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ENGIE has an expert knowledge of 
thermodynamics and fluid mechanics 
in relation to LNG maritime 
transportation. In this feature, the 
company gives an overview of the 
properties and characteristics of  
LNG, with particular reference to 
onboard storage conditions and its 
use as a bunker fuel

Behavioural  
recognition

Environmental regulations keep be-
coming stricter and stricter around the 
world, particularly in the United States, 

Europe, and more recently, China.
Cons iderab ly less contaminat-

ing in combustion than traditional 
heavy fuel oils (HFO) and marine gas-
oil (MGO), liquefied natural gas (LNG) 
becomes a natural choice as a marine fuel.

LNG-fuelled engines easily meet all sul-
phur and nitrogen oxides (SOx and NOx) 
emission control area (ECAs) requirements 
and carbon dioxide (CO2) emissions can be 
reduced by up to 25% compared to HFO 
or MGO. The liquid form of LNG enables an 
important energy storage capacity: 1 cubic 
metre (cbm) of LNG represents 7 MWh, which 
corresponds to about 600 cbm of natural gas. 
Switching from traditional marine fuels such 
as HFO or MGO to LNG is usually seen as 
a big deal by shipowners and port facilities. 
Indeed, traditional fuels and LNG are different 
types of hydrocarbons and a new approach 
to LNG bunkering has to be found, including 
environmental, financial and safety concerns. 

However, when understanding LNG tech-
nical specificities, it is not much more difficult 
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to work with LNG than any other fuel. What 
technically differs in the use of LNG com-
pared with other fuels? For every difference 
there is an acceptable solution, in terms 
of temperature, storage pressure, heating 
value, density or ageing. ENGIE first started 
to work on this cleaner fuel in the mid-1950s 
by developing technological solutions and its 
own expertise in terms of thermodynamics 
and fluid mechanics to support the growth 
of LNG maritime transportation. Based 
on this successful first experience in man-
aging LNG cargoes, ENGIE has continued 
to conduct its research studies and de-
velop tools to help operators to handle LNG. 

LNG properties 

LNG is a mixture of several hydrocarbons:
• mostly methane (>80%)
• ethane
• propane
• butane
• pentane
• hexane
• nitrogen.

LNG may contain other components, 
such as hydrogen sulfide or carbon dioxide. 
However, the specifications for the liquefac-
tion process being extremely restrictive (due to 
the risk of crystallisation), these components 
are present in very low quantities (<50 ppm). 

Since methane is the principal component 
of LNG, a liquid state of LNG is thermody-
namically impossible at ambient temperature. 
This is why LNG is always found at tempera-
tures below about -60°C (in the industry, we 
often observe LNG at about -160°C, which 
corresponds to an average LNG tempera-
ture at atmospheric pressure). Increasing 
LNG pressure usually allows it to be stored 
at a higher temperature, however above the 
critical pressure and temperature, the liquid 
state of the molecule cannot be sustained. 

Despite the high concentration of 
methane in LNG, the remaining heavy 
components and nitrogen play a signifi-
cant role in terms of its properties. LNG 
composition in ship tanks will impact its: 
• Thermodynamic equilibrium, which im-

pacts LNG behaviour during operations 
and storage

• Density, which impacts tank weight
• Energy content, related to the remaining 

time available before the next unloading 
or bunkering

• Methane number, which indicates fuel 
quality for combustion in engines.

LNG behaviour in bunker tanks

As the temperature of LNG is always be-

low ambient temperature, heat intakes are 
unavoidable. As a result, the stored LNG 
temperature is expected to increase until it 
reaches its equilibrium temperature, i.e. the 
temperature where LNG starts boiling (to 
draw a parallel, the equilibrium temperature 
for water at atmospheric pressure is 100°C). 
This temperature depends on the LNG com-
position and pressure. It is commonly said in 
the industry that an LNG could be hot or cold. 
In fact, the exact way to express the state of 
an LNG regarding its temperature would be: 
the temperature of LNG is below or above its 
equilibrium temperature for a given pressure. 

W h e n  th i s  te m p e ra tu re  i s 
reached,  t wo ma in  s t ra teg i es 
exist to handle the storage of LNG: 
• Let the LNG evaporate and withdraw 

evaporations by a compressor. Thus the 
temperature of the LNG and the pres-
sure will stay constant. However, the 
most volatile components will evaporate 
first and LNG composition will change 
(this phenomenon is known as ‘ageing’). 
This strategy is commonly chosen when 
the storage cannot withstand pressures 
above 2 bar(g). 

• Stay in a closed system. In this case, 
heat intakes are converted into sensi-
ble heat, that is to say LNG temperature 

and pressure will keep increasing fol-
lowing the saturation curve of LNG and 
there is no evaporation. This approach is 
chosen when the tank can handle higher 
pressures.
Another way to deal with pressure 

increase is to avoid LNG reaching this equi-
librium temperature by cooling it down. 

To sum up, the way to manage LNG in-
side a storage tank strongly depends on the 
storage technical design. Besides the strat-
egy, several other parameters will influence 
pressure and temperature increase, such as 
the boil-off-rate of the tank (indication of the 
insulation performance), the level of filling, the 
LNG composition or the shape of the tank. 

Although LNG behaviour is becoming 
more and more well-known, some complex 
phenomena inside a storage tank are still un-
der investigation. Thermal stratification inside 
a closed tank and sloshing, to mention but 
two examples, are potential key role players. 
• Thermal stratification: Due to the effect of 

buoyancy, hotter LNG tends to migrate 
to the upper part of the storage, thus 
leading to a bad repartition of the heat 
intakes. Theoretically, it should decrease 
the holding time of a closed tank.  
The current standard (EN 12213) does not 
take into account this phenomenon and, 
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in some cases, ENGIE Lab CRIGEN has 
experienced great deviations between 
the operational pressure increase and the 
calculation based on the current stand-
ard. The thermal stratification could be an 
answer that needs to be clearly assessed.

• Sloshing: The sloshing consequences for 
LNG storage are complex. Indeed, de-
pending on the equilibrium state of LNG, 
sloshing could lead either to a pressure 
increase or a pressure drop.
ENGIE Lab CRIGEN is currently work-

ing on these two subjects to better assess 
the phenomena and be able to take maxi-
mum advantage from them during operations.

From bunker tank to propulsion energy

While studying LNG behaviour, we also have 
to keep in mind the final use of this fuel and 
the way it is sent to the engine. The gas sup-
plying the engine(s) could either: 

 - come from the liquid phase and be 
vaporised

 - be directly withdrawn from the gase-
ous phase.

Taking gas directly from the tank gas  
phase gives the advantage of stabilising the 
pressure. However, since LNG is a hydrocar-
bon mixture, the composition of this gas will 
be different from the composition of the liquid. 

Vaporising bulk LNG will not cause 
any ageing problems. The only im-
pact on the storage depends on the way 
LNG is transferred: with a pump or with 
a differential pressure created by a pres-
sure-build-up unit (pressure increase by 
vaporised liquid injection into the gas phase). 

In the first case, a piston effect has to 
be considered and in the second, conden-
sation of the gaseous phase is a concern.

An LNG carrier usually possesses 
both ways of sending the gas to the en-
gine. ENGIE relied on its fleet to build a 
theoretical and empirical model and then 
upgraded its software to tackle the is-
sues relating to transfer to the engine.

Engie solutions to manage LNG 
bunkering

The ENGIE Lab CRIGEN developed the LNG 
Bunkering Software to assess the evolution of 
the bunkered LNG in all those situations. This 
software is based on thermodynamic models 
and experimental tests. 

The tool has already been used to sim-
ulate the evolution of LNG in a bunkering 
vessel and help operators to prepare and 
perform optimal operations for both bun-
kering and bunkered vessels. The tool also 

helps in the evaluation of tank insulation per-
formance. Indeed, ENGIE’s work enables 
the calculation of the heat intakes inside a 
tank from operational data and process. In 
order to provide ongoing support to ship-
owners and operators, ENGIE is developing 
the ‘smart LNG gauge’. This gauge will em-
bed all the algorithms and simulations of the 
LNG Bunkering Software in one device fit-
ted with multiple sensors. This digital, DCS 
connected tool  will give in real time all the 
information about LNG when it is stored in 
a closed system. The shipowner will be kept 
informed in real-time of the time remaining be-
fore the opening of the safety valves, the LNG 
tank energy content and methane number.

Bunkering and transfer operations

There are several possible ways to supply 
LNG fuelled ships with LNG. The principal 
options for ship bunkering are:
• Truck-to-ship: one or several trailer trucks 

carry LNG, which is transferred through a 
cryogenic hose to the ship

• Shore-to-ship: LNG is supplied from an 
onshore storage station, which can be an 
existing LNG terminal (supplied itself by 
LNG carriers) or a smaller satellite facility 
(supplied by trucks or small-scale LNG 
feeders or barges)

• Ship-to-ship: a bunkering vessel supplies 
LNG at sea to the LNG fuelled ship.
The supplied vessel bunkering reser-

voir capacity and consumption will help in 
choosing the most suitable supply solution. 

For every bunkering mode, there is 
a transfer solution. With a good under-

standing of LNG behaviour and dedicated 
tools, bunkering transfer operations can 
be better understood and optimised.

Many parameters have to be set up before 
studying the behaviour of LNG during the trans-
fer and the risk of venting to the atmosphere:
• The operating pressure of the sending 

tank
• The operating pressure of the receiving 

tank
• The temperature of LNG
• The composition of LNG
• The temperature of the tanks
• Top or bottom filling
• The return gas line
• Heat intakes during the transfer (pump, 

hose, etc.).
This is why ENGIE works on these trans-

fer phenomena and has developed dedicated 
tools to help the design and operation of bun-
kering facilities. The developed tools assess 
the dimensioning of the facilities to ensure 
safe and low environmental impact (i.e. no 
venting) transfer operations, and optimise 
these operations by decreasing their OPEX.

They will help to support the devel-
opment of an alternative fuel for ships 
with a small environmental footprint..
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