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Title: NATURAL GAS LIQUEFACTION VESSEL

BACKGROUND

(v

1. FIELD OF THE INVENTION

Embodiments of the invention described herein pertain to the ficld of marnme
hiquefaction of natural gas. More particularly, but not by way of limitation, one or mwore

10 embodiments of the invention describe a natural gas liquefaction vessel.

2. DESCRIPTION OF THE RELATED ART

Natural gas 15 typically transported by pipeline from the location where it 1s produced
15 to the location where it s consumed. However, large quantitics of natural gas may sometimes
be produced in an area or country where production far exceeds demand, and it may not be
feasible to transport the gas by pipeline to the location of commercial demand, for example
because the location of production and the location of demand are separated by an ocean or
rain forest. Without an effective way to transport the natural gas to a location where there is &
20 commercial demand, opportunities to monctize the gas may be lost.
Liguefaction of natural gas facilitates storage and transportation of the natural gas.
Liguefied natural gas ("LNG7) takes up only about 1/600th of the volume that the same amount
of natural gas does in ity gascous state. LNG is produced by cooling natural gas below its
boiling point {-259° ¥ at atmospheric pressure). NG may be stored 1o cryogenic comtainers
25 shightly above atmospheric pressure. By raismg the temperatwre of the LNG, 1t may be
regasified back o its gaseous form.
The demand for natural gas has stimulated the transportation of LNG by special vessels.
Natural gas produced in locations where it 1s abundant, may be liguefied and shipped overseas
in this manner to locations where it 18 most needed. Typically, the natural gas is gathered
36 through one or more pipeiines io a land-based liquefaction facility. Land-based liguefaction
facilities and the associated gathering pipelines are costly, may occupy large arcas of land and
take several vears to permit and construct. Thus, land-based liquefaction facilities are not
optimally suited to adapt to variation in the location of natural gas supphies or to hguety small

or stranded gas reserves. In addition, once natural gas 1s liguefied at a land based facility, the
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LNG must be stored in large land-based cryogenic storage tanks, transported through a special
crvogenic pipeline to aterminal facility, and then loaded onto a vessel equipped with cryvogenic
compartments {such a vessel may be referred to as an LNG carrier or “LNGC™), which n
cornbination may increase the overall expense of transporting the gas to its uitimate destination.

LNG projects are inherently capital intensive. The hiquefaction plant is the largest cost
component, accounting for approximately 50% of the total cost of the LNG value chain; hence,
cost reduction of the liquefaction plant is an important issue.  The capital cost of the
hquefaction plant 1s dependent on several factors such as plant location, size, site conditions,
and quality of feed gas. The thermodynamics of the liquefaction processes are well developed.
Thus, improvements in the industry come from improvements i the ligucfaction process and
mfrastructure that reduce cost. Of course, development costs are capitalized over the life of
the facility. Therefore, efficiency in process and infrastructure may reduce the overall cost per
ton of LNG over the life of the liquefaction plant.

One approach 1o reducing the cost of liquefying natural gas is to hiquefv the gason a
floating unit or vessel. Suppliers have converted existing LNGCs to accommodate onboard
Lguoefaction equipment. However, LNGCs that are available for conversion are typically older
ships that lack the necessary space and deadweight for the additional liquefaction equipment.
On these older carrers, ship designers conventionally maximize the cargo tank size due to the
ship’s original functionality as an LNGC, and therefore cargo space in the hull consumes a
large fraction of vessel’s deadweight. Deadweight tonnage is a measure of how much mass a
ship 1s carrving or can safely carry; it does not include the weight of the ship. A vessel’s
deadweight is critical to iis use, because 1if the equipment onboard the ship is too heavy, the
ship may sit too deeply in the water or break vader excessive longitudinal stresses. Spousons
are sometimes added to the sides of the LNGC to create more cargo space and increase
deadweight, but often this does not provide enough deadweight to allow the addition of
complex hquefaction equipment. In addition, old tonnage ENGC vessels are typically stcam
powered and are not able to generate the required 40-50 MW of power needed for liguefaction
cquipment. As a result of these size and power constraints, old tonnage vessels require costly
rework to convert them to natural gas higucfaction vessels. Such rework is especially
economically infeasible where the LNGC will be m service for a long duration, such as more
than five years, due to the cost of powenng the older vessel.

While newbwild vessels may be created using existing LNGC design plans, with the
added requirement of natural gas hquefaction, most LNGC plans do not provide the necessary

deadweight for the addition of heavy liquefaction equipment.
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As is apparent from the aforementioned problems, current old tonnage vessels are not
good candidates for conversion to hquefaction-capable ENGCs, as they suffer from the many
shortcomings mentioned above, and newbuild vessels designed to maximize cargo space do
not have the necessary deadweight for liquefaction equipment. Therefore, there 1s a need for

an improved natural gas liguefaction vessel.

SUMMARY

Embodiments described herein generally relate to an apparatus and system for a natural
gas liguefaction vessel. A natural gas liguefaction vessel is described. An illustrative
embodiment of a natural gas liguefaction vessel includes the natural gas liquefaction vessel
newbuilt on a -Max class hull, the Q-Max class hell inchiding a cargo hold, a plarality of
membrane-type cryogenic cargo tanks mstalled within the cargo hold, the plurality of crvogenic
cargo tanks cach about 41 m wide, at least one pair of ballast wing tanks, one cach on a port
side and a starboard side of the cargo hold and adjacent to at least one crvogenic cargo tank of
the plurality of cryogenic cargo tanks, each ballast wing tanks about 7 m wide, a trunk deck
above the cargo hold, the trunk deck extending over the plurality of eryvogenic cargo tanks and
over the at least one pair of ballast wing tanks, and a natural gas liquefaction plant on the trunk
deck, the natural gas hquefaction plant inchuding a gas loading and reception manifold at the
bow of the natural gas iquefaction vessel fluidly coupled to the source of natural gas, an amine
module, the amine module including at least one compressor and acid gas removal pre-
treatment equipment, the amine module fluidly coupled to a dehydration module and mercury
removal equipment, the dehydration module and mercury removal equipment fhuidly coupled
to a hiquefaction module, the hquefaction module and a Boil Off Gas (BOG) module both
fluidly coupled to the plurality of cryogenic cargo tanks, and wherein the about 41m wide
cryogenic cargo tanks and about 7m wide ballast wing tanks form a saved deadweight; and
wheretn the saved deadweight is applied to the tnunk deck and the natural gas liguefaction
plant.

An illustrative embodiment of a liquefied natural gas (LNG) vessel svstem includes a
natural gas hguefaction vessel, a natural gas hguefaction vessel including a cargo hold in a hull
of a natural gas liquefaction vessel, a plurality of cryogenic cargo tanks in the cargo hold, at
cast one pair of ballast wing tanks, one cach on a port side and a starboard side of the cargo
hold and coupled to at least one crvogenic cargo tank of the plurality of cryogenic cargo tanks,

a trunk deck above the cargo hold, the trunk deck extending over the plurality of cryvogenic



(]

10

20

WO 2017/123679 PCT/US2017/013078

cargo tanks and over the at least one pair of ballast wing tanks, and a natural gas lignefaction
plant on the trank deck.

An dlustrative crobodiment of a liquefied natural gas (LNG) vessel svstem includes a
natural gas hquefaction vessel, a natural gas liguefaction vessel mncluding a natural gas
hiquefaction vessel system including a natural gas hiquefaction vessel including ballast wing
tanks on a port side and a starboard side of at least one cargo tank, an upper trunk deck
extending over and supported by the ballast wing tanks, and a hquefaction facility on the
extended apper trunk deck, and dual-fuel diesel generator sets that power the natural gas
liguefaction vessel propulsion and the Hquetaction facility.

In further embodiments, featurcs from specific embodiments may be combined with
features from other embodiments. For example, features from one embodiment may be
combined with features from any of the other embodiments. In further embodiments,

additional features may be added to the specific embodiments described herein,

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention may become apparent to those skilled in the art
with the benefit of the following detailed description and upon reference to the accompanving
drawings in which:

FIG. 1 is a cross sectional view of a cargo hold of a natural gas Hguefaction vessel of
an illustrative embodiment.

FIG. 2 18 a cross sectional view of a mid-ship section of a natural gas liguefaction vessel
of an tlustrative cmbodiment.

FIG. 3 15 a top plan view of an upper trunk deck of a natural gas ligucfaction vessel of
an illustrative embodiment.

FIG. 4 1s a profile view of a natural gas liquefaction vessel of an ilustrative
embodiment.

FIG. 5 153 a flowchart of a hquefaction process onboard a liguefaction vessel of an
tHustrative embodiment.

While the mvention 1s susceptible to various modifications and altemative forms,
specific embodiments thereof are shown by way of example in the drawings and may herein
be described i detail. The drawings mayv not be to scale. [t should be understood, however,
that the embodiments described herein and shown mn the drawings are not intended to limit the

myention to the particular form disclosed, but on the contrary, the imtention 1s to cover all
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modifications, equivalents and altematives falling within the scope of the present invention as
defined by the appended claims.

DETAILED DESCRIPTION

A natural gas hquefaction vessel 1s deseribed. In the following exemplary description,
numerous specific detatls are set forth in order to provide a more thorough understanding of
embodiments of the invention. [t will be apparent, however, to an artisan of ordinary skill that
the present invention mav be practiced without incomporating all aspects of the specific details
described herein. In other instances, specific features, quantitics, or measurements well known
to those of ordinary skill m the art have not been described in detail so as not to ohscure the
mvention. Readers should note that although examples of the imvention are set forth heremn,
the claims, and the full scope of any equivalents, are what define the metes and bounds of the
myention,

As used m this specification and the appended claims, the singular forms “a”, “an” and
“the” include plural referents unless the context clearly dictates otherwise. Thas, for example,
reference to a cargo tank includes one or more cargo tanks.

As used in this specification and the appended claims, “capacity” refers to the amount
of a material that can be contained within a cargo tank and/or within a hquefaction vessel as
cargo.

As used inthis specification and the appended claims, “coupled” refers to either a direst
connection or an indirect connection (¢ .g., at feast one intervening connection} between one or
more objects or components. The phrase “directly attached” means a direct connection
between objects or components.

As used i this specification and the appended claims, “liquefaction equipment,”
“hguefaction train(s),” “hguetaction plant” and “liguefaction facility” refers to one or more
picees of any type or combination of equipment used to convert natural gas to hguefied natural
gas (LNG). Thus, for example, iquefaction equipment, facility, plant or train{s} means any of
one or more of a series of linked equipment elements or modules used 1 the natural gas
pretreatment and  hiquefaction process, for example, warm liquefaction module, cold
hquefaction module, dehvdration module, amine module, botl-off gas (BOG) module, cold box
and withity module, or any similar equipment of different names that accomplish the same
PUrpose.

As used i this specification and the appended claims “high pressure” means, with

respect to gaseous natural gas, between a pressure of about 45 barg and about 100 barg. With
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respect to a conduit, pipe, hose and/or transfer member for transferring gascous natural gas,
“high pressure” means capable of maintaining, transferring and/or accommodating natural gas
at a pressure of between about 45 barg and about 100 barg,

One or more embodiments provide a natural gas hguefaction vessel. While for
tlustration purposes the invention is deseribed in terms of natural gas, nothing herein is
mtended to limit the invention to that embodiment. The mvention may be equally applicable to
other hydrocarbon gases which may be transported as liquids, for example liquefied petroleum
gas, propane or butane.

A nateral gas liquefaction vessel including an increased deadweight tonnage, as
compared to a liquefied natural gas carmer (LNGC) of a comparably-sized ship, is achieved by
reducing the LNGC’s cargo capacity. This difference creates room on the port and starboard
sides of cargo tanks to increase the size of the adjacent wing tanks. The increased size of the
wing tanks occupy the space created by the reduced cargo tank size of the vessel and may
support a larger upper trunk deck. The ballast wing tanks and smaller cargo tanks increase the
deadweight available. With thus approach, the larger upper trunk deck of the vessel is able to
support an efficient floating liguefaction plant that improves the ENG value chan because it is
capable of producing 2.0 — 3.0 MTPA 1 the footprint of a standard vessel hull, such as for
example a Q-Max hull.

An illustrative embodiment of a natural gas hquefaction vessel includes an improved
cargo hold size and deck structure that may allow a liguefaction facility to be placed onboard
a floating vessel that is newbuilt on a conventional LNG carrier hull, such as a Q-Max or -
Flex hall. Using a hull design known to shipyards and those of skill in the art provides the
advantages of reducing development costs and increasing reliability in newbuilt vessels. Where
the natural gas liqucfaction vessel 1s a newbwild vessel, sufficient deadweight may be dedicated
to an expanded upper deck to support an expanded hguefaction train and improved power
system. Where the nataral gas hquefaction vessel is created by conversion of a prior vessel,
tHustrative embodiments may provide more space and flexibility for complex liguefaction
process arrangements, as well as more efficient power utitlization onboard the liquefaction
vessel for propulsion, to power the vessel and to power the liguefaction process onboard the
vessel. In exemplary embodiments, the natural gas hquefaction vessel may also include wider
ballast wing tanks on the port and starboard side of the cargo tanks, and an extended upper
trunk deck over the ballast wing tanks, as compared 1o conventional iguefaction floating units
and/or conventional liguefied natural gas carriers {LNGCs) converted into hiquefaction vessels.

A lhiquefaction vessel of dhustrative embodiments may be diesel-electric powered by

6
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dual-fuel dicsel gencrator sets, for example. The dual-fuel diesel generator sets may provide
power for both vessel propulsion and the Hiquefaction train. In some embodiments, the natural
gas liquefaction facility onboard the vessel may be powered by gas engines or gas turbines.

HHustrative embodiments may increase deadweight of the higuefaction vessel to provide

(]

additional options for liguefaction facility process arrangements, as compared to conventional
liguefaction vessels and/or conventional LNGCs of similar hull size and class.

FIG. 1 and FIG. 2 illustrate an cxeraplary embodiment of a liquefaction vessel.
Liguefaction vessel 100 may be moored offshore on buoy or tied up along a jetty for extended
periods of time, such as for 5 vears or more. As shown 1n FIG. i, liquefaction vessel 100 has
10 buoll 105 with a size of 345 m X 55 m X 27 m, in one non-limiting example. An LNGC bull of

this size in the prior art would have a maximized cargo capacity of 266,000 m® based on the
deadweight of the vessel. However, as ithustrated m FIG. 1, in an exemplary LNGC with a 345
m length holl, hiquefaction vessel 100 may include cargo tanks 110 having a reduced capacity
of only 180,000 m’. By reducing the cargo capacity (tank size). deadweight for additional
15 hguefaction equipment may become available. Other sized hulls may also be used for
hquefaction vessel 100, such as hulls with cargo tanks 110 having a capacity of between
145,000 m® and 236,000 m®, for example. Thus, capacity of cargo tanks [10 onboard
hguefaction vessel 100 may be on average at least 15% less than the maximum deadweight
capactity of cargo tanks of prior similar vessels. In an exemplary embodiment, the capacity of
20 cargo tanks 110 may be about 309% less than the maximmuam deadweight capacity of a sinularty
sized prior art LNGC. In some embodiments of the invention, all cargo tanks 110 in the cargo
hold of hquefaction vessel 100 are reduced n volume from a conventional vessel of similar
size, and the reduction in volume is at least 15% on average. Cargo tanks 110 may be membrane
or sclf-supporting prismatic type cargo tanks. In some embodiments, the LNG containment
25 system for liquefaction vessel 100 cargo tanks 110 may be membrane-type tanks, n a two
row/ten tank configuration to minimize sloshing and provide mud-span deck support for
mstalled Hiquetaction equipment 350, for example.
Beck Space and Deadweight Increases
In the following description and figures, a Q-Max class hull is shown as an example;
30 the invention s not so hmited. The mvention may also be apphed to a Q-Flex class hull, with
the appropriate scaling. As shown in FIG. 1 and FIG. 2, the width « of cargo tanks 110 may
be truncated m liguefaction vessel 100 from those i a conventional Q-Max hull In an

embodiment, width o may be about 41 m. Shoriening the width o of cargo tanks 110 to about
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41 m, without modifying the height and length of cargo tanks 118, reduces the capacity of
cargo tanks 110 without altering the overall structure of the vessel. Using an existing hull form
from existing shipyvards increases reliability and reduces development cost. The largest cost

component of the LNG value chain 1s the liquefaction plant. A Q-Max hull form, for example,

(]

1s a well-known and reliable hall form, where the “Q7 stands for Qatar and the “Max™ is the
maximuim size of ship able to dock at the LNG termunals in Qatar. Existing shipyards know
how to build a Q-Max hull. With the modification of one or more embodiments of the
mvention, reducing the capacity of cargo tanks 110 ecreates additional deadweight. For
example, in a 343-meter hull, cargo tanks 110 may be reduced from a 266,000 m’ capacity to
f0 180,000 m® by using narrower cargo tanks 110, thereby making available 40,000 tons of
deadweight for other purposes, such as hiquefaction equipment 350, Thus, extra space 130 18
created on port side 120 and starboard side 125 of hiquefaction vessel 100 adjacent to cargo
tanks 110
In a conventional LNGC vessel, such as a §-Max vessel for example, ballast wing-tank
I3 size may be based on tank volume and damage requirements. In illustrative embodiments,
ballast wing tanks 115 may be installed and/or extended to occupy extra space 130, Ballast
wing tanks 113, extended in size to about, for example, 7 m each, are larger than in a
conventional vessel. Ballast wing tanks 115 may provide improved stability and/or structural
support that allows hiquefaction vessel 100 to support upper trunk deck 135 and/or extended
20 portions 140, In a Q-Max class embodiment, upper trank deck 135 may be about 27 m and
extended portions 140 may be about 14 m.
In some cmbodiments, vpper trunk deck 135 may be extended on port side 120 and
starboard side 125 of the vessel, as illustrated by extended portions 140. Upper trunk deck 135
may extend the full length of liquefaction vessel 100 and may be raised above upper deck 143
25 none or more dlustrative embodiments. Where an LNGC is a regasification vessel, upper deck
145 18 conventionally used for regasification equipment. In such conventional configurations,
regastfication equipment may be forward on upper deck 145, Upper deck 145 is also where
liguefaction equipment is located on a conventional floating liquefaction unit. Side shell 150,
between upper deck 145 and extended portions 140 of upper trunk deck 135, may be non-tight
30 and exposed to weather. Extended portions 140 of upper trunk deck 133 may be between 17 m
and 20 m on both port 120 and starboard sides 125 of iquefaction vessel 100 foraholl 345 m
m length. In some embodiments, upper trunk deck 135 may be 14 m on cach side and extend

the length of hiquefaction vessel 100 as shown in FIG 3 and FIG 4
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Liquefaction Equipment
For illustration purposes only, FIG. 3 shows a {3-Max ¢lass vessel with dual-mixed
refrigerant (DMR) that may be capable of 3.0 MTPA (Metric Tons per Annum) or greater

sendout. In some embodiments, liquefaction vessel 100 may be a Q-Flex class vessel with

(]

single-mixed refrigerant (SMR) for smaller configurations with less than 2.0 MTPA sendout.
FIG. 3 is a plan view of upper trunk deck 135, which may provide space for and support
liguefaction equipment 350,
In an embodiment, the Hguefaction equipment 350 may restde on upper trunk dock 135
Upper trunk deck 135 may extend the length of the vessel on both the port side 120 and
10 starboard side 125. Together a serics of exchangers comprise a single LNG train. Liquefaction
equipment 350 may be a single DMR train or multiple SMR trains.
Liguefaction equipment 350 may convert gaseous natural gas to liquefied natural gas
{LNG) by removing heat from the natural gas undil the natural gas is below its boiling point.
As shown in FIG. 3, liquefaction equipment 350 may be placed on extended portions 140 of
15 upper trunk deck 1353, vather than on upper deck 145 as would be located 1n a conventional
vessel of simular size. In some embodiments, Hquefaction equipment 350 may also be placed
on upper deck 145 {(as a supplement to that on upper trunk deck 133} and/or extended portions
140,
As shown in FIG. 3, warm hguefaction module 300, cold hiquefaction module 305,
20 dehydration module 310, amine module 313, boil-off gas (BOG) module 330, cold box 325
and utility module 320 all may reside on upper trunk deck 135, specifically on extended
portions 140 of upper trunk deck 135 and supported by ballast wing tanks 115, As illustrated
m Fi(z. 3, apper trunk deck 135 extends substantially the length of hiquefaction vessel 160 on
both port 120 and starboard 125 sides. Extended portions 140 of upper trunk deck 135 may
25 extend afull beam (between 17 m and 20 m} of natural gas liguefaction vessel 160 to both port
side 120 and starboard side 125 and over ballast wing tanks 115 for the length of natural gas
liguefaction vessel 100.
Liquefaction cquipment 350 may be provided by Black & Veatch Comoration of
Overland Park, Kansas, United States, Air Products and Chemicals, Inc. of Allentown,
30 Pennsylvama, Linde AG of Pullach, Germany, Axens-IFP of Rueil, France, Roval Dutch Shell
ple of The Hague, the Netherlands or ENG Lid. of Perth, Australia. In one cxample,
hguefaction equipment 330 may be Black & Veatch single mixed refrigerant (SMR), dual
mixed refrigerant (DMR) or another liquefaction technology known to those of skill in the art.

As opposed to selecting liquefaction equipment 350 to have a reduced equipment count
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or a smaller, more compact footprint than land-based higuefaction ~ as i1s conventionally
necessary on floating liquefaction units - liquefaction equipment 350 in one or more
cmbodiments may be morc complex. Liguefaction equipmerd 350 may provide gas
pretreatment and/or improved processing equipment because of the available additional
deadweight and space of illustrative embodiments. In conventional systems, it has previously
been desirable to move patural gas pretreatment systems onshore due to the limited space
onboard liquefactions vessels, for example as described in WO 2014/168843 to Hxcelerate
Liquefaction Solutions, LLC and entitled, “SYSTEMS AND METHODS FOR FLOATING
DOCKSIDE LIQUEFACTION OF NATURAL GAS” HHustrative embodiments of the
mvention may cbviate the need for onshore pretreatment facilitics or for pretreatment on a
production platform, since more deck space and/or deadweight is available onboard
hguefaction vessel 100 than i prior configarations.

Liguefaction Process Onboard the Vessel

The process of liguefaction of natural gas 1s well known in the art. However, many
variations in the process, and in liguefaction plants, have developed. The propane precooled
mixed refrigerant and pure-compounent cascade cycle processes have domimated the market in
the past. One or more embodiments of iquefaction vessel 100 may use a DMR or SMR process.
The mvention may be compatible with any other process known to those of skill in the art that
are supported by and are compatible with the advantages of the one or more embodiments of
the invention.

FIG. 5 is a flowchart of cxemplary processes that may take place onboard liquetaction
vessel 100, Liguefaction vessel 100 may receive natural gas from weltheads under the sea, or
through a high-pressure hard arm and pipelings on a dock. FIG. 5 tllustrates an example where
natural gas from subsea wellbeads 500 may be supplied to hiquefaction vessel 100 via flowhne
and risers 505, though the nvention 1s not so limited. In either case, the process of liquefaction
as shown in FIG. 5 may be the same once natural gas reaches hguefaction vessel 100, As
shown in FIG. 4, liquefaction vessel 100 may uiilize either an integrated tarret such as a
submerged turret loading-buoy or external turret 400 at the bow of liguefaction vessel 100, In
some cmbodiments, external turret 400 may permit weathervaning of liquefaction vessel 100,

Natural gas moves from its soarce through pipes from gas loading and reception 510 to
fiscal metering 515, and then may enter amine module 315 for compression 320 and acid gas
removal 325, Dehydration and mercury (Hg) removal 330 may be performed m dehydration
modide 310, Dehvdration modale 310 1s coupled by pipes to cold box/heavies module 323,

where the step of hquefaction and heavies removal 535 may occur. In some embodiments using

1
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a dual-mixed refrigerant (DMR) process such as Black and Veatch referenced above,
liguefaction mav cccur using warm liguefaction module 300 and cold liguefaction module 305.
In this approach, warm hguefaction module 300 first cools the gas from ambient {(warm)

temperature, then cold liguefaction modale 305 higuefies it at about -160°C. The LNG resulting

(]

from the hguefaction module(s) moves on fo end flash process 540, where additional sub-
cocling of the LNG may be accomplished by passing it through an expander {a compressor
operating in reverse). End flash process 540 may be needed because once liguefaction is
complete the LNG may still be at relatively high pressure. However, LNG may be stored on
hquefaction vessel 100 at a pressure slightly above atmospheric pressure. Therefore, 1t 18
10 advantageous to reduce the pressure through an expander, such that the LNG may be
conditioned for storage, and may also produce some additional power via a generator connected
to the expander. As the pressure drops in this step, some of the LNG flashes mto vapor and
may be used as fuel gas. The LNG may then be transferred to LNG storage 545. Both ond flash
process 540 and LNG storage 545 may generate boil off gas. Boil off gas (BOG) may be used
15 for fuel gas, or reliquefied and returned. Boi off gas/fuel gas handling 555 may oceur in BOG
module 330, Flare tower 415 may be located at the bow of liguefaction vessel 100 and may
bum off LNG and flare it safely away from Higuetaction vessel 100. Cryogenic loading arras or
hoses {(not shown) may provide LNG offloading 350 from liguefaction vessel 100.
Liguefaction vessel 100 may also need to process byproducts of the liguefaction process
20 onboard the vessel. Dehvdration may generate water. Produced water treatment 575 may be
stored at produced water storage 580, but is eventually discarded at produced water disposal
585 where 1t is released into the vessel hull MEG (MonoEthvlene Glveol) recovery and
regeneration 590 may also produce water for produced water treatment 575 when it accepts
natural gas from gas loading and reception 510 and returos the natural gas to wellheads 500
25 Liquefaction vessel 100 may also provide chemical mjection 393 to wellheads 500, Finally,
gas loading and reception 510 and hquefaction/heavies removal 535 may generate condensate,
which may be processed by condensate stabilization 560, and then transterred to condensate
storage 5635 and eventually offloaded at condensate offloading 570,
Power Systems
30 Liguefaction vessel 100°s power system 410 may be electric powered by dual fuel
generator sots, with either one or two propellers 405, Electricity to power Hguefaction vessel
100 and Hguefaction process equipment may be generated using the dual-fuel generator sets,
which may, for example, be one or more dual-fuel diesel generator sets providing diesel electric

power. In some embodiments, power to liquefaction vessel 100 and liguefaction equipment

il
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350 may be provided by gas engines or gas turbines. Liquefaction vessel 100 may employ self-
propulsion during transit to and/or from the location of production and/or to move out of harm’s
way, such as during inclement weather.

One of skill in the art may appreciate that the cargo tank, cargo capacity, frunk deck
extension and wing tank dimensions described herein may be modified proportionally based
on the size of the vessel hull emploved on liguefaction vessel 100

A natural gas liquefaction vessel has been described. Hlustrative embodiments may
provide an improved cargo containment and deck structure for a floating liquefaction umit or
vessel. Hiustrative embodiments may more ¢fficiently utihize deadweight of the vessel while
sacrificing only limited storage space. Hlustrative embodiments may provide space for a more
efficient power system onboard the vessel, wtilizing dual fuel diesel power for vessel
propulsion, power to the vessel and hguefaction processes. The hquoefaction vessel of
tHustrative embodiments may offer additional liquefaction process arrangements and more
cconomic options for long-term charters. Hlustrative embodiments may be capable of
producing 2.0 — 3.0 MTPA m the footprint of a standard vessel hull, such as for example a Q-
Max hull.

Further modifications and aliernative embodiments of various aspects of the invention
may be apparent to those skilled m the art i view of this description.  Accordingly, this
description is to be construed as llustrative only and is for the purpose of teaching those skilled
i the art the general manner of carrving out the invention. it is to be understood that the forms
of the nvention shown and described hercin are to be taken as the presently preferred
embodiments. Elements and matenals may be substituted for those illustrated and described
herein, paris and processcs may be reversed, and certain features of the wnvention may be
utilized independently, all as would be apparent to one skilled in the art after haviog the benefit
of this description of the mvention. Changes may be made in the elements described herein
without departing from the scope and range of equivalents as described m the following clamms.
In addition, it is to be understood that features described herein independently may, in certain

embodiments, be combined.
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CLAIMS:

1. A natural gas liquefaction vessel comprising:

the natural gas hiquefaction vessel newbuilt on a Q-Max class hull, the Q-Max class

hull comprising a cargo hold;

a plurality of membrane-type crvogenic cargo tanks installed within the cargo hold,
the phurality of cryogenic cargo tanks each about 41 m wide;

at least one pair of ballast wing tanks, one cach on a port side and a starboard side of
the cargo hold and adjacent to at least one crvogenic cargo tank of the plarality
of cryogenic cargo tanks, cach ballast wing tanks about 7 m wide:

a trunk deck above the cargo hold, the trunk deck extending over the plurality of
crvogenic cargo tanks and over the at least one pair of ballast wing tanks; and

anatural gas hquefaction plant on the trumk deck;

the natural gas liquefaction plant comprising a gas loading and reception manifold at a
bow of the natural gas liguefaction vessel fluidly coupled to a source of
natural gas; an amine module, the amine module comprising at least one
compressor and acid gas removal pre-treatment equipment; the amine module
fluidly coupled to a dehydration module and mercury removal equipment; the
dehvdration module and mercury removal equipment fluidly coupled to a
Liguefaction module; the liquefaction module and a Boil Off Gas (BOG)
module both fhudly coupled to both the phurality of cryogenic cargo tanks; and

wherein the about 4 Im wide crvogenic cargo tanks and about 7m wide ballast wing
tanks form a saved deadweight; and

wherein the saved deadweight is applied to the trank deck and the natural gas

figuetaction plant.

2. The natural gas hiquefaction vessel of claim 1, wherem the liguefaction module
comprises a cold liguefaction modude and a warm liguefaction module.
3

. The natural gas liquefaction vessel of claim 1, wherein the liquefaction module
comprises a cold box module.

4. The natural gas liguefaction vessel of claim 1 comprising a subsea natural gas well.

W

. The natural gas hquefaction vessel of claim 1 comprising a high-pressure hard arm

and pipelines on a dock.

o~

5. The natural gas hguefaction vessel of claim 1, comprising a dual-fuel generator set

powering the natural gas Hquefaction vessel.

—
|3
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7. The nataral gas liquefaction vessel of claim 6, wherein the dual-fuel diesel
generator set further comprises at least one propelier that propels the natural
gas liquetaction vessel.

8. The natural gas hiquefaction vessel of claim |, comprising a weathervaning turret

5 at the bow of the natural gas hguefaction vessel.

9. The natural gas hquefaction vessel of claim 1, wherein the plurality of cryogenic
cargo tanks have a capacity of 180,000 m>.

10. A natural gas Hguefaction vessel comprising:

a cargo hold in a hull of the natural gas liguefaction vessel;

10 a plurality of crvogenic cargo tanks in the cargo hold;

at least one pair of ballast wing tanks, one each on a port side and a starboard side of
the cargo hold and coupled to at least one cryogenic cargo tank of the plurahity
of crvogenic cargo tanks;

a trunk deck above the cargo hold, the trunk deck extending over the plurality of

I5 cryogenic cargo tanks and over the at least one pair of ballast wing tanks; and

a natural gas liquefaction plant on the trunk deck.

11. The natural gas liquefaction vesscl of claim 10, wherein the natural gas
higuefaction vessel is a (-Max vessel.

12. The natural gas hiquefaction vessel of claim 10, wherein the natural gas

20 Liquefaction vessel is g (3-Flex vessel.

13. The natural gas liguefaction vessel of claim 10, wherein the liquefaction
equipment on the trunk deck comprises: a gas loading and reception manifold
at a bow of the natural gas Hguefaction vessel fhudly coupled to a source of
natural gas; an amine module, the amine module compnsing at least one

23 compressor and acid gas removal pre-treatment equipment; the amine module
fluidly coupled to a dehydration module and mercury removal equipment; the
dehydration module and mercury removal equipment fhuidly coupled to a
liquefaction module; and the liquefaction module and a Boil Off Gas (BOG)
module fluidly coupled to the plurality of crvogenic cargo tanks.

30 14 A natural gas liquefaction vessel system comprising:

the natural gas Hquefaction vessel comprising:
ballast wing tanks on a port side and a starboard side of at least one cargo

tank;

14
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an wpper trunk deck extending over and supported by the ballast wing tanks;
and
a liquefaction facility on the upper trunk deck; and

dual-fuel diesel generator sets that power the natural gas liquefaction vessel

(]

propulsion and the hquefaction facility.

15, The natural gas hiquefaction vessel system of claim 14, wherein the natural gas

liguefaction vessel is a -Max vessel.

16. The natural gas liguefaction vessel aystem of claim 14, wherein the nataral gas

liguetaction vessel is a (-Flex vessel.

10 17. The natural gas higuefaction vessel system of claim 14, wherein the extended
upper trunk deck extends a full beam of the natural gas hquefaction vessel to
both the port side and starboard side and over the wing tanks for a length of
the natural gas hquefaction vessel.

18, The natural gas liquefaction vessel systern of claim 17, wherein the full beam of

5 the natural gas hquefaction vessel 1s between seventeen and twenty meters.

19. The natural gas liguefaction vessel of claim 14, wherein the Hquefaction facihity
on the extended upper trunk deck comprises:
a gas loading and reception mamfold at a bow of the natural gas liquefaction
vessel fudly coupled to a source of natural gas;

20 an amine modele, the amine module comprising at least one compressor and
acid gas removal pre-treatment equipment;
the amine module fluidly coupled to a dehydration module and mercury
removal equipment;
the dehvdration module and mercury removal equipment fluidly coupled to a

23 hguefaction module; and

the liguefaction module fluidly coupled to the plurality of crvogenic cargo
tanks.

20.The natural gas liquefaction vessel system of claim 14, wherein the at least one

cargo tank 1s a membrane type cargo tank.



WO 2017/123679 PCT/US2017/013078

1/5
/10@

140 135 140
iiﬁiiiiiiiiiigmi |:FE§3§3§3§355150
e, // """"""""""""""""""""""""""""""""""" \ -

I/ \\

t/ \‘\&

i 1

30 y z N 30 ~
| | j 145
110 |
120 | 125
us | o - 13
|
L p
. /4
O et et e e e e e e e e e e ./




WO 2017/123679 PCT/US2017/013078

245

-

kY & L) {
IO 0 I L I O

o0 o 1 @ o e

140 [ o0 oggogo o0opoogao 140
g 00 08f go gf
| / E
150~_1 //*“““"E/ ““““““ N\ 1150
/i 135 \\
2 N 145
[ = )

120 ! ! 125
B s | & s |
! !

\\ //

\\_.., mmmmmmmmmmmmm ____/’ \_/"'""105




WO 2017/123679 PCT/US2017/013078

3/5

~
Wy
o
=y
{1
:’.'.3|
f o]
B b
CD'
]
[sa)
&
Rap o
ml
o}
oy
ml
o3
o
L
C.'::I
<&
S ,_._._.}I
o
o
i
é(::/
<
qrnndg




WO 2017/123679 PCT/US2017/013078

4/5

EG@\

405



PCT/US2017/013078

WO 2017/123679

55

ONIQVOTHHODNT fer={ OVNOISONT f={ HSVHNI |
o |
ONITONVE === . /(mﬁ | s
04 /904 e :
m S€§
GG/ e 3
89 09 ; \
DNIAVOT440 HOVHOLS NOLLVZITIEVLS TYAOWTY SHIAVAH
HIVSNEONGD [0 SLVSNEQNOOD [ HAVSNEONOD [} /NOLOVAANDIT
| i
ISR S ises
05 | /
T0MSIa | OVH0LS NOLLOAINI
ocs 1| MHIVA(EDNCOU YHLYA QEONAOU TYOINHED
N Nogss oge” A
TYAOTY 3 | mmwvn | NOLLVYENADTY (NY
NV NOILYIQAHAC ALY M QEINA0Y KIAAODTY DAN
b 15" AN
TAONTY | | oreommmin be 4 o e NOLdIOmI ONY | _
S Ay NOISSTEINGD ONDRIIWTVOSE | | “ovetirevs
st/ 05— NI i

TASSHA NOLLDVAANOIT

TVIINEHD

dHIVM

ONT

HLVENAONGDS

SAVEHTTIM

)

005

R

m@m)/

SHISH
NV INFIMOH

VHSENS




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/013078

A. CLASSIFICATION OF SUBJECT MATTER
B63B 25/16(2006.01)i, F25J 1/00(2006.01)i, B63J 3/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B63B 25/16; B63H 21/38; B63B 25/08; F02M 21/02; F17C 13/08; F17C 3/02; B63B 35/44; F25] 1/00; B63J 3/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & keywords: vessel, cargo, tank, hull, liquefaction, plant, gas, deck, wing,
ballast, propulsion, and dual-fuel

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2011-0192339 A1 (CHEN et al.) 11 August 2011 10-12,14-18,20
See paragraphs [0042], [0046] - [0047] and figure 3A.
A 1-9,13,19
Y US 2011-0011329 A1 (KIM et al.) 20 January 2011 10-12,14-18,20

See paragraphs [0030] - [0031] and figure 3.

Y US 2012-0244762 A1 (LEE et al.) 27 September 2012 14-18,20
See paragraphs [0034] - [0037] and figure 1.

A JP 2011-230550 A (MITSUBISHI HFAVY IND. LTD.) 17 November 2011 1-20
See paragraph [0007] and figure 1.

A WO 2011-101461 A1 (SHELL INTERNATIONALE RESEARCH MAATSCHAPPIJ B.V. et al.) 1-20
25 August 2011
See page 9, line 1 — page 10, line 26 and figure 2.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
17 April 2017 (17.04.2017) 18 April 2017 (18.04.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office LEE, Se Gyoung
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8740

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2017/013078
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0192339 Al 11/08/2011 CN 102171094 A 31/08/2011
CN 102177064 A 07/09/2011
CN 102177064 B 16/09/2015
EP 2331393 Al 15/06/2011
EP 2331393 B1 02/07/2014
EP 2342123 Al 13/07/2011
EP 2342123 A4 28/03/2012
MY 155048 A 28/08/2015
US 2011-0182698 Al 28/07/2011
US 2012-0285358 Al 15/11/2012
US 8561563 B2 22/10/2013
US 8671863 B2 18/03/2014
WO 2010-042073 Al 15/04/2010
WO 2010-042074 Al 15/04/2010
WO 2010-042075 Al 15/04/2010
US 2011-0011329 Al 20/01/2011 CA 2718312 Al 01/10/2009
CA 2718312 C 22/05/2012
CN 101965290 A 02/02/2011
CN 101965290 B 01/10/2014
JP 05165068 B2 21/03/2013
JP 2011-513140 A 28/04/2011
KR 10-0991994 B1 04/11/2010
KR 10-2009-0103242 A 01/10/2009
RU 2446981 C1 10/04/2012
US 8375875 B2 19/02/2013
WO 2009-119953 Al 01/10/2009
US 2012-0244762 Al 27/09/2012 AU 2010-307573 Al 07/06/2012
AU 2010-307573 B2 02/10/2014
CN 102666269 A 12/09/2012
CN 102666269 B 20/01/2016
EP 2489586 A2 22/08/2012
JP 05577408 B2 20/08/2014
JP 2013-508203 A 07/03/2013
KR 10-0961867 Bl 09/06/2010
US 8834218 B2 16/09/2014
WO 2011-046314 A2 21/04/2011
WO 2011-046314 A3 01/09/2011
JP 2011-230550 A 17/11/2011 JP 05578921 B2 27/08/2014
WO 2011-101461 Al 25/08/2011 AP 3355 A 31/07/2015
AU 2011-217243 Al 26/07/2012
AU 2011-217243 B2 27/02/2014
AU 2014-101581 A4 14/07/2016
AU 2014-202879 Al 19/06/2014
AU 2016-203774 Al 23/06/2016
CN 102770342 A 07/11/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/013078
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2539222 Al 02/01/2013

KR 10-2012-0136353 A 18/12/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

