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Management review
Problem description
Transporting cargo overseas is increasing in popularity. Because of this, ships are
constantly getting bigger. This causes problems for the ports. Ports can only handle a
certain amount of cargo at a time. Therefore bigger ships remain in ports for a longer
time. This causes port congestion. The effect is even worse when vessels need to enter
the port specifically for bunkering. With the current way of bunkering, vessels need to
enter the port and berth. Due to this, other vessels have to wait for a berthing place to
load and/or unload. A part of this congestion can be prevented if vessels can bunker at
sea, instead of while at berth.
Bunkering at sea with two separate vessels can be dangerous, especially in rough
weather conditions. So therefore an innovative solution should be invented.
Problem definition
Bunkering in port takes too much time and causes port congestion
Present situation
Bunkering usually takes place in a port. Fuel oil gets transported to the ports by tankers.
It will be collected in a storage place in the ports. A small ship filled with the fuel or other
supplies will go alongside the ship that needs to be bunkered. Port congestion can be
caused by vessels bunkering.
Desired situation
The desired situation is to create an innovative solution to resolve port congestion by
bunkering at sea.
Objective
The objective is to create a new system to allow vessels to bunker at sea so that ports
can benefit and will not suffer from port congestion.
The recommendations
It is recommended to use a bunkering tower. The tower is already in use for
transferring liquids between the shore and tankers, so the system already works.
To operate the tower, a crew is required on the tower. When there are no vessels
requiring bunkers, the crew can be taken off the bunkering tower.
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Preface
The reason this report has been made, is because this subject really appealed to us and
we wanted to know more about it. It will be presented at the Maritime Symposium,
where groups of students of the Rotterdam Mainport University are given a chance to
present a new and innovative idea to people of the maritime industry to help solve
problems. In this Maritime symposium the projects have the goal to solve the harbor
congestion problem.
We, project group 4, consist of 4 members. We chose this subject because we thought it
was challenging and fun to do. Also, it was much more interesting than the other
subjects we could choose from. Our knowledge about this subject was also much greater
than other ones.
We would like to thank Mr. Snoeijer for his support and knowledge, Mr. Van Kluijven for
his supportive character and knowledge too.
Also we want to thank the companies who helped us out during this project, Atlantic
Horizon and Bluewater.
Best regards,
Project group 4
Nick, Milan, Lisa, Jesse
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Summary

1. Introduction
HBO Maritime Officer at the Rotterdam Mainport University

1.1 Problem Description
Transporting cargo overseas is increasing in popularity. Because of this, ships are
constantly getting bigger. This causes problems for the ports. Ports can only handle a
certain amount of cargo at a time. Therefore bigger ships remain in ports for a longer
time. This causes port congestion. The effect is even worse when vessels need to enter
the port specifically for bunkering. With the current way of bunkering, vessels need to
enter the port and berth. Due to this, other vessels have to wait for a berthing place to
load and/or unload. A part of this congestion can be prevented if vessels can bunker at
sea, instead of while at berth.
Some ports already use bunkering at sea. Bunkering at sea with two separate vessels
can be dangerous, especially in rough weather conditions. So therefore an innovative
solution should be invented.
Objective
The objective is to create a new system to allow vessels to bunker at sea so that ports
can benefit and will not suffer from port congestion
Problem definition
Bunkering in port takes too much time and causes port congestion.

Figure 1 Port congestion
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1.2 Project assignment
Main question
How can port congestion be solved by bunkering at sea?
Sub questions
1. What is meant by bunkering?
2. How is bunkering taking place now?
3. What influence does bunkering at sea have on port congestion?
4. What would be the advantages of bunkering at sea?
5. Where is bunkering at sea already applied?
6. Why is bunkering at sea not applied worldwide?
7. What are the laws and regulations concerning bunkering at sea?
8. What kind of system can be used for bunkering at sea?
9. In what weather conditions can these systems be used?

1.3 Project Borders
-

There will be no research on finances (If anything cost-related is mentioned, it will
be a hypothesis);
The newly invented systems and solutions will not be created or tested in
practice;
Other causes of port congestion, other than bunkering, will not be researched.

1.4 Research methodologies
Research method:
The first part of the research will be desk research and will mainly be qualitative
research. This includes studying the literature, observation and online research.
The second part of the research will mainly be field research, but there will also be some
desk research. For field research companies will be contacted in different ways, this will
be qualitative and quantitative. Contacted companies will be providers of the insulation.
Every sub question needs a unique approach for researching. There will be interviews,
group discussions, face-to-face research and observations.1
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2. Project assignment
2.1 Definition of bunkering
Bunkering is supplying a ship with fuel, lubricating oil, or potable water, which usually
happens in a port. It can also be done at sea, but this does not happen often.
The navy and a number of companies already bunker at sea, it saves a lot of time and
money because vessels do not have to enter the port, and they do not have to pay the
port fees. Bunkering in ports also causes port congestion, because other vessels have to
wait for a berthing place when a vessel is bunkering.
Bunkering at sea can be complicated in bad weather conditions, so it usually happens in
good weather conditions while the vessels are stopped. A system needs to be developed
which makes it possible to bunker at sea under various circumstances.

Figure. 2 Bunker barge
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2.2 How bunkering is taking place now
To be able to find an innovative solution for the disadvantages of bunkering, it
is important to know how bunkering is taking place now.
Bunkering usually takes place in a port. Fuel oil gets transported to the ports by tankers.
It will be collected in a storage place in the ports. A small ship filled with the fuel or other
supplies will go alongside the ship that needs to be bunkered.
Before the ship receives the bunkers, an engineer calculates the volume of supplies
needed. After that, a pre-bunker checklist is followed. This checklist is important to
prevent oil spills.
Then, a hose will be connected between the two vessels. A pump, aboard the bunker
barge, will force the liquid to be transferred via the hose. At first, the liquid will be
pumped through the hose slowly, so the receiving ship can make sure it gets in the right
tanks. When this is going correctly, the liquid will be pumped into the tanks at full speed.
The liquids that are being transferred this way are:
- Heavy fuels
- Lubrication oils
- Diesel fuel
The pumps and hoses transfer huge amounts of fuel at a time. A capacity of 1500 m 3 per
hour is nothing special, so if a hose breaks or disconnects while bunkering, there would
be a huge problem. A bunkering operation is connected to several MARPOL regulations.
Sometimes, the receiving ship can bunker directly at the storage places. While bunkering
fuel, a sample is taken. This sample will be tested to confirm that it meets the required
quality.
After bunkering, the volume of supplies in the tanks is calculated again to check the
amount of supplies that is actually received. While doing this, the difference in
temperature must be taken into account, because the density differs at different
temperatures.2,3

Figuur 3 Atlantic horizion bunker barge
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2.3 The influence of bunkering at sea on port
congestion
This question is important because it says something about the importance of
bunkering at sea. To answer it, the port of Rotterdam, and it’s port congestion,
is taken as an example.
The goal of this project is to find a solution to resolve port congestion. The result after
the research should be that vessels that want to bunker no longer have to wait in line, as
well as vessels waiting to load or discharge. Although, to answer the above question it
would be crucial to look at the figures of vessels entering ports to bunker.
“Bunkering of sea-vessels
Rotterdam is the second largest bunkering port in the world, with an annual 12,2 million
tons of sea vessel bunkering. There are several fuel providers in the port of Rotterdam
and the surrounding industrial area, offering their services to vessels of every size and
from all over the world.”
“Bunkering of barges
The 87,000 inland barges which annually visit Rotterdam use 221,000 tons of diesel oil.
Most of it is low sulphur. The diesel oil is provided to the barges by little bunker ships or
it is delivered from bunker stations where the inland barges moor. There is ample choice
of suppliers in the Rotterdam region.”4
With desk research, it is very hard to find correct information about numbers of vessels
bunkering while at berth. All the information that could be found, concerning this subject,
is the above, and it does not answer the asked question. That is why interviews are
required.
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2.4 The advantages and disadvantages of bunkering
at sea
This chapter describes the positive and the negative effects of bunkering at sea.
If these are known, it can be determined if bunkering at sea is worth
performing.
Currently bunkering requires a vessel to berth for bunkering. If several vessels want to
bunker at the same time, and the port does not have sufficient bunkering locations, the
port will get congested. And this is exactly what happens currently. Therefore bunkering
at sea might take away a part of that congestion. Besides, it might save shipping
companies from port fees, but this will not be researched.
The goal is to develop a system that allows vessels to not only bunker at sea, if possible
also while sailing. So another advantage is that a vessel can continue its voyage. The aim
is a method that even allows for bunkering in bad weather. However, this is going to
need more research so it cannot be confirmed if that is possible.
Advantages:
- Vessels do not have to divert their course;
It takes a lot of time to enter a port only for bunkering. When a vessel can be
bunkered at sea, it can continue to its destination sooner.
-

No waiting lines for a berthing place to get clear;
When vessels do not have to enter the port when they only have to bunker, they
do not take up an extra berthing place. Vessels that have to load or discharge can
get a berthing place sooner.

-

No port fees.
When a vessel is entering a port, port fees need to be paid. These do not have to
be paid when a vessel can stay at sea while being bunkered.

Disadvantages:
- Bunkering at sea will never be as safe as bunkering while at berth;
Even when fully researched, some factors will still be a problem. The main
problem is the motion of both vessels.
-

Vessels probably need slight adjustments to make sure they can receive the
bunkering fluids;
It will cost money to adjust vessels that will receive the bunkers, not all shipping
companies want to pay for this. This will reduce the number of vessels that can
bunker at sea, so some vessels still have to enter the port when they only have to
bunker.

-

New sea-going bunker barges need to be developed.
A sea going bunker barge needs a seaworthy hull and a large bunker beam. These
adjustments will make the bunker barge more expensive to build than a normal
bunker barge. The development will also cost money.
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2.5 Locations where bunkering at sea is already
applied
This chapter gives a summary of the locations and companies of which is known
they bunker at sea, and where. It is important to know where this already
happens, because it will make it easier to understand why it does not happen in
other locations.
Bunkering worldwide:
The bunkering of seagoing vessels is already taking place in different ports, this happens
worldwide.
Bunkering at sea isn’t applied on a large scale yet, there are a few places where it takes
or took place:
 Nearby an anchorage at Singapore in sheltered waters;
 Nearby the port of Gibraltar in sheltered waters;
 Nearby the Panama canal in sheltered waters.
The places where bunkering at sea is already applied are in sheltered waters.
One of the goals in this project is to find a solution to make bunkering at sea worldwide
more useful to all types of vessels.

Figure 4 Port of Gibraltar
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2.6 Bunkering at sea is not yet applied worldwide
In this chapter will be described why bunkering at sea is not yet applied
worldwide.
Why is it not applied worldwide?
Bunkering is already taking place worldwide, but it is only taking place in harbors and in
some seas. The areas where bunkering at sea is taking place, are areas where the seas
are quiet. The waves are not very high and the wind and currents are not strong. These
are very good circumstances for bunkering.
The areas where bunkering at sea is not applied, are often too dangerous. Rough seas
will cause the vessels to move a lot. When a bunker barge has to lay alongside another
vessel, the motions can lead to dangerous situations for crews and vessels and can even
lead to collision.
Bunkering at sea in areas where the seas can be rough, brings a risk to the environment.
The chance that something goes wrong is significantly bigger. The forces on the bunker
beam, hose and vessel are bigger. When there is a leak, the oil will spread faster than it
will in a port due to currents and waves and it is harder to clean.
A bunker barge needs to be adjusted to be able to bunker at sea. They normally sail on
the rivers, but when they have to sail at sea, they will need a seaworthy hull and a large
bunker beam. The hoses might have to be replaced by stronger hoses to reduce the risks
for the environment.
The bunker barges will be more expensive to build and develop due to these
adjustments. They need to be tested because they are not used in practice yet, this will
cost time and money. There are not many vessels that need to bunker at sea, so it will
take some time to earn these investments back.
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2.7 The laws and regulations concerning bunkering at
sea
The laws and regulations concerning bunkering at sea
are very important to determine if bunkering at sea is
possible and what kind of systems can be used in order
to meet the required safety measures.
A bunkering operation is connected to several MARPOL
regulations.
MARPOL annex 1 and 6 are the most important.
Annex 1 describes the regulations for the prevention of pollution by oil. These regulations
apply for ships that use oil as fuel, but also for ships that carry oil as cargo. The
discharge requirements of oil are an important part of annex 1. The oil record is also
important. Everything that happens with the oil has to be written down in the oil record. 5
Annex 6 describes the prevention of air pollution from ships. If the fuel oil does not have
the required quality, it will cause pollution of the air.
All oil tankers of 150 gross tonnage and above, and all other ships of 400 gross tonnage
and above must carry an approved SOPEP. A SOPEP is a Shipboard Oil Pollution
Emergency Plan.6,7
A Particularly Sensitive Sea Area (PSSA) is an area that needs special protection because
they are vulnerable to damage. In these areas, there are strict MARPOL requirements.
(MARPOL 73/78, minimizing pollution of the seas)
The following PSSA’s have been designated:8
- The Great Barrier Reef, Australia (designated a PSSA in 1990)
- The Sabana-Camagüey Archipelago in Cuba (1997)
- Malpelo Island, Colombia (2002)
- The sea around the Florida Keys, United States (2002)
- The Wadden Sea, Denmark, Germany, Netherlands (2002)
- Paracas National Reserve, Peru (2003)
- Western European Waters (2004)
- Extension of the existing Great Barrier Reef PSSA to include the Torres Strait (proposed
by Australia and Papua New Guinea) (2005)
- Canary Islands, Spain (2005)
- The Galapagos Archipelago, Ecuador (2005)
- The Baltic Sea area, Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland and
Sweden (2005)
- The Papahānaumokuākea Marine National Monument, United States (2007)
- The Strait of Bonifacio, France and Italy (2011)
- The Saba Bank, in the North-eastern Caribbean area of the Kingdom of the Netherlands
(2012)
The fuel that is supplied must meet MARPOL regulations 14 and 18 of annex 6.
MARPOL regulation 14 describes the regulation for prevention of air pollution caused by
sulphur oxides and regulation 18 describes the requirements for fuel availability and
quality. The emission of SOx is limited, this is achieved by limiting the maximum sulphur
content of the fuel oils.9
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2.8 Systems that can be used for bunkering at sea
For bunkering at sea there are already some systems on the market. These are
mostly used by the navy. However, there is still a lot to discover in the new
market of bunkering at sea. In this chapter is explained how the navy bunkers
at sea. But even more interesting is how different systems can be combined.
There are already some systems in use for bunkering at sea. A few of these systems
have been developed by the navy. The navy is basically using two systems:
Conventional types of bunkering systems for merchant vessels:
STS (ship-to-ship) bunkering
A ship-to-ship (STS) bunkering operation is the transfer of bunkering supplies between
seagoing ships positioned alongside each other, either while stationary or underway.
Cargoes and bunkering supplies which are typically transferred via STS methods are
crude oil, liquefied gas (LPG or LNG), bulk cargo, and petroleum products.
On open sea, this is called a ship-to-ship operation. One vessel will act as the terminal
whilst the other one will moor. The receiving ship is called the daughter vessel and the
delivering vessel is called STBL (Ship to be lightered) or Mother vessel. The supplying
vessel has the hosing lines ready to deploy on the daughter ship. They are extracted with
a crane coming from the supply vessel. After that, a pre-bunker checklist is followed.
This checklist is important to prevent oil spills. Then, a hose will be connected between
the two vessels. A pump, aboard the bunker barge, will force the liquid to be transferred
via the hose. At first, the liquid will be pumped through the hose slowly, so the receiving
ship can make sure it gets in the right tanks. When it does, the liquid will be pumped into
the tanks at maximum pumping speed.10

Figure 5 STS bunkering
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Stern line bunkering
The stern bunkering operation will commence with the two vessels slowly approaching
each other and, after the towing line (it can be up to 200 metres long) has been secured,
the vessels will proceed together at a manoeuvring speed of a minimum of two knots.
This operation can be extremely dangerous in a high sea, because the receiving vessel
can accidentally cross the towing line, jam the screw or rudder and leave the vessel
unable to manoeuvere.11

Figure 6 Stern-line bunkering

Conventional types of bunkering for navy vessels:
Bunkering at sea by a line transfer
This is a way of bunkering while sailing. They shoot a line from the supplying vessel to
the receiving vessel. When the receiving vessel pulls in that line, a thicker line is
attached to it. When the line has been attached, the fuel hose is put on the gliding rail
underneath that line. The vessel that is receiving and the vessel that is supplying are
connected now, the bunkering operation can begin.12
Stern Line Bunkering is also used by the navy in rough weather conditions.

Figure 7 Shooting line bunkering
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2.8.1 Creative solutions
Some systems are already in use for bunkering at sea. A couple of these systems were
developed by the navy. The navy uses two systems. The first system is used with calm
weather. A line is shot from the supplying vessel to the receiving vessel. When the
receiving vessel pulls in that line, a thicker line is attached that they connect to both
vessels. After that, a fuel hose will glide underneath that line towards the receiving
vessel and is connected.
The second system is used mostly in bad weather circumstances. The supplying vessel
will sail ahead of the receiving vessel. The supplying vessel will throw a buoy in the water
that is connected with a line. The receiving vessel picks up the line or buoy and pulls it
in. A fuel hose is gliding underneath the line, and the hose can be connected.

Figure 8 Stern-line bunkering

These methods are relatively simple, but a disadvantage is that the supplying and the
receiving vessels must be equipped with these systems.
There are some supportive systems that can be combined with the above methods to
make the operation easier.
Of course the conventional systems have a lot of advantages. This project has started in
order to create an innovative solution which makes bunkering safer, faster and easier.
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Bunkering while sailing
In order to create a vessel which is capable of bunkering at high seas by using a
combination of some existing systems, a safe and efficient way of bunkering can be
developed. The Dynamic Positioning (DP) system can be used. There is a DP system that
can keep the position of the vessel by use of two cameras so the mistakes that
sometimes can be found in the GPS system will not be made. When using this system in
a three axis way, the Ampelmann system can be connected to it. In that way, the
movements of the receiving ship can be followed and the vessels are stationary relative
to each other.
Ampelmann system
The Ampelmann system consists of a self-stabilizing hexapod with 6 hydraulic cylinders.
Because of this, the system is capable of compensating actual heave motions of the
vessel.
It is designed as a stand-alone system that can be mounted on any common vessel used
during offshore operations.13
This system is an offshore solution for transfers of personnel. A new way of using this
system is that the gangway that is normally used for the transfer of people, is now
replaced by a beam. Under or in the beam a hose is fitted. Now this system is capable of
transferring fluids.
The possibilities for ship to ship transfer is already an existing technique developed by
Ampelmann.

Figure 9 Ampelmann system
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Dynamic positioning system
This system, also known as DP, is widely used in all sorts of offshore operations. This
system is capable to keep a vessel in the desired position. The desired position for a
bunkering vessel at sea is a fixed distance from the receiving vessel. This system is using
photography instead of Global Positioning system (GPS). And has an accuracy of 2 cm.

Figure 10 Dynamic Positioning

There are three different kinds of Dynamic Positioning systems.
- DP1 makes sure the vessel stays in the desired position.
- DP2 makes sure the vessel stays in the desired position, and allows for
compensation when an error occurs, two independent systems.
- DP3 makes sure the vessel stays in the desired position, and allows for
compensation when an error occurs, two independent systems and a backup
system.
For bunkering at sea at least a DP2 system is required, because it would be harmful to
the environment if the hose disconnects and bunkering fluids leaked into the ocean.
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Disconnect-able Turret
The turret mooring system consists of a turret assembly that is integrated into a vessel
and permanently fixed to the seabed by means of a mooring system. The turret system
contains a bearing system that allows the vessel to rotate around the fixed geostatic part
of the turret, which is attached to the mooring system.
The turret mooring system can also be combined with a fluid transfer system that
enables connection of (subsea) pipelines to the vessel like an F(P)SO. The fluid transfer
system includes risers between the pipeline end manifold (PLEM) at the seabed and the
geostatic part of the turret. In the turret a swivel provides the fluid transfer path
between the geostatic part and the free weather vaning vessel that rotates around the
turret.
The turret system is fully passive and does not require active vessel heading control or
active rotation systems in the turret or swivels.
The turret system can be located externally or internally with respect to the vessel’s hull
structure.14
The turret system is a common system for Floating Production, Storage and Offloading
vessels (FPSO). This system is used in case of an approaching hurricane or ice. It can
quickly disconnect from the turret and leave the dangerous site. When using this system
for bunkering, the vessels that require bunkers do not have to enter the port. The vessel
can moor at this turret and load the required liquids.

Figure 11 Disconnect-able turret
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Offshore bunkering tower
The idea of the tower mooring system consists of a tower structure that is permanently
fixed to the seabed by means of piles or a gravity base. The tower contains a bearing
system that allows a part of it to rotate around the fixed geostatic part. When moored to
this rotating part of the tower with a mooring connection, the vessel is able to freely
weathervane around the geostatic part of the tower.

Figure 12 Single point mooring

Technical aspects
Using the bunkering tower is technically possible. The tower is in fact a stationary
construction mounted on the seabed. However, the current purpose of this system is
exchanging fluids with tanker vessels. Also, trained crews will be necessary to use the
bunker tower.
The tower is suited for multiple types of vessels. The system requires no modifications to
the vessels, because the mooring lines can be attached to the standard mooring points.
There is a hose on the beam on top of the tower which can be connected to the ship.
Fluids can be pumped through the tower and the hose to the bow of a ship with bow
tanks. If the tanks are amidships, floating hoses can be used.15
Navigation and mooring
Vessels will approach the tower with its bow at slow speed, this gives the maximum
control over the vessel and minimizes the need for tug assistance. The mooring tower will
be designed to match all necessary requirements for all different kinds and sizes of
vessels to moor. Various factors need to be kept in mind by the design of the tower, the
tower mooring systems are typically designed for near shore applications with water
depths of up to 50 metres. The mooring connections use the following systems: hawser
and soft yoke.16
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Storage and transportation of the bunkering fuel
The bunkering fuel will be transported from a terminal on shore. These terminals are
filled with fuel by large crude tankers. The bunkering tower is connected with the
terminal by a pipeline which lies on the seabed. The fuel will be transported through the
pipeline. Because of the high viscosity of the fuel the (subsea) pipeline must be heated.
This happens by blasting steam from shore with very high pressure through the pipe
while the bunkering fuel is transported. To make this possible it is important to use a
pipeline with a double hull.

Figure 13 Terminal for Bunker fluids & Pipeline on the seabed

Cleaning the pipeline
When the vessel is ready with bunkering the pipeline is full with a bunker product ( for
example HFO), the next vessel willing to bunker might need MDO, to make this possible
the pipeline has to be cleaned. To make sure that there is no more HFO left in the
pipeline you can use a pig.
Pigs come in all sizes and shapes, it is important to use the correct pig on the correct
diameter of the pipeline. When the vessel which is bunkering is for 80% filled with fuel,
they inform the shore that they can stop pumping bunkering fuel. Now you’ll see that
there is some HFO left in the pipeline. This is accomplished by inserting the pig in the
pig launcher( or launching station). After this, the launching station will be closed and the
pig will be pushed through the pipeline, under high pressure, all the way to the receiving
station on the mooring tower taking all the rest HFO with it. Now the subsea pipeline is
clean again and ready to receive its next bunkering fluid.

Figure 14 Pigs & Pig cleaning a pipeline
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2.9 Systems in various weather conditions
As described in sub question 2.8 there are 3 systems of bunkering which are
taking place already. In this chapter is a description of in what weather
conditions these already existing systems and the new developed system can be
used.
The conventional types of bunkering systems for merchant vessels
 STS (ship-to-ship) bunkering with conventional bunker barges – Good weather
conditions and if the sea is very calm.
 Stern line bunkering - Bunker delivery on open seas in rough weather conditions.
Both vessels in motion (maneuvering speed) during delivery.17
Conventional types of bunkering for navy vessels
 Bunkering at sea by a line transfer – this bunkering procedure can be used only in
good weather conditions.
Bunkering tower
 The bunkering tower seems fit for moderate weather conditions, the vessels have
to be stopped and can rotate freely around the tower.
Sea going bunkering vessel
 This seems to be the most realistic way to bunker at sea. Ship-to-ship bunkering
while both vessels are stopped is an operation that does not allow for moderate or
rough weather conditions, bus it is more practicable, less expensive and no
specifically trained crew is required.
 Current bunker barges need to be made stronger and equipped with a beam to
make them suitable for use at sea.
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3. Conclusion
The problem researched in this project is how to solve port congestion. The
main question of this research is: “How can port congestion be solved by
bunkering at sea?
Bunkering while sailing:
By doing field research at bunkering companies and Bluewater the conclusion can be
made that the idea of using either the Ampelmann or dynamic positioning systems are of
no real contribution. The shipping industry is a sector which always pays a lot of
attention to prices and expenses and since these systems are not necessary, it is unlikely
these systems would be applied at sea bunkering.
During a conversation with a bunkering company it turned out that only 5% of all ships in
the port of Rotterdam specifically enter the port to bunker. That small amount does not
really contribute to the total port congestion.
A vessel without these systems seems much more interesting. A river sailing bunker
barge with a seaworthy hull and a large bunker beam might be enough to bunker other
vessels at sea.
Offshore bunkering tower:
The bunkering tower seems a great way to bunker vessels, too. It might be most
profitable to place these towers in an anchorage or a channel with a lot of ships passing
through, because there will be a large number of customers in those locations.
It might be required to crew the bunkering tower. It might also be necessary to train
crews that moor the vessel at these towers, or they can request a pilot for the operation.
The tower is expected to be operational in heavier weather conditions than a sea going
bunker barge, so a larger part of the port congestion will be resolved in the relevant port.
Final conclusion:
Looking at these two inventions, the bunkering tower seems the most successful one. It
allows bunkering in heavier weather conditions, the structure of the tower allows the
bunkering hose to be transferred to the receiving vessel more easily, and the tower can
be built in anchorages or even near windmill parks. Also, with two vessels there will be
two independently moving stations, with the tower only the requiring ship will move, so it
is safer.
The bunkering tower does not at all replace the current method of bunkering. It can be
built in ports where vessels come in specifically for bunkering. Those vessels will no
longer require a berthing place and they no longer have to wait for the bunker barge to
come.
The ideas unfortunately have not been tested in practice. Before the solutions can be
carried out in practice, further research is recommended. When the solutions and
recommendations are examined, the ideas can be implemented.
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4. Recommendations
If there is the desire to bunker with a sea-going bunker barge, a Dynamic Positioning
system and an Ampelmann system are not necessary for this purpose. A seaworthy hull
and a larger bunker beam are required.
However, it is recommended to make use of the bunkering tower. These towers are
stationary, adjust their rotation based on wind and current, and allow sea-bunkering in
heavier weather than a bunker barge. It is also possible to take the crew off the tower
when no vessels order bunkers. A bunker barge needs a constant running crew, also
during its downtime, and that would be wasted expenses.
It would also be inefficient to only bunker in the port with a much more expensive bunker
barge, which is likely to happen in times of rough weather, whereas the tower is still
operational.
At this point is not possible to say whether the tower can be operated independently, so
a crew to operate the tower is recommended at this point.
It is also recommended that if ship owners wish to make use of the tower, either a pilot
comes aboard, or the crew has to be trained for these purposes.
Currently, a similar system is being used for transferring liquids between the shore and
tankers, so that proves that the system works already.

Figure 15 Bunkering tower
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6. Attachments
6.1 Interviews:



Atlantic Horizon
Bluewater

Appendix 1: Interview Atlantic Horizon
Bunkering at sea is a revolutionary idea. High-sea bunkering does not yet happen. The
most similar way, that does exist, is bunkering in front of a port, in a bay. Singapore
anchorage is one of the locations where this is applied. However, this bay is enclosed by
land at all sides, with only relatively small streams of water in between. This makes the
water and weather to behave more calmly, making it easier for bunker barges to sail
over these waters. The North Sea, for example, is a lot less calm, and often high waves
and heavy winds occur. Besides that, the North Sea is a very dense and popular location
for merchant vessels. Bunkering currently only happens with two vessels stationary, in
port, or a bay similar to Singapore.
We found that the main reason to not bunker at sea, is the bigger risk of an oil spill. That
risk is increased because of the higher waves and heavy winds.
Our idea of the offshore bunkering tower, at this point, seems less practical to achieve
than a sea-going bunker barge. One reason is the many different kinds of fuels and
lubrication oils. Another reason is that the pipelines need to be heated constantly for the
Heavy Fuel Oils to be displaced. A sea-going bunker barge allows for flexibility; location
changes and different fluids to be transported.
Annually 20.000 up to 25.000 vessels enter the port of Rotterdam. About 5% of these
come specifically to bunker. This seems like a really small amount, and seems like this
does not contribute to the congested port, but this is an average of 3 vessels a day,
besides that, the market might grow if there is the possibility to bunker at sea.
The final challenge is connecting the two vessels to each other. Currently, the connection
to the bunker tanks is at the rear, for most vessels. The hoses are very heavy, too, and
they need to be heated.
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Appendix 2: Interview Bluewater
We have also met with a company called Bluewater. This company provides offshore
products such as a tower that can provide tanker vessels with their products, a buoy for
the same purpose and other offshore applications.
We tried to find out if any of these systems will be capable to provide vessels with
bunkers. We were mainly interested in the tower, to fuel vessels in offshore or even
high-sea areas.
In the beginning of the interview we found that the tower is not suitable for use as a
bunker provider. The towers are very complicated systems, and are also very expensive
to build and use. The buoys might be less expensive, but to moor a vessel to the buoy,
adjustments to ships requiring the bunkers need to be made. The buoys also need to be
manned for use. Both systems will not allow for bad weather bunkering, too. For these
reasons a more skilled crew will be necessary, the costs will take a huge leap, and it will
be less interesting to shipping companies to use these systems.
The interview soon took a direction towards our idea of the sea-going bunkering vessel.
The man we interviewed saw the most potential in this system, and therefore we
discussed this topic for the greater part of the interview. The idea that developed during
the interview was a sea-going bunkering vessel that would also be able to sail on the
rivers. If the weather allows, the vessel can go to the seas, but if the weather
deteriorates, the vessel will not go outbound.
This way, we guarantee that the bunkering operations will not be limited by bad weather.
The extra cost, making the bunkering vessel sea-worthy, will be less of a problem
because of the technical advances of the vessel, compared to ordinary bunkering vessels.
The cost comparison is nothing more than a hypothesis however.
We are aware that bunkering vessels at the port of Rotterdam are below average, so a
lot of shipping companies are interested in bunkering here. If there is a way to bunker at
sea, we expect an increase of bunkering orders, mainly because vessels can bunker on
their way through the British channel.
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