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Management summary 

Demographics (ageing workforce), Social (Generation Y)
1
, continuously expanding of world fleet size and new 

technology leads to a continuous shortage of seafarers. The shipping industry has to find other solutions than 

manned engine rooms. Imtech Marine recognises this problem and therefore proposed the project Marof 

Ashore to two students of the Rotterdam Mainport University of Applied Sciences (RMU). Marof Ashore is 

about remotely controlled engine rooms. TNO also recognises the problems and gave a contribution to this 

project with their knowledge and support.  

When talking to people about a remotely operated engine room, many reasons are given why this would not 

be possible.  

With use of questionnaires and forums on the internet, these problems and bottlenecks became clear. The 

bottlenecks encountered were mostly about redundancy and the need to safely reach the shore. Most of all 

there is some kind of fear that should be taken away. There are however no arguments against technical 

feasibility. When a remotely operated ship can safely reach the shore, there is the possibility to perform repairs 

by bringing engineers to the ship. 

 A ship at sea without engineers physically on-board implies that an operator ashore is limited to operate the 

ship and must be able to guide on-board crew in performing emergency repairs. 

This leads to the main question: 

 
The remotely operated engine room is described by making use of the ”Marof Ashore Model”, which is derived 

from the “Marof System Model
2
”. The model defines different categories and is used as guidance to form 

guidelines on how to operate ships with remotely operated engine rooms. The model distinguishes technology, 

process, workforce, social structure, organisation, cost/benefits and safety. The identified bottlenecks are 

taken into consideration and used to create the model.  

The proposed solutions to the Marof ashore problem are the following:   

Automation upgrade of the engine room 

In order to control the engine room from ashore the automation of the engine room has to be upgraded. A 

shore-based operator must be able to retrieve data from the on-board system in order to monitor and control 

the engine room. This means that all systems on board should be provided with sensors, which are connected 

to a controller that sends the data to the shore. When an operator needs to intervene, he must be able to 

start/stop machinery and open/close valves.   

Redundancy 

In order to make sure the ship can continue its voyage, even when systems fail, the critical systems must be 

redundant. This means some systems or part of those systems must be an identical and independently 

operating backup system. When parts of these systems fail, the back-up part of this system can take over and 

the ship can continue its voyage. The failed system can be repaired or replaced in the port. 

                                                                 
1
 Generation Y is the generation of the people that is now introduced to the labour market. They have different 

working mentalities and expectations to their employer. 
2
 Marof system model is a model, which helps to describe different facets of an organisation; the same model is 

used to describe our solutions and is slightly adapted so it is fully compatible with this project. 

In what way can the shore based facility and the ship-shore information flow be designed in such a way 

that an operator ashore can optimally control the engine rooms of several ships? 
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Autonomous operation 

In addition to redundant systems, systems must be able to make simple autonomous decisions. In case of a 

connection failure, an operator is not able to interfere. When systems can solve minor problems, the ship is 

less dependent on the operator. This also means that one operator can operate more ships at once.   

Shore based maintenance 

Without engineers physically sailing on board, the maintenance cannot be done at sea. Only option to do the 

maintenance is to do it in the port. This is called shore based maintenance. When a ship arrives in a port, a 

maintenance crew comes on board the ship and they perform the maintenance tasks. In order to perform 

shore based maintenance on board an ocean-going vessel it is very important that it has no consequence 

regarding demurrage. This means a very tight planning is required. 

Condition based maintenance 

Since all maintenance is performed ashore, it is important to know the condition of the on-board systems. This 

way the chance of a breakdown at sea can be minimalized. With condition based maintenance the 

performance and health is evaluated and a precise estimation of the lifetime of the equipment can be made. 

With condition based maintenance equipment is only maintained when necessary, which results in more 

reliable equipment and cheaper maintenance.  

Augmented reality3 

Augmented reality makes it possible to add certain information on top of live video images. Augmented reality 

has the potential to support crew on-board in case of a failure in the engine room. The most reliable and 

connection-independent solution (not dependent on any connection to the shore) will be to have a database 

with all information of components which are on-board. In this database, all instructions on how to perform 

maintenance on equipment can be stored. When a user on-board uses the augmented reality application it will 

automatically detect what component he is looking at and the instructions to overhaul the equipment are 

presented to the user. A shore-based expert can also use augmented reality to provide direct support to the 

ship’s crew. 

Modular systems 

When systems on-board are designed as a complete unit with all critical components in a box–shaped unit that 

can be taken from the ship to the shore at once, the unit can be serviced ashore. During the short period that 

the ship will spend in the harbour, all systems that need service can be exchanged with a similar system. Some 

systems are already designed this way, like booster units, sewage treatment plants, air conditioning units. 

Bridge operated scenario board 

The bridge operated scenario board is a simple button panel on the bridge that shows the mate different 

scenarios. When the mate decides to switch scenario, depending on that present situation, he presses the 

button of the scenario of his choice. An automated system behind the panel alters the settings of the 

equipment in the engine room, starts, and stops the equipment necessary for the specified scenario. The task 

of the operator ashore and the data connection between ship and shore are relieved by this system.  

Shore based operating and control centre 

The shore based operating and control centre is the place where the vessels engine rooms are controlled by 

operators, experts and administrative personnel. Each operator can monitor and control multiple vessels, an 

administrative department does all ship’s administration and experts are available to assist operators and 

ship’s crew with more complex matters.  

                                                                 
3
 Augmented reality is a system which makes it possible to project artificial data in ones sight by making use of 

computer devices (smartphones, tablet pc’s) or through special augmented reality glasses. 
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Safety 

The safety on board must be reorganized as well, systems like water mist and more integrated damage control 

systems can be used to make a ship safer. Safety on ships plays a key role in safe manning regulations, which 

determines the minimum crew on board a ship. 

Organisation and process  

To realise a fleet with remotely operated engine rooms the organisation behind the fleet has to change. When 

working process in the engine room changes, this also results into changes for the bridge department. When 

the organisation changes, also the process changes because all components within the new organisation must 

work together. 

Social 

When the crew on board decreases even more in number, the social aspect of the life on board will suffer.  A 

better internet connection and redesigning the workspaces of the crew can solve this problem. Crew can use 

more social media and more contact moments between the crew on board can be created. 

The solutions are tested by use of different scenarios. The advantages and disadvantages for each scenario are 

given. 

The cost and benefit analysis shows that it can be financially beneficial to sail with remotely operated engine 

rooms. It shows that the more ships are connected to one control centre, the more profitable the system 

becomes. In addition, it shows that it can be attractive to use the independent systems, like the bridge 

operated scenario board and augmented reality even without a remotely operated engine room.  
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 Introduction Chapter 1
The name of this project is: 

 
Marof ashore relates to the contents of the project: a study towards remotely controlled engine rooms, or 

more specifically described, replacing the maritime officer from the engine room to the shore. The project will 

describe the technical modifications that have to be made and it describes how Marof ashore can be achieved 

in a new organisational structure. 

Nowadays the unattended engine-room, i.e. an engine-room that is operated and surveyed from a central 

control room or from the bridge, is common. On offshore platforms and moored ships it is already customary 

to control and monitor from a technical shore-based centre.  

Imtech supports the vision that 'unmanned ' will be increasingly common, also for the engine rooms on-board 

of ships. By unmanned, Imtech means unattended and autonomous machines, which operate completely 

independent from human interference.  

 Stake Holders: § 1.1

Imtech Marine, Automation Competence Centre (ACC) 

The Automation Competence Centre of Imtech Marine provided the subject for this graduation report. The ACC 

focuses on finding innovative integrated ship automation. Through these solutions, the ACC supports the 

business unit's projects and BU's sales teams in different markets and countries to provide market-specific 

standard automation solutions. In addition, the ACC plays an important role in realizing customer specific 

hardware and software adjustments to the standard solutions. 

About Imtech Marine 

Imtech Marine is a leading company in the global maritime market, operating as a full-service provider and 

system integrator of tailor-made, innovative technology solutions covering the whole ship. Imtech Marine 

specialises in automation (platform and bridge), navigation & communication including connectivity, energy 

and drive solutions, HVAC (heating, ventilation and air conditioning) solutions and fire protection technology, 

entertainment, lighting and maritime services. Imtech Marine provides innovative systems and reliable services 

during the full lifetime of the ship. In 2010, Imtech Marine reached annual revenues of more than 500 million 

euro, employing over 2,600 staff at more than 80 offices based along shipping routes and close to shipbuilding 

centres. 
4
 

TNO 

5
 

Quote: Ph.D. P. van der Klugt; Imtech marine ACC 

Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek or TNO (Netherlands 

Organization for Applied Scientific Research) is a non-profit organization in the Netherlands that focuses on 

applied science. 

                                                                 
4
 Company profile at: http://www.imtech.eu/marine (Imtech Marine 2012) 

5
 HMI: Human Machine Interface 

“Marof ashore” 
 

“Imtech Marine wonders about the need for more system autonomy, the impact on HMI
9
, the 

introduction of social media and the many other aspects related to the changing tasks of the human 

operator in the loop. For that reason, Imtech Marine has asked TNO to participate in the project.” 

 

http://en.wikipedia.org/wiki/Netherlands
http://en.wikipedia.org/wiki/Applied_science
http://www.imtech.eu/marine
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TNO Human Factors6 

TNO Human Factors focusses on human behaviour and human performance in a demanding environment. 

Through innovative research, they improve performance, safety and comfort. TNO Human Factors works for 

the Netherlands' Armed Forces and worldwide for private enterprises and governments. 

TNO Human Factors is part of TNO Defence, Security and Safety; the primary mission is to develop and apply 

human factors expertise in a demanding high-tech military environment and to promote efficient deployment 

of personnel and materials. In addition, TNO Human Factors focuses on a number of specific civil markets, 

which include traffic behaviour, public safety, and ICT. TNO Institute seeks to serve society worldwide with 

their unique research expertise. 

TNO Human Factors have a multidisciplinary staff of physicists, engineers, psychologists, biologists and medical 

doctors. The primary research activities consider: 

 Perception  

 Information Processing  

 Skilled Behaviour  

 Work Environment  

 Instruction and Training  

 Team Solutions  

 Background of the problem § 1.2

Shortage of seafaring officers 
Studies show a global shortage of seafarers, especially a shortage of well-educated and qualified engineers. The 

2010 study on the worldwide demand and supply of seafarers carried out by BIMCO and ISF (BIMCO/ISF 

Manpower Update
7
) suggests that while the supply and demand for ratings are more or less balanced there are 

still some shortages for officers, particularly for certain grades and for ship types such as tankers and offshore 

support vessels. The worldwide supply of seafarers in 2010 was estimated to be 624,000 officers and 747,000 

ratings, while the current estimate of worldwide demand for seafarers (in 2010) is 637,000 officers and 747,000 

ratings.
8
 In the BIMCO and ISF study, the worst-case scenario shows an officer shortage of 10% in 2020. 

Ageing Workforce 

Statistics show a trend in lowering birth rates in most OECD (Organisation for Economic Co-operation and 

Development) Countries since the 1960s. Ageing workforce is a consequence. Workforce is diminishing ever 

faster and becoming more expensive. All branches in OECD countries will suffer from these changes in 

demographics. As a result from an ageing civilization healthcare, retirement fundings, products, transport etc. 

will become more and more expensive. Governments and Industries must innovate to maintain the current 

status of welfare. Innovations can be seen throughout the world. Companies are building robots to take care of 

the elders, more efficient factories, unmanned power plants, unmanned platforms, etc. also the military is 

trying to maintain the same quality of services with smaller amounts of crew, (unmanned airplanes, robot 

bomb squads, etc.) This project can be placed within these innovations. 

New Technology9 
New technology is responsible for reliable operation of systems on board of a ship. Ever more sensors and 

indicators are installed on these systems; the wear of mechanical systems can be detected in an early stage. 

Failure detection of equipment becomes ever more easy, trouble shooting of these monitoring systems 

however becomes ever more complex. Maintenance on these systems also becomes more complex; some 

                                                                 
6
 (TNO Human Factors sd) 

7
 (BIMCO (Baltic and International Maritime Coucil), ISF (International Shipping Federation), Dalian Maritime 

University, Warwick Institute for Employment Research 2010) 
8
 (International Shipping Federation 2011) 

9
 (M.E. Koopman 1999) 
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systems are not even designed for on-board maintenance and are replaced in port and then transferred to the 

shore where maintenance will be carried out. 

Today, technology is developing ever more rapidly. Every day new gadgets, computers and applications are 

developed and sold by the dozen. E.g., types of computers like tablet pc’s smartphones, new generation 

notepads and notebooks are becoming ever more common. 

Software and applications become more user-friendly every day. 10 Years ago, when notepads and 

smartphones were first introduced they were labelled as complicated and expensive gadgets. Today everyone 

has its own small computer in his pocket and uses it for a variety of purposes. 

In large industrial plants and offshore installations, automation is customary. Most large industrial plants and 

factories are designed in such a way that almost no human interference is necessary. Only when there is a 

failure or alarm (when something is not as usual) human interference is required. In modern ships the engine 

rooms are very well developed. Large sea-going vessels usually have unmanned engine rooms monitored and 

controlled from an adjacent technical room also known as an Engine Control Room. The Royal Netherlands 

Navy can go one-step further: monitoring and controlling a ship berthed alongside a quay in its homeport Den-

Helder from a shore-based facility. 

However, the connection with the shore-based facility is realized by a cable, which is connected to the ship. 

When this data is transferable through a satellite communication link, a remotely controlled engine room is 

realised. This leads to the statement that remotely controlled engine rooms are technically feasible.  

Next year the new Inmarsat 5 satellites are launched. These satellites will provide a broadband internet 

connection for ocean going vessels.
10

 

With future technologies, the connection between ship and shore will not be a significant problem. During this 

project, the connection between shore and ship is assumed sufficient and reliable. 

This project will further investigate how a remotely operated engine room can be implemented on-board and 

what changes must be made organisationally on the company side and on the ship.  

Expanding Merchant Fleet Size 

The need for transport overseas is still growing. The world fleet is developing rapidly and more ships are being 

built. In 2011 alone, there were 2500 new build orders and these numbers are still increasing.11 

All these ships have to be manned when they sail from the docks. This gives even more stress on the actual 

labour market.12 

These mega-trends will continue in the foreseeable future. The main conclusion here is that, as skilled ship 

personnel that can deal with state-of-the-art technology on-board ships becomes scarcer, the quest for 

replacing human skills by intelligent and autonomous functioning technology is intensifying.  

For ship owners, it becomes ever more difficult to obtain, and maintain, qualified engineers on their ships. This 

warrants the question “Can we replace this valuable engineer and create an engine room where minor 

repairs can be carried out by non-technical crew, while everything in the engine room is monitored from 

ashore by a skilled and well-educated professional?” 

 

  

                                                                 
10

 (Inmarsat Global Xpress 2012) 
11

 (IHS Fairplay 2010) 
12

 (United Nations Conference on Trade and Devolpment (UNCTAD) 2011) 

“Marof ashore” is an answer to recent trends that were seen in the shipping industry during 

the past decades. 
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 Problem definition Chapter 2
All mentioned factors; demography, more complex technology and expanding merchant fleet size have caused 

a shortage on board in technically well-educated personnel. Nowadays there is a trend going on where more 

knowledge, which is available on the shore, is needed on the ship. 

Imtech thinks this problem can be solved by use of remotely operated engine rooms. 

Remotely operated engine rooms are a way to maintain a high quality and growing fleet without the necessity 

of more highly educated and expensive engineers on board. 

Techniques used by Imtech prove
13

 that it is possible to remotely operate an engine room. 

This leads to the following questions: 

Main question 

 
In order to give an answer to this question the Marof Ashore model will be used, which is described in the next 

chapter.  This model will be used to have a guideline and a structure to evaluate multiple aspects of the 

problem. The main question is divided in to the following sub-questions. 

Sub-questions 

 
The question: What are the safety consequences of a remotely operated engine room will be answered in 

sub question 3 because it is import enough to be integrated in the model from sub question 2. 

Boundaries 

The boundaries of this project will be kept as wide as acceptable, because it is an innovative project, as many 

options as possible should be open.  

Specifications of the boundaries: 

 

                                                                 
13

 Quote by PhD. P. van der Klugt; Imtech Marine 

 In what way can the shore based facility and the ship-shore information flow be designed in such a 

way that an operator ashore can optimally control the engine rooms of several ships? 

 

1. What are the bottlenecks in the shipping industry with respect to remotely controlled engine 

rooms?  

2. What organisational model can best be used to tackle the bottlenecks? 

3. What does the optimum configuration look like?  

4. What scenarios can prove that a remotely operated engine room works? 

5. What are the pros and cons of the different scenarios? 

6. What are the costs and benefits /advantages and disadvantages for ship-owners when engine 

rooms are remotely operated? 

 

 Research will be limited to modern vessels. 

 Solutions must be at least as safe as the current situation on ships, a lower level of safety is not 

acceptable. Results can be compared with safety regulations and laws, company and suppliers’ 

regulations and procedures. Safety levels can be controlled with recommendations involving the 

need of crew on board, need for automated safety systems or the need to adapt currently 

present safety systems. Safety matters will be taken into consideration and evaluated per 

scenario. 

 This project will concentrate on the engine room. Nautical and cargo subjects will not be 

considered.  

 Assumed is that a reliable data connection to the ship is realized 
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 Strategic analysis of the project § 2.1

Mission, Vision and Strategy 

Imtech looks into their future and plans to further develop their decentralised business model, which 

strengthens their international position in the market. They will continue with the development of innovative 

systems for navies and yachts and expand their customer files with commercial shipping companies. 

As ultimate goal, Imtech aims for a completely unmanned vessel. This goal can be seen as a road map. When 

investigating the possibility to create an unmanned vessel all aspects of a ship that should be automated 

become visible and therefore it is considered an incentive for innovation. Transition from shipping where 

crewing is indispensable, to shipping which operates unattendedly is a huge challenge with many innovations 

and developments. On technical financial and social matters, major changes must be implemented 

systematically to reach the ultimate goal. Imtech realizes that there are still many problems to overcome 

before ‘unmanned’ is being realized. In the transitional situation, this means mostly cooperation between 

crewmembers on the ship and experts on the shore. Imtech has already commissioned several studies on 

related subjects. This project is an extension of these studies. 

Imtech has a vision to raise its company revenues to 8 billion euro in 2015. To accomplish this they have the 

following strategic goals
14

: 

Achieving more added value to products and services 
Considerable progress has been made with a life-cycle approach, such as energy efficiency and energy 

management, ICT, in the marine market. A technological total approach, in most cases with ICT solutions at the 

core and integrated with energy efficiency measures and/or energy management, has led to the optimum 

‘relief of worries’ of customers, high quality and reduced total exploitation costs. 

Expanding activities in the global marine market  
The number of service locations around the world has increased from 73 to 80, including France and Spain. A 

breakthrough has also been made with the acquisition of a manufacturing facility in Canada and multi-year 

involvement in an extensive renovation of the Canadian Navy fleet. Organic growth has been achieved in China, 

Singapore, South Africa and Turkey. 

Robust growth in GreenTech  
The share of GreenTech (‘green’ technology and sustainability) in Imtech’s total revenue has risen to around 

30% (2010: around 25%). Breakthroughs have been made in the field of energy efficiency, energy management, 

biogas and green gas and in the waste processing market. 

Expansion of specific technological domains 
Imtech is now active virtually throughout Europe with unique technological total solutions in the data centre 

market. The position in the sustainable wastewater solutions market in the UK has been strengthened. This 

expertise is being shared actively within Europe. In the European care & cure (Medical) market progress has 

been made across a broad front. 

Strategic analyses of project Marof Ashore  

Imtech NV created a SWOT analyses for their annual report. The subjects were reviewed for Imtech Marine and 

implemented in a confrontation matrix.  These can be found in appendix I on page 2. 

This information is used for the strategic analyses. 

Designing a ship-shore information flow and the shore based facility in such a way to optimally control the 

engine rooms of several ships fits within the strategy of Imtech as Imtech sees as ultimate goal a completely 

unmanned vessel. Marof ashore is a step towards this ultimate goal. An opportunity is the demand for 

technology and ICT, which Imtech can provide.  Because of this innovative subject, Imtech has many 

opportunities to improve co-operation in the chain. Many companies are interested in this subject (Royal Dutch 

Navy, Damen Shipyards, Maersk, Vroon Shipping), which gives Imtech Marine an opportunity to act as an 

                                                                 
14

 (Imtech NV. 2011) 
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entrepreneur. In addition, the internal co-operation can be strengthened by the project “Marof Ashore” 

because some technologies are already available within Imtech NV, but in other divisions. Many subjects in 

project “Marof Ashore” challenge the councils for policy formulation and improving governance because these 

new systems do not exist yet and it is necessary to compile many new strict regulations. Imtech Marine can 

benefit of new regulations when Imtech contributes to the formulation of these regulations. In the project, 

“Marof Ashore” the forward integration by suppliers is not a thread but an opportunity for Imtech Marine, 

because the forward integration is necessary for different components within this project. The brand 

independence of Imtech Marine is also an important matter in this project. Project “Marof Ashore” contains a 

lot of ICT as integration source. Intensive relationships with customers can be strengthened when Imtech 

Marine can offer all subjects of the outcome of this project. This way, some of the minuses in the table can be 

converted into plusses. 

 Research Methods § 2.2
Both qualitative and quantitative researches are used for the research. 

At the start of this project Mr P. van der Klugt from Imtech and Mr W. Post from TNO have provided a lot of 

information from other studies, which was a desk research (literature research). Later on, interviews and online 

interviews (questionnaires and opening a forum) have been conducted. These interviews were qualitative 

researches as well.  

The online questionnaires and given opinions on the internet were examined. This was a very good way to 

examine the opinions and fears of shipping companies and the bottlenecks. For the questionnaire, both 

qualitative and quantitative methods were used. 

Also a cost and benefit analysis was implemented. Since some of the used systems are not available on the 

market yet or the costs depend on too many factors like type of ship, shipping company etc., the costs and 

benefits are qualitative analyses.  

The safety and legislation parts were answered by evaluating the model to safety regulations (SOLAS), DNV 

rules and by evaluating online interviews (forum) which can be considered qualitative research. 

During the research, a model was used called the Marof system Model
15

. The Marof system model was 

developed to encourage a wider reflection on how a ship-owner (or other company) can be effectively 

organized. Implementing a strategy implies that different key elements must be taken into account: product / 

process, social structure, management, knowledge / culture, technology and economics. 

 

For further information on the Marof system model, see Appendix II on page 4. 

For further information on how the model is implemented in the research see Chapter 4 on page - 17 -. 

                                                                 
15

 (M. van der Drift, Maritime University of Applied Sciences 2012) 

Figure 1 the Marof System Model 
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 Previous Investigations § 2.3
In this section of the context analysis there will be a short description of previous researches and their 

outcomes, which are conducted by Imtech and TNO. These researches were taken into account during the rest 

of the research.  

Project “Shore Support” 16 

Project Shore support has been conducted by TNO in cooperation with short sea shipping companies in the 

Netherlands. The research lasted for one and a half year and involved ships of the Netherlands short sea 

shipping fleet. During this period, the Chief engineers on these vessels were replaced by Marofs. A Marof is a 

dual disciplinary educated mate / engineer. The Marof had a watch keeping function on the bridge and had a 

few hours per day in the engine room to perform a minimized amount of engineer duties. When problems 

occur, the Marof was able to call in support from the shore 24 hours per day.  Tests conducted by TNO proved 

that the work pressure on mates became less; the Marof enjoyed his job on-board because of the variety in his 

work. Some crewmembers even had experienced a more safe feeling on board of the ship then crew who had 

sailed with engineers. 

At the 23th of February 2012, the IMO gave a permanent exemption to Dutch ships to sail with a Marof instead 

of a chief engineer. 
17

 

Project “Design of a human interface for an alarm monitoring control system” 18 

The project describes and proposes a new approach to operational management and to HMI
19

. Mr van Engers 

described a new way of working and task allocation integrated in the platform management system on board. 

The new workflows and function allocations are used further on in this project.  

Project “Distributed Trouble Shooting” 20 

Project Distributed Trouble Shooting was a Project conducted by TNO. This project was about giving support 

and guiding a minimally technically educated person in performing repairs. The test person was fitted with a 

headset and a video camera. The guiding person was placed in a separate room with a monitor and a headset, 

this way the test person could be guided by the expert in performing maintenance. 

The conclusion on this research was that it took a slight amount of extra time when performed by the guided 

test person in comparison to a situation where the expert himself performed the task. Furthermore, there was 

a slight decrease of quality of the work when the operation was performed.   

Project “Teleknowledge, knowledge-at-a-distance” 21 

Project Teleknowledge describes how knowledge can be exchanged between people on-board and experts 

ashore. By use of communication in many forms, knowledge can be exchanged between experts in different 

fields, from ashore and on other ships. 

  

                                                                 
16

 (Post en Langefeld 2011) 
17

 (International Maritime Organization 2012) 
18

 (Engers 2011) 
19

 HMI: Human Machine Interface 
20

 (Post, van den Bogaart en Rasker 2004) 
21

 (Westermeijer, et al. 2003) 
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 Bottlenecks in the market Chapter 3
This chapter will give an answer to the sub question: 

 
A bottleneck is a problem for the transition to remotely operated engine room. The cause of these bottlenecks 

can be either personal issues or technical issues. 

When people are asked for bottlenecks, the issues given are based on the present situation. Therefore, it is 

important to know about the present situation in the shipping industry. 

Present Situation 

Organisation  

In the present situation
22

, the ship’s crew operates the ship. The captain is responsible for all duties on the ship. 

The chief engineer is responsible for the engine room. The ship-owner gives instructions to the captain and he 

performs them. The chief engineer has contact with the office for matters like lube-oil consumption, fuel 

consumption, bunker reports, maintenance plans, and stock or stores management. Ship-owners with an own 

technical department can decide to let the technical department arrange the dockings, the maintenance and 

they can act as a helpdesk. The technical department contacts the chief engineer to delegate maintenance 

tasks or to plan maintenance in next port (special maintenance). 

Engineers  

Every service on board a seagoing vessel is provided by the engine room, e.g. electricity, heating, ventilation 

and air conditioning (HVAC), water, refrigeration and the propulsion of the ship. Depending on the ship’s trade, 

the engine room department has additional duties related to the deck equipment. For example, on a heavy 

load vessel, the engineers are responsible for the cranes, on a reefer they are responsible for the cooling 

system, on container vessels they will perform checks on reefer containers, etc. Furthermore, they will take 

care of the equipment and processes in the engine room and on the ship. They will also take care of paperwork 

concerning the engine room.  

The daily job of an engineer is dominated by general maintenance of engine room equipment, overhauling 

generators, checking levels (chemical consistencies and qualities of oil and cooling water), overhauling different 

pumps in the engine room, performing checks on equipment and operating the equipment in the engine room. 

He performs repairs to tools used on deck. Keep deck machinery in good order and he does the soundings and 

recording soundings of tanks on-board. He performs technical maintenance of the safety equipment on board, 

the engine of the MOB, free-fall boat, fire-flaps, and he checks if all alarms are working well.  

Work environment in the engine room on board of a ship 

To design a new system for ships it is very important to take the work environment on board in mind. The 

engine room on board is different from a shore-based engine room. For example the movement of the vessel. 

This makes many differences in the way of working because loose equipment will not stay in place when laid 

down. This is very important to keep in mind when designing for example mobile communication equipment. 

Furthermore, the engine room is an environment with high temperatures. The temperatures can reach way 

over 40
o
 Celsius when sailing in tropical areas. This influences both the crew and machinery. They both can be 

overheated when working in this environment. For this reason, it is important to keep down the workload. This 

can be realised by working with lightweight and easy wearable equipment.  

Another characteristic of the engine room is the loud noise. This noise makes it almost impossible to 

communicate efficiently in the engine room. People in the engine room wear ear mufflers to prevent hearing 

damage. These ear mufflers suppress the sound so that good communication becomes an even greater 

challenge.  
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 According to the sailing experiences of the project members at the shipping company “Spliethoff”.  

What are the bottlenecks in the shipping industry with respect to remotely controlled engine rooms?  
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When working in the engine room all human senses are tuned to notice any deficiencies. An engineer feels 

when something is too hot or is excessively shaking/ vibrating. With his smell, he detects possible leakage or 

fire. He hears when a bearing is giving up and notices any other unusual happenings. After noticing these 

events the engineer can take actions to address the problems and prevent further damage. Their reaction to 

signals from their senses are the number one reason to sail with engineers on board and are the hardest to 

automate.  

Other work descriptions of the crew can be found in the appendices, appendix III on page 6. 

Workflow 

In the present situation with a ship-owner who has his own technical department and ship management, an 

organisational chart would look like the figure in appendix IV on page 8. In the new situation, this 

organisational structure will change dramatically and when engine rooms are remotely operated, real time 

data can be sent to different departments within the company straight away, because this data is already 

continuously available.  

New organisational structures will involve more direct communications with the ship. A lot of information can 

be derived directly from the ship and less communication is required between different company departments 

and the ship because the data is directly available to the right person. 

Analysed bottlenecks  

Regarding the present situation on board, these are the bottlenecks given when proceeding towards remotely 

operated engine rooms. 

The bottlenecks in relation to remotely operated engine rooms reveal technical and personal issues. In order to 

let a new idea work these bottlenecks have to be overcome.  

During a previous research project by students of the Maritime Institute De Ruyter at Vlissingen, the 

Netherlands, many personal issues were revealed by means of questionnaires. Their project was about 

“unmanned sailing” but some of their subjects are applicable in this research. They held a questionnaire to 

reveal the opinion of the shipping industry. The outcome of the questionnaire was not very surprising. Many 

people had personal issues with the subject.  

In order to reveal the bottlenecks in this project, the subject was put online on a forum. At that forum, a 

discussion was started. In that discussion, many bottlenecks were mentioned. 

In the current market, there is a shortage in seafaring crew. The question arises how to replace this valuable 

person to the shore. When mentioning unmanned or remotely controlled engine rooms there are people who 

have great resistance against the subject. When the bottlenecks are revealed and overcome, these resistances 

can be eliminated.    

The main issues in relation to the subjects of the “Marof ashore” project are given in the table below. Other 

mentioned bottlenecks, which can be found in the appendices, can be placed into the same topics. The given 

bottlenecks are an abstract of the bottlenecks in the appendices. 

Bottleneck/Fears Compared to Marof system model 

The loss of human senses in the engine room. 

All these bottlenecks can be tackled by technical 
solutions. This fits in the Marof system model 

“Technical” component 

A single point of failure can get the whole ship down. 

Without an engineer, maintenance cannot be 

performed at sea.  

When equipment fails, it cannot be repaired locally. 

Maintenance in the ports will take too much time. 

Equipment should be repaired as fast as possible. 



 
 - 16 - 

In different situations, mates have different demands 

from the engine room. When the navigational 

situation changes the settings in the engine room 

change as well. This means different systems and 

equipment have to be started or stopped.  When all 

these changes are done by a shore based operator 

this creates high demands on the operator and 

connection. 

The organisation will contain new divisions. What will 

the new work place look like? 

The safety may not suffer when engineers are 

repositioned to the shore. 

This part is considered very important; this item was 
well presented in the bottlenecks and therefore 
considered as a high priority item. In the Marof 

system model, no safety component is included. This 
will be tackled by adjusting the model. 

The current organisation profile of the companies will 

not comply with the remotely operated engine room 

idea.  

The organisational bottlenecks will be tackled in the 
organisational component in the Marof system model 

The working process and communication process of 

the shipping company should change. 

All process related bottlenecks will be tackled in the 
product / process component of the Marof system 

model 

The job profile of the current officers will not meet 

the job profile of the officer of the future and most 

ships have a small crew on board already. These 

sailors complain that the social aspect of their job 

disappears and they are afraid they will find 

themselves in a social isolation.  

All workforce and social related bottlenecks will be 
tackled in the workforce and social component in the 

Marof system model 

A company will only introduce a system when it is 

profitable and has more advantages than 

disadvantages.  

What are the advantages for the company and their 

crew when working with remotely operated engine 

rooms, and what are the disadvantages? 

All cost and benefits related bottlenecks will be 
tackled in the Cost and benefits, component of the 

Marof system model. 

All these bottlenecks are compared to the Marof system model in order to analyse if the Marof system model is 

capable to tackle the bottlenecks found.  

The questionnaire from the students from “De Ruyter” can be found in appendix V on page 9. 

The questionnaire and bottlenecks from the forum can be found in appendix VI on page 15.  
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 The Marof Ashore Model Chapter 4
The origin of the Marof Ashore Model can be found in the appendices, appendix II on page 4 

This paragraph will give an answer to the sub question: 

 
After analysing the bottlenecks, the Marof system model was considered not completely compatible with the 

bottlenecks that were found, since some subjects are considered more or less important within the project, 

Marof ashore. For this reason, the Marof ashore model was created. The Marof Ashore Model is based on the 

Marof System Model
23

. The differences between the two models are explained in appendix II on page 5. The 

Marof Ashore Model helps to tackle the bottlenecks and to review the solutions from different perspectives. 

This way the solution can cover all parts of an organisation. The structure of the report is based on the Marof 

Ashore Model. Each component of the model is categorized into different paragraphs in this report.  

 
Figure 2 Marof ashore model 

In the technical part, technical requirements are described and new technical developments are considered. 

Mostly state-of-the-art technologies are taken into account, but because of the innovative character of this 

research, some new technologies are used.  

In the safety part, the safety consequences are reviewed.  Considered is what technologies can help to improve 

the safety on vessels with a minor crew. 

In the organisation part, the change of organisation is reviewed. Changing of parts and adding parts to the 

organisation and their tasks are taken into account. 

In the workforce & social structure part, ways to improve the social aspect of sailing are described. The desired 

skills of the sailing officers are described in the workforce section. 

In the process part, a new design of the information flow within the new process is presented. 

In the cost/benefits part, the cost and benefits are relativized. In addition, it shows the advantages and 

disadvantages.   

All subjects of the Marof Ashore Model together give an answer to the question: 

 

 Marof ashore model: the technical component § 4.1
The engine room 

In the different vessels on the merchant fleet, many types of different engine rooms are used. Almost every 

engine room is in some way different from all others. Even two sister vessels have often some differences in 

the engine room. The required configuration should cover all engine rooms on the merchant fleet. This way it is 

possible to describe a system for an old two-stroke engine as well as a brand new diesel electric system. 
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 (M. van der Drift, Maritime University of Applied Sciences 2012) 

What organisational model can best be used to tackle the bottlenecks? 

 

What does the optimum configuration look like? 
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The key word for a remotely operated engine room is redundancy. In order to sail with a reliable engine room 

the crew have to rely on the engine room to function at all times, even when equipment fails the ship has to be 

capable to reach the next port of approach without major difficulties. 

Automation of the senses 

An engineer in an engine room makes use of all his senses. When the engineer is placed ashore, his senses have 

to be replaced with sensors. These sensors provide the operator ashore with the comparable information that 

he would experience when he was physically on-board. 

The human senses, which are used in the engine room and can be automated, are:
24

 

 
The automation of the senses is described in the appendices, Appendix VII on page 18. 

Redundancy 

In order to sail around without technical personnel it is very important to build the on board systems 

redundant. Redundancy literally means exceeding what is necessary or natural; superfluous
25

. 

This can be interpreted in the technical world as the duplication of critical components or functions of a system 

with the intention of increasing the reliability of the system, usually in the form of a backup or fail-safe system. 

This means that some systems are doubled and other systems, which can take over the function of another 

system, can be coupled. 

According to the IMO regulations, most systems are already redundant; most pump, filters etc. have been 

installed in pairs. 

An example to build in extra redundancy is to create extra connections between cooling water systems and the 

ballast system or to the fire fighting system so fire pumps or ballast pumps can be used as cooling water 

pumps, but also offers the ability to use their piping and instrumentation. This means that a ship with separate 

pumps for the different systems can use each of the pumps to serve their own system, or the other system to 

which it is connected. 

Valves for backup of the cooling water system from the fire fighting system and/or ballast system can be 

operated by crew on-board or can be remotely operated from the shore. 

Autonomous operation 

In case of a connection failure, systems must be able to continue functioning without interference of an 

operator, even when a component of a system causes problems. This means those systems must be able to 

make decisions autonomously. In the research, a visit was made to GDF Suez, a gas company with several 

remotely operated production platforms in the North Sea. These platforms are controlled from a shore-based 

facility in Den-Helder, the Netherlands. When a platform has lost connection, all systems will continue for a 

certain amount of time. When there is no connection established during this time the platform will 

automatically shut down all these systems. Also when there is an alarm on the platform all systems will shut 

down. The systems can be reset and started when the connection is available or when maintenance teams are 

brought to the platform. 

The Royal Dutch Navy, The Royal British Navy, TNO and Rolls Royce Marine have developed a system, which 

can operate autonomously in a more advanced way. This system is designed to be more reliable when a navy 

vessel is suffering from damage due to combat. The system is called DINCS (Distributed Intelligent Networked 

                                                                 
24

 Considered are the scientifically recognized senses.   
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 (The free dictionairy sd) 

 Sight    by use of cameras 
 Hearing    by use of acoustic emission analysis and vibration analysis 
 Smell    (air analysis), smoke detection, oil contents,  
 Touch    infrared 
 Balance and acceleration  ship motion sensors, accelerometers 
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Control Systems). DINCS can make decisions by itself and react to changes in the operational data of the 

system.
26

 

This system can for example shut down a damaged piece of the system and seeks an alternative path for its 

medium to supply its end-users. This system is operational on the navy vessels for cooling water and is being 

further investigated to implement this strategy to other systems like electricity grids. The system works with 

small agents, which are placed on the components, which implicates that the components are fitted with 

computer hardware, which can control the component and handles the data that are only important for that 

specific component. All individual intelligent components (the “agents”) are connected with each other 

through a computer network and will exchange their information. When for example a leak is detected, the 

components can close the part where the leak is detected and supply the rest of the system through an 

alternative route via other pipes, setup by the intelligent components.  

More information about possible solutions for autonomous systems and further information about DINCS can 

be found in appendix VIII page 19. 

Shore Based Maintenance 

Without engineers physically sailing on board, the maintenance cannot be done at sea. The only option to do 

the maintenance is to do it in the port. This is called shore based maintenance. Shore based maintenance is 

becoming ever more common especially in short-sea shipping and in-land-shipping.  

Shore based maintenance is usual planned preventive maintenance (PPM) or just planned maintenance. This is 

a time-based maintenance plan and when a ship arrives in a port, a maintenance crew comes on board the ship 

and they perform the maintenance tasks. Preventive maintenance is only carried out when there are 

indications that a particular system is not operating at its most efficient performance or when strange process 

values have been detected. Preventive planned maintenance can be carried out to ensure that equipment is 

operating correctly and to avoid any unscheduled breakdown. 

In order to perform shore based maintenance on board an ocean-going vessel it is very important that it has no 

consequence regarding demurrage. This means a very tight planning is required. This is possible because larger 

maintenance teams can be sent to the ship and multiple systems can be maintained at once.  

An issue is that the ship depends on specific ports. Not all ports of an ocean-going vessel are suitable for shore 

based maintenance. This can be because the port is either too remote to send maintenance teams and spare 

parts, or because of political issues in specific countries.   

To overcome these issues either local maintenance teams can be considered or maintenance teams from 

equipment manufacturer/ supplier. Shore bases maintenance is most suitable on vessels that sail on fixed trade 

routes.   

Condition based maintenance 

Since all maintenance is performed ashore, it is important to know the condition of the on-board systems. This 

way the chance of a breakdown at sea can be minimized.  

When all information from the sensors is available ashore, an operator is able to evaluate the performance and 

health status of the systems on-board. When certain systems on-board lack on performance or sensors give 

readings of non-conformity, this means that systems are up for maintenance. Maintenance must be planned 

within a given period. This phenomenon is called condition-based maintenance (maintenance based on the 

condition of the equipment involved).  

Further information about different types of maintenance can be found in appendix IX and X on page 21-26. 

Augmented reality 

Augmented reality makes it possible to add certain information on top off live video images. This concept is in 

use on smartphones and tablets where certain apps can use the phones or tablets camera, GPS position, 
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Quote from “The Verge”  

“Something that floats in front of you is part of your senses; something you have to check 

and re-check is just a computer.”    

 

compass and an internet connection to provide information on buildings or on the user’s direct environment. 

This information is displayed in the video image from the camera. 

Augmented reality has the potential to support crew on-board in case of a failure in the engine room. The most 

reliable and connection independent solution will be to have a database with all information of components 

which are on-board. In this database, all instructions on how to perform maintenance on equipment can be 

stored. When a user on-board uses the augmented reality application it will automatically detect what 

component he is looking at and the instructions to overhaul the equipment are presented to the user. 

Another option is to provide direct support to the user of the augmented reality by a shore expert or operator. 

New developments on augmented reality show that it is possible to create a “see thru” head up screen, 

connected to a computer and use it with augmented reality. That way it is possible to supply information in 

people’s visual field without distracting them from their job. They can continue their work and communicate 

without using their hands or stop with their work.  

27
 

 

Further information on augmented reality can be found in appendix XI on page 27. 

Modular systems 

An engineer who is working from ashore cannot do any 

maintenance or repairs. It is possible and already 

customary to perform maintenance when a ship is in a 

port. The main issue however is the time spent in port. 

Especially container ships have very short periods spent 

in port. When all maintenance has to be performed in 

one or a few ports, this can lead to longer times spent 

in port. This is unacceptable. When the ship is spending 

more time in port then the duration of loading and 

discharging, the ship has to pay demurrage and the 

delay of the ship can lead to fines due to late cargo 

delivery in the next port; to solve this issue there are 

some possibilities to simplify maintenance. 28 

When certain systems on-board are designed as a complete unit with all critical components in a box–shaped 

unit that can be taken from the ship to the shore at once, the unit can be serviced ashore. During the short 

period that the ship will spend in the harbour, all systems that need service can be exchanged with a similar 

system. Some systems are already designed this way, like booster units, sewage treatment plants, air 

conditioning units (see picture below of a modular designed sewage treatment plant). 

Before modular systems can be used on board ships, first some issues have to be solved. Units are placed on-

board but there are no arrangements to take these units from the ship. The units have no standards, which 

means that from different brands the piping and power connections are mostly in different positions. In 

addition, connection to sensors and integration with IPMS
29

 systems are not standard. These problems have to 

be solved and new standards must be defined. When these standards are followed by manufacturers new ways 

in effective maintenance can be achieved.  

Further information on modular systems can be found in appendix XII on page 30. 
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28

 (Hamworthy 2012) 
29

 IPMS: Integrated Platform Management System (Computerized system to control the engine room) 

Figure 3 Sewage treatment plant, built as a modular system (Hamworthy)26 

 

http://www.ship-technology.com/contractors/wastewater/hamworthy-water/
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Bridge Operated Scenario Board (BOSB) 

When all commands to the engine room are executed from ashore, large amounts of data have to be sent over 

the satellite connection. In addition, the workload of the shore operator is high when he has to operate many 

vessels the same time. 

In order to relieve the operator on the 

shore and the data connection a BOSB 

should be installed on the bridge of 

the ship. The BOSB is a simple button 

panel on the bridge that shows the 

mate different scenarios. When the 

mate decides to switch scenario, 

depending on that present situation, 

he presses the button of the scenario 

of his choice. An automated system 

behind the panel alters the settings of 

the equipment in the engine room, 

starts, and stops the equipment 

necessary for the specified scenario.  

An extra plus can be that the 

equipment on the bridge can be coupled to the BOSB as well. When the mate switches scenario, the 

equipment on the bridge will set itself into the mode the mate desires for that scenario. This saves time for the 

mate to set up all the necessary equipment. 

In the picture above, a basic BOSB is shown. In this picture, the main features of the BOSB are sketched. These 

features can be extended, depending on the type of vessel and the nature of its operations.  

On the scenario board different scenarios are given. The officer of the watch on the bridge can select the 

scenario he is sailing in, at that very moment. In the chapter scenarios is described how the system works, by 

means of a scenario. 

More information about the BOSB can be found in appendix XIII on page 31. 

 Marof ashore model: the Safety component  § 4.2
This paragraph will give an answer to the sub question: 

 
When three engineers are stationed ashore, the amount of available crew on the muster list is drastically 

reduced (three of the seven officers). In order to keep the safety on the same quality level, the tasks in case of 

an emergency have to be reorganised. In order to overcome the obstacles in the reorganisation, the hazardous 

situations have to be assessed. In these assessments, the reduced crew has to be taken into account. Below 

some of the hazardous situations are described.  

Safe manning 

Quote from SOLAS “Contracting Governments undertake, each for its national ships, to maintain, or, if it is 

necessary, to adopt, measures for the purpose of ensuring that, from the point of view of safety of life at sea, 

all ships shall be sufficiently and efficiently manned”
30

. 

The safe manning requirements on the ship, which are needed to obtain the safe manning certificate, are 

completely depending on the capabilities of the systems on-board and the precautions, which are taken on-

board. The safe manning requirements are made by the classification societies in name of the flag state and 

they will consider how safe a ship is, and how much crew is needed in specific situations, so there always is a 
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 (International Maritime Organization 1974) 

What are the safety consequences of a remotely operated engine room? 

 

Figure 4 The BOSB 
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sufficient number of crew on-board a ship. When this is taken into consideration, some innovations on safety 

matters must be made. The ship must be able to perform many functions in safety matters automatically or 

pre-caution must be taken to make a ship as safely as possible. Matters like fire-fighting and taking measures 

when a ship is flooding or running aground must be automated before any personnel can be taken from the 

ship. 

All principles of safe manning can further be found in Resolution A.890 (21) adopted on 25 November 1999 

“principles of safe manning”
31

. 

Fire fighting 

In case of fire, a lack of personnel gives a disadvantage during fire fighting. New technologies given in the 

appendices can help to improve fire fighting with a reduced crew. These systems are: 

When ships are fitted with water-mist installations, fire fighting in accommodation or other spaces on the ship 

can be much easier. 

Safety equipment 

Maintenance and testing of safety equipment must be carried out while in port. Because of the lack of 

engineers, the situation arises that no maintenance can be carried out while at sea. Maintenance on out-board 

and in-board engines of MOB
32

 boats and Free-fall boats is now one of the tasks of the engineers. More 

intensive maintenance must be carried out ashore so a higher level of reliability can be guaranteed. 

Since at least one Marof is part of the crew, a technical repair to the safety equipment should not give 

problems, because technical knowledge is part of the Marof’s education, next to his own expertise the Marof is 

still able to receive help from the shore expert.  

Flooding 

When a ship is flooding below the waterline, one can question if an engineer on-board is capable to solve the 

problem. An engineer on-board is capable to perform small repairs and is able to act fast. When the engine 

room is operated from ashore there is a possibility to quickly start and operate pumps, valves etc. Since no 

engineer is on board physically small repairs however are more difficult.  

In case of communication difficulties, a mate should be able to operate the pumps and valves, and to weld in 

case of a leak. Therefore, more training for mates and deckhands should be provided so they can perform 

actions like welding. The crew on-board will also be guided by shore-crew so they can give support during these 

operations. 

Personal safety 

When engine rooms are not manned but controlled from a shore facility the chance of injuries in an engine 

room decreases. Personal injuries in engine rooms happen every day, because of moving parts, motions of the 

ship and people are working in that space. When maintenance in the engine room is carried out in a port where 

the ship is not in motion but alongside a quay and is protected from the elements, the work environment in the 

engine room will become less violent.  

For further information about safety, see appendix XIV page 35. 
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 MOB: Man (Person) Over Board 

 No crew physically present in the engine room gives an opportunity to immediately release 

CO2 fire fighting systems, without endangering any lives. 

 Infrared technology, which is also used for condition monitoring can help with early fire 

detection. The fire-source is detected before an actual fire has broken out. 

 Water mist installations can help in fire fighting without endangering any lives. 

 Integrated damage control systems can help in detecting, decision making and fighting fires.  
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 Marof ashore model: the organisational component § 4.3

Organisational 

To realise a fleet with remotely operated engine 

rooms the organisation behind the fleet has to 

change. When the way of working in the engine room 

changes, this also results into changes for the bridge 

department.  

For the engine room a controlling organisation has to 

be realised. Process operators shall operate the 

engine room. In case of a fault or breakdown, an 

expert is required to solve the problem. A different 

department that concentrates on the administrative 

part handles all the ship’s administrative duties. This 

way of working helps everybody to fully concentrate 

on his or her own job.  

The bridge department takes over a part of the 

traditional engineers jobs. In their case, changes are 

required to alleviate their workload, in order to create 

extra time for the engine room duties. A specialized 

shore party can do jobs like voyage preparation, chart 

corrections, book corrections, and other 

administrative duties. This creates time for the mates 

to do other jobs. An extra plus is that it eases the job a bit, which may result in happier mates. 

More information about the organisation can be found in appendix XV on page 37. 

Shore Based Operating and Control Centre 

In order to operate the vessels, alleviate the ship’s crew 

and operators from administrative duties and solving 

problems on board with shore-based experts, three new 

departments are introduced. Because these departments 

have to work closely together, it is obvious that these three 

departments are accommodated together in either one 

room or one building. This building shall be called the shore 

based operating and control centre SBOCC. 

The SBOCC is a building or room from where multiple 

vessels can be monitored and controlled. The SBOCC is 

divided into multiple departments, the operating 

department, the expert trouble shooting and solving department, the ship’s administration department and 

the staff. First three named are new departments in the shipping industry.  

The operating department can be compared with the shore based control centres, which are commonly used in 

the gas production industry
33

. These centres monitor and control multiple gas production platforms from one 

single room. The operators ashore can monitor multiple platforms and interfere when anything unusual occurs. 

The operator’s station needs multiple screens for the different systems and sensors. In addition, it needs 

communication equipment to communicate with the ship, the expert trouble-shooting department and the 

administrative department. 
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Figure 5 organisational structure 

Figure 6 two operator-desks at Wintershall
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The expert trouble-shooting and solving department shall 

have a multiple screen desk as well. It needs at least one 

screen for video conferences, one screen used to search for 

information about the equipment on board, one screen for 

augmented reality capabilities and communication 

equipment to communicate with the other departments 

within the SBOCC and the ship.  

The ship’s administration department shall work as any other 

shore based administrative department. Besides the 

communication equipment to communicate with the other 

departments within the SBOCC and the ship, it will not need 

any additional equipment as a normal administration office. 

The staff will make sure that the departments cooperate with each other. In addition, they will act as contact 

person between the companies’ main office and the SBOCC.      

 Marof ashore model: the process component § 4.4
In the previous chapter, the organisational structure behind the remotely operated engine room was 

described. This new organisation consists of different components. These components are: 

 The company office 

 The vessel 

 The operating centre 

 The expert centre 

 The administrative centre 

 The maintenance team 

These components may be combined into one room, building, or offered as a service by a specialized 

organisation like the service centre from Radio Holland. 

To describe the process of functionality between the organisational components the following flow diagram is 

used showing the different information flows.  

In the flow diagram, the different 

organisational components are visualised. 

The arrows show the information flows 

between the organisational components. 

Together the arrows describe the process of 

the organisation behind the ship. 

In the centre of the flow diagram, the vessel 

is visualised. The vessel is the centre of the 

process. Every step is in relation to the 

functioning of the vessel. The vessel is in 

direct contact with all components of the 

process. 

The company office is the leading party of 

the process. The office is in direct contact 

with the ship and gives orders and 

information about voyages and cargo. 

Information flows between them and the 

expert centre and operating centre is 

directed by the administrative centre. This 

way the information can be stored in one 

Figure 7 Columbus Control Centre, Oberpfaffenhofen, 
Germany 

Figure 8 Process flow diagram 
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 Perform watch keeping duties Nautical / Technical 

 Prepare a voyage, taking into consideration a safe and efficient navigation. 

 Manoeuvre the vessel. 

 Perform safe cargo operations, calculate stability and cargo care. 

 Operate all equipment and machinery on-board. 

 Detect malfunctions, perform inspections, perform and manage repairs, at sea, in port and in 

dock. 

 Apply the collision regulations at sea. 

 Be aware of labour regulations, able to provide first aid, knows how to take action in case of 

sickness and injuries, responsible for hygiene on a ship. 

 Anticipates, act and is prepared to react during emergencies and calamities. 

 Keep records and administration, stock management, maintenance programs 

 Ensure the correct maintenance and use of safety equipment, stability, efficiency. 

 Perform risk assessments, react to risk assessments, compose safety and security plans and 

implement such plans. 

 

place.  The maintenance team gets its orders from the company office. The office decides when and where the 

maintenance team goes to the ship.  

The maintenance team has information flows with the company office, the expert centre and the vessel. They 

do the maintenance on the ship when the ship is in the port. The maintenance team gets orders from the 

company office. When they are working on the ship, they can get assistance from the expert centre. The 

maintenance team has contact with the ship’s administrative office for the reports when maintenance is 

performed. These reports are filed into a database for later use. 

The ship’s administrative centre has information flows with all organisational components. They are the 

intermediary contact between the operating centre and the company office and between the expert centre 

and the company office. The administrative centre keeps close contact with the vessel and alleviates the vessel 

from a part of the administrative duties. In addition, the administrative centre keeps record of all data flows in 

the organisation and makes up a report when maintenance is performed. 

The operating centre has a continuous information flow with the vessel. The administrative centre is the 

intermediary contact between the operating centre and the company office. In case of a problem, the 

operating centre has contact with the expert centre. 

The expert centre has information flows with all organisational components except with the company office. 

The administrative centre is the intermediary contact between the expert centre and the company office. The 

expert centre provides assistance to the maintenance team and can be compared with the present technical 

supervisors. In case of a problem, the expert centre reliefs the operating centre from the problem. The 

administrative centre records all actions taken by the expert. 

 Marof ashore model:  the Workforce / Social component  § 4.5

The Marof 

On board there still is a small workforce left. There are three officers, the captain and some deckhands. 

The tasks of the workforce will have to change. Not only are they responsible for the navigation, operation and 

deck maintenance but they become responsible for the engine room as well. In this situation, the mates have 

extra responsibilities. In some situations, their assistance is required in the engine room to perform some tasks 

like cleaning filters etc. More and more they will be guided by officers ashore. 

In the outcome of the project, “Shore Support” by TNO (as described in the introduction) is used. According to 

TNO, a Marof can replace a chief engineer.  

This means that one of the mates or the captain must be a Marof.  

A Marof must be able to: 
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All competences are according to Dutch higher education profiles (Bachelor of Maritime Operations)
34

 and the 

STCW conventions
35

.  

Social 

Besides the working aspect the people on board expect a social environment. With only four officers and some 

deckhands, the social environment on board is small. The officers are working with a watch-schedule so at least 

one is navigating at the bridge and one is resting for his/her watch-duty. 

That means maximum two officers are off-duty at the same time, which gives little room for socializing.  A 

solution can be a redesign of the watch schedule.  

The watch schedule at this moment is based on three watch keeping officers. The third officer has the same 

watch as the captain. Officers keep four hours watch and have eight hours between the watches. They keep 

two watches a day. In the spare time, there is time for overwork and rest. 

When the administrative duties like the captain’s administration, book corrections etc. moves to the shore, the 

officers have more time to do other work. This means the watch schedule can be redesigned. In the picture 

below the old situation and the proposed new situation is visualized.  

 

 

In the new situation, there are always two officers at the bridge and each officer has regular contact with the 

other officers, during his watch and during the watch handover. This new approach makes the navigation safer 

because there are always two pairs of eyes on watch. In addition, the watch becomes more social since nobody 

is working alone. During the watch, the officers have time to chat with each other and when one of them has 

some administrative work, the other can keep lookout.  

As mentioned before, next year the new Inmarsat 5 satellites are launched. These satellites will provide a 

broadband internet connection for ocean going vessels.
36

 

Because of a better internet connection, it is also possible to do more with social networks. Crew can keep 

contact with family at home any time.  

When the work on board becomes more social, the whole job becomes more attractive to people and that in 

return makes the company more attractive than other companies. 

  

                                                                 
34

 (Koninklijke vereniging van Nederlandse Reders, Nautilus International, Vereniging waterbouwers, Hbo-
cluster Maritiem Officier 2009) 
35

 (International Maritime Organization 1978) 
36

 (Inmarsat Global Xpress 2012) 

Figure 9 Old vs. new watch schedule 
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 Scenarios Chapter 5
In this chapter, an answer is given to the sub questions:  

 
In the appendix XVI on page 40 different situations are sketched and tested with extensive scenarios. These 

scenarios are written for an imaginary ship and organisation structure, which is completely fitted with the 

solutions described in chapter 4. At the start of the scenarios, it is assumed that all the equipment is in good 

working condition and functions properly, unless described differently. 

The scenarios are based on the own sea going experience of the project members. The bottlenecks from the 

appendices are taken into consideration while developing these scenarios. The scenarios are based on 

situations that could happen and do happen in real life situations.    

The use of these scenarios is to prove that the configurations described in chapter 4 will work.   

The themes of the scenarios are: 

 Scenario 1 port departure  

 Scenario 2 small repair at sea  

 Scenario 3 port arrival  

 Scenario 4 maintenance 

 Scenario 5 safety 

The scenarios in the appendices were assessed by describing the advantages and disadvantages per scenario of 

the system described in chapter 4.  

 Assessment of scenario 1 port departure § 5.1
During this scenario the ship has spent a long period in port and the ship is ready for departure. The scenario 

describes how the ship is started and what happens until the ship is at full sea. 

Advantages  Bridge operated scenario board keeps all systems in its most efficient state for its mode. 
 Easy operation of engine room. 

Disadvantages  The BOSB is depending on the actions of the mate. This has consequences regarding 
efficient operation of the engine room.   

 Mates must be aware of what the scenario board does for the ship. The correct mode 
must be selected in order to have all systems available. 

Possible solution for the disadvantages: 

 When the BOSB can be configured to automatically change its working mode the engine room will 

always run as efficient as possible. 

 Bridge operated scenario board can be expanded with ship specific modes, for example combat mode 

for navy vessels or dredging mode for dredgers, etc. This way the efficiency can be improved. 

 Assessment of scenario 2 small repair at sea § 5.2
This scenario describes a situation where a bearing of the cooling water pump fails so the pump is not 

functioning properly. There is no alternative cooling system available and no engineers on-board. In order to 

continue the voyage, the pump is being repaired. The scenario describes systematically how this is done. 

Advantages  Augmented reality helps the deckhands to perform a difficult repair. 

Disadvantages  Large data streams to and from the shore. 
 Repairs may take a longer time then in a present situation; the need for redundancy is 

higher. 
 A deckhand might not be capable to perform the repair. 

 

What scenarios can prove that a remotely operated engine room works? 

& 

What are the pros and cons of the different scenarios? 
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Possible solution for the disadvantages: 

 Instructions for equipment can be stored in a database. Therefore, no data connection is necessary in 

case of a repair. All instructions are available on board. 

 When a Marof is introduced, he is capable of performing a repair with minor guidance. 

 Assessment of scenario 3 port arrival § 5.3
The ship has spent a period at sea and is going to enter port. All systems are running at sea mode, which means 

that all systems are running as efficient as possible. The scenario describes what actions a watch keeping 

officer has to perform. 

Advantages  The bridge operated scenario board supports the master in its operations. There is no 
communication necessary between captain and shore operator. 

Disadvantages  The master and his mates must be familiar with the capabilities of the system to make a 
good choice for the mode of the ship. 

 Bridge operated scenario board must be easy and understandable, must have a user-
friendly interface so masters and mates will be eager to use the system. 

Possible solution for the disadvantages: 

 Possible to interact with ECDIS route planning and navigation equipment, for autonomous operation. 

Bridge operated scenario board can also be used to adjust navigational equipment for port operations, 

e.g. radar, ECDIS, etc. 

 Assessment of scenario 4 maintenance § 5.4
All systems on-board need maintenance. In this scenario, maintenance is carried out by the new approach to 

maintenance. The scenario describes the way maintenance is carried out in the new situation and shows some 

calculations on the efficiency of the new maintenance approach. 

Advantages  Large reduction in total maintenance working hours. High availability of spare parts 
when maintenance is performed in certain ports. 

Disadvantages  Tight time schedules and tight planning of spare parts all maintenance must take place 
at once. 

 When worked during cargo operations maintenance must be performed during this 
period, or else the ship will have to pay demurrage. 

Possible solution for the disadvantages: 

 Reaching the highest efficiency possible in maintenance planning. With the use of condition 

monitoring it is even possible to plan as much as possible during docking of the ship. 

 Assessment of scenario 5 safety § 5.5
This scenario shows how a fire is solved with the systems on board remotely operated vessels. The ship uses a 

damage control system, which helps the crew to assess safety tread and helps with suggestions to solve the 

tread.  

Advantages  Damage control centre helps the crew to take fast adequate actions efficiently. 

Disadvantages  The system is dependable on electrical power and its sensors. When they malfunction, 
the system is not reliable. 

 Damage to the system by fire can weaken the function of the system. 

Possible solution for the disadvantages: 

 Damage control system can be expanded with extra features, such as automatic pumping by flooding. 

The scenarios give a realistic view of real life situations. With help of these scenarios, many bottlenecks can be 

tackled. It is impossible to cover all possible situations on board with scenarios. Problems will always show up 

when a new system is introduced.  

The scenarios show that it is possible to sail with a remotely operated engine room. They also show that the 

individual components of the system can be helpful on board of today’s vessels but especially they are 

necessary on remotely controlled vessels.   
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 The Costs & Benefits Chapter 6
This chapter will give an answer to the sub questions: 

 
A ship-owner will never make the step towards a new system if the benefits do not compensate the costs. In 

this chapter, the costs and benefits are described. Because some systems are not available on the market yet 

or the costs depends on too many factors like type of ship, shipping company etc., the costs and benefits are 

based on an estimation of: 

 + = fewer costs and/or more benefits 

 - = more costs and/or fewer benefits 

 +- = irrelevant/neutral  

. The costs are subdivided into the aspects: 

 Personnel costs 

 Maintenance costs 

 Daily Running costs 

 Investment costs 

 Return of investment 

The availability on today’s market is important as well, since high costs are involved to design a new system. 

This also has an influence in the attractiveness of these systems. 

By subdividing the costs, it is possible to compare the individual systems with each other. After the individual 

costs of the systems are relativized, the scores are ranked into a table. When each system is ranked, the total 

scores can be compared with each other and a total score can be given to the combined systems. 

The complete evaluation per system and the explanation of the scores can be found in appendix XVII  on page 

47. Below the total review of the systems are evaluated and compared with each other. 

Total 

In the table below, the costs and benefits are presented. Because the actual costs depend on the company and 

their ships and because the actual costs of the systems are not yet available, the costs and benefits are 

visualized by plusses and minuses. The “total” row shows the plusses and minuses of the different components 

combined. 

In the horizontal rows, final column (total) the attractiveness of the different systems on its own can be seen. It 

shows if the particular systems are attractive to purchase. For example, the SBOCC (-4) is not attractive to 

purchase at all as a standalone system. That is very logical since it has no use without the other systems. While 

for example condition based maintenance has an advantage to purchase and use as a standalone system, even 

when sailed with engineers. 

In the vertical columns, final row (total) the financial attractiveness of the complete system is visualized. 

Different costs are plotted against each other to give an impression of overall cost reduction. This reduction is 

separated in personnel costs, maintenance costs and daily running costs. In addition, the availability of the 

systems on today’s market is shown. This column shows which systems are already available and which 

systems yet have to be developed.   

What are the costs and benefits /advantages and disadvantages for ship-owners when engine rooms 

are remotely operated? 
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Ships automation upgrade and 
redundancy 

+ - + -- +- ++ +1 

Condition based Maintenance  + + + - + +- +3 

Shore Based Maintenance +- +- + + +- + +3 

Augmented reality  + + + + + -- +3 

Modular systems + ++ +- -- + - +1 

Bridge Operated scenario board  + + + + + -- +3 

Shore Based Operating and 

Control Centre  
+ - -- -- +- +- -4 

Safety +- - +- + + ++ +3 

Social improvement  + +- +- + + + +4 

Total +7 +2 +3 -2 +6 +1 +17 

+ = fewer costs and/or more benefits 
- = more costs and/or fewer benefits 
+- = irrelevant/neutral  
 
The final cell of the total row shows the total plusses and minuses of the complete table. This proves the 

project can be profitable and the absence of some systems on today’s market does not mean this has to be a 

showstopper.   
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 Conclusion Chapter 7
This project searched a solution for a problem in shortage of seafaring officers. Because of demographic issues, 

expanding merchant fleet sizes and more complex technologies which are used on-board of ships, the idea has 

risen to create a remotely operated engine rooms on-board of ships. 

This lead to our main question. 

 

Remotely operated engine rooms do not yet exist. To make an engine room ready for remotely operation, 

innovative steps have to be made. Technical innovations like the design of a new operating centre ashore have 

to be made. The engine room must be upgraded to be remotely operated. Organisations have to be 

redesigned. The way of working as an engineer will be different with the way of working now. Education 

programs need to be examined when ships are controlled remotely, people may need to upgrade their training. 

More scheduled maintenance has to be done when no engineers are around to repair the equipment on-board. 

Redundancy will be even more important on ship designs. At the start of this project, we assumed that a 

reliable data connection to the ship is realized, in the state-of-the-art technology this is far from ideal but is 

expected to improve significantly in the near future for example, with the launch of Inmarsat 5 satellites and 

the appliance of 3g and 4g data connections on ships, when they are sailing in the vicinity of land
37

. When 

engine rooms are remotely operated, a reliable and stable data connection is necessary. However in this 

research there is a solution to relieve the ships dependency on permanent data connections, which are the 

BOSB and the need for autonomous systems.  When this is realised the mates on the bridge can easily operate 

the engine room and autonomous systems can keep themselves running until connection with an operator is 

restored or until the next port of call is reached. 

In the research, first we analysed the bottlenecks in the sub-question: 

 

Many bottlenecks consist of fear for changes in the shipping industry. Other bottlenecks can be solved by 

introducing technology and more automation. Some of these technologies are not on today’s market but can 

be developed. Some of the bottlenecks were seen at presentations that were given during the project. Most 

reactions were fear for new technologies, which will cause jobs to disappear. In the introduction of the report, 

it is clear that there is a shortage of seafarers, which will only grow due to the need for more transportation.  

Remotely operated engine rooms will not be an answer for all types of ships especially special ships like 

dredgers, offshore vessels, large fishing vessels and tramps will not sail with remotely operated engine rooms. 

This is because of the large amount of financial losses when a ship has a failure on its operational equipment. It 

has to be solved directly or as soon as possible. It will be too expensive when this vessel has to go to port for 

unforeseen maintenance. However on liners, remotely operated engine rooms will be a decent solution to 

crewing problems in the near future. They are a likely candidate because of the easier maintenance planning, 

because it is known when the ship will reach a certain port of call.  

 

When the bottlenecks were filed, we searched for a manner to categorize them and used a model to analyse 

and find answers to those bottlenecks. 

                                                                 
37

 (Inmarsat 2012) 

In what way can the shore based facility and the ship-shore information flow be designed in such a way 

that an operator ashore can optimally control the engine rooms of several ships? 

 

What are the bottlenecks in the shipping industry with respect to remotely controlled engine rooms?  

 

What organisational model can best be used to tackle the bottlenecks? 
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The Marof system model, slightly adjusted to the Marof ashore model has proven itself to be an effective way 

to tackle the bottlenecks. During the categorizing of the bottlenecks, some modifications seemed necessary to 

the Marof system model to connect the model to the bottlenecks. This became the Marof ashore model. 

 

The optimum configuration is a combination of the different components of the Marof ashore model. All 

components combined show a complete overview of the remotely controlled engine room. Systems like 

augmented reality (to easily transport knowledge, available ashore, to the ship), autonomous operating 

systems (so the ship can sail even when there is no connection available for whatever reason), modular 

systems (so maintenance can be carried out in a shore facility and systems are easily swapped for an already 

maintained system), a bridge operated scenario board (which makes it possible for mates to operate the 

engine room easily) and advanced maintenance systems (condition based and shore based maintenance) are 

introduced. Also safety measures like water mist systems (which improves fire fighting on-board) and damage 

control systems (to improve decision making and helps to act quicker during flooding and grounding) are 

introduced to help the minimized crew on-board in operating and sailing the ship at least as safely as it is done 

today. Another improvement in this configuration is the social improvements. Creating more contact moments 

between officers on-board helps in better watch-keeping and creates a more social environment on the ships 

bridge. To control the ships remotely a control centre was made-up. In addition, the organisation and 

processes within this new organisational structure was reviewed and made the optimum configuration 

complete. 

The optimum configuration was reviewed by making use of scenarios. This leads to the question: 

 

Five scenarios were written to prove that a combination of the systems in Marof Ashore will work. The 

scenarios were written according to situations in the bottlenecks and referred to real situations, which the 

project members experienced at the company of Spliethoff during their apprenticeship. 

 

The scenarios were analysed, for each scenario advantages and disadvantages are presented and give an idea 

of how these systems can work. 

 

This project shows that it can be attractive to sail remotely in the future. Financial benefits and easier 

recruitment are some of the benefits. For the crew on-board the work environment improves and new career 

possibilities are created. 

Some steps have to be made to realize the remotely operated engine room. New technologies have to be 

developed further, like augmented reality and the bridge operated scenario board. The industry has to adapt so 

that systems can be standardized. A shore based operating and control centre has to be realized. One 

requirement to make it profitable is to execute the project on a large scale or even in cooperation with other 

parties.  

When all these conditions are fulfilled, the remotely operated engine room can be a fact! 

  

What does the optimum configuration look like? 

 

What scenarios can prove that a remotely operated engine room works? 

 

What are the pros and cons of the different scenarios? 

What are the costs and benefits /advantages and disadvantages for ship-owners when engine rooms 

are remotely operated? 
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 Recommendations Chapter 8
This chapter will describe the steps to take to reach the desired situation: 

Augmented reality: 

It is very interesting to create a global database with all components and systems applied on-board. This 

database however is not exclusively for ships, because most systems on-board are also installed in on-shore 

facilities such as power plants, chemical plants, factories, farms, etc. 

When a worldwide database is realised, this means that a lot of collaboration must exist between different 

companies and within companies itself for example large corporations with marine departments, industry 

departments, civil departments etc.. 

Automation of the senses: 

Human senses are difficult to replace, but an investigation on how precise they are can reveal interesting 

information. How precise are human sensors with environmental temperatures of over 40° C, and how quick 

can human senses respond in an engine room? Physical installed sensors can monitor and register all the time 

and maybe more precise than a human is. Systems can recognize problems maybe faster than a human can, 

e.g. an engineer makes a watch round through the engine room maybe once or twice during a 4 hour watch. 

This is an interesting subject to be further examined.  

Modular systems: 

It might be impossible to design a ship in such way that modular systems can be hoisted out of the ship without 

any physical restrictions. More research is recommended. 

Autonomous operation: 

Future steps in autonomous operating systems are necessary; the DINCS system (see paragraph § 4.1 

Autonomous operation on page - 18 -) can be used as an example for future developments. The system may be 

designed to operate electrical systems, fuel systems, etc. 

Bridge operated scenario board: 

The bridge operated scenario board will be a next step towards the autonomously operating engine room, 

which is a key feature in remotely operated engine rooms. All systems, which should be dependent on this 

scenario board, must be examined. 

Safety: 

In order to create a safe working environment it is also very important to make a risk assessment and write 

extra scenarios considering the safety of the vessels and the people working on them. 

Acceptation: 

The most important issues in this subject are the acceptation. People are not ready to accept remotely 

operated engine rooms. When spoken of remotely operated they will attack all suggestions and will not give 

any rational reason why they are against remotely operated engine rooms. The acceptation of remotely 

operated engine rooms requires informing the people about the new career opportunities. It offers new 

opportunities for working methods on-board, new social structures etc. 

These opportunities and changes need to be brought to the public by various means such as this project, 

presentations, simulations and brochures. In the progress of this project, various presentations were given to 

various kinds of public such as the Royal Dutch Navy and at the “Proeftuin Maritieme Innovatie Experience”. 

During the presentation, a lot of resistance against the subject was shown. However, when the new 

opportunities were presented the amount of resistance decreased. 

  



 
 - 34 - 

Bibliographic 
7 march 2012. http://www.nrl.navy.mil/media/news-releases/2012/nrl-designs-robot-for-shipboard-

firefighting (geopend may 4, 2012). 

BIMCO (Baltic and International Maritime Coucil), ISF (International Shipping Federation), Dalian Maritime 

University, Warwick Institute for Employment Research. “Manpower study handout.” Website 

International Shipping Federation. 2010. http://www.marisec.org/Manpower Study.pdf. 

Bodegraven, K S van. „Intelligent Control Systems for Navy Ships.” Radboud University Nijmegen SNN 

Symposium 2010. 2010. http://www.snn.ru.nl/symposium-2010/abstracts-2010/3-Bodegraven.pdf. 

Cahoon, Dr. Stephen. „Shipping, Shortages and Generation Y.” Australian Maritime College, Australia, 2008. 

Cahoon, Dr. Stephen. „Shipping, Shortages and Generation Y.” Australian Maritime College, Australia, 2008. 

Eeuwen, F. van. sd. http://eeuwen.home.xs4all.nl/kermia.htm. 

Engers, J. van. Design of a human-machine-interface for an Alarm monitoring and control system at the 

audacia, a pipe-laying vessel. Master Thesis, Department of Human Information Communication 

Design, Delft University of Technology, J. van Engers, 2011. 

Europian Commision. http://europa.eu. 6 april 2001. 

http://europa.eu/legislation_summaries/transport/waterborne_transport/l24252_en.htm (geopend 

05 08, 2012). 

Gebiedsontwikkeling Haven. „Moderne controlecentra in Den Helder.” sd. 

http://www.denhelder.nl/foto/Haven12.pdf. 

Gefter. „Welcome to the myspace Generation.” 2006. 

Goodwood Shipping. sd. http://www.goodwoodship.com/about.html. 

H. Cheng, International Atomic Energy Agency. Implementation stragies and tools for condition based 

maintenance at nuclear power plants. Project on integrated NPP Life cycle management, Nuclear 

power engineering section, International atomic energy agency, Austria: IAEA, 2007, 187. 

Hamworthy. Offshore Technology. 2012. http://www.offshore-

technology.com/contractors/separation/hamworthy/hamworthy2.html. 

IHS Fairplay. „optimar study.” Europian Commission. 2010. 

http://ec.europa.eu/transport/maritime/studies/doc/2010_optimar_study.pdf (geopend may 21, 

2012). 

Imtech Marine. Imtech Marine, Comapany profile. 2012. http://www.imtech.eu/marine (geopend june 11, 

2012). 

Imtech NV. „Integrated Dimensions.” Annual Report. 2011. 

http://imtech.eu/Content/ImtechNV/pdf/Investors/Publications/2012/IMTECH%20JV2011%20ENG.pd

f. 

Inmarsat. Inmarsat.com. 2012. http://www.inmarsat.com/corporate/our-satellites/our-fleet/index.htm. 

Inmarsat Global Xpress. The Inmarsat-5 Satellites. 2012. 

http://www.inmarsatgx.com/introduction_to_satellites. 

International Maritime Organization. „Safety of Lifes at Sea (SOLAS).” Annex Chapter V, Safety of Navigation, 

Regulation 19-1 Safe Manning, Annex V/19.1 11 1974. 

—. „Resolution A.890(21) Principles of Safe Manning.” IMO website, 25 November 1999. 

International Maritime Organization. International Convention on Standards of training, Certification and 

Watchkeeping for Seafarers. Convention, London: IMO, 1978. 

—. „STCW2. Circular 43.” Circular on International Convention on Standards of Traning, Certification and 

Watchkeeping for Seafarers 1978, as amended. London: International Maritime Organization, 23 

February 2012. 



 
 - 35 - 

International Shipping Federation. 2011. http://www.marisec.org/2011_Text.htm#manpower. 

Koninklijke vereniging van Nederlandse Reders, Nautilus International, Vereniging waterbouwers, Hbo-cluster 

Maritiem Officier. Beroeps profiel Maritiem Officier. beroepsprofiel, hbo-raad, 2009. 

M. van der Drift, Maritime University of Applied Sciences. „ Project Tactical Management.” Modulehandleiding, 

Hogeschool voor de Zeevaart, Maritime University of applied sciensec, Rotterdam, 2012, 21 - 23. 

M.E. Koopman, H.L.W. Golding. Optimal manning and Technological Change. Center for Naval Analysis, 

Alexandria, Virginia: Center for Naval Analysis, 1999, 98. 

Miller, Paul. The Verge. 26 June 2012. http://www.theverge.com/2012/6/26/2986317/google-project-glass-

wearable-computers-disappoint-me (geopend June 28, 2012). 

Mr J. van Engers, under supervision of Imtech. Design of a human interface for an alarm monitoring control 

system. Master thesis, Rotterdam: Delft University of Technology , 2011. 

Organisation for Economic Co-operation and Development (OECD). sd. http://www.oecd.org (geopend may 9, 

2012). 

—. 2012. http://stats.oecd.org/Index.aspx?DataSetCode=POP_FIVE_HIST (geopend may 9, 2012). 

Post, Dr. W.M., en J.J. Langefeld. Safety consequences onboard shortsea ships due to a new way of working. 

TNO Human Factors, 2011. 

Post, Wilfried M., Sylvia A. A. van den Bogaart, en Peter C. Rasker. Distributed Trouble-Shooting. White Paper, 

Dept. of Team Solutions, Soesterberg, the Netherlands: Tno, 2004. 

Reformatorisch Dagblad. „Shell order voor RSV werf in Heusden.” Editor: drs. J Blees. 25 October 1980. 

http://www.digibron.nl/search/share.jsp?uid=00000000012e9ef72afabfebd80ee83c&sourceid=1011. 

Sundberg, Anders. „Management aspects on Condition Based Maintenance.” 2003. 

T. Koga, T. Niwa, K. Aoyama, The University of Tokyo, School of Engineering, Department of Systems 

Innovation. „A Modular Design Method for an Engine Room based on an Intergrated Network 

Description and Devision Algorithm.” Tokyo, 2009. 

The free dictionairy. „The free dictionairy.” The free dictionairy. sd. 

http://www.thefreedictionary.com/redundant. 

TNO Human Factors. „TNO Human Factors Making Systems Involving Humans More Efficient.” Airport 

International. sd. http://www.airport-int.com/suppliers/tno-human-factors.html. 

United Nations Conference on Trade and Devolpment (UNCTAD). „Review of Maritime Transport.” UNCTAD 

Website. Editor: UNCTAD Secretariat. 23 11 2011. http://www.unctad.org/en/Docs/rmt2011_en.pdf 

(geopend may 21, 2012). 

Westermeijer, E., Wilfried M. Post, W. Kijer, en M.P.W. Gillis. Teleknowledge. Whitepaper, TNO, Soesterberg: 

TNO, 2003. 

Yao, Prof. Xin, University of Birmingham. „Computeral Intelligence for Condition Monitoring.” Cercia, School of 

Computer Science, University of Birmingham, Birmingham, sd, 17. 

 

 

 


