
Moving LNG production offshore
Moving liquefied natural gas (LNG) 
production offshore has presented the 
oil and gas industries with a unique 
and complex set of challenges. Floating 
liquefied natural gas (FLNG) facilities 
need to maintain the utmost levels of 
safety and give increased flexibility to LNG 
production while withstanding the effects of 
winds, waves and currents in the open seas. 

While many of these requirements 
have been met – and with FLNG now 
technically and economically proven – the 
market is moving towards taking FLNG 
further offshore. This means that existing 
components used on current sites that 
are relatively mild are not as effective. It’s 
important to remember too, that even the 
first FLNG plants are still relatively new – 
so there are still lessons to be learned. 

In practice, some major operators are 
now finding that there is a need to evolve 
certain components and innovative new 
products are being developed to keep pace 
with this rapidly evolving industry.

Ship-to-ship LNG transfer
Conventional transfer systems, which have 
been adapted to enable LNG ship-to-ship 
transfers in open water through side-by-
side configuration, might not always be 
sufficient and could result in the shutdown 
of the liquefaction plant in the event of 
bad weather conditions, with the transfer 
operation having to battle the effects of 
wind and currents in the open sea. 

With downtime at such a premium in 
the LNG arena, failure is not an option, 
so thought is now being given to more 
flexible solutions and hose-based systems 
are coming to the forefront as viable 
alternatives, with the added benefit of 
potentially being more cost competitive. 

The cryogenic flexible hose is a 

technology which has seen a rapid increase 
in innovation and development to keep 
up with these requirements, and helps 
to address the stringent demands of the 
offshore oil and gas industry. However, 
there is a certain level of dissatisfaction 
with hoses that are currently used in the 
market, and in the absence of mature 
tandem offloading solutions using floating 
hoses, leading manufacturers have initiated 
the development of their own systems.

Technical details
One such system is the cryoline LNG 
hose, which is suitable for use in floating 
submarine configuration. This new floating 
cryogenic hose is made up of several key 
components, including an inner cryogenic 
hose, an outer protective hose, an efficient 
insulation layer and an integrated leak 
monitoring system.

The inner cryogenic hose has been 
derived from the latest developments in 
composite hose technology and is best 
known for its high flexibility and proven 
suitability for LNG ship-to-ship transfer 
in side-by-side configuration. Composite 
LNG hoses usually consist of multiple 
unbonded, polymeric film and woven 
fabric layers, trapped between two stainless 
steel wire helices which give the hose its 
convoluted shape, one being internal and 
one external. The film layers provide a 
fluid-tight barrier to the conveyed product, 
while the woven fabric layers provide the 
mechanical strength of the hose. The 
number and arrangement of multiple 
polymeric film and woven fabric layers is 
specific to the hose size and application. 
The polymeric film and fabric materials 
are compatible with the conveyed product 
and the extreme operating temperatures. 

Composite LNG hoses have already 
proven their suitability for such an 

application as this technology has been 
validated through many full scale static 
and dynamic tests, and many offshore 
ship-to-ship LNG transfers. 

The outer protective hose is based on 
flexible rubber bonded hose technology - 
best known for its high resistance to fatigue 
and high ability to comply with harsh 
environmental conditions. By protecting the 
inner cryogenic hose from external loads or 
aggressions, the hose also prolongs service 
life. The annular space between the inner 
and outer hoses is insulated, enabling a 
reduction in boil-off gas (BOG) creation 
during offloading operations, and as such, 
increasing the efficiency of the offloading 
process. Thanks to the insulation, handling 
operations are also easier as no ice is formed 
on top of the hose, even when full of LNG.

The hose also features an integrated 
leak monitoring system based on optical 
fibre technology, to detect gas leaks in the 
annular space between the inner and outer 
hoses. This innovative system increases 
the safety of the transfer, as it enables the 
operator to make decisions on instigating 
emergency procedures by monitoring data 
on the offloading conditions.

In addition, the hose features an 
innova t i ve  compac t  and  spec i f i c 
connection system, which uses end-
fittings, rather than the traditional 
sections in typical LNG floating hoses. 
This ensures load transfer, protects 
against leaks and minimises heat loss 
within offloading lines. 

Trelleborg has worked closely with 
Saipem in the development of this 
innovative floating hose offloading system, 
by evolving proven technologies and 
building upon existing industry practices 
and procedures. Safety, robustness and 
simplicity of operations and installation 
have driven the design of each component. 
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Qualification of the system has been 
progressing well and is now into its final 
stage, as an 18-inch cryogenic flexible 
hose has already been certified by DNV 
and ABS. In parallel, Trelleborg is 
focused on enhancing the properties 
of the 20-inch cryoline LNG floating 
hose through full-scale testing program. 
This development, which combines 
the expertise of technology providers, 
suppliers and contractors, as well as 
the support of a major operator and 
classification society, will provide the 
LNG industry with a reliable and robust 
solution for LNG tandem loading 
operations.

Developing docking and mooring
Before transfer can take place, there 
are also elements of the docking and 
mooring package that must be considered 
and evolved for FLNG. Off-the-shelf 
packages are not an option in the FLNG 
arena. Bespoke, integrated solutions 
and customised maintenance packages 
should be developed in order to maximise 
operational efficiencies and minimise 
whole life project costs.

Similar to onshore mooring, ship-
to-ship FLNG will have between eight 

to 10 sets of mooring hooks, with a 
safe working load capacity of 100-150 
tonnes, configured as double and triple 
hooks. Physically, a compact footprint 
for the mooring equipment is necessary, 
as deck space is at a premium. Under-
deck reinforcement requirements must 
be simplified as much as possible and 
high salt spray ingress protection is also 
essential for mechanisms such as load cells, 
capstan motors and electrical control boxes. 

A typical side-by-side FLNG integrated 
mooring package will consist of the 
following elements:
•	 Quick release hooks and capstans
•	 Mooring line load monitoring system
•	 Remote hook release
•	 Docking aid system using GPS
•	 Metocean and envi ronmenta l 

monitoring
•	 Ship-to-shore l ink emergency 

s h u t d o w n  ( S S L  E S D ) 
communications system

•	 Pneumatic or foam filled fenders and 
deployment and monitoring system

•	 Central control, monitoring and 
reporting arrangements 

•	 Distributed control system (DCS) 
interface

Although the core modules of each 
mooring package may be similar from 
project to project, it ’s vital that the 
terminal operator has an understanding of 
the individual requirements of a specific 
offshore environment, so that the overall 
system is optimised for that application. 

Additionally, to avoid the cost associated 
with downtime in the LNG arena, all 
elements of the mooring package must be 
available and functioning 100 percent of 
the time.

T h i s  1 0 0  p e r c e n t  a v a i l a b i l i t y 
requirement does not just apply to the 
mechanical elements of the mooring 

package, such as fenders and hooks; an 
FLNG mooring system must be truly 
integrated. All monitoring systems should 
be interfaced to a single point, usually an 
operations control room, to ensure module 
availability and redundancy are optimised.

Harnessing the right hardware
The maintenance of fenders, as well as 
deployment and recovery systems should 
also be reassessed for FLNG applications. 
Obviously, traditional fixed fenders are 
not an option. Pneumatic fenders with 
chain tyre nets have been the traditional 
choice for ship-to-ship mooring, but the 
downside of pneumatic fenders is that 
they do not offer flotation redundancy: 
if punctured, they will fill with water and 
can run the risk of overloading the fender 
deployment system when lifted. 

Foam fenders can provide an attractive 
alternative. They can be manufactured 
without tyre nets, and provide lower 
frictional resistance since the fender 
skin can be manufactured from a low 
polyurethane material, rather than rubber. 
Foam fenders also offer similar reaction and 
energy performance to pneumatic fenders, 
and can be engineered to offer low hull 
pressure. Virtually unsinkable, they provide 
a practicable alternative to pneumatic 
fenders, better suited to FLNG operations. 

Pneumatic or foam, the fenders will 
need to be retrieved when an LNGC 
ber ths a longside the FLNG unit . 
Contrary to a small margin of opinion, 
fenders should not be left in the water 
once the LNGC has departed. Fenders 
left deployed will take the full force of 
the waves and as FLNG terminals move 
further offshore and experience more 
extreme conditions, this will become 
more of a problem. It ’s essential then 
that operators have the deployment and 
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10 sets of mooring hooks
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retrieval systems necessary to bring fenders 
back on deck for storage when they’re 
not in use. Given that deck space is at a 
premium, this scenario necessitates good 
forward planning at the earliest stages of 
LNGC to FLNG unit conversion. 

Offshore berthing considerations
One primary difference between offshore 
and onshore or near shore operations 
arises right at the outset, when the 
LNGC approaches the FLNG unit. In 
extreme offshore conditions, operators 
need to take a different approach to the 
standards commonly deployed in onshore 
FSRU transfers. For example, in the case 
of offshore applications - of particular 
importance as conditions become more 
extreme - fixed lasers are no longer an 
appropriate solution in measuring and 
recording berthing speed and the angle of 
approach. Alternative solutions are required 
to allow the flexibility needed for open sea 
berthing and allow for pitch and roll. 

The use of real time kinetic (RTK) 
GPS will allow the operator more reliable 
management of the LNGC speed of 
approach, angle and distance, whilst 
providing a similar level of accuracy 
to traditional fixed lasers. Additional 
environmental monitoring and the use of 
predictive software in a GPS docking tool 
will further assist the pilot during this 
critical stage and optimise the operational 
window.

In conclusion
F LN G  i s  n o w  t e c h n i c a l l y  a n d 
economica l l y  proven  in  enab l ing 
previously unviable gas fields to be 
exploited, and while the industry looks 
to move further offshore, there are 
lessons to be learned and best practices 
to be taken from onshore and near shore 

applications. However, an understanding 
of the complexities and individual 
requirements of more extreme offshore 
environments is key to successful systems 
development in FLNG docking, mooring 
and transfer, whether side-by-side or 
tandem configuration. As these projects 
evolve, manufacturers and end-users need 
collaborate to develop innovative, best 
practice solutions to be suited to specific 
FLNG requirements. 

The latest development in cryogenic 
LNG floating hoses will become a key 
component in offloading systems for 
future offshore FLNG projects, allowing 
FLNG projects to be considered for 
harsher conditions, without excessive 
downtime due to offloading system 
avai labi l i ty, and with significantly 
reduced risk. And the importance of 
continuous uptime and above all, safety, 
does not begin and end during transfer 
– before and beyond, the performance 
and maintenance of mooring systems will 
need to be carefully considered, enabling 
potential problems to be identified and 
resolved at the outset. 

As FLNG projects move further 
offshore and both risk and reward 
become higher, a more holistic approach 
to systems development and integration 
will become necessary. Manufacturers 
will need to increasingly offer a more 
comprehensive and evolved portfolio to 
demonstrate expertise in this more extreme 
offshore arena. They will need to couple 
this with tailored, innovative solutions 
that can be adapted and developed on 
a project-by-project basis. The basic 
toolkit may the same, but the elements 
must evolve, and each component – and 
its interrelation with other components - 
must be considered on the merits of each 
environment. 

Pneumatic fenders with chain tyre nets have been the traditional choice for ship-to-ship mooring
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