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Samsø ferry
fueled by LNG
The Samsø ferry is the first domestic
Danish ferry to be fueled by LNG.
In the future, the ferry will be
fueled by liquefied biogas from Samsø

LNG fuels the Samsø Ferry »Princess Isabella«
on its route between Hou and Sælvig.

First Danish ferry
powered by LNG
Several marine engineers have been involved in the Samsø Ferry project, which has now
resulted in the first Danish domestic ferry operating on liquefied natural gas (LNG).
Eventually, the Samsø ferry will be fuelled by local biogas.

»

Sustainability at sea

By Joel Goodstein – Photo Claus Bonnerup
Private photos included
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9% liquefied natural gas and 1%
diesel fuel; this is the fuel composition, on which the new Samsø ferry
Princess Isabella runs. From spring 2015,
the vessel has been sailing the route between Hou and Sælvig. On board is a dual
fuel engine from Wärtsilä, which makes it
possible to operate on both marine gas oil
and gas. The ferry is the first Danish domestic ferry powered by LNG, but the aim
is to fuel it with locally produced biogas
from the island of Samsø within 5-6
years.
Apart from the fact that this is the first
Danish domestic ferry to operate on LNG,
the project is also unique in terms of its
bunkering and logistical solutions. The
LNG is transported 800 kilometres in a
custom-built tanker from the Gate termi-

nal in Rotterdam to the quayside in Hou
Harbour, using two alternating moveable
tanks. One tank stands on the quayside in
Hou and is used for the bunkering of the
ferry, while the other tank is transported
back and forth between Hou and Rotterdam.
Several marine engineers have participated in the project in different ways, on
both the supplier and customer side. One
of them was Hans Ørum Andersen, Key
Account Manager at Q8, which won the
tender for the project to provide LNG and
a bunkering facility for the Samsø ferry.
»We saw the project as an opportunity
to enter a growing market for LNG in European shipping, where one can expect a
growing interest in LNG as emission and
environmental requirements for shipping
increases. We know that LNG is a temporary solution, since the shipping company
wants to switch to biogas at some time.
Until then, LNG is a good interim solution,

which other shipping companies could
also consider. Today, we are in a very good
position to bid on several LNG projects.
We expect the Samsø ferry to be the first
of several Danish LNG projects, and we are
also bidding on projects abroad,« said Andersen, who expects that the price of LNG
will either remain stable or fall in the future.
“We believe there will be many new
LNG projects both for shipping and for
land transport. In Denmark, LNG should
provide an interesting option for a great
number of ferry services, and the solution
we have devised can be seamlessly converted into biogas, if that is what a company is striving for in the long term,«
Andersen added.

Newly developed bunkering
facility
A number of requirements had to be accommodated. The bunkering of LNG has

Four of the marine engineers who have contributed to the LNG-powered Samsø ferry, from left to right: Anders Bjørn (Kosan Crisplant), Hans Ørum
Andersen (Q8), Klaus Rasmussen (MovingEnergy), Dan Nielsen (Samsø ferry).
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The LNG bunkering solution in Hou is the first of its kind, and nothing like it exists anywhere else in the world. Kosan Crisplant has now patented the
solution in Denmark and has also applied for a European patent. The facility, operated here by Chief Engineer Dan Nielsen.

to be completed within 15 minutes: the
length of time that the ferry is in port at
Hou. The long-term intention is probably
to relocate the bunkering facility to Samsø, meaning that a moveable facility was
required. In addition, it also required an
extensive safety clearance check, since the
authorities had never encountered this
type of facility before.
»There was no existing solution on the
market for the Hou facility, and we knew
that we would not be able to develop
one on our own. Therefore, we joined
forces with Kosan Crisplant: a company,
whose extensive experience includes the
development of liquefied petroleum gas
(LPG) plants. Together we developed the
solution that won the tender,« said Andersen. This led to the design of a special
tanker, which meets the weight requirements for motorway driving in Germany,
to transport LNG from Rotterdam. The
solution involves two alternating LNG

tanks on the quayside in Hou. Every three
days, the empty tank is replaced with a
full one from Rotterdam.
Specially developed insulated tanks allow the gas to maintain the desired temperature and pressure for several days after being pumped into the tank in Rotterdam and subsequently onto the Samsø
ferry. The quayside in Hou houses a new
bunkering facility, which was developed by
Kosan Crisplant, who have now patented
the technology. Anders Bjørn, project director at Kosan Crisplant, headed the
technical team of marine engineers and
other specialists who developed the moveable bunkering facility.
»We had to find a solution that could
meet the demand for bunkering in less
than 15 minutes, while also meeting the
safety requirements by preventing emissions from the facility. We also needed to
find a solution for keeping the gas liquid
at the desired temperature and pressure

until it is pumped on board the ferry,« said
Anders Bjørn.

Patented technology
The quayside in Hou houses a one-manoperated bunkering facility with an advanced cryogenic pump, which can handle
the requirements for bunkering in 15 minutes or less. A special drip pan was designed, which collects any LNG that may
leak from the plant, in order to ensure
that it does not make contact with its surroundings. The LNG pipes were also vacuum-insulated. The cryogenic pump, which
bunkers about one cubic metre of gas per
minute, was the facility’s most expensive
component. The entire system was designed from scratch, since there were no
precedents for the facility.
»Our bunkering solution is the first of its
kind. It does not exist anywhere else. We
believe it is so good that we have patented it in Denmark and are now in the pro-

Maskinmesteren august 2015

»
5

One of the requirements for the bunkering facility was for it to be moveable so that it could eventually be relocated to Samsø and used for liquid biogas. In addition, it also required an extensive safety clearance check as this was a type of facility that authorities had never encountered before.

»

cess of getting it patented in the rest of
Europe. We want to sell more facilities of
this type and have therefore hired more
staff. We expect to place bids for new
LNG projects both in Denmark and in oth-

er European countries. We now use the
facility in Hou as a full-scale demonstration
for interested customers who come from
overseas to inspect it in person. There is a
lot of interest,« said Bjørn, adding that the

FACTS
LNG from Rotterdam
	The LNG that fuels the Samsø ferry is imported from the Gate terminal in
Rotterdam. A tanker drives regularly between Rotterdam and Hou, delivering
LNG to the Samsø ferry using two alternating tanks. The tank replaced at Samsø
is driven back to Rotterdam to be refilled. Each tank can hold 50 cubic metres of
LNG. This is the equivalent of a 3-4-day voyage.
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solution can easily be scaled up or down
as needed.

Increased reliability with dual fuel
Dan Nielsen is the Samsø ferry’s Chief
Engineer. According to him, there are several advantages to using LNG as the primary fuel.
»In a dual-fuel engine, the engine can
run on two different fuel types – in this
case, natural gas and marine gas oil. The
engine is equipped with two complete
fuel systems, which make it more reliable. Should one system fail, the engine
can still run on the second system,« he
said.
A dual-fuel gas system is significantly

Sustainability at sea

36 gas detectors
There are 36 gas detectors on board, and
the entire piping consists of ventilated
double pipes or ducts with gas detectors.
In addition, a risk assessment has established that it is more secure than a conventional MGO-driven vessel.
»We are very pleased to be the first
Danish domestic ferry fuelled by LNG, but
it is clear that when something is totally
new, many approvals are required. The
authorities have never before been presented with this type of system. Of course,
it required a process where we had to document that it was completely safe. There
was also the need for quick bunkering,
and at some point the facility is going to
be moved,« said Nielsen.
»The solution is very environmentally
friendly. There are no methane emissions
associated with the bunkering due to the
MannTek, quick-release coupling. As we
have received permission from Den Norske
Veritas (DNV-GL) and the Danish Maritime
Authority (DMA) to have our bunkering
pipes under constant gas pressure, we do
not need to flush the pipes of nitrogen gas
into the atmosphere. The bunkering hose
is ‘parked’ in the land facility after bunkering is complete, and the LNG in the tubes
is blown back into the tank by evaporation
in the hose,« he continued.
In advance it was estimated that the
ferry would use about 12 cubic metres of
LNG per day, but so far the consumption is

more complex than a pure marine gas oil
(MGO) system, as there is more equipment requiring regular maintenance. On
the other hand, it is significantly easier to
maintain a dual-gas engine, For instance,
the need for cleaning pistons is virtually
non-existent, since the gas fuel does not
deposit soot in the engine. In addition,
the lubricating oil in a gas-operated engine lasts far longer than in MGO systems.
»The engine is also designed with ‘inherent safety’ in mind. That means that, if
we have a gas leak, the leak is limited to a
double pipe with gas detectors, which
then shuts down the gas system,« said
Dan Nielsen.

around 14 cubic metres per day, because a
little more time is spent on docking than
was calculated. That means that the throttle gets an extra push during the sea voyage itself.
A small amount of diesel fuel is used to
ignite the LNG, which corresponds to 1%
of the overall fuel consumption.
»We can switch instantly from gas to
diesel if necessary. If, for some reason, the
supply of LNG is interrupted, we can continue sailing temporarily on diesel fuel. So
the dual-fuel engine provides additional
reliability in addition to fewer emissions
while running on gas,« Nielsen explained.

Sustainability at sea
Eventually, the Samsø ferry will be bunkering on Samsø.
A future system will convert local biogas
from the island to Liquefied BioGas (LBG),
which will subsequently power the ferry.
»The current LNG supply is only a temporary solution. Samsø has an excess of
wind power, so it makes sense to exploit
the power to produce biogas and liquid
biogas – LBG. This way, we will come even
closer to accomplishing a joint vision: to
make Samsø completely self-sufficient
with the use of renewable energy; and to
be CO2-free,« said Nielsen.
LNG is the fuel of the future
Marine Engineer Klaus Rasmussen was
hired as a consultant, representing his
company, MovingEnergy, to work on the
task of supplying LNG to the Samsø ferry.

»

FACTS
The Samsø ferry
	The ferry was designed by OSK ShipTech
	The ferry was constructed at the Remontowa shipyard in Poland
	The 4 dual-fuel engines were supplied by Wärtsilä
	Q8 is responsible for supplying the LNG
	Kosan Crisplant designed and constructed the bunkering facility
	The Samsø ferry was christened Princess Isabella and is operated by Samsø Rederi,
which is owned by the municipality
	The ferry can carry 160 cars and 600 passengers
	Four engines (multi-fuel/electric), each of 1 MW
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»LNG is a very good fuel. It can reduce
CO2 emissions from the shipping industry
by up to 25% and eliminate emissions of
PM (particulate matter) such as soot. I believe that LNG will be the perfect fuel for
shipping in the future, because LNG is
available in such large quantities. The shipping industry currently accounts for approximately 2% of world energy-consumption, which translates into some 250
million tons of oil equivalents annually. In
Europe, where LNG is available, ferries and
ships in regular service are the obvious
LNG customers. With 63 LNG-fuelled ships
in operation and 81 new LNG vessels to be
built within the next two years, the maritime LNG market is set for growth in the

coming years. There are several shipping
companies currently investigating the possibility of switching to LNG. Of course, one
of the main factors is that gas costs less
than marine gas oil, but the entire LNG
supply chain is a challenge, cost-wise.
However, the Samsø ferry demonstrates
that Danish companies are able to develop
a supply chain, which, despite the long
transport distances, makes LNG competitive,« said Rasmussen.
The Samsø ferry is also unique in being
the first ship, for which large volumes of
LNG are transported overland to a port on
a commercial basis.
Land transport of LNG is a great alternative to marine transport, because the in-

»The solution is very environmentally friendly. There are no methane
emissions associated with bunkering due to the so-called Mannheim Tek
quick-action coupling. As we have received permission from Den Norske
Veritas (DNV-GL) and the Danish Maritime Authority (DMA) to have our
bunkering pipes under constant gas pressure, we do not need to flush the
pipes of nitrogen gas into the atmosphere. The bunkering hose is ‘parked’
in the land facility after bunkering is complete, whereby LNG in the tubes
is blown back into the tank by evaporation in
the hose,« Chief Engineer Dan Nielsen said.
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FACTS
LNG in all strategic ports
	All European ports considered
strategic ports by EU have to offer
LNG bunkering services by 2020.

vestments are manageable. I think it
would be worthwhile for the EU-strategic
ports in Aarhus and Copenhagen to consider the solution we have developed in
Hou. Of course, the solution would have
to be scaled to their needs, but such a solution could ensure that they could provide

The bunkering of LNG has to be completed within 15 minutes:
the length of time the ferry is in port at Hou.

LNG bunkering. An analysis of the entire
supply chain shows that the tanker solution is highly competitive, and cheaper
than establishing LNG terminals in the
ports where LNG bunkering will be a future possibility,« said Rasmussen.
He believes that, in the coming years,

LNG and LBG will be attractive sources of
fuel for local maritime traffic, along with
batteries charged by wind turbines.
»The power generated by wind turbines
can be used to charge the batteries on the
ships or power the operation of liquefaction facilities, which can convert piped

natural gas or biogas into LNG/LBG. This
would allow for an environmental and climate-friendly propulsion solution for ferries and other vessels operating in coastal
areas. This is beneficial both for the environment and for the many people who
live in our sea ports,« Rasmussen said.

FACTS
Technical data
	The LNG used by the Samsø ferry is stored at a temperature
of -155° C at its coldest

	The CO2 reduction of LNG compared to diesel is 15-20 % –
depending on the methane emission caused by combustion

	Before the gas is combusted, the temperature is increased to
25-30° C

	The NOx reduction is estimated to be up to 85%

	During the process, the gas reaches a maximum pressure of
eight bars
	The lower calorific value of LNG is 49.2 Mj/kg with a density
of 0,449 t/m3
	The lower calorific value of MGO is 42 Mj/kg, with a density
of 0,85 t/m3

	Burning LNG does not emit particles or SOx
	The gas tank on board the ferry can accommodate 40 m3
LNG
	Each of the two moveable gas tanks can hold 50 m3 LNG
	The annual LNG consumption is expected to be around
5,000 m3.

	2 litres of liquefied gas amounts to 1 litre of MGO
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Nyt 12,5 MW varmeværk baseret på flis med
6.000 m3 akkumuleringstank er på vej i Slagelse,
hvor energichef Carsten Lunde planlægger fremtidens
el- og fjernvarmeforsyning.
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“Maskinmesteren” is a magazine published monthly by Maskinmestrenes Forening
– Danish Engineers’ Association – and has a circulation of 12.500. “Maskinmesteren”
contains news and background stories regarding management, career and
technology. Danish (marine) engineers are technical leaders who manage complex
technical systems in the offshore industry, shipping, manufacturing, and distribution
of electricity, water, and heat, etc. As managers, the (marine) engineers have
responsibility for operation, maintenance, optimization, security, environment and
development of new technologies for future growth.

www.maskinmesteren.dk
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