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Management review
This report is written as part of a research on the possibilities of a flying ship. This research is
commissioned by the Rotterdam Mainport University as a part of the second year of the study for
Maritime Officer. It is conducted by a group of five students.
Problem
This research deals with the question:
How can port congestion in the port of Rotterdam be diminished by the use of a flying cargo vessel?
This question is based on the problems the Port of Rotterdam is experiencing considering
port congestion, mainly in containerized cargo. Port congestion is expected to become a larger
problem in the future, because of the growing capacity of containerships. This means there are more
and higher peaks in container throughput to be expected. Expanding the port even further is costly
and only useful during peak throughput moments. Container handling speed has to increase to keep
up with the Asian ports. Peak throughputs are a European problem. Investing in short sea shipping
would improve the connection between these ports, but coastal vessels have to berth and take a lot
of time loading, discharging and on administrative aspects. The same basically counts for inland
vessels. A new form (modality) of transportation to the hinterland will have to be thought of.
A growth in cargo throughput was expected for the coming years, but due to the economic
crisis, this expectation may have to be adjusted.
Methodology and results
Mostly qualitative research was conducted. For all sub-questions, desk research has been
carried out, and two interviews have been conducted as field research for most of the sub-questions.
Research has been carried out basically into two different forms of a ‘flying ship’. Both forms
have been compared to each other and other modalities of transportation. The first form is basically
a very large wing-in-ground plane (the ‘flying vessel’ or ‘flying ship’), with a deadweight of up to 2000
metric tons. It would be the largest plane ever built, this has to be done in order for it to be able to
actually make a difference in the port as a modality. This form uses the ground effect to generate lift,
which allows it to fly with more cargo, but it has to stay close to the water surface. This option is very
fast, but requires a lot of time berthing, loading, discharging, taking off and landing. Also, aircraft fuel
is very expensive, making this an expensive modality, whereas the gain of time will be minimal. Also,
assigning it a more or less protected place in the port may cause problems.
The second form is a modular zeppelin-like airship (the ‘airship’). It uses lighter than air
gasses to generate its lift. This makes transportation by airship a lot cheaper, as fuel is only needed
for moving horizontally. It is able to lift containers directly from the ground while hovering over it,
making it fast in loading and discharging, like a truck, only capable of taking more cargo. Except for
during bad weather, it is more reliable and a lot faster than a truck. Also, its modularity, allowing
multiple airships to connect to be able to fly heavier loads, hovering capabilities and on-board
winches make it a very flexible modularity. It could, for example, also be used in offshore operations
ore heavy lift operations on land. A problem is that it has to be very large in order for it to be able to
transport significant amounts of cargo.
Conclusion and recommendations
The second form, the airship, looks logistically speaking more viable in the port. This is due to
its flexibility and speed in operations. Technical problems may occur when building such large
structures however, but that also goes for the seaplane. The biggest logistic problem is likely the,
speaking from a sea transport-point of view, very limited cargo capacity. This, combined with the
huge amounts of cargo that have to be transported to solve port congestion, makes both forms not
very appropriate for the goal. However, the airship seems very useful for other, port-based
applications. For example in the offshore and transportation of small amounts of cargo in the port.
More research into these applications is recommended.
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Preface
This report was written as part of a research conducted by five students of the Hogeschool
Rotterdam, Maritime Officer. The research started with only the very broad concept of a ‘flying ship’.
It soon became clear also port congestion and the Port of Rotterdam had to be included.
In the beginning, we found it hard to work with this freedom: what is a flying ship actually? Is
such a thing even logistically and technically achievable? These were questions with which we were
struggling, and so will probably the reader of this report. Reading this report requires an openminded attitude towards logistic and technical processes and possibilities. Let it be clear that this
research was performed into a subject that has never really been investigated in this context before.
It cannot cover all the possible technical difficulties experienced such a flying ship, and there may
very well be more unforeseen problems when actually implementing the concept investigated. This
research should be seen as a very explorative one, as not even the question of what a flying ship
actually is was answered.
We would like to thank Mr Jan Bos from TNO and Mr Wim Hoebée from the Port of
Rotterdam for providing us with a critical look on our research and bringing in new ideas. We would
also like to thank our principal Mr P.C. van Kluijven for his support and reviewing of our research
throughout the past six months.
Rotterdam, 3th of March 2016
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1. Introduction
1.1. Problem description
Port congestion
Maasvlakte 2 is finished, the port of Rotterdam is still the largest in Europe and it looks like it
can keep up with the development of large Asian ports. However, it has to deal with some problems
as well. Last March, again, a peek in port congestion caused many delays for ships waiting to load
and discharge. A few quick measurements were taken but the problem has not yet been solved in a
structural way. (PortStrategy, 2014) The port is extremely busy and it looks like it will only become
busier.
The EU has recently marked 319 European ports as essential for the European economy. Of
course, Rotterdam is one of them. A 50% growth in seaport throughput is expected by 2030. To be
able to handle all this cargo, European seaports will have to work together. Most cargo now goes to
only a few seaports. They get congested and the transport becomes inefficient. There is no way for
the Port of Rotterdam and other European ports to quickly send small amounts of cargo from one
port to another. This will become a problem when the 50% growth prediction turns out to be true.
(European Commision MEMO, 2013)
European problem
More European ports are congested, especially Bremerhaven and Antwerp. The average
delay of ships in Rotterdam is about 17 hours, in Antwerp 26 hours and in Bremerhaven 23 hours.
(Lavigne, 2014) This is a bigger problem than it might look at first. Of course, cargo owners get in
trouble because they do not receive their goods in time. This can lead to large costs when for
example a factory needs new machinery parts. A small delay can then be the cause of large costs.
More European ports are dealing with this problem. Effective short sea shipping could help
solve this problem, smaller amounts of cargo can be easily transported between European ports. The
problem however is that also these ships have to berth (and sometimes even take more berthing
capacity than they need) and have to spend a lot of time on administrative things and customs.
Stakeholders
But the problem also concerns trucking companies, inland ship owners and railroad
companies. They are all working with tight time schedules and if a ship does not arrive in time, it can
cause even bigger delays and costs for transport to the hinterland. When a truck has to wait for a
container for 24 hours, these schedules have to be made all over again.
Also for the (container) terminals, congestion is a big problem. Containers pile up waiting to
be taken away one way or another. This leads to a shortage of valuable storage space at the
terminals. Also, if a ship comes in too late and stays for too long, the next ship will also have to wait
for its berth. This is why one late ship can cause delay for a lot more ships.
Of course, also carriers suffer from port congestion. Having to wait before a ship can enter a
port leads to higher fuel costs, problems with feeders and sometimes even perished cargo. This
mainly concerns carriers with smaller ships, as large container vessels are often given priority in berth
allocation and take the berth for a relatively long period.
Finally, all the supporting services in the port of Rotterdam suffer from congestion. Tug
services, pilots and shore gangs have to amend their schedules and have to deal with peaks in
activity. As these services are often more flexible, the problem is not as big here, but it is definitely
existent.
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Damage
Hence, as sea transport usually requires further transportation of goods, congestion in ports
leads to delay in the entire supply chain, this is a domino effect. Therefore it is hard to make
estimations about the damage of port congestion, but it is estimated that port congestion in the
United States cost retailers over 7 billion dollars in 2014. (Laura Stevens, 2016)
Causes
The causes of port congestion are different for every port and sometimes hard to determine.
For Rotterdam, the biggest causes are ships that do not arrive according to schedule, peaks caused
by larger ships and works on terminals. Other possible causes are strikes (especially in the US),
changes in legislation (day time truck ban in Manilla), bad weather and technical problems. (Drewry
Maritime Research Ltd., Ingmar loges) The problems in Rotterdam seem to be more of an incidental
nature than of a structural one. This does however not mean that it will not happen again and that
nothing has to be done about it. Apparently, the Port of Rotterdam is not flexible enough to handle
peaks in throughput.
Key points
- A growth of up to 50 percent will be too much to handle for the system of European
ports as it is now.
- The Port of Rotterdam is having trouble controlling all the flows of cargo. This leads to
port congestion.
- A lot of cargo in Europe is transported using short sea shipping, which is not a fast way of
transport and does not necessarily diminish port congestion. Also, the frequency of short
sea shipping transports is low and custom procedures take up a lot of time.
- From 2040 onwards, after the big growth, a big decline in cargo throughput is expected.
Although such long-term predictions are always a bit dubious, the Port of Rotterdam has
not yet got a plan for dealing with this. (George Wuppel, 2013)
1.2. Problem definition
The port of Rotterdam has to deal with congestion; the port as it is now cannot deal with the
growth in cargo that is expected within the next decades.
1.3. Objective
The amount of port congestion in the port of Rotterdam will be diminished. This is done
using a flying vessel so that ships will no longer be delayed because of congestion.
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2. Research questions
2.1. Main question
How can port congestion in the port of Rotterdam be diminished by the use of a flying cargo
vessel?
2.2. Subquestions
How will the flying ship fit in existing legislation and environmental rules?
- Desk research, field research, qualitative
- Consists of the following paragraphs:
- Aviation legislation
- Environmental legislation
- Shipping legislation
- Position of flying ship in aviation and shipping
- Training
What will be the basic design of the flying ship?
- Desk research, field research (interviews with experts on aviation), qualitative,
quantitative
- Consists of the following paragraphs:
- Propulsion in water and in air
- Stability
- Navigation
- Amount of cargo
- Size
- Safety
- Design of hull
- Fuel
What will be the exact purpose of the flying vessel?
- Desk research, qualitative
- Consists of the following paragraphs:
- Routes
- Type of cargo
- Containerisation
- Costs
How will the flying ship be put to use in the Port of Rotterdam?
- Desk research, field research (interviews with Port of Rotterdam)
- Consists of the following paragraphs:
- Introduction in the port of Rotterdam
- Location
What facilities and infrastructure are needed for a flying ship?
- Desk research, field research, qualitative and quantitative
- Consists of the following paragraphs:
- Berthing and mooring
- Water levels
- Vulnerability
- Transport from plane to shore
- Piloting
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3. Legislation and environment
3.1. Aviation legislation - seaplane
European Aviation Safety Policy
Flying is one of the safest forms of transport and the fastest growing. That’s why the
European Union decided to launch the European Aviation Safety Policy.
This safety system consists of a set of safety rules which are directly applicable in a uniform manner
across the EU. Every aircraft that arrives in an European Airport is subject to safety inspections. To
prevent incidents or accidents, it is necessary to start investigations to the causes of earlier incidents
or accidents. Despite the increase in air traffic the European Union has maintained a high level of
aviation safety.
Aircrew
The European Commission launched the ‘Commission Regulation (EU)No 1178/2011’. This
regulation is about the technical requirements and administrative procedures that civil aviation
aircrew has to deal with.
The Aircrew Regulation lays down the requirements for the following fields:
- pilot licensing and medical certification
- conversion of existing national pilots’ licences
- conversion of flight test qualifications
- the future of existing national flight engineers’ licences
- conditions for the acceptance of licences from third countries
- how to obtain credit for training commenced prior to the application of this Regulation
- how to obtain credit for pilot licences obtained during military service
- cabin crew medical fitness and
- entry into force and application.
Air operations
There are not yet any technical requirements or administrative procedures for the air
operations with a flying vessel.
Airworthiness and environmental certification
The flying vessel should have these certifications.
3.2. Environmental legislation - seaplane
The Port of Rotterdam has an environmental protection agency. This agency has regulations
for the emission that causes air pollution. It also supports new techniques that prevent air pollution.
There aren’t any regulations for the emission of flying vessels, but flying vessels have to follow the
emission regulations for normal ships when they arrive at the Port of Rotterdam until the Port of
Rotterdam makes different regulations for the flying vessels.
The flying vessel has to deal with the emission regulation in the Port of Rotterdam but also
with the emission regulations for aircrafts when the flying vessel is flying. The aviation industry is
dealing with the same environmental effects as the shipping industry: noise and emissions. The
aviation industry accounts for 2 to 3% of the global CO2 emissions and the shipping industry accounts
for 2,5% of the global CO2 emissions. For the flying vessel, these regulations are not that important.
The flying vessel has to be a new transport option that is fast and green. If the flying vessel reduces
its emission to its minimum by the use of new techniques, the market for the flying vessel will be
bigger. Ports like the Port of Rotterdam are starting to make emission regulations stricter.
Noise is also a big environmental effect, the flying vessel should follow the regulations of the
Port of Rotterdam, to reduce the noise emission.
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3.3. Shipping legislation - seaplane
The regulations in the port of Rotterdam contains international, national and local laws. The
international regulations are issued by the IMO, an example is SOLAS. An example of national
regulations is the AND. Local regulations are the Bye-Laws, they are the house rules of the port.
A few house rules that are interesting for the flying vessel:
Article 3.5 Facilities in the port
This article provides in a general sense that it is prohibited to have or install facilities or
objects in, on, under or above the water if these could cause danger, damage or hindrance.
In connection with the safe use of the port the Harbour Master must be aware of all
facilities which are installed in, under or above the water and which are of a more or less
permanent nature. Excluded are ship’s accessories and facilities which serve for the loading and
unloading of a ship. An additional requirement for these facilities is that they are actually in use (as
such) in order to prevent that facilities which are a hindrance or danger to others (e.g. mooring
lines and fenders) are permanently installed.
Article 4.1 Air pollution; stench, hindrance or risk causing substances
Article 4.1, first paragraph, provides that it is prohibited to allow soot to escape from a ship
as a result of blowing through the exhaust system.
The second paragraph provides that it is prohibited to allow substances to escape from a
ship if this results or could result in danger, damage or hindrance.
The prohibitions set forth in the first and second paragraphs are limited to operations
which take place on board a ship. Operations performed from the shore fall outside these
provisions.
The third paragraph provides that the Municipal Executive may grant exemption from the
prohibitions set forth in the second paragraph.
Article 4.7 Prohibition of use of main engine
It happens very regularly that berthed ships leave their main or auxiliary engine running
unnecessarily, other than immediately prior to departure of the ship. This means an unnecessary
burden on the environment and may cause nuisance for people living in the area.
The areas that have been designated as areas where the main engine may not be left
running are the berths located on the Noordereiland where a prohibition on the use of generators
is in force as referred to in Article 4.6.
Due to the chosen phrasing, it remains possible to have the main or auxiliary engine running
for the purposes of testing, for example. However, for this activity an exemption granted by the
Municipal Executive is necessary.
Especially article 3.5 is interesting for the flying vessel, because the flying vessel needs a
special facility to load and discharge its cargo. The other articles are about noise and air pollution.
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3.4. Position of flying ship in aviation and shipping - seaplane
The flying vessel doesn’t really have a position in aviation and shipping. It’s an aircraft when
it flies and an ship when it sails. So it has to follow the navigational rules of aviation when it flies and
the navigational rules of shipping when it sails. Navigational rules for seaplanes are applicable for the
flying vessel:
(a) General. Each person operating an aircraft on the water shall, insofar as possible, keep clear of
all vessels and avoid impeding their navigation, and shall give way to any vessel or other aircraft
that is given the right-of-way by any rule of this section.
(b) Crossing. When aircraft, or an aircraft and a vessel, are on crossing courses, the aircraft or
vessel to the other’s right has the right-of-way.
(c) Approaching head-on. When aircraft, or an aircraft and a vessel, are approaching head-on, or
nearly so, each shall alter its course to the right to keep well clear.
(d) Overtaking. Each aircraft or vessel that is being overtaken has the right-of-way, and the one
overtaking shall alter course to keep well clear.
(e) Special circumstances. When aircraft, or an aircraft and a vessel, approach so as to involve risk
of collision, each aircraft or vessel shall proceed with careful regard to existing circumstances,
including the limitations of the respective craft.
These are the right-of-way rules for seaplanes, which the flying vessel should follow.
3.5. Training - seaplane
If the flying vessel is going to be an alternative in the transport industry, someone has to
sail/fly the flying vessel. A special training is needed. The training should contain the aviation and
maritime side and also how to handle a flying vessel. The training shall shape after the creation of the
flying vessel.
3.6. Legislation – airship
However during field research, the idea of using an airship instead of a flying vessel became
more relevant. Beside of the technical advantages compare to the flying vessel, the airship has also
advantages in the legislation and environment.
Legislation.
The position of the airship is clear, it belongs to the aviation legislation. There is already
legislation for the airship, because it is not a new concept. So that is also an advantage compare to
the flying vessel. The only problem is how to apply these legislation in the Port of Rotterdam. To
discuss the whole aviation legislation is going to be irrelevant. There are a few points that are
interesting to discuss. First the landing zone of the airship. A certain ‘special rules zone’(SRZ) has to
be established. A SRZ makes it possible for the Port of Rotterdam to control the airships with her own
Air Traffic Control. Another interesting point are the air corridors that has to be developed for the
airships. These corridors has to unite with the air corridors that already exist around Rotterdam. It is
also not safe to fly below 100 metres. So the air corridors for the airships has to be placed carefully,
with full attention for obstacles and other air corridors that are focussed on the airport of Rotterdam.
So the only real problem is how will the airships fit in the already existing (air)infrastructure
around Rotterdam.
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This is a chart of the air-infrastructure around Rotterdam. The airships will be situated
around the Port of Rotterdam, because the intention of the airships will be a logistic and
environmental solution to give an impulse to the development of the Port of Rotterdam. By making a
SRZ and air corridors that will not interfere with the already existing air corridors it will not be a
problem to establish the airships in the Port of Rotterdam according to the regulations of the Port of
Rotterdam and the permission of the Municipal Executive.
3.7. Environment - airship
The Airship is environmentally friendlier than the flying vessel. An important disadvantage of
the flying vessel compared to the Zeppelin is the high fuel consumption. The flying vessel uses a lot
more fuel than the Airship. The reason is that a flying vessel is simply a lot heavier than a Airship.
Another disadvantage of the flying vessel is the basin, a Airship does not need one. The basin has to
be established somewhere around the Port of Rotterdam. The problem is that there is a line of
demarcation. It is forbidden to build or for example establish a basin in the area below the line of
demarcation. Otherwise the environment will suffer a lot from the growth of the Port of Rotterdam.
It is only possible to build a basin
West of Maasvlakte 2. There are
a lot of difficulties that has to be
solved to place a basin in this
area.
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An advantage of the Airship is that the airship can comply with the environmental regulations
of the Port of Rotterdam, now and especially in the future, because the regulations will get harder to
answer to. It is going to be hard and costly for the flying vessel to answer to the emission and noise
regulations of the Port of Rotterdam. It is not impossible but it is costly. The airship however has
much lower fuel costs and less carbon emissions. That is because of the gas in the hull, an airship
only has to propel itself forwards and not upwards. The noise emission of the airship is also minimal,
because they use electric motors. So the noise emissions that are harmful for the wildlife and people
that live near the port will be diminished. So if you look only at the environmental issues, the airship
has much more advantages than the flying vessel.
3.8. Training - airship
To establish the airship idea in the Port of Rotterdam. The Port of Rotterdam need personal
that are trained to use an light in airship. For example technicians, pilots and ground personal. There
is no particular training for these jobs, but it is easier to set-up a training facility, than with the flying
vessel. Simply because the airship already exist. A company (airships.com) that provides training for
airship personal describes how the training works on their website:
title: Airframe and Powerplant Technician
Category: Airframe and Powerplant Technicians

License Requirements:
To be considered for the position as an Airframe and Powerplant Technician for The Lightship Group, a person must
have a valid FAA Airframe & Powerplant license or a CAA license.

Training:
The majority of training will be on-the-job training. A syllabus is provided for each Technician to work through with
his/her Senior Technician.
A formal training program occurs on an annual basis with some outside vendor training.
Title: Blimp Ground Support Team
Category: Ground Crew

We don’t expect applicants to have airship experience but we are looking for relevant experience. Mechanical
background is a plus, but not a must. All training for this position is done on- the- job. You will be trained by other
members of the team and supervisors will test prior to promotions.
Title: Commercial Lighter-Than-Air, Airship (Blimp) Pilot
Category: Pilot

To qualify for the position of pilot for The Lightship Group, a person must meet the following minimum requirements:
Possess a current FAA or CAA Pilot certificate with:
Instrument rating
Instructor rating
Minimum of 500 hours
Current 2nd class medical
Because of the fact that we do not have a blimp set aside strictly for training pilots, it is necessary to send pilots who
are transitioning to their Lighter Than Air licenses to a working airship.
These airships must first satisfy the schedules and wishes of their sponsor/client and the pilot training fits in where
and when. It is not unusual for this transitional training to take up to 6 months.

So the company provides the training for the airship personal. It is realistic for the Port of
Rotterdam to first hire personal that already has experience with airships and later start her own
training program if the airships will make their way to be a serious logistic and environmental
solution.
(Van Wagner Airship Group, 2016)
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4. Design
The design of the vessel will be something like a Wing In Ground plane. It has a higher
cruising speed than a regular cargo ship. About 210 miles an hour, it uses 50% less fuel than aircraft,
therefore it is less polluting and has lower fuel costs. It will fly on a height that is 10% of the
wingspan. The wingspan will be around 150 meters and its flying altitude is about 20 feet above the
water. With this height it will have an operating range somewhere around 10,000 nautical miles. If it
needs to fly higher it can reach an altitude of 20,000 feet but the operating range will be decreased
to 6,500 nautical miles. The Boeing Pelican is a concept-Wing In Ground plane, designed by Boeing,
which could comply with the demands of the flying vessel. According to the Boeing Pelican:
4.1. Financial
- Consumes 50% less fuel than an aircraft and only about 15 % of that of a fast boat
- Low maintenance costs
- Short amortization time
4.2. General
- Cruising speed 120 km/h to 400 km/h (scale factor)
- No sea sickness
- No air sickness
- Easy to handle
4.3. Safety
- Crafts are auto stable
- In case of engine failure the vehicle settles slowly down on the surface
- Unsinkable
4.4. Environmental
- Low fuel consumption = low air pollution
- No water contamination. Closed circuit water or air cooled engines
- Almost no waves. No damage to vegetation when used on rivers, no damage to the
underwater world (air prop./jet drive)
- Low noise
4.5. Fuel
The flying vessel we are designing will probably use more than one fuel type. Aviation fuel
would, technically speaking, be the best and most weight-efficient option but is expensive. Aviation
fuel is a petroleum based fuel that has some advantages.
Advantages:
- Smaller chance of icing
- Smaller chance of explosion due to high temperature
- It will power the flying vessel
- Higher quality (W/kg) than road transport fuel
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4.6. Cargo capacity
10ft and 20ft containers will be used. The maximum capacity will be around the 200 10ft
containers (100 TEU) with a weight of 2,000 metric tons. The containers need a space of 15.95 m3.
The total volume will be 3,190 m3.
The flying vessel will mainly be concerned with reefer transport, which is now dominated by
the trucking industry. Nowadays there is road congestion in a large part of Europe and to solve this
problem we can ship it with the flying vessel in a short time and we don’t suffer from road
congestion.
4.7. Size
The size of the flying vessel will depend of the amount of cargo it will be transporting.
Wingspan will be 150 m, which allows for a deadweight of 2,000 metric tons.
4.8. Safety
The flying vessel will be safe, as the vessel is auto stable and in case of engine failure the WIG
settles slowly down on the water surface.
4.9. Navigational equipment
The flying vessel will have to be equipped with proper navigational equipment, such as
radar with an Automatic Information System, a back-up radar and communication devices.
4.10.
Propulsion
MTT gas-turbine: 4 x 1,400 Turbo-shaft/Prop For in the air. For the propulsion in water more
research will have to be done, since the size and weight of the engine is very important.
4.11.
Airship or seaplane
During the field research we did some calculations and discovered that the flying vessel had
to be very big and it needs a large lift as well to carry the amount of cargo it needs to carry.
a cargo of 2000 metric, and DWT of 1000 ton
The formula for lift is: (flying vessel)

Cl: 1
P: 1,225
V: 4190
M: 1000 ton
G: 9,81
Fl = 1000000 • 9,81 = 981000
A= 91,22
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The flying vessel requires a strong but also a light material to build the flying vessel with. So
during the field research we came to the discovery that we can use carbon fibre and composite
because the material is very light and very strong and that is exactly what it needs. (Wikipedia, 2015)
During field research we also came to the conclusion that the flying vessel we want to design
is impossible because of the size it needs and also the lift it needs. That weren’t the only downsides
of the idea also the amount of fuel and the costs what comes with it makes it impossible to be
profitable and efficient. Therefore we looked at another designs and came up with the idea of the
air balloon. It can help with the road congestion and also the port congestion. The air balloon also
needs less energy to get into the air and move around but there is one big disadvantage and that
would be the wind. It will get the shape of a large wing what will be good for the lift to get it in the air
and also in the air it will be a big advantage.
Materials
The air ship will be made of graphene and Kevlar. Graphene because of the strength is has
and it is also very light what is very good for the idea of the air balloon.
The capacity will be less than the flying vessel but the advantages of the air balloon are the
fuel consumption will be lower, less facility’s, can be used in different ways and you also can connect
the air balloon for carrying large cargo.
Propulsion
The air ship will use propellers because it doesn’t need to go as fast as an aircraft and also
because it probably can’t handle that speed.
Type of propeller will be:
The Pratt & Whitney Canada PT6A-114A turboprop engine is flat-rated to 675 shaft horsepower at
1,900 rpm. Engine operation is monitored by the engine indication system, which shows numeric
readouts of critical engine fuel and electrical indications for torque, propeller speed, fuel flow and
others. A wet type standby engine torque gauge is also installed.
Manufacturer: Pratt & Whitney Canada
Model: (1) PT6A-114A
Power Output: 675 shp
Propeller Manufacturer: McCauley
Description: 3 blade metal, constant speed, full feathering
Maximum speed will be around the 300 km/h. There will be 4 of those on the airship. Those
propellers can turn 360 degrees. Therefore it can stay in the air during loading and discharging.
The drive of the motor (propeller) will be with a generator and an electric motor or there will
be a nuclear type of drive because of the money saving there will be with the nuclear option.
The airship can land when it opens the valve so the helium can escape. Therefore the airship
will slowly decent. The same technique is uses for taking of but with taking off there will be injection
of helium. (Pratt & Whitney Canada, 2016)
Cargo
The cargo capacity of the flying vessel was 2000 metric tons but the air ship will carry far less
than the flying vessel. But it doesn’t need to carry that much for the purpose of the air ship. The
amount it will carry is about 100/200 tons. The cargo will be carried by 4 cranes with grippers who
will get the cargo from the ground without landing so the airship can stay in the air like a harrier/
helicopter. With this method it can be transported from A to B much faster.
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Specifications:
Length: 770 ft
Wingspan: 296 ft
Max speed: 220 km/h
As for the flying vessel, it has to land to load and discharge. This process would take a lot
more time than the loading and discharging of the air ship. Also the cargo will be loaded at the back
of the vessel. There will be a big cargo door what comes down and through there the cargo will be
loaded and discharged.
Formula for the lift is: (air ship)

Cl: 1
P: 1,225
V: 29519,93
M: 300 ton
G: 9,81
A = 54,25
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5. Purpose
The advantages and disadvantages of the flying vessel must be known before the purpose of
the flying vessel can be determined. The flying vessel is compared to cargo ships and cargo planes.
Also research needs to be done to determine which routes the flying vessel will make use of. The
flying vessel will probably be used for short sea shipping. And it needs to be determined which cargo
suits best with the characteristics of the flying vessel.
A distinction will be made between the flying vessel (seaplane) and the air ship (lighter-thanair ship).
5.1. Flying Vessel
Advantages
- The flying vessel is faster than any normal seagoing vessel.
- The carrying capacity of the flying vessel is more than that of a cargo plane.
- No cargo will be lost during a voyage, because there are no on-deck containers. This makes it
more reliable than a containership.
- The flying vessel will reduce port congestion because it loads and discharges in a base apart
from the ship port.
- While flying, waves and strong currents will have no negative consequences for the flying
vessel.
- By flying close to the sea surface, an air cushion will provide the vessel with lift. This makes
the vessel less fuel consuming and thus cheaper. This is called the ‘Wing-in-ground’ theory.
Disadvantages
- Crew needs to be specially trained or retrained for this new way of transportation.
- Sea bases have to be built in the ports where the flying vessel will go.
- Very expensive to build.
- Because of its weight, size and resistance in the water, it will cost a lot of fuel to take-off.
- Because of its fuel consumption in general, the transportation of the relatively small amount
will be very expensive.
- The high costs will make it hardly efficient for any customer.
- Since the vessel is very large and heavy, it will produce a lot of turbulence and should
therefore fly higher than a Wing-in-ground plane. This takes away the advantage of the wingin-ground theory.
Routes
The flying vessel will be used for relatively short distances. Large container vessels that arrive
in Rotterdam will be discharged at large terminals, for example on the Maasvlakte 2. From there the
containers can be transported to the base of the flying vessel, which should be a very short distance.
From here the flying vessel can transport the goods further. The flying vessel will sail between the
larger container ports in Europe.
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Type of cargo
All cargo that can be transported in containers can be transported with the flying vessel.
The flying vessel can be used for the shipping of cargo that is not allowed to be shipped via air
freight. Because of the low altitude of the flying vessel their different rules than for a cargo plane.
The advantage of the flying vessel is that it is faster than a cargo ship. So using the flying vessel is a
good way to transport goods, that are not allowed to be transported via air freight, as fast as
possible. Cargoes that cannot be shipped via air freight are:
- Hazardous cargo
- Flammable cargo
- Dangerous cargo
- Chemicals
Containerisation
10 and 20 feet containers will be used in the flying vessel. Also refrigerated containers could
be used for deep-frozen cargo.
5.2. Airship
A second option is the air ship. Since the disadvantages of the flying vessel were outweighing
the advantages, the flying vessel will be next to impossible to realize at this moment. After the
disaster with the Hindenburg zeppelin in 1937, airships were taboo. Yet, there has been a lot of
research the last few years to investigate the idea of using an airship to transport freight and people.
A couple of advantages make it more interesting to use an air ship instead of a flying vessel.
Advantages
- Emissions and noise are relatively low, since the air ship gets its lift apart from its
propulsion.
- A base can be located anywhere, not necessarily on water.
- Less costly than the flying vessel, in terms of facilities, design and especially fuel.
- No fuel costs for lift, only for propulsion.
- Will be able to stay still in mid-air.
- A lot of research has already been done on this aircraft.
Disadvantages
- The carrying capacity of the airship is less than the carrying capacity of a flying vessel.
- The airship has a low speed.
- Very large.
- Will not be able to fly with strong winds.
Since the flying vessel consumes a lot of fuel and will therefore most likely never be a choice
for a customer, the purpose of the air ship should be further explained.
The air ship could serve multiple purposes. Though it can transport far less containers than the flying
vessel, there are some uses for it.
Just like the flying vessel, it cannot transport dangerous, flammable, chemical and hazardous
cargo. When these containers arrive in a large port such as Rotterdam, the containers can be
transported further by means of the air ship. Since the air ship will fly relatively low, it will not have
to be part of the air traffic, but it will not be part of road traffic either. Also its voyage will be shorter
in distance than the distance traveled when using a truck, train or inland ship.
The air ship could also be used to supply cargo to, for example, an oil-platform. Since it can stay still
in midair, it could load and discharge without consuming a lot of time. Also it could be used for
operations in the windmill-industry.
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Notice that the last possible purposes of the air ship are not suitable for diminishing port
congestion. These possibilities merely indicate the versatility of the air ship.
Since the air ships individually will not be able to carry much weight, it would be useful for the air
ships to be able to attach to each other, making it a large web or chain to carry more cargo at once.
The next table indicates the advantages and disadvantages of several ways of transportation,
after sea shipping:
Type of
Range from
transportation Rotterdam

Speed

Cost

Inland ship

Low

Low

Fuel
consumption
per ton
Low

Moderate

Low

Moderate

Moderate

Low

Low

High

High

High

High

Very high

Very high

Low

High

Moderate

Truck
Train
Cargo-plane
Flying vessel
Air ship

Large part of
Europe
Any country in
Europe
Europe, Eastern
Russia
Around the
world
Around the
world
Europe

22

6. The flying ship in the port of Rotterdam
The research question of this chapter is: ‘How will the flying ship be put to use in the port of
Rotterdam?’ This question will be answered using qualitative research, consisting of desk research
and an interview. It will deal with the introduction of the flying vessel in the port of Rotterdam on a
logistic level, the location of the facilities required.
6.1. Expected cargo throughput in the Port of Rotterdam
Of course, it will take years before the flying ship will actually be used in the Port of
Rotterdam. It is important to know what the situation of the port will be like at that time. It is
estimated that this will be around 2030. This would leave enough time for designing and testing of
the ship, as well as for the building of the necessary infrastructure and the training of personnel.
First of all, a lot of research has been conducted on this and similar topics. What will be the
situation of the Port of Rotterdam in, say, 2040? Predictions differ, a research by IMSA using the
models from the Club of Rome predicts a downfall in throughput, whereas the Port Compass, written
by the Port of Rotterdam, foresees a large growth for 2030. These seemingly contradicting
statements just show how complicated this matter is. We can simply not predict the economic
situation in twenty years from now, which is the most important factor in throughput growth.
However, there does seem to be a certain tendency in throughput growth that is supported by
multiple researches.
Every ten year, the Port of Rotterdam writes a Havenvisie, stating their vision for the port
twenty years from now. The Port Compass (Havenvisie 2030) is the most recent one (2011). This Port
Compass guides the Port of Rotterdam in policy making.
For 2030, the Port of Rotterdam is expecting a throughput ranging from 475 to 740 million
tons, depending on the scenario used. The Port of Rotterdam is working on new scenario’s and
figures, but these are the most recent ones available. They are to be published in the beginning of
2016. The IMSA figures are comparable for 2030, but say that in two of the three scenarios used,
throughput will collapse after 2040. The only way to prevent this is by taking large-scale measures to
make the port more sustainable. The IMSA used the models from the Club of Rome, which are
sometimes criticised but also about the only available models for such long-term predictions.
However, in the Port Compass, sustainability is one of the keywords. The Port of Rotterdam is aiming
to become as environmentally friendly as possible, but also states in a SWOT-analysis that
sustainability-enhancements in the industry may not be implemented as smooth and fast as in
politics. The association of undertakers Deltalinqs also foresees problems on this area.
However, as the container sector is suffering from disappointing throughput recently,
Maasvlakte 2 seems to offer enough capacity for the coming years. But with the growth of container
vessels, more peaks in cargo throughput are expected. Larger terminals will solve this problem but
are too expensive if their capacity is only fully put to use at peak moments. It is better to find a
solution in the fast moving of containers from the terminal, be it by inland barges, trucks, railroad or
another modality like the flying ship. (Hoebée, 2016)
Currently, the Port of Rotterdam’s tactic in handling these peaks is currently based on the
improvement of planning and faster handling. For example in customs, registration and timescheduling. A container should stand still as little as possible, this is what causes congestion. The link
between the terminal and further transportation is where a lot of time can be gained. A new way of
further transportation can be a solution here. (Hoebée, 2016)
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6.2. Havenvisie 2030
Altogether, there will be a growth of throughput, at least until 2030. The Port of Rotterdam is
not planning any physical expansions of the port after Maasvlakte 2, and says it will be able to handle
the growth by improving supply chains and efficiency on multiple levels. Two important concepts in
the improvement of efficiency are the Global Hub and the European Industrial cluster. (Havenbedrijf
Rotterdam, 2011)
Global hub
The Port of Rotterdam is aiming to become a central place in Europe, with cargo coming in
from Asia and North-America. It will then be distributed among other European ports and the
hinterland. This would require a few important innovations. First of all, the port has to be accessible
by the largest ships, this means larger cranes, deeper berths and improved connectivity with other
ports to be able to handle peeks in cargo flows. Of course, in this last aspect, the flying ship fits
perfectly. Container carriers are planning alliances to profit from scale advantages. This would mean
larger ships coming, so a lot of cargo will have to be handled at once and transported to its final
destination as fast as possible. The flying ship could make a contribution to this. It would offer a
much faster and relatively environmentally friendly alternative for short sea shipping. Speed is
essential when the Port of Rotterdam wants to become a Global Hub. One of the most important
consequences of the Global Hub would be an increase in cargo flows to both the hinterland and to
other European ports, the so called Intra-European cargo flows. There are a few important factors in
these cargo flows. First of all, the Port of Rotterdam has to compete more and more with
Mediterranean and Baltic ports. These focus more on the South-German and Eastern-European
hinterland. Due to the shifting of Europe’s economic centre towards these regions, following the
reshoring trend because of production costs rising in Asia, the economic position of these seaports
strengthens. However, the depth, direct accessibility from sea and availability of capacity still runs
behind on that of Rotterdam. This means that the Global Hub could be very effective, if there is an
efficient way to transport goods from and to the Baltic and Mediterranean. The flying ship could
provide a solution for this problem. Also, the Global Hub is a way to compete with other ports in the
area from Hamburg to Le Haver (HLH-region). When the Port of Rotterdam attracts large container
vessels, the flying ship could quickly fly containers to Hamburg, Antwerp, Le Havre and other ports in
the region.

24

After arrival of a container in the Port of Rotterdam, there are four ways of further
transportation, called modalities. These are by truck, by rail, by inland barge or by short sea shipping.
Especially in the Global Hub-concept, there seems to be room for a fifth modality. It has to be fast,
flexible and cost-effective to be able to compete with the speed and reliability of trucks and trains
and the reliability and costs of transport over water. (Havenbedrijf Rotterdam, 2011)
European Industrial Cluster
Then there is the planned cooperation between the Port of Rotterdam, other Dutch seaports
and the Port of Antwerp in the European Industrial Cluster. This cooperation would take place mostly
in the (petro)chemical industry. Important is the integration of supply chains. Transport between
Rotterdam, ports in Zeeland, Dordrecht, Moerdijk and Antwerp now relies mostly on road traffic and
pipes. Especially the roads are getting congested, and more tunnels and lanes are being built.
However, this will not solve the problem, especially when cooperation is planned to be intensified.
The flying ship would take pressure off the roads and be a faster and more environmentally friendly
alternative for transport by trucks. Such a fast service would be useful, if not necessary for the
integration of supply chains in the area. Short sea shipping would be too slow and the unused
capacity would be too large.
Transport of containers by trucks actually is becoming a problem itself. Roads are getting
congested, which becoming a national problem, both for logistic operations and civilian traffic.
Currently a lot of money is being spent in developing transport by railroad. This is a good solution for
transport to inland areas, but to other seaports, the flying ship is a lot faster and environmentally
friendly. (Havenbedrijf Rotterdam, 2011)

Environmental goals
The environment plays a key role in the Port Compass. Following the global trend of
sustainability, the Port of Rotterdam adopts damage to the environment as an important criterion for
any possible expansions or developments. The flying ship fits in this development, being more ecofriendly than transport by trucks and able to compete with short sea shipping. It would fit in with the
goals of the Port of Rotterdam. (Havenbedrijf Rotterdam, 2011)
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Cool Port
One of the developments in which the flying ship can play a very large role is the concept of
the Rotterdam Cool Port. The Port of Rotterdam is working on improving facilities for reefer
containers in the area around the Waal- and Eemhaven. There is a lot of interest in the distribution of
fruit, vegetables, flowers, fish, meat and other refrigerated products in the Port of Rotterdam, which
will be concentrated in this area. For example, there are storage and reparation facilities, quality
checks and administrational centres. The flying ship is a very good way to distribute reefer
containers. It is fast, can fly with smaller amounts of cargo and it is very flexible. One problem might
be that the planned location, close to Maasvlakte 2, is relatively far away from the Waal- and
Eemhaven area. This could cause problems, containers would have to be transported by train or
(unmanned) trucks, which would cause a loss of valuable time. However, part of the Cool Portconcept is a high-frequency shuttle connection with the terminals on the Maasvlakte. (Havenbedrijf
Rotterdam, 2011)

Container Exchange Route
As a part of the concept Container Logistics Maasvlakte, a Container Exchange Route will be
developed on which containers can be transported by rail. The landing facility should be connected
to this route, so containers can be easily transported to and from the Maasvlakte 2. In an ideal
situation, this route also leads to the Waal- and Eemhaven area. (Havenbedrijf Rotterdam, 2011)
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6.3. The seaplane-concept
Location
The location of the landing/take-off and berthing areas of the flying ship are important.
These are large areas, as for an effective logistic system, a lot of flying ships need to be able to arrive
at, discharge and load and take off again more or less simultaneously. This means the port of
Rotterdam would need a larger, coastal facility for berthing. Speed is essential in the concept of the
flying ship. A coastal facility allows faster discharging and loading operations because there is no inbetween step of loading onto small barges, which then again have to go into the port. However, it
does take valuable space in the port, whereas Port of Rotterdam did not plan to expand the port in
size for the next fifteen years. The location should have a strong logistic connection to the rest of the
port, especially to the Maasvlakte/Europoort area and the Waal-/Eemhaven area (Cool Port). It
should not be too far inland, as it is hard to navigate there for such a wide vessel. It should, however,
be safe from rough weather.
Location in port
The ideal location would be, from a logistic point of view, south of the Maasvlakte. There is a
bay here, close to the Maasvlakte and relatively safe from rough seas. Some additional shelter might
be needed. It is very well connected to the sea, so the flying ships can spend very little time in the
area. This research will not take things as hydrodynamics and erosion in this area into account. The
area is at the moment a quiet beach with some birdlife. It has some recreational value. Recreational
activities could be moved to the beach near Rockanje or the Oostvoornse Meer. Mainly depending
on the amount of noise produced by the flying vessels, the beach might even remain in its present
situation, as only the now unused northern part of the bay would suffice as berthing place.
The northern part has barely any recreational, natural or economic value at this moment.
However, the area is south of the demarcation line which marks the area in which the Port of
Rotterdam is still allowed to grow. Port activities in this area are not allowed. This is a large political
barrier.
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Arrangement of sea facility
Shown in the figure below are the berths (red), take-off and landing strokes (green), a stroke
for taxiing, two areas for turning (yellow) and an anchorage (red square). This area is, apart from
some small fishing activities, free from maritime traffic. This is because of the small depth, about 10
metres and even less at some places. This would require dredging, but the small draft of the flying
vessels would allow landing, taking off and berthing at relatively shallow water.

Conection with Cool Port and other terminals
The area is very close to the Maasvlakte 1 en 2. The Cool Port area (Waal- and Eemhaven) is a
bit further. The facility could be adopted in the Container Exchange Route, part of the Container
Logistics Maasvlakte concept. This would mean a fast and reliable connection to the large container
facilities there. This is absolutely essential if the flying ship wants to play a role in the Global Hub. For
the connection to the Cool Port area, a similar route would have to be set up. Transport of reefer
containers to and from this area could be done by truck, but this is slow and not very eco-friendly.
Transport by barges is also too slow. A (dedicated) railway connection would be the best option here.
Additional needed facilities are described in chapter 7.
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6.4. The lighter-than-air-concept
Location
A lighter-than-air-vehicle does not necessarily have to land on water. This would only be
more expensive and vulnerable to weather. Absolutely vital is a fast connection with the Container
Exchange Route. It would be ideal to have a landing facility on every terminal, so that containers do
not even have to leave the terminal before being loaded on the lighter-than-air-ship. In theory, as the
vehicle is fitted with internal cranes, the ship could even lift containers directly from the stack at the
terminal. This might however give safety and bureaucratic problems. On the Maasvlakte 2, there is
still a lot of space that is currently not in use or temporarily used. The hangars for the vehicles could
be placed here, with a smaller container loading facility at each terminal, with room for one or more
vehicles to load and discharge. Also in the Cool Port-area, a loading facility could be placed. A
possible placing of facilities is shown below. The Maasvlakte 2 is currently occupied for about 35%, so
there is enough room here for the hangars and facilities.
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6.5. Conclusion
Logistically speaking, the lighter-than-air-concept seems to be more viable than the flying
ship concept. The long take-off and landing procedure, combined with the fact that there has to be
some way of transporting containers between the shore and the flying ship, makes it a lot slower
overall. Although it can take less cargo, the airship is a lot faster to handle and thus more flexible,
which is one of the key characteristics of the desired fifth modality. It is far more manoeuvrable,
loads and discharges a lot faster and can load above land.
This flexibility also makes it useful in other ways. Apart from the transport of goods, the
airship is also capable of assisting in other maritime activities. The Port of Rotterdam is currently very
busy with offshore activities. (Hoebée, 2016) There are a lot of production platforms in the North Sea
that have to be dismantled, new ones are placed and of course a lot windmills are built. The airship
could, as it can stay still above the water, play a role in this. For example, when adapted it can
function as a large flying crane for installing windmills. It has no problems with currents or waves and
it can fly directly above an object. Also for the supply of equipment, crew and stores to oil platforms
it can prove useful. This is now done by offshore suppliers and the transfer of goods proves to be
difficult. But these activities are not necessarily restricted to operations above the sea of course, also
in building activities on land it could prove useful.
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7. Facilities
In order to be able to apply any kind of flying ship into existing ports, special facilities will
have to be made. Since two types of flying ships are being investigated, the flying vessel and the air
ship will be looked at separately.
7.1. Flying Vessel
The flying vessel should have its base in the water, since it lands and lifts off in open water.
An area only for this flying vessel should be implemented. Other vessels or aircraft should not be
allowed in or over this area. This area shall from now on be named ‘the base’ of the flying vessel. The
base should be attached to the shore. This way the cargo can easily be transported further.
The base of the flying vessel consists of several components:
- Landing and Lift-off lanes
- Air traffic control tower
- Anchorage
- Berthing place
- Dry dock
- Base protection
Landing and Lift-off lanes
The lanes should be defined by luminous buoys. The lanes will have to be quite wide,
because of the following:
In a meeting on November 19, 2014, SPA Executive Director Steven McCaughey noted that seaplane
pilots generally prefer to not have a sea lane marked, as it reduces their operating flexibility given
winds and aircraft operating requirements. (ACRP)
Also, the fact that the pilot will have to adjust to strong winds makes wide lanes necessary. It
should be wide enough for the pilot to adjust landing and takeoff operations for wind. The length of
the lanes for large regular planes is 2500m, which will be suitable for the flying vessel as well. On the
end of the lanes turning basins will be located on both ends, in order to be able to turn around and
sail to the taxi channel (see image below).
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Air traffic control tower
To plan and control the landing and lift-off of flying vessels an air traffic control tower should
be put into operation. Communication with the pilot of the flying vessel will be key to maintain safety
and order. Also, the tower can notify flying vessels of meteorological information.
Anchorage
An anchorage will be positioned inside the base, where flying vessels can wait until they can
discharge or load cargo. The type of soil is important when anchoring, therefore this should be taken
into account when selecting a location.
Berthing place
The vessel should place its astern over the embankment to open its tailgate. For this reason,
the embankment should be covered with protective materials, in order to prevent the damaging of
the vessel while berthing. It should be attached to the embankment by bunches. In order to place the
vessel into position, tugs can be used. At the berthing place, the vessel should be able to bunker for
its next voyage.
Dry dock
A dry dock should be available for maintenance of the vessels. The vessel sails into the dock
which will be drained. When the maintenance is done, the dock will be flooded again and the vessel
can leave the dock. The dry dock does not necessarily have to be positioned inside the base. Docking
will only happen occasionally, so when it is necessary the vessel can sail to a dock somewhere else.
Base protection
When designing the base, there are some natural factors that will have to be taken into
account:
- Wind
- Waves
Wind will make it difficult for a pilot to land or take-off. For this reason the landing and takeoff lanes should be in the direction of the most frequent wind direction. This way the vessels will not
be pushed to the sides most of the times. When the vessel is at anchor or berthing, wind will not be
such a problem.
Waves will make it difficult to land, take-off, anchor and berth. The complete base should be
protected from high waves. To achieve this, wave-absorbers can be used. These large floating tubes
can be applied around the base to reduce wave height.
Also, these wave-absorbers can be used to use the wave energy to produce electricity for the
base.
(Butijn & Van den Haak, 2013)
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7.2. Airship
The air ship will need a base as well. The air ship will have to load and discharge, but it does
not necessarily have to be on water. Actually, it would be easier to have a base on land and it would
be more impractical to have a base in the water. Off course, this would mean it is not going to be a
sailing ship anymore, since there is no advantage in being able to sail. Still, the air ship will be able to
be a part in the maritime world (see ‘What will be the exact purpose of the Flying Vessel?’).
The air ship should be able to land on a spot without other air traffic. This area, or base, should
contain:
- Hangar
- Anchorage
- Landing-platform with bunkering possibilities
- Container loading and discharging-platform
Hangar
The purpose of the hangar will be to be able to do maintenance on the air ships. Also air
ships could shelter here in case of very strong winds or storms. In order to transport the air ship into
the hangar, a rolling platform could be installed.
Anchorage
When air ships will have to wait to be discharged or loaded, they can be attached to rings in
the concrete. When attached to this area, the anchorage, the air ship won’t have to use its engines as
much to stay still in the air. This saves fuel and reduces emissions.
Landing-platform with bunkering possibilities
A large landing-platform will be available for the air ships to bunker. Another reason for the
air ship to land here, is when it needs to be transported to the hangar. Regardless of its operations
on the landing-platform, the air ship will always have to be attached to the platform to prevent any
damage and to maintain safety. Here the air ship can supply its fuel, but also its lifting gas. Small
inspections can also be executed when attached to the platform.
Container loading and discharging-platform
When loading and discharging, the air ship will not have to land on the landing platform. This
is because of the cargo-lifting possibility of the air ship. A loading and discharging-platform will be
available, where the air ship floats above and connects the cranes to the containers. The air ship
should always be attached to rings that are installed into the concrete. This way the ship will have
extra stability and it will be less difficult to hold the ship in position.
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8. Conclusion
8.1. Comparison
Two basic concepts for the flying ship have been treated in this research. The first being a
wing-in-ground-type aircraft. This would be able to reach great speeds, but is not very manoeuvrable
or flexible in its applications. Also, the time it takes to load and discharge it would make this type a
relatively slow modality of transportation.
The other concept that has been dealt with is that of a lighter than air zeppelin-like airship. It
gets most of its lift from a large balloon. It is very flexible and does not require complicated loadingand discharging procedures. It can go almost everywhere and barely requires special facilities. It is
however very big per ton of cargo it can carry. Structurally it is very simple, so the building would not
mean great technical difficulties. This could however become a problem in heavy weather. The cost
per ton cargo would be lower for this airship, as no fuel is used to generate lift. The possibility to
combine multiple airships would give the airship even greater flexibility.
8.2. Logistic role
As for solving port congestion, neither of the concepts seem very useful. The amount of
cargo that has to be moved when container flows are peaking are simply too large to be transported
by air. Leaving a container at the terminal for a few more days is usually cheaper than transportation
by a flying ship would be. Also, the time gained by air transportation is minimal. A truck is easy to
load and can reach most of Europe in one day of driving. Transportation by air would mean a time
gain of only hours. Congestion of the roads would however be greatly diminished. It would be better
to compete with short sea shipping, and mainly when ships are delayed.
Overall, the concept of the lighter than air-airship is the most viable. Maybe not for solving
port congestion, but it’s flexibility allows it to be used for a great deal of other purposes. It can
transport expensive cargo that has to arrive exactly on time (fashion, electronics, refrigerated
containers). It can deliver cargo directly at the customer like a truck, but it can carry as much cargo as
a train. Other possible uses are in the offshore: it can be used in building windmills, for offshore
supply and building activities. It can be used as a stable, cheap and very fast moving crane.
Also the modularity of the design allows interesting uses. Flying in convoys could save fuel
and gives a greater cargo carrying capacity, for example in heavy lift and special projects.
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9. Recommendations
9.1. Other uses
Especially the use of the airships in offshore and heavy lift operations seems very viable. It
looks promising and it would be better to continue research on this subject than in solving port
congestion.
9.2. Facilities
When choosing an area for the facilities of a flying vessel, the size of the area should be taken
into account. The size depends on all factors listed in the chapter ‘What facilities and infrastructure
are needed for a flying ship?’.
When choosing a base in the water, wave-absorbers should be used in order to maintain a
safe operation area for the vessels.
9.3. Design
A lot more technical research should be conducted on the exact design of the both the
airship and the seaplane concepts.
9.4. Connection
Not only the Port of Rotterdam should be completely behind this idea and willing to put large
amounts of money in research and implementation of the concept. It is recommended to deal with
this subject on a European or even worldwide scale from now on.
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Epilogue
Conducting research into such a new, unknown subject as a flying ship is quite an
undertaking. We had to start everything from the bottom. Especially for the design-part that
sometimes proved to be a struggle: we are not naval and definitely not aircraft engineers. Despite
this, it became clear that there is something to be gained in the shipping industry with flying ships.
This was exciting and struck a certain motivation in our group. While reading this report, it should
always be kept in mind that this research is very explorative and does not intend to present a plan for
a flying ship, ready to be implemented in a matter of months or even years. We build a foundation
for further research, and hopefully this will lead to the further development of a flying ship, be it in
another form or logistic role. Because we seriously believe that there is a future for such a concept,
even though it may not lie in solving port congestion as was the original intention.
Probably because the subject is so new and unknown, most people we talked to about our
research were critical and did not seem to think of this as viable in any way. Maybe this has
something to do with the resistance against innovation that seems to be part of the shipping
industry.
As for the teamwork in the research group, everything went quite well. We did not have any
major conflicts about the contents of our research. We did experience some setbacks though, most
importantly the interview with Mr Hoebée who was quite sceptical about the role the flying ship
could play. Also the interview with Mr Bos gave us some difficulties: he suggested changing the
entire concept of the flying ship to a lighter-than-air airship. Which we did, and for the better.
This research will be presented at the Navingo Maritime and Offshore Career Event at
Wednesday the 20th of April 2016.
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