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AN ARRANGEMENT OF CRYOGENIC CONTAINERS FOR LNG OR CNG ON A
DECK OF A TUGBOAT

Technical Field

The invention relates to an arrangement of one or more cryogenic tank containers for
storing liquefied natural gas (LNG) or compressed natural gas (CNG) on a deck of a
vessel. In particular, the one or more cryogenic tank containers are mounted onto and
at an aft deck area of a tugboat and are provided with means for supplying LNG or
CNG to the engine of the tugboat.

Description of related Art

Liquefied natural gas (LNG) or compressed natural gas (CNG) can be used as fuel for

marine vessels including ships, vessels, tugboats, etc.

Compressed natural gas (CNG) typically comprises of methane, CH,;. CNG is usually
stored and distributed in a tank with thick steel, aluminum, or composite walls at a
pressure between 20-25MPa. These tanks may be cylindrical or spherical in shape.
CNG from these tanks may then be provided as an energy source whereby the CNG

is burnt as fuel under atmospheric pressure.

Liquefied natural gas (LNG) comprises natural gas that is chilled to its boiling point
temperature of approximately -161°C at atmospheric pressure to reach liquefaction.
In contrast to LNG, CNG’s volumetric energy density is estimated to be 42 percent
that of liquefied natural gas. This enables LNG to be stored efficiently in cryogenic
tank containers (e.g. IMO-container). The LNG can be re-gasified (e.g. vaporized) to

natural gas and used as fuel for a vessel’s propulsion system.

A cryogenic tank container (e.g. IMO-container) typically comprises a vacuum-super

insulated container that is designed with performance, ease of operation and safety in
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mind. The cryogenic tank container can store either LNG or CNG. The cryogenic
tank container is designed in accordance with ISO standards, and its size and
dimensions ensure that the tank container may be conveniently transported by trailers,
vessels, etc. These tank containers are marinated tanks and they have to comply with
International Maritime Organization (IMO) regulations and be certified according to
their class.

Current bunkering operations used in transferring LNG or CNG on board a marine
vessel includes ship-to-ship, shore-to-ship, truck-to-ship and portable fuel tank
bunkering methods.

The ship-to-ship, shore-to-ship and truck-to-ship bunkering operations are carried out
by pumping LNG or CNG from the supply vessel or shore to the receiving vessel.
These bunkering operations usually take a long time to complete, ranging from 1 to 7
hours.

The portable fuel tank bunkering operation involves the transfer of portable fuel tank
from supply vessel or shore to the receiving vessel. This bunkering operation usually
takes a relatively shorter period of time to complete as it involves simply the swapping
of filled fuel tank from the shore or supply vessel with used (or empty) fuel tank from
the vessel. However, there are some drawbacks in using this bunkering method. One
of which is that the fuel tanks which are placed on the open deck of a vessel will
typically obstruct the view of the vessel operator which in turn restricts the operation of
the vessel. This poses a bigger problem especially if the fuel tanks are placed on a
smaller vessel, such as a tugboat. Furthermore, having fuel tanks containing LNG or
CNG on board a vessel can be hazardous. The provision of fuel tanks containing LNG
or CNG on the open deck of a vessel will have to comply with the relevant regulations
governing the storage and transfer of such hazardous gases.

WO 2012/032219 discloses an arrangement for connecting at least one double-walled
pipe of stainless steel to a LNG tank. The LNG tank is placed in an area below the
main deck of the ship.

It is therefore desirable to provide an arrangement of fuel tank containers for storing
LNG or CNG on the open deck of a vessel that seeks to address at least one of the
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problems described hereinabove, or to at least provide the public with an alternative
choice.

Summary of Invention

In accordance with one aspect of the invention, an arrangement of a system for
providing liquefied natural gas (LNG) or compressed natural gas (CNG) as fuel to a
tugboat is provided. The arrangement comprises one or more cryogenic tank
containers removably mounted on and at an aft deck area of the tugboat for storing
LNG or CNG, wherein each of the one or more cryogenic tank containers has a
structural frame surrounding the cryogenic tank container. The arrangement is further
provided with at least one air-tight chamber provided proximate to the one or more
cryogenic tank containers, wherein the air-tight chamber comprises a coupling means
for removably coupling the one or more cryogenic tank containers to the air-tight
chamber; a plurality of vent lines and pipelines in gas or fluid communication with the
one or more cryogenic tank containers; a plurality of valves; a plurality of vents; and a
transfer line for transferring LNG or CNG from the one or more cryogenic tank
containers to an engine of the tughoat. The one or more cryogenic tank containers
are liquid-tight cryogenic tank containers and are removably mounted on and at the aft
deck area of the tugboat by a securing mechanism that allows easy mounting and
removal of the one or more cryogenic tank containers to and from the tugboat, and
wherein the coupling means, the plurality of vent lines and pipelines, the plurality of
valves, the plurality of vents and the transfer line are all encased within the air-tight
chamber.

In accordance with an embodiment of this invention, the plurality of vent lines and
pipelines include a vapour return line; a vent mast pipeline, and a bunkering line for

connecting the one or more cryogenic tank containers to a bunker station.
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In accordance with an embodiment of this invention, the plurality of vents includes an
inlet air vent for receiving air from outside the air-tight chamber; and an outlet air vent

for releasing air from within the air-tight chamber into the atmosphere.

In accordance with an embodiment of this invention, the arrangement further
comprises a vent collector, wherein the plurality of vent lines and pipelines are housed
within the vent collector. In accordance with an embodiment, the vent collector is
provided within the air-tight chamber.

In accordance with an embodiment of this invention, the vapour return line and the
transfer line extends from the one or more cryogenic tank containers and into the air-
tight chamber.

In accordance with an embodiment of this invention, the arrangement further
comprises a vent mast riser provided on the foremast of the tugboat, wherein the vent
mast riser is connected to the vent mast pipeline for releasing pressure in the
cryogenic tank container into the atmosphere when the pressure within the cryogenic

tank container reaches a predetermined level.

In accordance with an embodiment of this invention, the arrangement further
comprises a temporary vent mast riser attached to the one or more cryogenic tank

containers.

In accordance with an embodiment of this invention, the arrangement further
comprises a sensor unit provided proximate the one or more cryogenic tank
containers for detecting escaped vapor from the one or more cryogenic tank

containers.

In accordance with an embodiment of this invention, wherein the plurality of valves

include pressure relief valve that is provided along the vent mast pipeline that leads to
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the vent mast riser and an auxiliary vent valve that leads to the temporary vent mast

riser.

In accordance with an embodiment of this invention, the arrangement comprises two
cryogenic tank containers and two air-tight chambers, the two cryogenic tank
containers are positioned parallel to one another, with each of the cryogenic tank
containers removably coupled to one respective cryogenic tank container. In
accordance with another embodiment of this invention, the arrangement comprises
two cryogenic tank containers and one air-tight chamber, the two cryogenic tank
containers are positioned parallel to one another, with each of the cryogenic tank
containers removably coupled to the air-tight chamber.

In accordance with an embodiment of this invention, wherein the air-tight chamber
further comprises a spill drip tray for collecting spillage of the liquefied natural gas
(LNG) from the one or more cryogenic tank containers; and a drainage line for
draining spillage collected in the spill drip tray.

In accordance with another aspect of this invention, a method of providing LNG or
CNG as fuel to a tugboat is provided. The method comprises transferring one or more
cryogenic tank containers having a structural frame surrounding the cryogenic tank
container onto an open deck of the tugboat; removably mounting the one or more
cryogenic tank containers on and at an aft deck area of the tugboat; removably
coupling the one or more cryogenic tank containers to at least one air-tight chamber,
wherein the air-tight chamber comprises a coupling means for removably coupling the
one or more cryogenic tank containers to the air-tight chamber; a plurality of vent lines
and pipelines in gas or fluid communication with the one or more cryogenic tank
containers; a plurality of valves; a plurality of vents; and a transfer line for transferring
LNG or CNG from the one or more cryogenic tank containers to an engine of the
tugboat. The coupling means, the plurality of vent lines and pipelines, the plurality of

valves, the plurality of vents and the transfer line are encased within the air-tight
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chamber. The method further comprises channeling the LNG or CNG stored in the

one or more cryogenic tank containers to an engine room of the tugboat.

In accordance with an embodiment of this invention, wherein the plurality of valves
includes a pressure relief valve that is provided along the vent mast pipeline that leads
to the vent mast riser; and an auxiliary vent valve that leads to a temporary vent mast

riser.

In accordance with an embodiment of this invention, the method further comprises
channeling the LNG to a regasification unit provided in the engine room below the
open deck of the tugboat; passing the LNG through a vaporizer unit at high pressure
to convert the LNG to gaseous fuel; and supplying the gaseous fuel to the engine of

the tugboat through a gas valve unit.

In accordance with an embodiment of this invention, the method further comprises
storing the gaseous fuel in a buffer tank before supplying the gaseous fuel to the
engine of the tugboat.

In accordance with an embodiment of this invention, the method further comprises

shutting off the plurality of valves when a gas leakage is detected.

In accordance with an embodiment of this invention, the method further comprises
detecting escaped vapour; shutting off the pressure relief valve that leads to the vent
mast riser; and opening the auxiliary vent valve that leads to the temporary vent mast
riser.

Brief Description of Drawings

Embodiments of the invention are disclosed hereinafter with reference to the
drawings, in which:
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Figure 1 illustrates an arrangement of LNG/CNG tank containers on and at an aft deck

area of a tugboat in accordance with embodiments of the invention.

Figure 2 illustrates the various components provided within the air-tight chamber in
accordance with embodiments of the invention.

Figure 3 illustrates a securing mechanism that is provided on the structural frame in

accordance with an embodiment of the invention.

Figure 4 illustrates an exemplary embodiment of the air-tight chamber in accordance
with an embodiment of the invention.

Figure 5 is a diagram illustrating the arrangement of the vent collector and other

components in accordance with embodiments of the invention.

Figure 6 illustrates the hazardous zone areas 1 and 2 of the arrangement of the
present invention.

Figure 7 illustrates a design of a vent mast riser directed to the foremast in
accordance with embodiments of the invention.

Figure 8 illustrates a design of a temporary vent mast riser that is provided at a

LNG/CNG tank container in accordance with embodiments of the invention.
Figure 9 illustrates an arrangement of various vent valves provided along the pipeline
from the LNG/CNG tank container to the main vent mast riser and temporary vent

mast riser.

Figure 10 shows an exploded view of a portion of the temporary vent mast rise.
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Figures 11-13 illustrate an arrangement of cryogenic tank containers and the air-tight
chambers on and at the aft deck area of a tugboat in accordance with an embodiment
of the invention.

Figure 14 illustrates an arrangement of the cryogenic tank containers and the air-tight

chamber in accordance with another embodiment of the invention.

Figures 15-17 illustrate the transfer of the LNG/CNG tank container from shore and

onto a tugboat in accordance with an embodiment of the invention.

Figure 18 illustrates the bunkering of LNG/CNG to the LNG/CNG tank container on
board a tugboat in accordance with embodiments of the invention.

Figure 19 is a diagram illustrating the arrangement and connections between the
various components as described herein in accordance with embodiments of the

invention.

Detailed Description

In the following description, numerous specific details are set forth in order to provide
a thorough understanding of various illustrative embodiments of the invention. It will
be understood, however, to one skilled in the art, that embodiments of the invention
may be practiced without some or all of these specific details. In other instances, well
known process operations have not been described in detail in order not to

unnecessarily obscure pertinent aspects of embodiments being described.

Embodiments of the invention provide an arrangement of a system for providing
liquefied natural gas (LNG) or compressed natural gas (CNG) as fuel to a tugboat.
The arrangement comprises one or more cryogenic tank containers removably
mounted onto and at an aft deck area of a tugboat for storing LNG or CNG on the
deck of the tugboat.
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Figure 1 shows an exemplary embodiment of the present invention whereby the
cryogenic tank containers (1) are provided on and at the aft deck area of a tugboat
(15). In this arrangement, the cryogenic tank containers do not obstruct an operator of
the tugboat during a towing operation or the visibility of the operator at the bridge of
the tugboat.

The cryogenic tank containers (1) are liquid-tight cryogenic tank containers. The tank
containers are standard tank containers designed in accordance with ISO standards,
and its size and dimensions ensure that the tank containers can be conveniently and
safely transported from one location to another by, for example, trailers, vessels,
motor vehicles; and by any suitable means, for example, cranes, etc. The tank
containers are IMO-containers, that is, they are made to comply with the International
Maritime Organization (IMO) regulations and are certified according to their class. In
one embodiment, the cryogenic tank containers are International Gas Carrier (IGC)
type-C tank.

Each of the cryogenic tank containers (1) is provided with a structural frame (2)
surrounding the exterior of the cryogenic tank container. The structural frame (2) is
provided to protect the cryogenic tank container against mechanical damage and to
facilitate transportation of the cryogenic tank container. Any suitable configuration and
design of the structural frame can be employed without departing from the scope of
the present invention. For example, the structural frame can have longitudinal beams
extending along a length of the cryogenic tank container, vertical beams
interconnected between the longitudinal beams, horizontal beams interconnected
between the longitudinal beams and diagonal beams extending from each of the
corners of the structural frame to the cryogenic tank container and welded to fitting to
hold the tank container in place within the structural frame. All the interconnecting
beams can be joined to one another by any suitable means. In one embodiment, the
beams are joined together by welding. Figures 2 and 15 show an exemplary

configuration of the structural frame (2) in accordance with an embodiment of the
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present invention. The structural frame (2) has eight corners and each of the corners
is provided with a corner casting (12) in accordance with ISO standard. The cryogenic
tank container can be removably mounted within the structural frame or be welded to
the structural frame.

The structural frame (2) is further provided with a securing mechanism (16) to
removably secure the cryogenic tank container (1) on and at the aft deck area of the
tugboat. Any suitable type of securing mechanism can be used without departing
from the scope of the present invention as long as the securing mechanism allows the
tank container to be easily replaced thereby reducing the bunkering time while
providing easy access for maintenance purposes. In one exemplary embodiment of
the invention, the securing mechanism is a twist-lock type securing mechanism that is
commonly used in container ships (see Figure 3). A twistlock is provided at each
corner of the base of the structural frame (2). The twistlock and the corner casting (12)
together form a rotating connector for securing the structural frame containing the
cryogenic tank container onto and at the aft deck area of the tugboat. Another way of
securing the cryogenic tank container to the aft deck area of the tugboat is by welding
the structural frame containing the cryogenic tank container to the upper surface of the
deck with or without a base platform.

Each of the cryogenic tank containers (1) is fitted with at least two vent lines extending
from the cryogenic tank container and into an enclosed air-tight chamber (3) which will
be described in more detail hereinbelow. The vent lines may include, but are not
limited to, transfer line, vapour return line, pressure relief line, etc. The vapour return
line and the pressure relief line may be provided with pilot operated relief valve for
releasing gas or vapour into the atmosphere when needed. The vent lines may extend
from the top or the bottom of the cryogenic tank container or from any suitable part of
the cryogenic tank container. Figure 4 shows an exemplary embodiment of an
arrangement of the vent lines (40) that extend from the cryogenic tank container. In
this embodiment, the vent lines (40) extend from the lower part of the cryogenic tank

container and into the enclosed air-tight chamber (3).
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At least one air-tight chamber (3) is provided in the arrangement of the present
invention. The air-tight chamber (3) is provided to encase all the valves, gauges,
vents, vent lines, pipelines, bunkering line, etc. within the air-tight chamber. The air-
tight chamber (3) is provided proximate to the one or more cryogenic tank containers
removably mounted on and at the aft deck area of the tugboat to mitigate the
hazardous zone area on the deck. The air-tight chamber (3) can be of any suitable
shape, configuration, and size as long as the air-tight chamber is sufficient to encase
the valves, gauges, vent lines, pipelines, bunkering line, etc. within the air-tight
chamber. Exemplary embodiments of the air-tight chamber (3) are shown in various
figures, including Figures 2, 4, 11, and 17. Figures 2 and 4 show exemplary
embodiments of the air-tight chamber (3) wherein the chamber is a box-like structure.

Figure 2 shows the various components that are encased within the air-tight chamber.

Referring now to Figure 2, the air-tight chamber (3) comprises a door (20) and when
the door (20) is shut, it creates an air-tight environment within the chamber. Within the
air-tight chamber (3), there is provided a coupling means (4) for removably coupling
the one or more cryogenic tank containers (1) to the air-tight chamber (3). A
bunkering line (5) is provided for connecting the one or more cryogenic tank

containers in fluid communication to a bunker station (not shown).

The air-tight chamber (3) further comprises a plurality of vents lines and pipelines that
are in gas or fluid communication with the one or more cryogenic tank containers. In
one embodiment, the plurality of vent lines and pipelines are encased within the air-
tight chamber (3). In another embodiment, the plurality of vents lines and pipelines
are housed in a vent collector (50). The vent collector (50) can be located within the
air-tight chamber (3) or in another enclosed air-tight compartment provided elsewhere

on board the tugboat and proximate the cryogenic tank containers.

Figure 5 shows an exemplary embodiment of the vent collector (50) of the present

invention. It should be noted that the vent collector is not limited to the configuration
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shown in the figure. The vent collector can be of any suitable size, shape and
configuration without departing from the scope of the present invention. Referring to
Figure 5, the vent collector (50) comprises a conduit (52) that extends from the vent
collector (50) to a vent mast riser (54). The vent collector (50) is provided to facilitate
the channeling of vapour or gas from the vent lines and pipelines to the vent mast

riser (54) to be released into the atmosphere.

Referring back to Figure 2, the air-tight chamber may further comprise a plurality of
valves, gauges and vents which are encased within the air-tight chamber. The vents
may include an inlet air vent (10) and an outlet air vent (6). The inlet air vent (10) and
the outlet air vent are provided to provide ventilation for the air-tight chamber. The
inlet air vent (10) is for receiving fresh air from non-hazardous safe zone outside the
air-tight chamber while the outlet air vent (6) is for releasing air from within the air-tight
chamber into the atmosphere. In an alternative embodiment, the outlet air vent (6)
includes a pipeline that channels the air from within the air-tight chamber away from
the air-tight chamber.

The plurality of vent lines includes the vapour return line (7) that extends from the
cryogenic tank container and into the air-tight chamber (3). The vapour return line (7)
is provided in the event that a ship-to-ship or truck-to-ship bunkering is required. I[n
this case, a bunkering truck with vent return line will be connected to the vapour return
line (7) to transfer vapour from truck tank to the vent system (or vent collector) of the
present invention. The vapour will pass through the vent collector (50) and into the
vent mast riser (54) to be released into the atmosphere when the vapour exceeds the
safety limit.

The pipelines include a vent mast pipepline (8). The vent mast pipeline (8) can be a
separate pipeline that is connected to the pressure relief line that extends from the
cryogenic tank container or it can be of the same pressure relief line that extends from
the cryogenic tank container, with a portion of the relief line encased within the air-

tight chamber. The vent mast pipeline (8) is provided with a pressure relief valve for
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releasing pressure in the cryogenic tank container (1) to the vent mast riser (54) when
the pressure within the cryogenic tank container reaches a certain predetermined safe
level. The gas or vapor passes through the pipeline and into the vent mast riser (54)
where the gas or vapor is released into the atmosphere. The generation of vapor
occurs mostly in the event when a rollover takes place or during bunkering operations,
for example, when there is a change in temperature, resulting in a higher vapor
pressure build up within the cryogenic tank container or the tank container is nearly
full with reduced vapor space in the tank.

The pipelines further include a transfer pipeline (9) for transferring LNG or CNG from
the one or more cryogenic tank containers to the engine or engine room of the
tugboat. The transfer pipeline (9) can be a separate pipeline that is connected to the
transfer line that extends from the cryogenic tank container or it can be of the same
transfer line that extends from the cryogenic tank container, with a portion of the
transfer line encased within the air-tight chamber. The transfer pipeline (9) is a double
wall pipeline having an inner pipeline conduit and an outer pipeline conduit arranged
concentrically to the inner pipeline conduit.

The air-tight chamber (3) may further include a liquid fuel spill drip tray (13) provided
at the bottom of the air-tight chamber and within the air-tight chamber for collecting
any spillage of the liquid fuel from the cryogenic tank container (1). The air-tight
chamber (3) may further be provided with a liquid fuel drainage line (14) for draining
spillage collected in the spill drip tray (13) out of the air-tight chamber.

A control panel (11) may also be provided to provide control to the air-tight chamber
and the various components that are encased within the air-tight chamber. The control
panel (11) includes a display screen (22) for displaying various readings taken by the
system. The control panel may be provided at any location on board the tugboat and
may take any form, size, shape and configuration without departing from the scope of
the invention. Figure 2 shows an exemplary embodiment of the control panel (11)

whereby the control panel (11) and the display screen (22) are provided next to the
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air-tight chamber. Figure 4 shows another exemplary embodiment whereby the

display screen (22) is provided on the front panel of the air-tight chamber.

The arrangement of the present invention puts in place several features to mitigate the
risks in the areas that fall within the hazardous zones of the tugboat where the
cryogenic tank containers are placed. One of which is to have all the valves, gauges,
vents, vent lines and pipelines encased within the air-tight chamber. This is to
eliminate any spark producing equipment within the hazardous zones. In this
arrangement, the hazardous zones (as shown in Figure 6 as Zone 1 and Zone 2) are
limited to the centralize area of the aft deck of the tugboat since all the related
equipment, connections and pipelines are contained within the air-tight chamber and
not located anywhere else on the deck of the tugboat. Zone 1 as shown in Figure 6

has a radius of about 3m, while Zone 2 has a radius of about 4.5m.

Another feature included in the arrangement of the present invention is the use of the
double wall piping concept for transferring the LNG or CNG from the main deck of the
tugboat to the engine or engine room of the tugboat which is located at an area below
the main deck. in an embodiment where LNG is used, an LNG regasification unit (42)
is provided at an area below the main deck or proximate to or in the engine room of
the tugboat (see Figure 4). The annular space in the double wall piping is ventilated
by air supplied either from engine room or via the pipeline outside the engine room
(away from hazardous zone). This is to ensure maximum safety in event of a gas
leakage. LNG is then boiled off to be converted to its natural gaseous form through a
vaporizer unit (44) at extremely high pressure. The vaporizer unit will regasify the LNG
to a predetermined temperature in gaseous state. The regasified fuel or gaseous fuel
then passes through a gas valve unit (GVU) to achieve a predetermined pressure
before the gaseous fuel is supplied to the engine. A buffer tank (46) may be provided
to store the gaseous fuel in order to maintain a constant supply of gaseous fuel to the
engine of the tugboat to avoid affecting the power performance of the engine. Figure

19 is a diagram illustrating how the various components as described herein may be
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connected or linked to one another in accordance with the arrangement of the system
of the present invention.

The vaporizer unit (44) may be provided below the main deck of the tugboat or it may
optionally be attached to the cryogenic tank container on the main deck of the tugboat.
Each of the cryogenic tank containers may optionally be attached with a pressure
build-up unit.

The arrangement of the present invention also caters for situation in which there is a
gas leakage. In this case, the system will trigger a forced ventilation, gas detection
and automatic gas supply shut-off arrangements, which will be elaborated further
hereinbelow.

The arrangement of the present invention includes at least one vent mast riser (54)
provided on the foremast of the tugboat. An exemplary embodiment of the vent mast
riser (54) is shown in Figure 7, whereby the vent mast riser has an outlet (70) that is
directed to the foremast for achieving a safe distance radius of about 10m away from
accommodation space, engines and other exhaust outlets and inlets areas on the
tugboat. The safe distance can be reduced to 4.5m as long as a gas dispersion
analysis is made to justify the risk and strictly abides closely with related regulations.
The vent mast riser (54) is positioned such that it does not obstruct the visibility of
master in bridge nor the arc around the horizontal through which each navigation
lights is supposed to shine according to regulation. Gas releasing from the vent mast
riser (54) is vented vertically into the atmosphere. The main reason for having this
configuration is to avoid the risk of flammable or toxic mixtures accumulating in still air
condition, which may result in the gaseous mixtures being drawn into engine or
machinery spaces or accommodation quarters. These vapors can be heavier than air
when cold and will accumulate in bilges and other low areas. Itis commonly observed
that flammable or toxic gases can eddy and cause pockets of gas to collect at the
most unexpected places such as the aft of the superstructure when wind blows from a
forward direction. Henceforth, directing the vent mast outlet (70) as high as the
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foremast allows the vapors to rapidly disperse in the atmosphere vertically, especially
in windy conditions. Additionally, the natural operation of a tugboat in turning and

maneuvering during towing helps to avoid the accumulation of vapors in those areas.

The arrangement of the present invention is provided with at least two pressure relief
valves (91, 92) that lead to the vent mast riser (54) (see Figure 9). This forms a dual
pressure relief device system. The pressure relief valves (91, 92) are encased within
the air-tight chamber (3). A gas detector system or sensor unit (not shown) may also
be provided to detect any vapor cloud that may form beyond the predetermined safety
distance. The gas detector system is linked to the pressure relief device system. This
enables the gas detector system to trigger a shutoff of the pressure relief valves when
there is a gas leakage.

There is a high possibility that the vent mast riser (54) may be damaged or a pipeline
may be damaged due to vibration that occurs in bad sea condition or pushing
operation. To countermeasure such situation, a temporary elevated vent mast riser
(80) is provided and kept proximate the cryogenic tank container. Figure 8 shows an
exemplary embodiment of a temporary elevated vent mast riser (80) that is removably
fixed to a cryogenic tank container. Figure 10 shows exploded view of the lower
portion of the temporary elevated vent mast riser (80) where the vent valves are
located. In the event that a damage of the vent mast pipeline (8) occurs, the vapor
that escapes from the damaged pipeline will be detected by the gas detector system
and the system will trigger the dual pressure relief device system to shut off both the
safety pressure relief valves (91, 92) and propulsion system temporarily along with
sounded alarm to alert users. The pressure relief valves (91, 92) will remain closed
until the temporary elevated vent mast riser (80) is fixed to the cryogenic tank
container. Operation then resumes. Alternatively, the vent mast pipeline (8) may
remain closed until repair work is completed. The temporary elevated vent mast riser
(80) may be made of stainless steel or other equivalent material, and can be
connected to and/or disconnected from the cryogenic tank container mechanically. It

should be noted that the temporary elevated vent mast riser can be configured in any
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suitable configuration, size, and shape without departing from the scope of the present
invention.

In one embodiment of the present invention, two cryogenic tank containers (1) and
two air-tight chambers are provided. The two cryogenic tank containers (1) are
positioned parallel to one another, with each of the cryogenic tank containers (1)
connected to one air-tight chamber (3). An exemplary embodiment of this

arrangement is shown in Figures 11, 12 and 13.

In another embodiment, two cryogenic tank containers and one air-tight chamber are
provided. The two cryogenic tank containers are positioned parallel and proximate one
another, with both the cryogenic tank containers connected to the same air-tight
chamber (3). An exemplary embodiment of this arrangement is shown in Figure 14. it
should be noted that the arrangements of the cryogenic tank containers and the air-
tight chamber shown in the figures are only exemplary embodiments, and other

configurations are possible that fall within the scope of the described invention.

In accordance with another aspect of the present invention, a method of providing
LNG or CNG as fuel to a tugboat is provided. The method comprises providing one or
more cryogenic tank containers containing LNG or CNG and transferring the one or
more cryogenic tank containers onto and at an aft deck area of the tugboat. The
cryogenic tank containers can be transferred onto the deck of the tugboat by any
suitable methods known in the art, for example, by cranes. Figures 15-17 illustrate an
exemplary process of transferring a cryogenic tank container from shore to a tugboat
using cranes. The cryogenic tank container may be transferred onto the deck of a
tugboat with the LNG or CNG contained therein. Alternatively, the cryogenic tank
container may be transferred onto the deck of a tugboat when the tank is empty. In
this embodiment, bunkering of the LNG or CNG to the cryogenic tank container will
take place after the cryogenic tank container is mounted onto the deck of the tugboat.
Figure 18 illustrates an exemplary embodiment of bunkering LNG to a cryogenic tank

container mounted on board a tugboat.
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As shown in Figure 15, the cryogenic tank container (1) has a structural frame (2)
surrounding the external surface of the cryogenic tank container. The structural frame
(2) is provided for protecting the cryogenic tank container against mechanical damage
and for facilitating the transfer of the cryogenic tank container onto the deck of the
tugboat. Once the cryogenic tank container is transferred onto the deck of the tugboat,
the cryogenic tank container is removably mounted on and at the aft deck area of the
tugboat. Any suitable type of securing mechanism can be used to mount the
cryogenic tank containers onto the deck withoul deparling from the scope of the
present invention as long as the securing mechanism allows the tank container to be
easily replaced thereby reducing the bunkering time while providing easy access for
maintenance purposes. After the one or more cryogenic tank containers are mounted
onto the deck, each of the cryogenic tank containers is removably coupled to the air-
tight chamber (3).

The method further includes channeling the LNG or CNG stored in the one or more
cryogenic tank containers to a regasification unit (42) provided below the main deck of
the tugboat. In the embodiment whereby LNG is used, the method comprises passing
the LNG through a vaporizer unit (44) at extremely high pressure to convert the LNG
to natural gaseous form. The gaseous fuel then passes through a gas valve unit
(GVU) to achieve a predetermined pressure before the gaseous fuel is supplied to the
engine.

The method may further include storing the gaseous fuel in a buffer tank (46) after the
LNG is converted to gaseous form, before passing the gaseous fuel through the gas
valve unit (GVU) to the engine of the tugboat. This is to maintain a constant supply of
gaseous fuel to the engine of the tugboat so as not to affect the power performance of

the engine.

In the event of a gas leakage, the method comprises detecting a gas leakage and

shutting off the safety relief valve and propulsion system temporarily.
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In the event that the vent mast riser (54) is damaged, the method comprises detecting
escaped vapour and shutting off the pressure relief valves (91, 92) that lead to the
vent mast riser (54); and opening an auxiliary vent valve (93) that leads to the
temporary elevated vent mast riser (80) (see Figure 9).

The arrangement of the system of the present invention is relatively safe as the
hazardous zones on the deck of the tugboat are limited to the centralize area of the aft
deck of the tugboat. The hazardous zones are kept relatively safe by having the liquid
fuel related equipment, connections and pipelines arranged within the air-tight
chamber. Further advantages of the arrangement and method of the present
invention include a relatively easy method to bunker the liquid fuel as compared to
ship-to shore, ship-to-ship, etc. operations, and the bunkering time is relatively shorter
as compared to the conventional methods. There is no risk of liquid fuel spillage
during bunkering operation and the system also requires less maintenance and
operational costs. The arrangement of the system and method also minimize the
hazardous operations in confined space as the fuel tanks are on the open deck of the
tugboat. The arrangement optimizes the usage of spaces among accommodation,
engine room, fuel system, especially on small vessels such as a tugboat. This
method makes dry docking of the vessel relatively easier as the fuel tanks can be left
at a safe place during dry docking of the vessel. The arrangement of the system and
method of the present invention are suitable for use in places where liquid fuel
bunkering facilities are far from vessel operation region or in places where liquid fuel
bunkering facilities are still under development. The flexibility in the removal of the
fuel tanks allows the fuel tanks to be removed if the vessel is needed to operate in a
non-petroleum harbor areas where carrying dangerous cargo is restricted. The
arrangement of the system of the present invention is also suitable for use in duel fuel
vessels, in which the diesel tanks can be arranged within the hull and the LNG or

CNG fuel tanks can be arranged on the open deck of the vessels.
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The foregoing describes the invention including preferred forms thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be

incorporated within the scope hereof as defined by the accompanying claims.
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Claims

1. An arrangement of a system for providing liquefied natural gas (LNG) or
compressed natural gas (CNG) as fuel to a tugboat, the arrangement comprising:
one or more cryogenic tank containers (1) to be removably mounted on and at
an aft deck area of a tugboat for storing liquefied natural gas (LNG) or compressed
natural gas (CNG), each of the one or more cryogenic tank containers having a
structural frame (2) surrounding the cryogenic tank container;
at least one air-tight chamber (3) provided proximate to the one or more
cryogenic tank containers, wherein the air-tight chamber comprises:
a coupling means (4) for removably coupling the one or more
cryogenic tank containers to the air-tight chamber;
a plurality of vent lines and pipelines in gas or fluid
communication with the one or more cryogenic tank containers;
a plurality of valves (91, 92);
a plurality of vents (6, 10); and
a transfer line (9) for transferring LNG or CNG from the one or
more cryogenic tank containers to an engine of the tugboat; and
wherein the one or more cryogenic tank containers are liquid-tight cryogenic
tank containers and are to be removably mounted on and at the aft deck area of the
tugboat by a securing mechanism (16) that allows easy mounting and removal of the
one or more cryogenic tank containers to and from the tugboat; and
wherein the coupling means, the plurality of vent lines and pipelines, the
plurality of valves, the plurality of vents and the transfer line are encased within the

air-tight chamber.

2. The arrangement according to claim 1, wherein the plurality of vent lines and
pipelines include:

a vapour return line (7); and

a vent mast pipeline (8).
3. The arrangement according to claim 2, wherein the plurality of vent lines and

pipelines further include:
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a bunkering line (5) for connecting the one or more cryogenic tank containers
to a bunker station.

4, The arrangement according to claim 1, wherein the plurality of vents includes:
an inlet air vent (10) for receiving air from outside the air-tight chamber; and
an outlet air vent (6) for releasing air from within the air-tight chamber into the

atmosphere.

5. The arrangement according to claim 1, further comprising:
a vent collector (50), wherein the plurality of vent lines and pipelines are
housed within the vent collector.

6. The arrangement according to claim 5, wherein the vent collector (50) is

provided within the air-tight chamber (3).

7. The arrangement according to claim 2, wherein the vapour return line (7) and
the transfer line (9) extends from the one or more cryogenic tank containers (1) and
into the air-tight chamber (3).

8. The arrangement according to claim 2, further comprising:

a vent mast riser (54) to be provided on the foremast of a tugboat, wherein the
vent mast riser is connected to the vent mast pipeline (8) for releasing pressure in the
cryogenic tank container into the atmosphere when the pressure within the cryogenic

tank container reaches a predetermined level.

9. The arrangement according to claim 8, further comprising:
a temporary vent mast riser (80) attached to the one or more cryogenic tank

containers.

10.  The arrangement according to claim 1, further comprising:
a sensor unit provided proximate the one or more cryogenic tank containers

for detecting escaped vapor from the one or more cryogenic tank containers.
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11. The arrangement according to claim 9, wherein the plurality of valves include
pressure relief valve (91, 92) that is provided along the vent mast pipeline (8) that
leads to the vent mast riser (54) and an auxiliary vent valve (93) that leads to the

temporary vent mast riser (80).

12. The arrangement according to claim 1, wherein the arrangement comprises
two cryogenic tank containers and two air-tight chambers, the two cryogenic tank
containers are positioned parallel to one another, with each of the cryogenic tank

containers removably coupled to one respective cryogenic tank container.

13.  The arrangement according to claim 1, wherein the arrangement comprises
two cryogenic tank containers and one air-tight chamber, the two cryogenic tank
containers are positioned parallel to one another, with each of the cryogenic tank

containers removably coupled to the air-tight chamber.

14.  The arrangement according to claim 1, wherein the air-tight chamber further
comprises:

a spill drip tray (13) for collecting spillage of the liquefied natural gas (LNG)
from the one or more cryogenic tank containers; and

a drainage line (14) for draining spillage collected in the spill drip tray.

15. A method of providing liquefied natural gas (LNG) or compressed natural gas
(CNG) as fuel to a tugboat, the method comprising:

transferring one or more cryogenic tank containers (1) having a structural
frame (2) surrounding the cryogenic tank container onto an open deck of the tugboat;

removably mounting the one or more cryogenic tank containers on and at an
aft deck area of the tugboat;

removably coupling the one or more cryogenic tank containers to at least one
air-tight chamber (3), wherein the air-tight chamber comprises:

a coupling means (4) for removably coupling the one or more

cryogenic tank containers to the air-tight chamber;
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a plurality of vent lines and pipelines in gas or fluid
communication with the one or more cryogenic tank containers;
a plurality of valves (91, 92);
a plurality of vents (6, 10); and
a transfer line (9) for transferring LNG or CNG from the one or
more cryogenic tank containers to an engine of the tugboat;
wherein the coupling means, the plurality of vent lines and pipelines, the
plurality of valves, the plurality of vents and the transfer line are encased within the
air-tight chamber; and
channeling the LNG or CNG stored in the one or more cryogenic tank

containers to an engine room of the tugboat.

16. The method according to claim 15, wherein the plurality of vent lines and
pipelines include:

a vapour return line (7),

a vent mast pipeline (8) connected to a vent mast riser (54); and

a bunkering line (5) for connecting the one or more cryogenic tank containers

to a bunker station.

17.  The method according to claim 15, wherein the plurality of vents includes:
an inlet air vent (10) for receiving air from outside the air-tight chamber; and
an outlet air vent (6) for releasing air from within the air-tight chamber into the

atmosphere.

18.  The method according to claim 16, wherein the plurality of valves includes:

a pressure relief valve (91, 92) that is provided along the vent mast pipeline (8)
that leads to the vent mast riser (54); and

an auxiliary vent valve (93) that leads to a temporary vent mast riser (80).

19.  The method according to claim 18, further comprising:
channeling the LNG to a regasification unit (42) provided in the engine room

below the open deck of the tugboat;
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passing the LNG through a vaporizer unit (44) at high pressure to convert the
LNG to gaseous fuel, and
supplying the gaseous fuel to the engine of the tugboat through a gas valve

unit.

20.  The method according to claim 19, further comprising:
storing the gaseous fuel in a buffer tank (46) before supplying the gaseous fuel

to the engine of the tugboat .

21.  The method according to claim 19, further comprising:

shutting off the plurality of valves when a gas leakage is detected.

22.  The method according to claim 19, further comprising:

detecting escaped vapour,

shutting off the pressure relief valve (91, 92) that leads to the vent mast riser
(54); and

opening the auxiliary vent valve (93) that leads to the temporary vent mast riser
(80).

23.  The method according to claim 15, wherein two cryogenic tank containers and
two air-tight chamber are provided, the two cryogenic tank containers are positioned
parallel to one another, with each of the cryogenic tank containers removably coupled

to one respective cryogenic tank container.

24.  The method according to claim 15, wherein two cryogenic tank containers and
one air-tight chamber are provided, the two cryogenic tank containers are positioned
parallel to one another, with each of the cryogenic tank containers removably coupled

to the air-tight chamber.



