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can be expected in the near future. 
Furthermore, an improvement in engine 
efficiency can often lead to an increase in 
other emissions, such as NOX.

 Power demand reduction offers more 
options for reducing emissions, but large 
improvements are by no means easy to 
achieve either. One way that propulsion 
power can be lowered is to adopt new 
innovative propulsion solutions, and to 
optimise the hull form. On the other 
hand, cruise ships also offer large power 
reduction potential on the hotel side. 
The hotel loads represent a very large 
share of the total energy consumption. 
Another possibility for achieving fuel 
savings is to change the operating 
parameters of the vessel, notably by 
selecting the right speed profile and 
optimising the itinerary.

However, there are still limits to the 
potential CO2 savings from reducing 
power demand. The big reduction must 
be sought from other means, such as 
alternative fuels.

Switching to LNG

Switching from HFO to natural gas will 
significantly reduce all important exhaust 
gas emissions from a ship, including a 
30% reduction in CO2 emissions. The 
main reason for this reduction is the 
fact that the main component of natural 
gas (NG) is methane, which in turn is 
the most efficient hydrocarbon when 
measuring energy content against carbon 
content.

By running on LNG instead of HFO, 
the main emissions can be reduced 
accordingly:

30% lower CO�� 2 
Thanks to low carbon to  ––
hydrogen ratio of fuel
85% lower N�� OX

Lean burn concept (high air-fuel ratio)––
No S�� OX emissions
Sulphur is removed from LNG when ––
NG is liquefied
Very low particulate emissions��
No visible smoke��
No sludge deposits.��

Fig. 2 – Methane molecule with four hydrogen 
atoms for each carbon atom.
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is also currently dealing with some 
draft rule proposals, the availability of 
governing rules is likely to improve.

LNG storage

One of the important issues addressed 
in the rules is the location of the LNG 
tanks. They are not allowed to be close to 
the side of the vessel, and must also be a 
certain distance above the bottom. This is 
to protect the tanks in case of grounding 
or collision. On the other hand, these 
restrictions are actually not so different 
from those applying to diesel tanks in new 
cruise vessels. However, the big challenge 
for LNG storage comes from the larger 
size of the tanks. In order to produce the 
same amount of energy, the volume of 
LNG is 1,8 times that of diesel. LNG has 
to be stored at -162°C for it to remain in 
liquid state, so this requires special tanks 
with good insulation. This means thicker 
walls that take up additional space. 
The most common LNG tank used in 
existing LNG ferries and supply vessels 
is a cylindrically shaped, double walled, 

stainless steel pressure vessel. Thus, the 
actual volume needed for the LNG 
storage compartment is about four times 
that of diesel tanks, taking into account 
the lost space around the a cylindrical 
tanks. Since cruise ships are volume-
critical vessels, this poses a big challenge 
to the naval architect. The end result is 
that the cruise ship will need to be larger 
in order to offer the same passenger 
capacity.

STORAGE VOLUME (RELATIVE)
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Fig. 4 – LNG storage volume.

LNG cruise ship concept
Wärtsilä has, together with Aker Yards, 
designed a cruise ship concept using 
LNG as fuel. The idea is to investigate 
how LNG systems can be efficiently 
integrated into the design, and to 
show how the gas will improve the 
performance of the vessel. The project 
was based upon a large cruise ship 
since they will represent the bulk of the 
cruise ship construction market in the 
near future. The ship has a volume of 
125,000 GT and almost 2800 lower 
beds.

Main particulars   

Gross tonnage�� ...............125,000 GT
Length overall�� ........................ 310 m
Length, bp�� ............................. 295 m
Breadth�� .................................... 40 m
Draught, design�� ...................... 8,6 m
Deadweight�� ..................... 10,000 ton
Service speed, max�� ............21.0 knots
Lower beds (no.)�� ...................... 2780 
Pax cabins (no.)�� ........................ 1390 

The cruise ship has a novel general 
arrangement with a large number of 
balcony cabins. The superstructure is 
split into two parts in the stern to form 
an outdoor garden in the centre. In the 
middle and forward part of the vessel, 
the superstructure is in one part and is 
narrower than the hull.

Regulations for gas installations

The maritime industry is full of 
rules and regulations from different 
authorities with which a ship must 
comply. As gas as a fuel is new to 
passenger vessels, it raises many issues 
that need to be addressed as the various 
regulations are developed. Today, DNV 
is the only classification authority 
that has rules applicable to gas fuelled 
passenger vessels. Norway has been 
in the forefront of LNG fuelled vessel 
development, and has therefore also led 
the way in writing regulations. There 
are already six ferries in operation or on 
order in Norway, running on LNG, as 
well as four supply vessels. As the IMO 

Fig. 3 – LNG cruise ship concept.
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A new location for the LNG tanks 
has been developed for the LNG cruise 
ship concept. The tanks are located in 
the centre of the superstructure, inside 
the outer row of cabins and in front 
of the engine casing. The tanks are 
located above the public space decks 
so as not to obstruct passenger flows. 
As is often the case with contemporary 
cruise ships, the technical spaces within 
the accommodation areas, such as the 
AC rooms, are located in the dark 
centre casing of the superstructure. 
The tank compartment forms a logical 
continuation of these technical areas. The 
advantage of this location is free access to 
open air. This provides for an ultra safe 
storage location. Any possible leak, even 
though this is very unlikely, will evaporate 
and disperse directly into the air. No 
pressure build up is possible either, since 
the space has an open roof that cancels 
any pressure increase from fire. A stainless 
steel tray beneath the tanks prevents 
possible leaks of cold LNG to come in 
contact with the ship steel structure.

Wärtsilä has also made an alternative 
design, with the LNG tanks in the 
conventional location on the tank 
top down in the hull. The idea in this 
case would be to use International 
Gas Carrier code B-type low-pressure 
stainless steel tanks. These would be 
cheaper to buy and would take up less 
space, as they can be rectangular in 
shape. However, the current class rules 
do not yet recognise this type of tank for 
vessels other than for LNG carriers.

Machinery

The ship machinery consists of six 
12-cylinder Wärtsilä 50DF dual-fuel 
engines divided into two separate 
compartments. This gives an installed 
engine power of 68,400 kW. The 
propulsion consists of twin FP (fixed 
pitch) propellers on shaft lines, each 
driven by a low-speed electric motor.

The Wärtsilä 50DF engine has 
high efficiency and can run on either 
gas or diesel. It uses low-pressure gas 
and adopts a lean burning process. 

The air gas mix is ignited by a small 
pilot fuel injection of diesel oil. The 
Wärtsilä 50DF engine has already been 
ordered for more than 52 LNG carriers 
with a combined output of more than 
2000 MW. This represents a reliable and 
well proven solution for future cruise 
ships.

The LNG is fed from the tanks down 
to one of two small compartments 
containing a heat exchanger, which 
evaporates the liquid to gas, and a gas 
valve unit for each engine. The gas is 
led from each valve unit through double 
wall pipes, directly to each engine. There 
are no pumps or compressors needed. 
The gas is fed by the pressure in the 
LNG tank, which makes for a very 
simple and reliable system. The pressure 
in the tank is maintained by evaporating 
some of the LNG in a separate heat 
exchanger located in the tank room. 
In order to heat the LNG, the heat 
exchangers use a glycol water mix. For 
improved energy efficiency, most of the 
heat is taken from the AC cold water 

Fig. 5 – Machinery and LNG tanks.Fig. 3 – LNG cruise ship concept.
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circuit. This will actually provide chilling 
power for the HVAC system, thereby 
reducing the AC compressor power 
demand.

Safety

Gas is sometimes wrongly considered 
to be a dangerous explosive. This is, 
however, very far from the truth. Natural 
gas is actually a very safe fuel – especially 
if the installation is correctly designed. 
The LNG cruise ship concept represents 
one of the safest, and most reliable cruise 
ship designs.

The machinery is fully redundant 
with all systems divided into two or 
more compartments. Not only are 
the power generation and propulsion 
divided into two parts, but so also are 
the comfort systems. The engine rooms 
contain gas detectors that will detect 
even the tiniest gas leak. The ventilation 
is also increased to avoid any build 
up of gas. This is in fact, one of the 
more important features of gas safety 
principle. There will never be a build 
up of any large quantities of gas. All 
gas pipes are double walled or enclosed 
in a separate duct. The space between 
the pipes are ventilated and equipped 
with gas detectors. Any gas detection 
will lead to an automatic shutdown 
of the gas supply. The ship will then 
switch to diesel operation to allow for 

uninterrupted power supply. Only the 
amount of gas that is consumed will 
be evaporated and brought into the 
engine rooms. The rest will be in liquid 
form in the LNG tanks located in the 
separate tank compartment, isolated 
from any machinery. Safety is also 
enhanced by the location of the tanks, 
above the ship and with free access to 
open air.

The nice thing with LNG storage is 
that in liquid form, natural gas cannot 
ignite. It is simply too cold. Also, when 
it has evaporated into gas form, it is still 
very difficult to find the right mixture 
of gas and air to allow it to burn. 
Furthermore, the ignition temperature of 
the air gas mix is much higher (600°C) 
than that of diesel. There are no surfaces 
in the engine room hot enough to ignite 
gas. Gas is also lighter than air, so it 
will quickly disperse upwards in case 
of a leak. This means that the potential 
burning matter disappears by itself, 
unlike an oil leak that will flood the floor 
areas and stay there until it is manually 
removed, or has burned away.

Operation on gas

Running a ship on LNG instead of 
marine diesel oil (MDO) or heavy 
fuel oil (HFO) will mean some 
changes to the philosophy behind the 

operation. Gas does not have the same 
availability as diesel, and the bunkering 
arrangements need to be thought out in 
advance.

Availability of gas

Natural gas is, nevertheless, available 
in many places. However, most of the 
gas is distributed in pipelines and is 
therefore in gas form. Ships need LNG 
and this is not available in as many 
places. Access to LNG is easiest in areas 
relatively close to LNG receiving and 
export terminals. Today, there is no 
existing infrastructure for LNG supply 
to ships, but it can be arranged with 
trucks, small LNG carriers and barges. 
There are a number of LNG terminals 
close to all major cruise areas. Since a 
cruise ship would be such a big LNG 
customer, most gas suppliers would 
certainly be ready to provide the gas 
needed. However, the cruise operator 
would most likely need to make a long- 
term contract with the gas supplier. 
This has the benefit of providing good 
predictability of coming fuel costs.

Ship performance

The performance and economics of the 
LNG cruise ship have been compared 
to those of a conventional cruise ship. 
This comparison shows a slight increase 
in costs. The larger vessel and the LNG 

Fig. 6 – LNG bunkering from a barge.
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system increase investment costs . On 
the other hand, the LNG cruise ship has 
lower fuel costs, partly due to the lower 
energy consumption. A small increase 
in ticket rate can still be expected. 
However, this is very marginal and a 
small price considering the significant 
improvement in emission levels. If the 
alternative would be to switch from 
HFO to MDO, the cost increase would 
be significantly higher.

Conclusions

The LNG cruise ship concept shows 
that LNG is a very interesting option 
for cruise ships of the future. It offers 
significantly lower emission levels that 

cannot be reached with any other 
existing technology. The introduction of 
gaseous fuels calls for some changes to 
the ship, but for new buildings they can 
be efficiently handled by applying some 
novel design solutions. In particular, a 
new location for the LNG tanks high 
up in the vessel could offer an ultra 
safe solution. Introduction of LNG 
as a marine fuel is a big step towards 
a cleaner and more sustainable cruise 
business. n
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Fig. 8 – Emission comparison between a conventional cruise ship 
and the new ship with dual-fuel engines.

Fig. 7 – Cruising on gas into a cleaner future.
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