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Description

FIELD AND BACKGROUND OF THE INVENTION

[0001] The present invention, in some embodiments
thereof, relates to gaseous fluids in general, and more
particularly, but not exclusively, to a marine vessel, a
container and method for transporting and storing gas
hydrates.
[0002] For decades, storage and transport of natural
gas has been problematic and expensive, preventing the
exploitation of many small and medium-sized natural gas
fields. Generally, the gas is transported over pipelines to
a processing plant where the gas is liquefied and stored
as liquefied natural gas (LNG) or compressed and stored
as compressed natural gas (CNG). Distribution of the
LNG and CNG from the processing plant is then generally
done by sea vessels and/or land vehicles specially adapt-
ed to contain the gas in its respective form.
[0003] In an attempt to overcome the high costs and
transportation difficulties associated with natural gas
transport and storage and promote the exploitation of
small and medium-sized natural gas fields, a relatively
recent trend is to promote the use of clathrates technol-
ogy. This involves converting the natural gas into natural
gas hydrates (NGH) which may be processed as hydrate
slurry or further processed into other forms, including hy-
drate pellets, and may provide an economical option for
both storing and transporting natural gas and other gases
as an alternative to liquefying or compression.
[0004] Clathrates are non-stoichiometric crystalline
compounds consisting of at least two molecular species,
where one species physically entraps the others within
a cage-like structure. The species forming the cage-like
structure is commonly referred to as the host, while the
caged component is commonly referred to as the guest.
When the cage-like structure is made up of water mole-
cules bonded together, the crystalline compounds
formed are known as clathrate hydrates or gas hydrates.
[0005] In gas hydrates, the host-lattice is created by
water molecules connected together through hydrogen
bonding. The guest molecule is held in place inside cav-
ities of the hydrogen-bonded water molecules, and the
lattice is stabilized by van der Weals forces between host
and guest molecules without chemical bonding between
the host-lattice and guest molecule. The host-lattice is
thermodynamically unstable without the presence of a
guest molecule in the cavity, and without the support of
the trapped molecules, the lattice structure of gas hy-
drates will collapse into conventional ice crystal struc-
tures or liquid water. Most low molecular weight gases,
including O2, H2, N2, CO2, CH4, H2S, Ar, Kr, and Xe as
well as some higher hydrocarbons and freons, will form
hydrates at suitable temperatures and pressures.
[0006] Use of NGH as a substitute for LNG and CNG
generally involves three stages; production, transporta-
tion, and regasification. Some examples of systems and
methods for producing gas hydrates and gas hydrate

slurry and for regasification are disclosed in US Patent
Application Publication No. US 2011/0217210 to Katoh
et al., WIPO International Publication WO 2015/087268
to Sangwai, US Patent No. 8,334,418 to Osegovic et al.,
and US Patent No. 8,354,565 to Brown et al. Some ex-
amples of systems and methods for transporting the gas
hydrate in marine vessels are disclosed in "Frozen Hy-
drate for Transport of Natural Gas", Gudmundsson, J.S.
and Borrehaug, A., Proceedings, 2nd International Con-
ference Natural Gas Hydrates, June 2 - 6, 1996, Tou-
louse, pp. 415 - 422; Japanese Patent Application No.
2004-070249, "Gas-Hydrate Transportation Vessel", to
Ichiji et al.; and Japanese Patent Application No.
2002-089098, " Gas Hydrate Pellet Transport Ship", to
Ichiji et al.
[0007] JP H05 77318 U shows a marine vessel with a
structure made from ice.

SUMMARY OF THE INVENTION

[0008] There is provided, in accordance with an em-
bodiment of the present invention, a marine vessel to
transport natural gas hydrates (NGH), the marine vessel
including a hull formed from solid NGH, a skeletal struc-
ture to support the hull, and a sealing liner to envelop the
interior and exterior of the hull for sealing for gas, water
and thermal.
[0009] There is further provided, in accordance with an
embodiment of the present invention, a container to
transport natural gas hydrates (NGH) including a block
of solid NGH, a skeletal structure to support the block,
and a barrier layer to envelop the exterior of the block for
sealing to gas, water and thermal.
[0010] There is provided, in accordance with an em-
bodiment of the present invention, a method of fabricating
a marine vessel and/or a container for transporting and
storing natural gas hydrates (NGH), the method including
preparing a mold, placing a skin layer in the mold, as-
sembling a skeletal structure in the mold, preparing a
NGH slurry, and pouring the NGH slurry into the mold,
and solidifying the NGH slurry into a frozen solid block.
[0011] Other embodiments of the present invention will
become apparent from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. Details shown are for exempla-
ry purposes and serve to provide a discussion of embod-
iments of the invention. The description and the drawings
may be apparent to those skilled in the art how embod-
iments of the invention may be practiced.

Figure 1 schematically illustrates an exemplary NGH
marine vessel including a solid NGH hull, according
to an embodiment of the present invention;
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Figure 2 schematically illustrates an exemplary NGH
marine vessel including a solid NGH container hull,
according to an embodiment of the present inven-
tion;

Figure 3 schematically illustrates a cross-section of
an exemplary solid NGH hull, according to an em-
bodiment of the present invention;

Figure 4 schematically illustrates a cross-section of
an exemplary solid NGH hull, according to some em-
bodiments of the present invention;

Figure 5A schematically illustrates a cross-section
of an exemplary NGH hull assembled from solid
NGH containers and including an enveloping exte-
rior skin layer, according to an embodiment of the
present invention;

Figure 5B schematically illustrates a perspective
view of a typical rectangular-shaped solid NGH con-
tainer, according to embodiments of the present in-
vention;

Figure 5C schematically illustrates a cross-sectional
view of the rectangular-shaped solid NGH container,
according to embodiments of the present invention;

Figure 5D schematically illustrates a cross-sectional
view of a solid NGH container shaped to form a side
of the NGH container hull, according to an embodi-
ment of the present invention;

Figure 5E schematically illustrates a cross-sectional
view of a solid NGH container shaped to form the
bow of the solid NGH container hull, according to an
embodiment of the present invention;

Figure 6 is a flow chart of an exemplary method of
producing a solid NGH hull and a NGH marine vessel
operative to transport and store solid NGH, accord-
ing to an embodiment of the present invention; and

Figure 7 is a flow chart of an exemplary method of
producing a solid NGH container for assembling a
NGH container hull and a NGH marine vessel oper-
ative to transport and store solid NGH, according to
an embodiment of the present invention.

DETAILED DESCRIPTION

[0013] Before explaining at least one embodiment of
the invention in detail, it is to be understood that the in-
vention is not necessarily limited in its application to the
details of construction and the arrangement of the com-
ponents and/or methods set forth in the following descrip-
tion and/or illustrated in the drawings. The invention is
capable of other embodiments or of being practiced or

carried out in various ways.
[0014] The main cost associated with the transporta-
tion of NGH is the purchase and the operation of marine
vessels, whether self-propelled or towable, used for
transporting the NGH. A disadvantage in transporting
NGH compared to LNG is that NGH contains approxi-
mately between 5-7 tons of water for each ton of NG,
while LNG contains only natural gas. The additional
weight associated with NGH requires both larger marine
vessels and more fuel costs for transport compared to
LNG. Consequently, NGH vessels may be required to
transport between 6 to 8 times the weight that LNG ves-
sels must transport for the same revenue shipment.
Thus, the increased weight of transporting NGH may re-
quire use of larger vessels and/or more vessels for trans-
porting the same amount of gas as transported by LNG
vessels, which may make negatively affect the economic
feasibility when compared to LNG.
[0015] Applicant has realized that present system and
methods for transporting NGH suffer from several draw-
backs, among them the previously mentioned disadvan-
tage of requiring either larger transportation vessels
and/or more vessels compared with that required for LNG
transport. Other drawbacks include the economic effect
of having to return these larger and/or numerous trans-
portation vessels empty to the NGH production facility
following delivery of the NGH.
[0016] Applicant has realized that the drawbacks as-
sociated with transporting NGH may be overcome by us-
ing a marine vessel partially manufactured from the NGH
which is to be transported, and which may be assembled
at the NGH production facility. This NGH vessel may be
designed so that, when the NGH is regasified at the re-
gasification facility, the non-NGH parts of the vessel
which remain may be dismantled and sent from the re-
gasification facility to the production facility for reuse in
a new vessel. As may be clearly appreciated, this new
NGH vessel may be substantially advantageous over ex-
isting NGH vessels as the size of the vessel may be small-
er compared to those presently known in the art since
the transported NGH forms part of the vessel. Further-
more, the dismantled non-NGH parts may be shipped
back to the production facility, inclusively using commer-
cial transport means, for example inside marine transport
containers, providing for a substantial savings compared
to returning an empty NGH vessel.
[0017] In some embodiments of the present invention,
the hull of the marine vessel may be constructed from
solid NGH reinforced by non-NGH structural elements
and covered by a skin layer which is hermetic to liquids
and gases and may also be thermally insulating. The
non-NGH structural elements may serve to provide struc-
tural rigidity to the hull. They may additionally serve to
transport a cooling fluid and/or a pressurized gas used
to maintain the NGH in a solid state, which may also
include a frozen solid state. The skin layer may serve to
assist in preserving the NGH in its solid state and to pre-
vent gas evaporation and flaring during construction of
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the vessel and during transport. This skin layer may also
serve as an envelope to contain the natural gas produced
during the regasification process. Optionally, the solid
NGH hull and/or the solid NGH containers, including the
non-NGH components and the skin layer, may be buoy-
ant in water, including seawater.
[0018] In some embodiments of the present invention,
the solid NGH hull may be integrally formed at the pro-
duction facility as a single component inside a hull-
shaped forming mold or may be assembled from a
number of solid hull sections which may be joined togeth-
er to form the solid NGH hull. In some embodiments, the
solid NGH container hull may be assembled from a plu-
rality of solid NGH containers which are joined together.
These solid NGH containers may each be individually
formed at the production facility inside container forming
molds which may include the shape of the section of the
hull which each container will occupy.
[0019] In some embodiments of the present invention,
the forming mold may be incorporated and assembled
with the non-NGH structural elements which may form
part of the solid NGH hull or of the solid NGH containers.
The form may also be fitted with the skin layer which will
be used to cover the solid hull’s outer surface area or the
outer surface area of the solid NGH containers. Option-
ally, the skin layer may also be used to cover an inner
surface area of the solid NGH hull. For convenience here-
inafter, the forming mold assembled with the structural
elements and the skin layer may be referred to as "as-
sembled mold".
[0020] In some embodiments of the present invention,
the solid NGH hull or the solid NGH containers may be
formed underwater in the production facility, for example,
by sinking the assembled mold in seawater and filling it
with the seawater. Sinking the mold in the seawater may
be advantageous as the underwater hydrostatic pressure
may be utilized for producing or preserving the solid NGH.
Natural gas may then be introduced into the assembled
mold to form NGH slurry, which may then be subjected
to cooling and/or pressure underwater to transform it into
the solid NGH. Optionally, an additive such as sand, clay,
wood (e.g. wood fibers, sawdust, etc.), hemp, or other
materials suitable for increasing among other qualities
the resistance to thermal conduction and to thermal in-
ertia of the solid NGH, and to increase its structural char-
acteristics including the structural stable rigidity, may be
introduced into the slurry. The additives may be in intro-
duced in the form of pellets, although not limited to use
of pellets, and may also include use of phase changing
materials (PCM). Once formed, the solid NGH hull or the
solid NGH containers may be stored underwater by lash-
ing (anchoring) it to the sea bed or by adding weights to
the sunken body to create a negative buoyancy state
until the marine vessel is ready to be assembled or, fol-
lowing assembly, until the solid NGH is ready to be re-
gasified. When ready for use, the solid NGH hull or the
solid NGH containers may be detached from the form
and allowed to float to the surface of the water. Alterna-

tively, the assembled mold may be above ground and
the solid NGH hull and/or solid NGH containers formed
above ground.
[0021] In some embodiments, the solid NGH hull and
the solid NGH container hull are suitable for use on any
type of marine vessel intended for transporting the NGH
These may include self-propelled marine vessels as well
as towable marine vessels, including ships and barges.
The hulls may be fitted with appropriate systems, equip-
ment, machinery, and accessories for allowing proper
vessel operation, including engines and navigation
equipment and systems if the vessel is self-propelled,
and including cooling equipment and/or pressurizing
equipment to maintain the NGH in its solid state. Prefer-
ably, these systems, equipment, machinery and acces-
sories will be dismantable to components sized to be
transportable on commercial-size trucks and other over-
land transportation vessels, including tractor-trailers and
transport vehicles which may conform to Incoterm rules
and/or guidelines.
[0022] Reference is now made to Figure 1 which sche-
matically illustrates an exemplary NGH marine vessel
100 including a solid NGH hull 102, according to an em-
bodiment of the present invention. Solid NGH hull 102
may be integrally formed as a single component inside
a hull-shaped forming mold (not shown), or alternatively
may be fabricated in separate sections which may be
joined together.
[0023] NHG marine vessel 100 may include a self-pro-
pelled vessel such as a ship as shown in the figure, but
may otherwise include any other type of self-propelled
marine vessel or towable vessel such as, for example, a
barge or a towable cargo vessel. NGH hull 102 may ex-
tend from bow 106 to stern 108, all of which may be
formed from solid NGH 104. Alternatively, NGH hull 102
may include solid NGH 104 along a portion of its length,
with bow 106 and/or stern 108 being fabricated from a
non-NGH material, for example, from steel as is common
practice in most marine vessels.
[0024] NGH hull 102 may include skin layer 110 which
may assist in preserving NHG 104 in its solid state and
which may also serve to prevent gas evaporation and
flaring of the solid NHG 104. Skin layer 110 may also
serve to prevent water from coming into contact with solid
NHG 104 and may provide thermal insulation. Skin layer
110 may additionally serve as a container to prevent gas
from escaping during regasification of solid NHG 104.
Skin layer 110 may include materials known in the art
and may include a single liner material suitable to provide
the required liquid and gas hermetic sealing, and thermal
insulation, or may combine a number of liners and/or ma-
terials the combination of which may provide the required
characteristics. Skin layer 110 may include a relative
smooth finish or be treated with a smoothing primer to
reduce friction between the vessel and the sea during
transport.
[0025] NHG vessel 100 may be equipped with equip-
ment, machinery, and accessories and components
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which may be mounted onto the NGH hull 102 following
fabrication of the hull as part of a vessel assembly proc-
ess in the NGH production facility, and which may be
dismounted from the vessel prior to, or following, regas-
ification of solid NHG 104. These may include structural
elements used to provide structural integrity to NGH hull
102, systems which may be used to propel and navigate
the vessel, and systems which may be used to maintain
NGH 104 in its solid state, dismantable structures (e.g.
living quarters) among others.
[0026] Reference is now made to Figure 2 which sche-
matically illustrates an exemplary NGH marine vessel
200 including a solid NGH container hull 202, according
to an embodiment of the present invention. Solid NGH
container hull 202 may be assembled from NGH contain-
ers 205 with solid NGH 204, each container formed inside
a container-forming mold (not shown).
[0027] Similarly to NHG marine vessel 100, NGH ma-
rine vessel 200 may include any type of self-propelled
marine vessel or towable vessel. Solid NGH container
hull 502 may extend from bow 206 to stern 208 and may
include solid NGH containers 205 connected to one an-
other with each container optionally shaped to match the
contour of the hull according to its position in the hull.
Each NGH container 205 may include structural ele-
ments (not shown) to provide structural rigidity to the con-
tainer itself and overall to NGH container hull 202. Sim-
ilarly to NGH marine vessel 100, in an alternative em-
bodiment, NGH containers 205 may be used along a por-
tion of the length of the hull, with bow 206 and/or stern
208 being fabricated from non-NGH materials such as
steel. A more complete description of NGH container 205
is provided further on below with reference to Figures 5A
- 5E. Similarly to NGH vessel 100, NGH hull 202 may
include an skin layer 210 functionally similar skin layer
110.
[0028] Similarly to NGH vessel 100, NGH vessel 200
may be equipped with equipment, machinery, and ac-
cessories and components which may be mounted onto
NGH container hull 202 following assembly of the hull as
part of a vessel assembly process in the NGH production
facility, and which may be dismounted from the vessel
prior to, or following, regasification of solid NHG 204.
These may include the structural elements used to pro-
vide structural integrity to solid NGH container 205, sys-
tems which may be used to propel and navigate the ves-
sel, and systems which may be used to maintain solid
NGH 204 in its solid state, dismantable structures (e.g.
living quarters) among others.
[0029] Reference is now made to Figure 3 which sche-
matically illustrates a cross-section of an exemplary solid
NGH hull 302 in a marine vessel 100, according to an
embodiment of the present invention. Optionally, NGH
hull 302 may be formed in separate sections which are
joined together. NGH hull 302 may include solid NGH
304, a skeletal structure 313, NGH additives 316, and
skin layer 310.
[0030] Solid NGH 304 may occupy the whole interior

volume of NGH hull 302, or alternatively a major portion
of the volume, and may be produced by solidifying a NGH
slurry using methods known in the art for forming the
slurry and for further converting the slurry into a solid.
Optionally, the solid may be in a frozen state. Included
in solid NGH 304 may be additives 316 which may be
added to the slurry prior and which may serve to increase
among other qualities the resistance to thermal conduc-
tion and to thermal inertia of the solid NGH and also to
increase its structural characteristics including its struc-
tural stable rigidity. Additives 316 may include any com-
bination of sand, clay, wood, hemp, or other materials
including PCMs, and may be provided as a grain or any
other suitable shape, including encapsulated in pellets.
NGH hull 302 may be enveloped by skin layer 310, which
may be similar to skin layer 110 previously described with
reference to Figure 1. Skeletal structure 313 may provide
structural rigidity to NGH hull 302 and may include any
combination of non-NGH vertical structural elements
312, non-NGH diagonal structural elements 312A, and
non-NGH horizontal structural elements 314A and 314B.
Skeletal structure 313 may include a truss structure
which may be wholly or partially embedded in solid NGH
304 with structural elements 312, 312A, 314A and/or
314B acting as structural members supporting the truss.
Structural elements 312, 312A, 314A and/or 314B may
include pipes (steel or other suitable metal or material)
of a suitable diameter and wall thickness to provide the
required structural rigidity, some of which, or all of which,
may include a hollow core through which a cooling fluid
may flow along the length of the pipes to assist in keeping
the NGH in a solid state if cooling is required. Structural
elements 312, 312A, 314A and 314B may be intercon-
nected so as to allow the cooling fluid to flow through
some, alternatively through all, of the pipes if cooling is
required. Alternatively, structural elements 312, 312A,
314A and/or 314B may include any other type of suitable
structural element which may serve to provide the re-
quired structural rigidity and which may be fitted with
means to transport the cooling fluid if required. Skeletal
structure 313 may be dismantable so that structural ele-
ments 312, 312A, 314A and 314B may be individually
removed from NGH hull 302 following regasification. The
individual structural elements may be optionally shipped
using overland and/or marine commercial transport
means to a destination other than the regasification fa-
cility, and may include reshipping back to the production
facility for use in the building of a new marine vessel.
[0031] Reference is now made to Figure 4 which sche-
matically illustrates a cross-section of an exemplary solid
NGH hull 402 in a marine vessel 100, according to some
embodiments of the present invention. Optionally, solid
NGH hull 402 may be formed in separate sections which
are joined together. NGH hull 402 may include solid NGH
404, a skeletal structure 413, NGH additives 416, skin
layer 410, and an inner skin layer 410A.
[0032] Solid NGH hull 402 may resemble NGH hull 302
modified so that solid NGH 404 does not occupy a major
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portion (or the whole) of the interior volume of the hull as
in NGH hull 302 rather a strip or band proximal to the
sides of the hull, as shown in Figure 4. Consequently,
skeletal structure 413, which may include any combina-
tion of non-NGH vertical structural element 412, non-
NGH diagonal structural element 412A and non-NGH
horizontal structural elements 414A and 414B and which
may be functionally similar to skeletal structure 313, may
have a limited number of structural elements embedded
in solid NGH 404. Additionally or alternatively, non-struc-
tural cooling pipes may be included within solid NGH 404
to assist cooling the solid NGH as required. Similarly to
skeletal structure 313, skeletal structure 413 may also
be dismantable and structural elements 412, 412A, 414A
and 414B reusable in a new marine vessel.
[0033] Skin layer 410 may be functionally similar to skin
layer 310 in Figure 3. Inner skin layer 410A may envelop
solid NGH 404 from within the interior volume of solid
NGH hull 402, and may be functionally similar to skin
layer 410 with the exception that the hydrophobic and
friction-reducing characteristics of the outer insulation
skin layer may not necessarily be required in skin layer
410A.
[0034] Reference is now made to Figure 5A which
schematically illustrates a cross-section of an exemplary
solid NGH container hull 502 in marine vessel 200 in-
cluding solid NGH containers 505, 507 and 509, and skin
layer 510, according to an embodiment of the present
invention. Reference is also made to Figures 5B and 5C
which schematically illustrate a perspective view and a
cross-sectional view of a typical rectangular-shaped solid
NGH container 505, and to Figures 5D - 5E which sche-
matically illustrate cross-sections of contoured solid NGH
containers 507 and 509 corresponding to a shape of solid
NGH container hull 502, according to embodiments of
the present invention.
[0035] NGH containers 505, 507 and 509 may include
solid NGH 504, a skeletal structure 513, additives 516,
and a barrier layer 511 enveloping the NGH containers.
NGH containers 505, 507, and 509 may be mounted one
on top of the other, and side by side, inside NGH hull 502
to form a rigid structure which may support the hull. This
mounting configuration may resemble that of commercial
containers mounted on marine vessels. NGH container
505 may be sized to be transported with solid NGH 504
using known commercial overland transport vehicles,
containers, and transport platforms, and may include
those conforming to Incoterm rules and/or guidelines,
among other.
[0036] Solid NGH 504 may be produced as a rectan-
gular solid NGH block using techniques known in the art,
as previously described with reference to solid NGH 304.
NGH 504 may include additives 516 which may be similar
to additives 316. Barrier layer 511 may be functionally
similar to skin layer 510.
[0037] Skeletal structure 513, similarly to skeletal
structure 313, may include a truss structure which may
be embedded in the solid NGH and/or may be peripher-

ally located along the edges of the solid NGH block, and
may serve to support the block and to provide structural
rigidity to NGH container hull 502 when all NGH contain-
ers are assembled in place within the hull. In solid NGH
container 505, Non-NGH vertical structural elements
512, non-NGH diagonal structural elements 512A, and
non-NGH horizontal structural elements 514A and 514B
may be functionally similar to structural elements 312,
314A and 314B, respectively, and may include pipes
through which cooling fluid may flow through all or some
of the structural elements. Figure 5B illustrates an exem-
plary structural pipe 514B with a hollow core 515 through
which the cooling fluid may flow. In solid NGH container
507, a non-structural element 517 is shaped to conform
to the contour of a side of NGH container hull 502 in the
section of the hull where the container is to be positioned.
Similarly in NGH container 509, non-structural elements
519 are shaped to conform to the contour of the bottom
of NGH container hull 502.
[0038] Reference is now made to Figure 6 which is a
flow chart of an exemplary method of producing a solid
NGH hull and a NGH marine vessel operative to transport
and store solid NGH, according to an embodiment of the
present invention. Optionally, the NGH hull may be
formed in separate sections which are joined together.
The skilled person may appreciate that the exemplary
method shown and described herein below may be prac-
ticed with modifications, which may include more or less
steps and/or a different sequence of steps. For conven-
ience, the method is described with reference to the em-
bodiment of the present invention shown in Figure 3, al-
though the skilled person may readily appreciate that the
method may be similarly practiced with other embodi-
ments of the present invention.
[0039] At 600, a mold contoured to the shape of solid
NGH hull 302 is prepared. Optionally, several molds con-
toured to the shape of different sections of solid NGH hull
302 are prepared, the different sections to be joined to-
gether in a later step of the method to form a single hull.
[0040] At 602, skin layer 310 is placed inside the mold
following the contour of NGH hull 302. Insulating skin
layer 310 may serve as an envelope to contain the NGH
when poured into the mold, as described in the following
steps.
[0041] At 604, skeletal structure 313 and other required
structural elements are assembled inside the mold en-
veloped by insulating skin layer 310. The assembled
mold may be submerged in water, for example, in sea
water. Alternatively, the assembled mold may be partially
submerged in water, or left on dry land. In the water, the
mold may be held in place by anchoring or by use of
weights.
[0042] At 606, a NGH slurry is prepared using known
techniques. Additives 316 are added to the slurry.
[0043] At 608, the NGH slurry with the additives is
poured into the insulating skin layer 310 inside the mold,
in the required quantity according to the volume of NGH
to be transported.
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[0044] At 610, the slurry is solidified to form solid NGH
304 in the shape of NGH hull 302. Optionally, the solid
NGH 304 is in the shape of the different sections of NGH
hull 302 which are formed and are to be joined together
to form a single hull. Known techniques may be used to
form the solid NGH 304, and may include use of pressure
and/or cooling, including freezing. Pressurization may in-
clude the use of pressurizing equipment and/or water
depth pressure when submerged in water and may range
from, but not be limited to 0 - 100 bars. Cooling may
include use of cooling equipment and cooling tempera-
ture may range from, but not be limited to 0° - minus
50°C. NGH hull 302 may be left submerged in water,
stored inside the mold once formed until needed. Alter-
natively, the mold may be removed under water and NGH
hull 302 may remain stored under water as required. Al-
ternatively, NGH hull may be left on dry land either inside
or outside the mold. Pressurization and/or cooling may
be maintained while submerged or outside of the water.
[0045] At 612, NGH hull 302 is released for use. Op-
tionally, NGH hull 302 is released in different sections if
formed as different sections which are to be joined to-
gether to form the single hull. If submerged in water, the
buoyancy of the hull will cause it to float to the water
surface when released. NGH hull 302 may then be moved
to a dry dock for assembling NGH marine vessel 100. If
on dry land, NGH hull 302 may be transported to the dry
dock for marine vessel assembly. Alternatively, assem-
bly on dry land may not require use of the dry dock.
[0046] At 614, NGH marine vessel 100 is assembled.
Optionally, the different hull sections are joined together
if separately formed. Marine vessel 100 may be a self-
propelled marine vessel or a towable vessel. Dismanta-
ble propulsion and navigation systems, dismantable
structures, and other removable equipment, accesso-
ries, and components, as applicable depending on
whether the vessel is self-propelled or towable, may be
fitted onto NGH hull 302. Optionally, bow 106 and stern
108 (see Figure 1) may be attached to NGH hull 302.
[0047] At 616, NGH marine vessel 100 travels to its
destination which may be a regasification facility. Alter-
natively, NGH marine vessel 100 may travel to a NGH
storage depot. Optionally, the storage depot may be lo-
cated in the regasification facility.
[0048] At 618, in an optional step, NGH hull 302 is to
be stored in a storage depot until regasification is re-
quired. Prior to storing NGH hull 302, dismantable sys-
tems and structures, and removable equipment, acces-
sories and components, all of which may have been fixed
to the hull during assembly of marine vessel 100 in step
614 may be removed. The storage depot may be under
water, where the NG hull 302 may be submerged in water
(e.g. seawater) and solid NG 304 may be maintained in
its solid state by use of pressure and/or cooling as pre-
viously described in step 610, as applicable. Optionally,
the underwater storage depot may be on the seabed. NG
hull 302 may be held in place in the underwater storage
depot by means of anchoring or use of weights. Alterna-

tively, the underwater storage depot may be replaced by
a dry land storage depot.
[0049] At 620, NG hull 302 may be regasified in the
regasification facility. If following from step 618, the hull
may be released from underwater and allowed to float to
the water surface and transported to the regasification
facility (if the underwater storage depot is not in the re-
gasification facility). If following from step 616, the dis-
mantling process described in step 618 may be per-
formed in the regasification facility. Known techniques
for regasification may be used.
[0050] At 622, the gas produced during regasification
and contained inside the enveloping outer insulating skin
layer 310 is extracted for distribution.
[0051] At 624, once all the gas is removed, all non-
NGH components including skeletal structure 313 and
other structural components may be disassembled and
the structural elements (312, 314A and 314B) individually
arranged for shipping. Some, or optionally all, of the non-
GH components may be reshipped to the production fa-
cility for fabricating a new NGH hull 302 and a new NGH
marine vessel 100. Shipping may optionally be done us-
ing commercially-available overland and marine trans-
port means.
[0052] Reference is now made to Figure 7 which is a
flow chart of an exemplary method of producing a NGH
container for assembling a NGH container hull and a
NGH marine vessel operative to transport and store
NGH, according to an embodiment of the present inven-
tion. The skilled person may appreciate that the exem-
plary method shown and described herein below may be
practiced with modifications, which may include more or
less steps and/or a different sequence of steps. For con-
venience, the method is described with reference to the
embodiment of the present invention shown in Figures
5A - 5E, although the skilled person may readily appre-
ciate that the method may be similarly practiced with oth-
er embodiments of the present invention.
[0053] At 700, a mold contoured to the shape of solid
NGH container 505 is prepared. Optionally molds con-
toured to the shapes of NGH containers 507 and 509 are
also prepared.
[0054] At 702, barrier 511 is placed inside the mold
following the contour of solid NGH container 505 (option-
ally also containers 507 and 509). Barrier 511 may serve
as an envelope to contain the NGH slurry when poured
into the mold, as described in the following steps.
[0055] At 704, skeletal structure 513 and other required
structural elements are assembled inside the mold en-
veloped by barrier 511. The assembled mold may be
submerged in water, for example, in sea water. Alterna-
tively, the assembled mold may be partially submerged
in water, or left on dry land.
[0056] At 706, a NGH slurry is prepared using known
techniques. Additives 516 are added to the slurry.
[0057] At 708, the NGH slurry with the additives is
poured into the barrier 511 inside the mold, in the required
quantity according to the volume of NGH to be transport-
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ed inside NGH container 505 (optionally also containers
507 and 509).
[0058] At 710, the slurry is solidified to form solid NGH
504. Known techniques may be used to form the solid
NGH 504, and may include use of pressure and/or cool-
ing. Pressurization may include the use of pressurizing
equipment and/or water depth pressure when sub-
merged in water and may range from, but not be limited
to 0 - 100 bars. Cooling may include use of cooling equip-
ment and cooling temperature may range from, but not
be limited to 0° - minus 50°C. NGH container 505 (op-
tionally also containers 507 and 509) may be left sub-
merged in water, stored inside the mold once formed until
needed. Alternatively, the mold may be removed under
water and the NGH containers may remain stored under
water as required. Alternatively, the NGH containers may
be left on dry land either inside or outside the mold.
Whether submerged or outside of the water, cooling is
maintained.
[0059] At 712, NGH container 505 (optionally contain-
ers 507 and 509) is released for use. If submerged in
water, the buoyancy of the container will cause it to float
to the water surface when released. The NGH container
may then be moved to a dry dock for assembling NGH
container hull 502 and NGH marine vessel 200. If on dry
land, NGH container 505 (optionally containers 507 and
509) may be transported to the dry dock for marine vessel
assembly. Optionally, the assembly may be done without
a dry dock.
[0060] At 714, NGH container hull 502 and NGH ma-
rine vessel 200 is assembled. Marine vessel 200 may be
a self-propelled marine vessel or a towable vessel. Dis-
mantable propulsion and navigation systems, dismanta-
ble structures, and other removable equipment, acces-
sories, and components, as applicable depending on
whether the vessel is self-propelled or towable, may be
fitted onto NGH container hull 502 following assembly.
NGH container hull 502 may be assembled by arranging
the NGH containers one on top of the other and side by
side, and enveloping the stacked configuration in skin
layer 510. Optionally, bow 206 and stern 208 (see Figure
2) may be attached to NGH container hull 502. Methods
known in the art may be used to mechanically attach
NGH container 505 (optionally containers 507 and 509)
to one another.
[0061] At 716, NGH marine vessel 200 travels to its
destination which may be a regasification facility. Alter-
natively, NGH marine vessel 200 may travel to a NGH
storage depot. Optionally, the storage depot may be lo-
cated in the regasification facility.
[0062] At 718, in an optional step, NGH container 505
(optionally also containers 507 and 509) is to be stored
in a storage depot until regasification is required. Prior
to storing the NGH containers, dismantable systems and
structures, and removable equipment, accessories and
components, all of which may have been fixed to the hull
during assembly of NGH hull 502 and marine vessel 200
in step 714 may be removed. NGH container hull 502

may also be dismantled to allow individual access to each
container. The storage depot may be under water, where
the NG containers may be submerged in water (e.g. sea-
water) and solid NG 504 may be maintained in its solid
state by use of pressure and/or cooling as previously
described in step 710, as applicable. Alternatively, the
underwater storage depot may be replaced by a dry land
storage depot. Optionally, NGH container hull 502 is not
dismantled and all NGH containers are stored together
in the hull.
[0063] At 720, NG container 505 (optionally also con-
tainers 507 and 509) may be regasified in the regasifica-
tion facility. If following from step 718, the container (op-
tionally the hull) may be released from underwater and
allowed to float to the water surface and transported to
the regasification facility (if the underwater storage depot
is not in the regasification facility). If following from step
716, the dismantling process described in step 618 may
be performed in the regasification facility. Known tech-
niques for regasification may be used.
[0064] At 722, the gas produced during regasification
and contained inside the enveloping insulation layer 511
is extracted for distribution.
[0065] At 724, once all the gas is removed, all non-
NGH components including skeletal structure 513 and
other structural components may be disassembled and
the structural elements (512, 514A and 514B) individually
arranged for shipping. Some, or optionally all, of the non-
GH components may be reshipped to the production fa-
cility for fabricating new NGH containers, a new NGH hull
502 and a new NGH marine vessel 200. Shipping may
optionally be done using commercially-available over-
land and marine transport means.
[0066] The foregoing description and illustrations of
the embodiments of the invention has been presented
for the purposes of illustration. It is not intended to be
exhaustive or to limit the invention to the above descrip-
tion in any form.
[0067] Any term that has been defined above and used
in the claims, should to be interpreted according to this
definition.
[0068] The reference numbers in the claims are not a
part of the claims, but rather used for facilitating the read-
ing thereof. These reference numbers should not be in-
terpreted as limiting the claims in any form.

Claims

1. A marine vessel (100, 200) to transport natural gas
hydrates (NGH) comprising:

a hull (102, 202),
a skeletal structure (313, 413) to support said
hull (102, 202), and
a sealing liner (110, 210) to envelop the interior
and the exterior of said hull for:
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a. sealing to gas and
b. sealing to water and
c. insulating to thermal,

wherein said hull (102, 202) is formed from solid
NGH (104, 204).

2. A marine vessel (100, 200) according to claim 1,
wherein said hull (102, 202) comprises solid addi-
tives (316) like any one of sand, clay, wood, hemp,
and phase changing materials.

3. A marine vessel (100, 200) according to claim 1,
wherein said hull comprises sections of solid NGH.

4. A marine vessel (100, 200) according to claim 1,
wherein the skeletal structure is configured to circu-
late a cooling fluid.

5. A marine vessel (100, 200) according to claim 1,
wherein said hull (102, 202) is comprised from a plu-
rality of containers (205) comprising said solid NGH.

6. A marine vessel (100) according to claim 1, wherein
the vessel is one of a self-propelled vessel or one of
a towable vessel.

7. A method of fabricating a marine vessel (100) ac-
cording to claim 1 and/or fabricating a container (505,
507, according to claim 11 for transporting and for
storage of natural gas as hydrates (NGH), the meth-
od comprising:

preparing a mold;
placing a skin layer (310) in said mold (110);
assembling a skeletal structure (313, 413) in
said mold;
preparing NGH slurry;
pouring said NGH slurry into said mold;
and solidifying said NGH slurry into a frozen sol-
id block.

8. A method according to claim 7, further comprising
one or more of:

a. solidifying said NGH slurry into a section of a
hull of the marine vessel
b. submerging said mold in water.

9. A method according to claims 8, further comprising,
storage of said solid NGH comprising one or more of:

b. storage submerged in water
c. storage out of the water.

10. A method according to claim 8, further comprising
dismantling part of said marine structure for supply
and shipping, and further gas dissociation from hy-

drate at place of commodity destination, while main-
taining the rest of the solid NGH in said storage for
later use.

11. A container (505, 507, 509) to transport natural gas
hydrates (NGH), said container (505, 507, 509) be-
ing formed from a block of solid NGH and comprising:

a skeletal structure (513) to support said solid
NGH block, and
a barrier layer (511) to envelop the exterior of
said solid NGH block for:

a. sealing to gas and
b. sealing to water and
c. insulating to thermal.

12. A container (505 ,507, 509) according to claim 11
wherein said container comprises solid additives like
any one of sand, clay, wood, hemp, and phase
changing materials.

13. A container (505, 507, 509) according to claim 11,
wherein the skeletal structure is configured to circu-
late cooling fluid.

14. A container (505, 507, 509) according to claim 11,
wherein said container is transportable by one or
more of:

a. on a marine vessel
b. on a commercial overland transport vehicle
c. is suitable when accumulated with multiple
containers to form a hull of a marine vessel.

Patentansprüche

1. Wasserfahrzeug (100, 200) um Erdgashydrate
(NGH) zu transportieren, aufweisend:

einen Rumpf (102, 202)
eine skelettartige Struktur (313, 413) um besag-
ten Rumpf (102, 202) zu tragen und
ein Dichtungsschicht (110, 210) um das Innere
und Äußere des Rumpfes zu umhüllen, zum:

a. Abdichten gegen Gas und
b. Abdichten gegen Wasser und
c. Isolieren gegen Wärme,

wobei der Rumpf (102, 202) aus festen NGH
(104, 204) gebildet ist

2. Wasserfahrzeug (100, 200) nach Anspruch 1, wobei
der Rumpf (102, 202) feste Zusatzstoffe (316) wie
Einen aus Sand, Ton, Holz, Hanf und phasenwech-
selnde Materialien aufweist.
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3. Wasserfahrzeug (100, 200) nach Anspruch 1, wobei
der Rumpf Abschnitte von festen NGH umfasst.

4. Wasserfahrzeug (100, 200) nach Anspruch 1, wobei
die skelettartige Struktur dazu ausgestaltet ist, dass
ein Kühlfluid zirkulieren zu lassen.

5. Wasserfahrzeug (100, 200) nach Anspruch 1, wobei
der Rumpf (102, 202) eine Vielzahl von Behältern
(205) umfasst, die festes NGH enthalten.

6. Wasserfahrzeug (100) nach Anspruch 1, wobei das
Wasserfahrzeug entweder ein selbstangetriebenes
oder ein schleppbares Wasserfahrzeug ist.

7. Verfahren zum Herstellen eines Wasserfahrzeugs
(100) nach Anspruch 1 und/oder zum Herstellung
eines Behälters (505, 507) nach Anspruch 11 zum
Transportieren und zur Lagerung von natürliche Gas
als Hydrate (NGH), wobei das Verfahren Folgendes
umfasst:

Bereitstellen einer Form;
Platzieren einer Außenschicht (310) in der Form
(110);
Montieren einer skelettartigen Struktur (313,
413) in der Form;
Bereitstellen einer NGH-Aufschlämmung;
Gießen der NGH-Aufschlämmung in die Form
und Verfestigen der NGH-Aufschlämmung zu
einem gefrorenen festen Block.

8. Verfahren nach Anspruch 7, ferner umfassend einen
oder mehrere von folgenden Schritten:

a. Verfestigen der NGH-Aufschlämmung zu ei-
nem Abschnitt eines Rumpfes des Wasserfahr-
zeugs
b. Eintauchen der Form in Wasser.

9. Verfahren nach Anspruch 8, ferner umfassend die
Lagerung des festen NGH, umfassend einen oder
mehrere von folgenden Schritten:

a. Lagerung eingetaucht im Wasser
c. Lagerung außerhalb des Wassers.

10. Verfahren nach Anspruch 8, ferner umfassend das
Demontieren eines Teils der marinen Struktur für die
Lieferung und den Transport und die weitere Gas-
dissoziation aus dem Hydrat am Bestimmungsort
der Ware, während der verbleibende Rest des festen
NGH in dem Lager für eine spätere Verwendung auf-
bewahrt wird.

11. Behälter (505, 507, 509) zum Transportieren von
Erdgashydraten (NGH), wobei der Behälter (505,
507, 509) aus einem Block aus festem NGH gebildet

ist und Folgendes aufweist: eine skelettartigen
Struktur (513), um den festen NGH-Block zu tragen,
und eine Sperrschicht (511) zum Umhüllen der Au-
ßenseite des festen NGH-Blocks zum :

a. Abdichten gegen Gas und
b. Abdichten gegen Wasser und
c. Isolieren gegen Wärme.

12. Behälter (505, 507, 509) nach Anspruch 11, wobei
der Behälter feste Zusatzstoffe wie Einen aus Sand,
Ton, Holz, Hanf und phasenverändernde Materiali-
enenthält.

13. Behälter (505, 507, 509) nach Anspruch 11, wobei
die skelettartigen Struktur dazu ausgestaltet ist,
dass Kühlflüssigkeit zirkulieren zu lassen.

14. Behälter (505, 507, 509) nach Anspruch 11, wobei
der Behälter durch eines oder mehrere der folgen-
den Gegenstände transportierbar ist:

a. auf einem Wasserfahrzeug
b. auf einem kommerziellen Landtransportfahr-
zeug
c. geeignet, wenn mit mehreren Containern zu-
sammengefügt, einen Rumpf eines Seeschiffes
zu bildent.

Revendications

1. Navire maritime (100, 200) pour transporter des hy-
drates de gaz naturel (NGH) comprenant : une co-
que (102, 202), une structure squelettique (313, 413)
pour supporter ladite coque (102, 202), et un revê-
tement d’étanchéité (110, 210) pour envelopper l’in-
térieur et l’extérieur de ladite coque pour :

a. l’étanchéité au gaz et
b. l’étanchéité à l’eau et
c. isolant à thermique,

dans lequel ladite Coque (102, 202) est formée de
NGH solides (104, 204).

2. Navire maritime (102, 200) selon la revendication 1,
dans lequel ladite coque (102, 202) comprend des
additifs solides (316) come l’un des éléments sui-
vants de le sable, l’argile, le bois, le chanvre et les
matériaux à changement de phase.

3. Navire maritime (100, 200) selon la revendication 1,
dans lequel ladite coque comprend des sections de
NGH solide.

4. Navire maritime (100, 200) selon la revendication 1,
dans lequel la structure squelettique est configurée
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pour faire circuler un fluide de refroidissement.

5. Navire maritime (100, 200) selon la revendication 1,
dans lequel ladite coque (102, 202) est comprenant
d’une ledit pluralité de conteneurs (205) comprenant
ledit NGH solide.

6. Navire maritime (100) selon la revendication 1, dans
lequel le navire est un navire autopropulsé ou un
navire remorquable.

7. Méthode de fabrication d’un vaisseau maritime (100)
selon la revendication 1 et/ou de fabrication d’un
conteneur (505, 507,) selon la revendication 11 pour
transport et pour le stockage de gaz naturel sous
forme d’hydrates (NGH),
le procédé comprenant :

préparer un moule ;
placer une couche extérieure (310) dans ledit
moule (110) ;
assembler une structure squelettique (313, 413)
dans ledit moule ;
préparer une boue de NGH ;
verser ladite boue de NGH dans ledit moule ;
et la solidification de ladite boue de NGH en un
bloc solide congelé.

8. Méthode selon la revendication 7, comprenant en
outre un ou plusieurs des éléments suivants :

a. solidifier ladite boue de NGH dans une section
d’une coque du navire maritime
b. immerger ledit moule dans l’eau.

9. Méthode selon la revendication 8, comprenant en
outre le stockage dudit NGH solide. comprenant un
ou plusieurs des éléments suivants :

a. stockage immergé dans l’eau
b. stockage hors de l’eau.

10. Méthode selon la revendication 8, comprenant en
outre le démantèlement d’une partie dudit système
maritime structure pour l’approvisionnement et le
transport et dissociation ultérieure du gaz de l’hydra-
te sur place de destination des produits de base, tout
en maintenant le reste du NGH solide dans ledit stoc-
kage pour une utilisation ultérieure

11. Conteneur (505, 507, 509) pour transporter des hy-
drates de gaz naturel (NGH), ledit conteneur (505,
507, 509) étant formé à partir d’un bloc de NGH so-
lide et comprenant : une structure squelettique (513)
pour supporter ledit bloc NGH solide, et une couche
barrière (511) pour envelopper l’extérieur dudit bloc
NGH solide pour

a. l’étanchéité au gaz et
b. l’étanchéité à l’eau et
c. isolant à thermique.

12. Conteneur (505, 507, 509) selon la revendication 11,
dans lequel ledit conteneur comprend des additifs
solides comme l’un des éléments suivants de le sa-
ble, l’argile, le bois, le chanvre et les matériaux à
changement de phase.

13. Conteneur (505, 507, 509) selon la revendication 11,
dans lequel la structure squelettique est configuré
pour faire circuler un fluide de refroidissement.

14. Conteneur (505, 507, 509) selon la revendication 11,
dans lequel ledit conteneur est transportable par un
ou plusieurs des moyens suivants :

a. sur un navire de mer
b. sur un véhicule commercial de transport ter-
restre
c. convient lorsqu’il est accumulé avec plusieurs
conteneurs pour former la coque d’un navire.
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