Cost            Personnel       Work

Plans             Information     Repair              Study      Procedures       Supply        Monitoring     Supply         Complete

Detail            Production      Repair          Production     Work            Supplier          Test              Personnel      Ship

Plans            Information     Work           Review          Procedures    Performance   Results          Supply         Acceptance

Review Design         Contract         Methods         Quality         Purchasing   Commercial   Personnel    Repeat

Hours             Review         Review           Review         Guarantee         Review         Review          Audit       Business

Stage

Function

Planning Design        Production    Production     Quality         Purchasing    Commercial   Human          Outputs 

Engineering Resources

Strategy

Market

Enquiry

Contract

Design

Materials 

Resources

Shop Work

Ship Work

Invoicing

Long term     Product           Facilities     Long term     ISO 9000       Supplier          Market          H R Good

Plans            Development      plans          Strategy Relations         Strategy       Strategy Enquiries

Forward        Preliminary     Resource       Special         Quality           Estimate      Tender          Resource        Quality

Workload      Design Needs         Needs            Plan                Prices        Documents   Loading         Tenders

Contract        Functional     Repair             Repair         Quality         Purchase          Cost Training       Contract

Plan  Design       Strategy         Strategy         Plan           Long Lead          Analysis       Needs

Design Detailed         Design        Design for     Information   Purchase         Materials      Training       Approved

Plan Design        Producibility  Production       Quality     Specifications    Costs          Needs            Design

Purchase         Materials         Stores           Value        Supplier         Purchase       Cost              Personnel Materials

Plans            Specification     Control          Analysis     Approval        Orders         Monitoring     Supply         Available

Resource      Sub contract    Resource           Special   Subcontractor    Materials        Cost           Personnel     Resources

Needs           Information  Management   Instructions   Approval          Supply        Monitoring    Supply          Available

Detail           Production      Equipment         Work          Work           Equipment     Cost            Personnel       Work

Plans             Information     Repair              Study      Procedures       Supply        Monitoring     Supply         Complete

Detail            Production      Repair          Production     Work            Supplier          Test              Personnel      Ship

Plans            Information     Work           Review          Procedures    Performance   Results          Supply         Acceptance

Review Design         Contract         Methods         Quality         Purchasing   Commercial   Personnel    Repeat

Hours             Review         Review           Review         Guarantee         Review         Review          Audit       Business


[image: image8]
Figure 1 The Activity Map

The Activity Map is split into the following functions:

· Planning

· Design

· Production

· Production Engineering

· Quality

· Purchasing

· Commercial

· Human Resources

More detailed questions on the production methods are also included. There are also some supplementary questions of a more general nature which relate to the environment in which the shipyard operates. These are not used in this report.

Each function is then split into a series of stages, which represent the development of a shiprepair contract from marketing to delivery and guarantee.  Then for each stage a range of available technologies are then listed starting with a very basic approach (Level 1) and finishing with an advanced approach (Level 5).
1. The Survey Process

The process of surveying can be carried out by a shipyard itself – self-assessment - which is the route chosen by the SHIPMATES partners. Alternatively the process can be carried out by a visit to the shipyard, which is what was done in the cases of the other shipyards which have taken part.  The shipyards have asked for anonymity and are therefore not referenced in the summaries.

In each case, the most appropriate outline description of the technology contained in the questionnaire was used to identify the level of technology which the shipyard has reached. Thus, for each question there is a numerical score given in a scale from 1 to 5. Summarising these by identifying the average level for each stage of a shiprepair contract and each major shipyard function gives an overall indication.

2. Small Shiprepair yards

The findings for the small repair yards that were surveyed are presented below, Table 1 shows the average levels for the main contract stages, and the overall averages. 

Table 1  Average level for the main contract stages for small shiprepair yards

	
	
	
	Shipyard
	
	

	
	
	 
	A
	B
	C
	D
	E
	
	Averages

	contract stages
	Strategy Market
	
	2.63
	2.75
	2.88
	2.25
	2
	
	2.5

	
	Enquiry
	
	2.5
	2.38
	2.5
	2.13
	2.38
	
	2.38

	
	Contract
	
	2.38
	2.75
	2.38
	1.88
	2.38
	
	2.35

	
	Design
	
	1.75
	1.75
	1.88
	1.75
	2
	
	1.83

	
	Materials
	
	2.13
	2.13
	1.75
	1.63
	1.88
	
	1.9

	
	Resources
	
	2.38
	2.38
	2
	2.13
	2.13
	
	2.2

	
	Shop Work
	
	2.5
	2.5
	2.13
	1.75
	2.38
	
	2.25

	
	Ship Work
	
	2.13
	2.13
	2
	1.88
	2.25
	
	2.08

	
	Invoicing
	
	2.5
	2
	1.88
	2.25
	1.88
	
	2.1

	
	
	
	
	
	
	
	
	
	

	
	Averages
	
	2.32
	2.31
	2.15
	1.96
	2.14
	
	2.18


It is apparent that the technology used for the securing of work is a little more advanced than for its completion. There is a degree of informal operations in some of the smaller shipyards, which is reflected in the relatively low technology. Reliance on suppliers, for example for any design work, is also apparent in the lower scores. The second table shows the average levels for the main shipyard activities, and again the overall averages.

Table 2 Average levels for the main shipyard activities (functions) for small shiprepair yards
	
	
	Main Shipyard Functions 
	
	

	
	
	Planning 
	Design 
	Production
	Production Engineering 
	 Quality 
	Purchasing 
	Commercial 
	Personnel
	
	 Averages

	Shipyards
	A
	2.2
	1.1
	2.6
	3
	2.2
	2.7
	2.6
	2.2
	
	2.3

	
	B
	1.8
	1.2
	2.4
	2.89
	2.7
	2.7
	2.4
	2.3
	
	2.3

	
	C
	2.1
	1.8
	2.3
	1.78
	2.3
	2.1
	2.6
	2.2
	
	2.2

	
	D
	1.7
	1
	2
	2.11
	2
	2
	2.3
	2.6
	
	2

	
	E
	2.4
	2
	2.2
	2.22
	2.1
	1.8
	2.4
	1.9
	
	2.1

	
	
	
	
	
	
	
	
	
	
	
	

	
	Averages
	2
	1.4
	2.3
	2.4
	2.3
	2.2
	2.5
	2.2
	
	2.2


Apart from design, the functions have a relatively uniform level of technology.

3. Large Shiprepair Yards

The findings for the large shipyards that were surveyed are presented below. Table 3 shows the averages for the main stages of a contract and the overall levels that were found.

Table 3 Averages for the main stages of a contract for large shiprepair yards

	
	
	A
	B
	C
	D
	E
	F
	G
	H
	
	Averages

	contract stages
	Strategy Market
	2.75
	3.13
	3.13
	3.38
	3.25
	3.75
	3.25
	2.63
	
	3.16

	
	Enquiry
	2.38
	2.50
	3.13
	3.00
	3.75
	3.63
	3.75
	2.88
	
	3.13

	
	Contract
	2.75
	2.50
	2.63
	3.13
	2.88
	3.00
	2.88
	2.75
	
	2.81

	
	Design
	2.38
	2.00
	2.50
	2.50
	3.38
	3.25
	3.38
	2.50
	
	2.73

	
	Materials
	3.00
	3.25
	2.88
	3.50
	3.38
	3.88
	3.38
	2.88
	
	3.27

	
	Resources
	3.25
	2.50
	2.50
	3.25
	3.38
	3.38
	3.38
	3.13
	
	3.09

	
	Shop Work
	2.75
	2.75
	2.75
	3.00
	3.13
	3.25
	3.13
	3.13
	
	2.98

	
	Ship Work
	3.13
	2.75
	2.63
	3.38
	3.25
	3.50
	3.25
	3.38
	
	3.16

	
	Invoicing
	2.75
	2.63
	2.88
	3.00
	2.88
	3.50
	2.88
	3.50
	
	3.00

	
	
	
	
	
	
	 
	
	
	
	
	

	
	Averages
	2.79
	2.67
	2.78
	3.13
	3.25
	3.46
	3.25
	2.97
	
	3.04


As with the small shipyards, the design stage has the lowest level of technology. Table 4 shows the information for the main shipyard activities (functions).

Table 4 Average levels for the main shipyard activities (functions) for large shiprepair yards

	
	
	Main Shipyard Functions
	
	

	
	
	Planning 
	Design 
	Production
	Production Engineering 
	 Quality 
	Purchasing 
	Commercial 
	Personnel
	
	 Averages

	Shipyards
	A
	1.89
	1.67
	3.33
	3.33
	3.67
	2.44
	3.22
	2.78
	
	2.79

	
	B
	1.78
	2
	3.11
	3
	3.67
	2.11
	3
	2.67
	
	2.67

	
	C
	2.22
	1.89
	3
	2.67
	3.22
	3
	3.89
	2.33
	
	2.78

	
	D
	2.44
	3.22
	4.11
	3.22
	3.78
	2.11
	3.22
	2.89
	
	3.13

	
	E
	2.22
	2.11
	3.56
	3.44
	3.78
	3.33
	4.11
	3.44
	
	3.25

	
	F
	2.22
	2.78
	3.33
	3.56
	3.89
	3.56
	4.56
	3.78
	
	3.46

	
	G
	2.22
	2.11
	3.56
	3.44
	3.78
	3.33
	4.11
	3.44
	
	3.25

	
	H
	2.67
	2.89
	3.22
	2.89
	3.78
	3.11
	2.78
	2.44
	
	2.97

	
	
	
	
	
	
	
	
	
	
	
	

	
	Averages
	2.16
	2.24
	3.35
	3.16
	3.66
	2.8
	3.56
	2.9
	
	2.98


Further differences can be found between the large shipyards which have associated ship construction, and those which concentrate entirely on shiprepair.

4. Variations

For the large shipyards which focus only on shiprepair, the summary of the contract stages is shown in the next table, Table 5.

Table 5   Averages for the main stages of a contract for large shiprepair yards (not related to ship building yards)

	
	
	Shipyard
	
	

	
	
	A
	B
	C
	
	Averages

	contract stages
	Strategy Market
	2.75
	3.13
	3.13
	
	3.00

	
	Enquiry
	2.38
	2.5
	3.13
	
	2.67

	
	Contract
	2.75
	2.5
	2.63
	
	2.63

	
	Design
	2.38
	2
	2.5
	
	2.29

	
	Materials
	3
	3.25
	2.88
	
	3.04

	
	Resources
	3.25
	2.5
	2.5
	
	2.75

	
	Shop Work
	2.75
	2.75
	2.75
	
	2.75

	
	Ship Work
	3.13
	2.75
	2.63
	
	2.84

	
	Invoicing
	2.75
	2.63
	2.88
	
	2.75

	
	
	
	
	
	
	

	
	Averages
	2.79
	2.67
	2.78
	
	2.75


For the large ship building yards which also include shiprepair, Table 6 shows a summary of the technology levels which are employed.

Table 6   Averages for the main stages of a contract for ship building  yards which also include ship repair works
	
	
	Shipyard
	
	

	
	
	A
	B
	C
	D
	E
	
	Averages

	contract stages
	Strategy Market
	3.38
	3.25
	3.75
	3.25
	2.63
	
	3.25

	
	Enquiry
	3.00
	3.75
	3.63
	3.75
	2.88
	
	3.40

	
	Contract
	3.13
	2.88
	3.00
	2.88
	2.75
	
	2.93

	
	Design
	2.50
	3.38
	3.25
	3.38
	2.50
	
	3.00

	
	Materials
	3.50
	3.38
	3.88
	3.38
	2.88
	
	3.40

	
	Resources
	3.25
	3.38
	3.38
	3.38
	3.13
	
	3.30

	
	Shop Work
	3.00
	3.13
	3.25
	3.13
	3.13
	
	3.13

	
	Ship Work
	3.38
	3.25
	3.50
	3.25
	3.38
	
	3.35

	
	Invoicing
	3.00
	2.88
	3.50
	2.88
	3.50
	
	3.15

	
	
	
	
	
	
	 
	
	

	
	Averages
	3.13
	3.25
	3.46
	3.25
	2.97
	
	3.21


The overall technology is higher for these shipyards, in particular in the technical and support areas, reflecting the larger organisational needs of ship construction. The average levels of technology used in the shipyards for the various functions for the shipyards which are dealing purely with shiprepair operations is presented in Table 7.

Table 7   Average levels of technology for the various functions for the shipyards which are dealing purely with shiprepair operations

	
	
	Main Shipyard Functions
	
	

	
	
	Planning 
	Design 
	Production
	Production Engineering 
	 Quality 
	Purchasing 
	Commercial 
	Personnel
	
	 Averages

	Shipyards
	A
	1.89
	1.67
	3.33
	3.33
	3.67
	2.44
	3.22
	2.78
	
	2.79

	
	B
	1.78
	2
	3.11
	3
	3.67
	2.11
	3
	2.67
	
	2.67

	
	C
	2.22
	1.89
	3
	2.67
	3.22
	3
	3.89
	2.33
	
	2.78

	
	
	
	
	
	
	
	
	
	
	
	

	
	Averages
	1.96
	1.85
	3.15
	3
	3.52
	2.52
	3.37
	2.59
	
	2.75


Planning and design are the weakest functions, quality and commercial functions are the strongest. For the shipyards which also undertake ship construction, Table 8 below presents the same information.

Table 8  Average levels of technology for the various functions for the shiprepair yards which are also dealing with ship building operations

	
	
	Main Shipyard Functions
	
	

	
	
	Planning 
	Design 
	Production
	Production Engineering 
	 Quality 
	Purchasing 
	Commercial 
	Personnel
	
	 Averages

	Shipyards
	A
	2.44
	3.22
	4.11
	3.22
	3.78
	2.11
	3.22
	2.89
	
	3.13

	
	B
	2.22
	2.11
	3.56
	3.44
	3.78
	3.33
	4.11
	3.44
	
	3.25

	
	C
	2.22
	2.78
	3.33
	3.56
	3.89
	3.56
	4.56
	3.78
	
	3.46

	
	D
	2.22
	2.11
	3.56
	3.44
	3.78
	3.33
	4.11
	3.44
	
	3.25

	
	E
	2.67
	2.89
	3.22
	2.89
	3.78
	3.11
	2.78
	2.44
	
	2.97

	
	
	
	
	
	
	
	
	
	
	
	

	
	Averages
	2.35
	2.62
	3.56
	3.31
	3.80
	3.09
	3.76
	3.20
	
	3.21


Although the technology is more advanced, the same functions are weak and strong.

5. Conclusions

The overall results rate the technology employed on a scale of 1 to 5, where 1 represents technology typical of the 1960s, and 5 represents technology which is currently state of the art. The results provide a baseline against which any shipyard can compare its own technology assessment. This will give the ship repair yard a quick overview of the current technology levels in use and will highlight areas of poor technology which may be causing problems within the yards operations. It can act as a quick diagnostic tool, which will inform and guide a more extensive and detailed review of the technology employed in the areas of activity highlighted as requiring attention. The results of the survey can also be used to benchmark the shipyard against others, to provide an overview of potential technology gaps. The results are presented in overall terms and also differentiating small and large shipyards, and also those which have associated ship construction. For the future, the Activity Map can be updated as the technology changes.

3 Appendix 2 List of key project Deliverables 
Over the duration of the project a number of deliverables where produced, a list of the key deliverables are attached.  
	D1.1
	Draft Activity Map

	D1.2
	Final Activity Map

	D1.3
	Maritime Database of technological requirements

	D2.1
	State of the Art in Shiprepair

	D2.2
	Technology Survey

	D2.3
	Regulatory Environment

	D2.4
	Technology Gap Analysis

	D2.5
	Technology Needs Analysis

	D3.1
	Steel Life Cycle Analysis

	D3.2
	Alternative Processes

	D3.3
	Report on Steelwork

	D3.4
	Steel Process Model 

	D4.1
	Life Cycle Analysis

	D4.2
	Alternative cable and pipe processes 

	D4.3
	Novel Removal and Replacement 

	D4.4
	Outfitting Process Model 

	D5.1
	Report on LCA of new modular waste management systems 

	D5.2
	Definition of parameters to allow modular packages appropriate to ship types and required systems

	D5.3
	Report on developments of new modular waste management systems

	D6.1
	Shipbreaking cost model

	D6.2
	Alternative Strategies review

	D6.3
	Final Feasibility Report
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