EP 3 470 323 A1

Patent Office

e brvess (11) EP 3470 323 A1

(1 9) ’ e "llmlmllHH||m||‘||Hm|‘|H‘ll“||‘||HHlHll”HlH‘"H‘mll‘
Patentamt
0 European

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
17.04.2019 Bulletin 2019/16 B63B 27/34(2006.01) B67D 9/00 (2070.07)

(21) Application number: 17196486.9

(22) Date of filing: 13.10.2017

(84) Designated Contracting States: (72) Inventors:

AL AT BE BG CH CY CZ DE DK EE ES FI FR GB * VAN KESSEL, Johannes Lambertus Fransiscus

GRHRHUIEISITLILTLULV MC MK MT NL NO 2288 GS Rijswijk (NL)

PL PT RO RS SE SI SK SM TR * MAIJENBURG, Adrianus Teunis Gijsbertus

Designated Extension States: 2288 GS Rijswijk (NL)

BA ME * STEPHENS, Andrew Neil

Designated Validation States: London WC2R 0ZA (GB)

MA MD

(74) Representative: Shell Legal Services IP

(71) Applicant: Shell Internationale Research p/a Carel van Bylandtlaan 16

Maatschappij B.V. 2596 HR Den Haag (NL)

2596 HR The Hague (NL)

(54) SYSTEM FOR LOADING AND OFF-LOADING A LNG CARRIER VESSEL

(57) The invention relates to a LNG carrier vessel comprising a transfer system with a moveable arm having a fluid
opening at its distal end and an off-shore mooring system with a manifold, wherein the manifold and fluid opening can
be brought into fluid communication to load or off-load the LNG carrier vessel.

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 470 323 A1 2

Description
FIELD OF THE INVENTION

[0001] The presentinvention is directed to a LNG car-
rier vessel, a mooring system and an assembly compris-
ing such a LNG carrier vessel and mooring system.

BACKGROUND TO THE INVENTION

[0002] LNG carrier vessels are used to transport lig-
uefied natural gas (LNG) to the market.

[0003] LNG is a cryogenic fluid, mainly comprising
methane (e.g. more than 80 mol% or even 90 mol%)
typically having a temperature, depending on the pres-
sure, well below minus 100°C. Often, when stored at at-
mospheric pressure or close to atmospheric pressure
(below 1.5 bar), LNG has a temperature of about minus
162°C. LNG is produced at a LNG plant by treating and
cooling down natural gas.

[0004] LNG may be loaded from an on-shore or off-
shore LNG plant to the LNG carrier vessel at a first loca-
tion and unloaded from the LNG carrier vessel to an on-
shore or off-shore regasification terminal at a second lo-
cation. Transporting LNG between the LNG carrier ves-
sel and on-shore facility requires suitable infrastructure,
such as a jetty and at many terminals also a breakwater
to allow the LNG carrier vessel to approach the berth.
Generally, the (long) jetty and breakwater are a consid-
erable part of the costs.

[0005] A transfer system may be provided on the LNG
plant/regasification terminal to establish a fluid connec-
tion between the LNG plant/regasification terminal and
the LNG carrier vessel. The transfer system may com-
prise a mechanical loading arm or a flexible hose, or an
hybrid transfer system combining mechanical compo-
nents with one or more flexible hoses. The transfer sys-
tem is arranged to connect to a manifold on the LNG
carrier to load or unload the LNG carrier vessel.

[0006] Lower costtransfer systems are desired, in par-
ticular for small-scale regasification terminals, i.e. regas-
ification terminals with a capacity less than 1.0 MtPA, as
conventional regasification terminals may not be eco-
nomically feasible for small scale developments. To be
able to serve customers with lower LNG need, lower cost
solutions for small-scale regasification terminals are re-
quired.

SUMMARY OF THE INVENTION

[0007] Itis an object to provide an alternative, prefer-
ably more cost-efficient, system transferring LNG from/to
a LNG carrier vessel.

[0008] In particular it is an object to provide a system
for unloading LNG to an on-shore regasification terminal
at lower costs.

[0009] In one aspect, there is provided a LNG carrier
vessel, comprising one or more LNG storage tanks and
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a transfer system,

the transfer system comprises a moveable arm, the
moveable arm having a proximal end (permanently) con-
nected to or based on the LNG carrier vessel and a distal
end which is moveable between an onboard position and
an outboard position,

wherein the transfer system further comprises a fluid
opening positioned at the distal end of the moveable arm,
which fluid opening is in fluid communication with the one
or more LNG storage tanks.

[0010] The moveable arm may comprise

- oneormore rigid arm sections comprising cryogenic
piping or having flexible ducts connected thereto,
or

- oneormore rigid arm sections comprising cryogenic
piping or having flexible ducts connected thereto and
in addition one flexible arm section, being a distal
arm section, e.g. formed by a flexible duct.

[0011] According to an other embodiment, the move-
able arm only comprises rigid arm sections, the distal
rigid arm section being a hose manipulator to manipulate
a flexible end section of a duct establishing at least part
of the fluid communication between the fluid opening at
the distal end of the moveable arm and the one or more
LNG storage tanks.

[0012] The rigid arm sections are preferably intercon-
nected by (hydraulic) controllable joints arranged to con-
vey LNG. Once a fluid connection has been established
between the fluid opening positioned at the distal end of
the moveable arm and a remote manifold, the controlla-
ble joints may be putin follow-modus or free wheel modus
to allow for relative movement of the LNG carrier vessel
and the loading or off-loading facility the manifold is po-
sitioned on.- In case of hydraulically controllable joints,
this may be achieved by releasing/letting down the pres-
sure in (part of) the hydraulic circuit.

[0013] The LNG carrier vessel comprises a hull, the
hull having an outer perimeter when seen in top view.
The LNG storage tanks are positioned inside the outer
perimeter when seen in top view. The term outboard po-
sition with respect to the position of the distal end of the
moveable arm is used to indicate a position outside the
outer perimeter of the hull of the LNG carrier vessel and
the term onboard position with respect to the position of
the distal end of the moveable arm is used to indicate a
position inside the outer perimeter of hull of the LNG car-
rier vessel.

[0014] Such atransfer system on the LNG carrier ves-
sel allows to connect to loading and off-loading facilities
relatively easy, without requiring presence of such a
transfer system on the loading and off-loading facilities.
This means that such facilities can be built at lower costs.
[0015] According to an embodimentthe moveable arm
is arranged to move the distal end to an outboard position
which is more than 15 meters, preferably more than 25
meters away from the outer perimeter of the hull when
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seen in side view.

[0016] This allows the transfer system to connect to
loading or off-loading equipment positioned at a safe dis-
tance from the LNG carrier vessel.

[0017] Accordingtoan embodimentthe moveable arm
comprises a coupler positioned at the distal end, the cou-
pler being arranged to couple the fluid opening to a man-
ifold to establish a fluid path between the LNG storage
tanks and the manifold.

[0018] This has the advantage that the LNG carrier
vessel can connect to loading or off-loading facilities
comprising such a manifold. The loading or off-loading
facility doesn’t require a transfer system, coupler and as-
sociated hardware and can thus be relatively simple and
cost-efficient.

[0019] The coupler is arranged to provide a fluid-tight,
decouplable coupling between the fluid opening and the
manifold. The coupler may comprise controllable clamps
that can move from an open position to a closed position
in which the clamps can lock to the manifold.

[0020] The coupler is preferably a quick release cou-
pler that allows for a quick release in case of an emer-
gency.

[0021] Accordingtoan embodimentthe moveable arm
comprises a shock absorbing jacket positioned at or
close to the distal end of the moveable arm.

[0022] Suchashockabsorbingjacket may be provided
to interact with a catching arrangement provided on the
loading or off-loading equipment, such as an off-shore
structure comprising a manifold to be coupled to the fluid
opening, to facilitate establishment of a connection be-
tween the moveable arm and such equipment.

[0023] The shock absorbing jacket is preferably posi-
tioned adjacent to the coupler and may further comprise
a protection screen or protection sleeve encompassing
the coupler. This protects the coupler from unwanted col-
lisions when manoeuvring the moveable arm, for in-
stance collisions with the catching arrangement.

[0024] According to an embodiment the LNG carrier
vessel comprises a messenger line, the messenger line
being connectable to a messenger line connection point
not comprised by the LNG carrier vessel, the messenger
line being arranged to guide the distal end and/or the
fluid opening to a predetermined position relative to the
messenger line connection point.

[0025] The messenger line connection point is prefer-
ably located on the off-shore single point mooring system
described below. This allows to first establish a connec-
tion between the LNG carrier vessel and the off-shore
single point mooring system via the messenger line and
possibly the mooring hawsers, and then move the move-
able arm to establish the fluid connection. This procedure
limits the risk of damaging any of the equipment.
[0026] According to an embodiment the transfer sys-
tem is arranged to connect the fluid opening positioned
at the distal end of the moveable arm to a manifold po-
sitioned on an off-shore structure, thereby establishing
a fluid connection between the manifold and the one or
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more LNG storage tanks on the LNG carrier vessel. The
manifold positioned on the off-shore structure is in fluid
communication with an on-shore or off-shore regasifica-
tion terminal or with an on-shore or off-shore LNG plant
as will be explained in more detail below.

[0027] The mooring of the LNG carrier vessel may be
arranged through the connection of one or more mooring
hawsers connected to the tower. Alternatively, or in ad-
dition, the LNG carrier vessel may be arranged to use
dynamic positioning to control the position the LNG car-
rier vessel with respect to the off-shore structure to allow
the transfer system to connect to the manifold at the off-
shore structure and keep the LNG carrier vessel within
a defined position range with respect to the off-shore
structure.

[0028] Transfer of cryogenic fluid takes place while the
LNG carrier vessel is moored to off-shore structure.
[0029] According to an embodimentthe moveable arm
comprises one or more passive joints to allow for relative
movement of the distal end of the arm with respect to the
proximal end.

[0030] This allows for a stable connection despite
movements of the LNG carrierinduced by metocean con-
ditions, such as wind, current, waves and tides. The one
or more flexible sections or passive joints may allow the
LNG carrier to weathervane.

[0031] The flexible section or passive joints are pref-
erably located close to the distal end of the moveable
arm.

[0032] The moveable arm may preferably be an artic-
ulated arm, i.e. comprising two or more rigid arm sections
connected by controllable joints. The passive joints are
preferably comprised by a distal arm section. The passive
joints may for instance be positioned close to the coupler
and optionally the shock absorbing jacket.

[0033] So, in an embodiment in which the moveable
arm comprises a plurality of rigid arm sections, one of
the rigid arm sections, preferably the distal rigid arm sec-
tion comprising the distal end may comprise a number
of passive joints.

[0034] The term controllable joints is used to indicate
that the joints may be controlled by an operator, for in-
stance using a hydraulic system. The term flexible sec-
tion or passive joint is used to indicate that movements
thereof are not controlled and are not controllable by an
operator but only induced by movements of the LNG car-
rier vessel. So, a controllable joint put in follow modus or
free wheel modus is not considered a passive joint.
[0035] The passive joints may for instance comprise a
first, second and third bearing and swivel arrangement,
each enabling rotation about a first, second and third ro-
tational axis, the first, second and third rotational axis
being perpendicular with respect to each other. For in-
stance, the first, second and third bearing and swivel ar-
rangement may be a pitch, rolland yaw bearing and swiv-
el arrangement respectively. The pitch and roll bearing
and swivel arrangements allow the LNG carrier vessel
to surge/sway/roll/pitch relative to the loading and off-
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loading facilities, which may be fixedly positioned. The
yaw bearing and swivel arrangement allows the LNG car-
rier vessel to weathervane about the loading and off-load-
ing facilities. Some of the movements may also be ab-
sorbed by the controllable joints connecting the different
arm sections in follow or free wheel modus.

[0036] Accordingtoanembodimentthe moveable arm
comprises one or more passive joints allowing the LNG
carrier vessel to weathervane over a predetermined an-
gle, the predetermined angle being equal to or smaller
than 180° or 90°.

[0037] This may be advantageous in situations in
which the metocean conditions do not require 360°
weathervaning. By restricting the weathervaning to a pre-
determined angle, the mooring equipment provided on
the single point mooring system to connect to mooring
hawsers can be relatively simple and thereby cost-effi-
cient. For instance, the mooring equipment does not
need to comprise a turn table to allow for 360° weath-
ervaning.

[0038] According to an embodiment the LNG carrier
vessel comprises an elongated hull having a bow and a
stern, wherein the transfer system is located at or near
the bow or the stern.

[0039] Theelongated hullhasalength L whichis meas-
ured from the extreme forward end of the bow to the
extreme aft end of the stern. The term near the bow or
the stern is used to indicate that the transfer system is
located with 0.1*L from the extreme forward end or ex-
treme aft end of the stern.

[0040] According to an embodiment, the transfer sys-
tem is moveable connected to the LNG carrier vessel,
wherein the transfer system is moveable between a po-
sition at or near the bow or the stern and a midship po-
sition.

[0041] The term midship position is used to indicate a
position which is located more than 0.2L, 0.3L or even
more than 0.4L away from the extreme forward end of
the bow and the extreme aft end of the stern (again L
being the length of the hull measured from the extreme
forward end of the bow to the extreme aft end of the
stern). This will allow the LNG carrier vessel to load or
unload from and to facilities that require a midship trans-
fer system.

[0042] The LNG carrier vessel may for instance com-
prise a rail assembly on which the transfer system is po-
sitioned, the rail assembly running from the position at
or near the bow or the stern to the midship position. The
moveable arm may be positioned on a base comprising
wheels that allow the base to move over the rails or di-
rectly over the deck of the LNG carrier vessel.

[0043] According to an embodiment, the transfer sys-
tem comprises a duct suitable to convey cryogenic fluids,
the duct establishing at least part of the fluid communi-
cation between the fluid opening at the distal end of the
moveable arm and the one or more LNG storage tanks.
[0044] The duct may run through the one or more LNG
storage tanks, through the moveable arm to the distal
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end. The duct may be a flexible duct. The duct may also
be arigid duct with a flexible end section, the flexible end
section being manipulated by a distal rigid arm section
(e.g. hose manipulator). The duct may also be a rigid
duct with a flexible end section, the flexible end section
being a free hanging.

[0045] The term cryogenicis used here to refer to tem-
peratures below minus 100°C, preferably below minus
150°C and even more preferably below minus 160°C.
[0046] The transfer system may also be referred to as
a cryogenic transfer system, i.e. suitable for transferring
cryogenic fluids, such as LNG.

[0047] According to an embodiment the duct is at least
partially made of a composite material.

[0048] Forinstance, the flexible end section described
above may be at least partially made of a composite ma-
terial.

[0049] The composite material forms a fluid tight and
fluid conveying part of the duct, in use, being in direct
contact with the LNG being transferred.

[0050] The composite material may be a material as
disclosed in WO2008068303. The composite material
preferably has (a) a tensile Young’s modulus of less than
50 Gpa at ambient conditions; and (b) a tensile strain at
break of at least 5% at ambient conditions. The term com-
posite material and the different embodiments thereof
are explained in more detail below.

[0051] The duct may be manufactured in accordance
with any of the techniques disclosed in W02016102624
and/or WO2016102618.

[0052] According to an alternative embodiment the
duct is a metallic pipe in pipe solution.

[0053] Off-shore mooring system comprising a tower
which is positioned on the seabed and a manifold posi-
tioned on the tower at a level above sea level, wherein
the off-shore mooring system comprises at least one cry-
ogenic fluid duct which establishes a fluid path between
the manifold and a regasification terminal or a LNG plant.
[0054] The off-shore mooring system may be a single
point mooring system.

[0055] The tower is permanently fixed to the seabed,
for instance by one or more piles.

[0056] The regasification terminal may be an on-shore
or an off-shore regasification terminal. The LNG plant
may be an on-shore or an off-shore LNG plant.

[0057] The tower comprises a manifold. The manifold
is arranged to connect to a (cryogenic) transfer system
to receive a cryogenic fluid such as LNG. The manifold
may be provided with structured elements compatible
with the coupler to which the coupler may lock. For in-
stance, the manifold may comprise a ring-shaped flange
behind which a clamps of the coupler can lock.

[0058] According to an embodiment the manifold does
not comprise a coupler. The manifold may not comprise
any parts that need to be controlled actively needed to
make the coupling with the coupler provided on the move-
able arm.

[0059] The cryogenic fluid duct may at least partially
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be made of a composite material as described above.
[0060] The cryogenic fluid duct may run downwards
from the manifold through the tower to the seabed. In
between the tower and the shore, the cryogenic fluid duct
may be positioned underneath the seabed at a depth of
at 1 meter to run to shore.

[0061] Alternatively, the cryogenic fluid duct may run
downwards from the manifold through the tower to the
sea level. In between the tower and the shore, the cryo-
genic fluid duct may be a floating cryogenic fluid duct.
[0062] According to an embodiment, the off-shore
mooring system comprises a turn table comprising moor-
ing equipment to receive and connect a mooring hawser.
[0063] The turn table is preferably a 360° turn table
allowing the LNG carrier vessel to weather vane.
[0064] Accordingtoan embodimentthe tower compris-
es a catching arrangement.

[0065] The catching arrangement is arranged to catch
the distal end of the moveable arm provided on the LNG
carrier vessel and guide it towards the manifold to correct
for inaccuracies in the relative positioning of the distal
end of the moveable arm with respect to the manifold.
Inaccuracies may be caused by waves etc.

[0066] The catching arrangement may be shaped as
funnel, comprising a wider opening and a smaller open-
ing, the funnel having its body axis aligned with the body
axis of the manifold, and having its wider opening facing
upwards or vertically outwards (with respect to the off-
shore point mooring system) and its smaller opening fac-
ing downwards or vertically inwards (with respect to the
off-shore mooring system).

[0067] The catching arrangement has the function to
centralize the distal end of the moveable arm with respect
to the manifold. The smaller opening of the funnel pref-
erably has a diameter that matches the width of that part
of the moveable arm that is positioned in the smaller
opening just before and during connection.

[0068] System comprising a LNG carrier vessel as de-
scried above and an off-shore mooring system as de-
scribed above, wherein the distal end of the moveable
arm is releasably connected to the manifold on the off-
shore mooring system.

[0069] According to a further aspect, there is provided
amooring system as described above, comprising a tow-
er which is positioned on shore, e.g. a quay. So, instead
of an off-shore mooring system, there is provided an on-
shore mooring system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] The drawing figures depict one or more imple-
mentations in accord with the present teachings, by way
of example only, not by way of limitation. In the figures,
like reference numerals refer to the same or similar ele-
ments.

Figure 1 schematically depict an embodiment of a
system comprising a LNG carrier vessel and an off-
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shore single point mooring system,

Fig. 2 schematically depicts a more detailed view of
the distal end of the moveable arm and the manifold
on the off-shore single point mooring system accord-
ing to an embodiment,

Fig. 3a-b schematically depicts a more detailed view
of the distal end of the moveable arm and the man-
ifold on the off-shore single point mooring system
according to an alternative embodiment,

Figures 4 schematically depicts an alternative em-
bodiment of a system comprising a LNG carrier ves-
sel and an off-shore single point mooring system and
Fig. 5 schematically depicts a top view of a system
with restricted weather vaning.

DETAILED DESCRIPTION OF THE INVENTION

[0071] There is provided a more cost-efficient system
for transferring LNG to and from a LNG carrier vessel,
comprising of a LNG carrier vessel and an (off-shore)
single point mooring system.

[0072] There is provided a LNG carrier vessel with an
onboard transfer system for cryogenic product transfer
to an importing or exporting terminal (off-shore or on-
shore). The (off)loading system is installed onboard the
LNG carrier vessel. The equipment at the offshore ter-
minal is limited to a manifold on a single point mooring
system. The single point mooring system comprises a
bottom fixed structure (i.e. tower) with a manifold. The
connection between the LNG carrier vessel and the sin-
gle point mooring system may allow for a full weathervan-
ing ofthe LNG carrier vessel or for restricted weathervan-
ing, i.e. approximately 90° weathervaning of the LNG car-
rier relative to the single point mooring system.

[0073] With such a system the need for a jetty and
breakwater is omitted. The provided solution is cost-ef-
ficientasitdoesn’trequire atransfer system to be present
on each single point mooring system. This results in re-
duced CAPEX and OPEX and increased safety.

[0074] According to the solution provided, only a single
transfer system is required in situations wherein the LNG
carrier vessel sails between a plurality of (off-)shore sin-
gle point mooring systems (e.g. a single loading point
and a plurality of off-loading points). The costs for cryo-
genic transfer systems are reduced to only one system
instead of a plurality of cryogenic transfer systems ateve-
ry (off-)shore single point mooring system. Inspection,
maintenance and repair can be performed in dedicated
areas, e.g. shipyards, instead of remote areas where the
(off-)shore single point mooring systems may be located,
also resulting in reduced safety risks.

[0075] With the new system, the risks of vessel colli-
sions with such (off-)shore single point mooring systems
are reduced as there is no expensive transfer system on
the (off-)shore single point mooring systems that could
be damaged by a collision. Also, in case of a collision
during loading/offloading, the volume of LNG that could
be released to the environment is significantly reduced
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as there is no transfer system on the (off-)shore single
point mooring system that contains LNG.

[0076] Thetransfersystemislocated onboardthe LNG
carrier vessel and connectable to the (off-)shore single
point mooring system by means of a quick release cou-
pling.

[0077] Theamountof LNG contained by the (off-)shore
single point mooring system is relatively small as it is
limited to the piping inside the (off-) shore single point
mooring system. The off-shore single point mooring sys-
tem comprises a tower which provides additional protec-
tion to the LNG piping in case of collision with a vessel.
If a leak would occur then the volume of LNG that could
be released to the environment is limited by the presence
of emergency shut-down valves.

[0078] Safety and efficiency is further improved as the
loading/off-loading procedures and operations can be
optimized, standardized and automated for the LNG car-
rier vessel and will not be subject to different transfer
systems at different loading/offloading locations.

[0079] Fig. 1 schematically depicts a LNG carrier ves-
sel 1, comprising one or more LNG storage tanks 2 and
a transfer system 3.

[0080] ThelLNG carriervessel comprises an elongated
hull 10. The elongated hull has a length L which is meas-
ured from the extreme forward end of the bow to the
extreme aft end of the stern as shownin Fig. 1. The trans-
fer system 3 may be positioned at or near the bow or the
stern. Alternatively, the transfer system 3 may be posi-
tioned at a midship position (not shown). According to a
further embodiment, the transfer system 3 is moveable
between a position at or near the bow or the stern and a
midship position.

[0081] The transfer system 3 comprises a moveable
arm 4, the moveable arm having a proximal end 5 (per-
manently) connected to the LNG carrier vessel and a
distal end 6 which is moveable between an onboard po-
sition and an outboard position. The transfer system 3
comprises a fluid opening 7 (not indicated in Fig. 1) po-
sitioned at the distal end 6 of the moveable arm 4, which
fluid opening 7 is in fluid communication with the one or
more LNG storage tanks 2. The fluid connection between
the fluid opening 7 and the one or more LNG storage
tanks 2 is not fully shown.

[0082] The moveable armis arranged to move the dis-
tal end 6 to an outboard position which is more than a
distance D away from the outer perimeter of the hull when
seen in side view, as indicated in Fig. 1.

[0083] As shownin more detail in Fig. 2, the moveable
arm 4 comprises a coupler 8 positioned at the distal end
6, the coupler 8 being arranged to provide a fluid con-
nection between the fluid opening 7 and a manifold 102
of an (off-)shore single point mooring system 100 as will
be described in more detail below.

[0084] The coupler 8 may comprise controllable
clamps 81 that can move from an open position to a
closed position in which the clamps 81 can lock to the
manifold 102.
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[0085] According to an embodiment as schematically
depicted in Fig. 3 the moveable arm 4 comprises a shock
absorbing jacket 11 positioned at or close to the distal
end 6 of the moveable arm 4.

[0086] Optionally, the moveable arm comprises a pro-
tection screen or protection sleeve 12 encompassing the
coupler 8.

[0087] Optionally, the moveable arm comprises one or
more flexible sections or passive joints 21, 22, 23 to allow
for relative movement of the distal end 6 of the moveable
arm 4 with respect to the proximal end 5. The first bearing
and swivel arrangement 21 may be a yaw bearing and
swivel arrangement, second bearing and swivel arrange-
ment 22 may be a roll bearing and swivel arrangement
and the third bearing and swivel arrangement 23 may be
a pitch bearing and swivel arrangement.

[0088] Fig. 1 further shows an off-shore single point
mooring system 100 comprising a tower 101 which is
positioned on the seabed SB and a manifold 102 posi-
tioned on the tower 101 at a level above sea level SL,
wherein the off-shore single point mooring system 100
comprises at least one cryogenic fluid duct 103 which
establishes a fluid path between the manifold 102 and
an on-shore regasification terminal or an on-shore LNG
plant 200. For instance, the at least one cryogenic fluid
duct 103 establishes a fluid path between the manifold
102 and LNG-storage tanks comprised by the on-shore
regasification terminal or the on-shore LNG plant 200.
[0089] It is noted that the on-shore regasification ter-
minal or on-shore LNG plant may alternatively be posi-
tioned off-shore, forinstance on a FSRU-vessel or FLNG
vessel.

[0090] The tower 101 is permanently fixed to the sea-
bed, for instance by one or more piles 104.

[0091] Thetower 101 comprises a manifold 102, which
may be provided with structured elements compatible
with the coupler 6 to which the coupler 6 may lock. For
instance, the manifold 102 may comprise a ring-shaped
flange 105 behind which clamps of the coupler can lock.
[0092] The cryogenic fluid duct 103 runs downwards
from the manifold 102 through the tower 101 to the sea-
bed SB. In between the tower 101 and the shore, the
cryogenic fluid duct 103 is positioned underneath the
seabed SB.

[0093] As further shown in Fig. 1, the tower comprises
a catching arrangement 5. The catching arrangement 5
is funnel-shaped, comprising a wider opening 51 and a
smaller opening 52, the funnel 5 having its body axis BA5
aligned with the body axis BA102 of the manifold 102,
and having its wider opening 51 facing upwards and its
smaller opening 52 facing downwards.

[0094] Fig. 1 further shows a mooring line or mooring
hawser 9 mooring the LNG carrier vessel 1 to the off-
shore single point mooring system 100.

[0095] In use, the distal end 6 of the moveable arm 4
is aligned with the manifold 102 and moved towards the
manifold. The catching arrangement 5 catches the distal
end and guide the distal end 6, i.e. the fluid opening 7
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towards the manifold. The coupler 6 is then actuated to
move from its open to its closed position.

[0096] According to an alternative shown in Fig.4, the
body axis BA102 ofthe manifold 102 may be substantially
vertical. The fluid opening 7 comprised by the moveable
arm may have a body axis (not shown) that is either sub-
stantially vertical to allow connection with the manifold
102. The moveable arm 4 may be build such that the
body axis of the fluid opening 7 is substantially vertical
or may be arranged to orientate the body axis of the fluid
opening 7 between horizontal and a vertical orientation.
[0097] According to the embodiment shown in Fig.’s
4a and 4b, the catching arrangement 5 comprised by the
off-shore single point mooring system may be funnel-
shaped, comprising a wider opening 51 and a smaller
opening 52, the funnel 5 having its body axis BA5 sub-
stantially vertical, and having its wider opening 51 facing
outwards (with respect to the off-shore single point moor-
ing system) and its smaller opening 52 facing inwards
(with respect to the off-shore single point mooring sys-
tem).

[0098] Fig. 5 shows a top view of a system in which
the LNG carrier vessel 1 is allowed to weathervane over
a predetermined angle a, the predetermined angle being
90°.

[0099] Asmentioned, the ductestablishing atleast part
of the fluid communication path between the fluid opening
at the distal end of the moveable arm and the one or
more LNG storage tanks may at least partially be made
of or comprise a composite material. Also, the cryogenic
fluid duct which establishes a fluid path between the man-
ifold on the off-shore single point mooring system and
the on-shore regasification terminal or an on-shore LNG
plant may at least partially be made of or comprise a
composite material.

[0100] The composite material may comprise a matrix
and reinforcement composed of the same thermoplastic
polymer, for example polypropylene or polyethylene. The
reinforcement can be in the form of, for example, fibres,
tows, sheets, or woven fabric. The reinforcement gener-
ally has a higher tensile strength and melting temperature
than the matrix, which is obtained by specialised process-
ing, often mechanical in nature. The composite is formed
by fusing the reinforcement layer(s) with the matrix. The
fusing process is a controlled thermo-mechanical proce-
dure which generally utilizes the lower melting tempera-
ture of the matrix. This results in a fully bonded material.
Such a fully bonded material has superior properties due
to the mechanical properties of the reinforcement. The
physical properties of the mono-material composite can
be controlled by the processing of the reinforcement, the
thermos-mechanical fusion process, the reinforce-
ment/matrix ration, and the orientation of reinforcement.
[0101] The present disclosure is not limited to the em-
bodiments as described above and the appended claims.
Many modifications are conceivable and features of re-
spective embodiments may be combined.

[0102] The following examples of certain aspects of
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some embodiments are given to facilitate a better under-
standing of the present invention. In no way should these
examples be read to limit, or define, the scope of the
invention.

Claims

1. LNG carrier vessel, comprising one or more LNG
storage tanks and a transfer system, the transfer sys-
tem comprises a moveable arm, the moveable arm
having a proximal end (permanently) connected to
or based on the LNG carrier vessel and a distal end
which is moveable between an onboard position and
an outboard position, wherein the transfer system
further comprises a fluid opening positioned at the
distal end of the moveable arm, which fluid opening
is in fluid communication with the one or more LNG
storage tanks.

2. LNG carrier vessel according to claim 2, wherein the
moveable arm is arranged to move the distal end to
an outboard position which is more than 15 meters,
preferably more than 25 meters away from the outer
perimeter of the hull when seen in side view.

3. LNG carrier vessel according to any one of the pre-
ceding claims, wherein the moveable arm comprises
a coupler positioned at the distal end, the coupler
being arranged to couple the fluid opening to a man-
ifold to establish a fluid path between the LNG stor-
age tanks and the manifold.

4. LNG carrier vessel according to any one of the pre-
ceding claims, wherein the moveable arm comprises
a shock absorbing jacket positioned at or close to
the distal end of the moveable arm.

5. LNG carrier vessel according to any one of the pre-
ceding claims, wherein the LNG carrier vessel com-
prises a messenger line, the messenger line being
connectable to a messenger line connection point
not comprised by the LNG carrier vessel, the mes-
senger line being arranged to guide the distal end
and/or the fluid opening to a predetermined position
relative to the messenger line connection point.

6. LNG carrier vessel according to any one of the pre-
ceding claims, wherein the transfer system is ar-
ranged to connect the fluid opening positioned at the
distal end of the moveable arm to a manifold posi-
tioned on an off-shore structure, thereby establishing
a fluid connection between the manifold and the one
or more LNG storage tanks on the LNG carrier ves-
sel.

7. LNG carrier vessel according to any one of the pre-
ceding claims, wherein the moveable arm comprises
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one or more passive joints to allow for relative move-
ment of the distal end of the arm with respect to the
proximal end.

LNG carrier vessel according to any one of the pre-
ceding claims, wherein the moveable arm comprises
one or more passive joints allowing the LNG carrier
vessel to weathervane over a predetermined angle,
the predetermined angle being equal to or smaller
than 180° or 90°.

LNG carrier vessel according to any one of the pre-
ceding claims, wherein the LNG carrier vessel com-
prises an elongated hull having a bow and a stern,
wherein the transfer system is located at or near the
bow or the stern.

LNG carrier vessel according to any one of the pre-
ceding claims, wherein the transfer system is move-
able connected to the LNG carrier vessel, wherein
the transfer system is moveable between a position
ator nearthe bow or the stern and a midship position.

LNG carrier vessel according to any one of the pre-
ceding claims, wherein the transfer system compris-
es aductsuitable to convey cryogenic fluids, the duct
establishing at least part of the fluid communication
between the fluid opening at the distal end of the
moveable arm and the one or more LNG storage
tanks.

LNG carrier vessel according to claim 11, wherein
the duct is at least partially made of a composite
material.

Off-shore mooring system comprising a tower which
is positioned on the seabed and a manifold posi-
tioned on the tower at a level above sea level, where-
in the off-shore mooring system comprises at least
one cryogenic fluid duct which establishes a fluid
path between the manifold and a regasification ter-
minal or a LNG plant.

Off-shore mooring system according to claim 13,
wherein the cryogenic fluid duct is at least partially
partially positioned underneath the seabed.

Off-shore mooring system according to any one of
the claims claim 13 and 14, wherein the tower com-
prises a catching arrangement.

System comprising a LNG carrier vessel according
to any one of the claims 1 - 12 and an off-shore moor-
ing system according to any one of the claims 13 -
14, wherein the distal end of the moveable arm is
releasably connected to the manifold on the off-
shore mooring system.

10

15

20

25

30

35

40

45

50

55

14



EP 3 470 323 A1

€0l

|01

S
|

00¢




EP 3 470 323 A1

Fig.2

81 8
=
] 81
iyl 105
102 103

10



EP 3 470 323 A1

Fig.3a

51
A2/
-—22
1 F—21
' 1 5
/
[
52

81-1

3
-
-
gé}ao\\s

103 T

BA102

1"



EP 3 470 323 A1

Fig.3b

23
22

21

1IN

12

52



EP 3 470 323 A1

T DAY/, {
B N7/

i__'.‘.

Fig.4

13

fg},
103
/ 100
Fig.5 NN




10

15

20

25

30

35

40

45

50

55

EP 3 470 323 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 17 19 6486

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 2017/057806 Al (PERDRIX FREDERIC 1-3,5-8, INV.
VINCENT [GB] ET AL) 11 B63B27/34
2 March 2017 (2017-03-02) B67D9/00
Y * paragraphs [0034] - [0036], [0041] - 4,9,10,
[0044]; figures 1-6 * 12,16
X US 2011/066290 Al (LE DEVEHAT RENAUD [FR] [1-3,6-9
ET AL) 17 March 2011 (2011-03-17)
* paragraphs [0082] - [0089]; figures 1,4
*
X US 2016/251062 Al (GELIN GUILLAUME [FR] ET|1-3,6-8,
AL) 1 September 2016 (2016-09-01) 11
* paragraphs [0048] - [0051], [0062],
[0068]; figures 1-4,7-10,12 *
X US 2012/132307 Al (PAQUET STEPHANE [FR]) 1-3,5-8,
31 May 2012 (2012-05-31) 11
* figures 1,10-13 *
X US 2012/037240 Al (ADKINS JIMMIE DEAN [US][13-15 TECHNICAL FIELDS
ET AL) 16 February 2012 (2012-02-16) il
Y * paragraphs [0038], [0039], [0046], 12,16 B63B
[0054], [0055]; figures 1-8 * B67D
Y US 4 281 611 A (VILAIN ROBERT) 4,9,10
4 August 1981 (1981-08-04)
* column 2, line 41 - column 3, Tine 6 *
* column 1, Tine 52 - line 63 *
* figures 1,2,4 *
The present search report has been drawn up for all claims

Place of search

The Hague

Date of completion of the search

14 March 2018

Examiner

Mauriés, Laurent

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

14




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 3 470 323 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 17 19 6486

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-03-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017057806 Al 02-03-2017 EP 3137374 Al 08-03-2017
GB 2528026 A 13-01-2016
US 2017057806 Al 02-03-2017
WO 2015166287 Al 05-11-2015
US 2011066290 Al 17-03-2011 AU 2008356828 Al 26-11-2009
BR P10822902 A2 30-06-2015
BR 122014025280 A2 18-08-2015
CA 2722181 Al 26-11-2009
CN 102036905 A 27-04-2011
CN 103950517 A 30-07-2014
CN 106395727 A 15-02-2017
EP 2282967 Al 16-02-2011
EP 2671839 Al 11-12-2013
ES 2441273 T3 03-02-2014
FR 2931451 Al 27-11-2009
JP 5453398 B2 26-03-2014
JP 5882982 B2 09-03-2016
JP 2011520718 A 21-07-2011
JP 2014111477 A 19-06-2014
KR 20110014601 A 11-02-2011
KR 20140023423 A 26-02-2014
MY 160343 A 28-02-2017
PT 2282967 E 07-01-2014
RU 2010152335 A 27-06-2012
US 2011066290 Al 17-63-2011
WO 2009141675 Al 26-11-2009
ZA 201007767 B 27-07-2011
US 2016251062 Al 01-09-2016 CN 105745149 A 06-07-2016
EP 3063059 Al 07-09-2016
FR 3012411 Al 01-05-2015
KR 20160082514 A 08-07-2016
US 2016251062 Al 01-09-2016
WO 2015063385 Al 07-05-2015
US 2012132307 Al 31-05-2012 AU 2010243444 Al 24-11-2011
CN 102458977 A 16-05-2012
EP 2424777 A2 07-03-2012
FR 2945024 Al 05-11-2010
KR 20120024672 A 14-03-2012
US 2012132307 Al 31-05-2012
WO 2010125319 A2 04-11-2010
US 2012037240 Al 16-02-2012 US 2012037240 Al 16-02-2012
WO 2012021205 A2 16-02-2012
For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
page 1 of 2

15




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 470 323 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 17 19 6486

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-03-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4281611 A 04-08-1981 AR 223307 Al 14-08-1981
BR 7706878 A 11-07-1978
CA 1090676 A 02-12-1980
DE 2745927 Al 27-04-1978
ES 463250 Al 16-07-1978
FR 2367654 Al 12-05-1978
GB 1591645 A 24-06-1981
JP S5349790 A 06-05-1978
NL 7711309 A 18-04-1978
NO 773522 A 18-04-1978
SU 651683 A3 05-03-1979
us 4281611 A 04-08-1981
For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
page 2 of 2

16




EP 3 470 323 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 2008068303 A [0050] * WO 2016102618 A [0051]
* WO 2016102624 A [0051]

17



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

