
SHIP FOR BUNKERING LIQUEFIED FUEL GAS TECHNICAL FIELD       The present invention
relates to a ship for bunkering liquefied fuel gas, and more particularly, to a ship for bunkering liquefied
fuel gas to a ship, which uses the liquefied fuel gas as fuel, on the sea. BACKGROUND ART       Until
now, a propulsion engine which uses oil as fuel has been generally used in a merchant ship such as a
container carrier or a passenger ship. Due to the recent oil price increase, however, more and more
ships are employing a propulsion engine which uses liquefied fuel gas, for example, liquefied natural
gas (LNG), liquefied petroleum gas (LPG), or dimethyl ether (DME) which is much cheaper than oil.
Furthermore, since the price of LNG in the summer season is 50% lower than in the winter season,
LNG may be purchased and stored in the summer season. Therefore, LNG has an advantage in terms
of price.       A ship having a liquefied-fuel-gas propulsion engine mounted therein includes a fuel tank
which is filled with liquefied fuel gas before sailing. Currently, however, there are not so many harbors
provided with a liquefied fuel gas storage facility, for example, an LNG terminal. Furthermore, a current
liquefied fuel gas storage facility serves only to transfer liquefied fuel gas stored in a liquefied fuel gas
carrier to the ground. For safety reasons, the liquefied fuel gas storage facility is generally located in a
position remote from a harbor in which a merchant ship such as a container carrier is at anchor in
order for loading and unloading. Therefore, the container carrier should sail to the liquefied fuel gas
storage facility located in a position remote from the harbor in order to refuel.       In general, a lot of
time and efforts are required to anchor a ship. Therefore, moving the ship to a position remote from a
harbor for bunkering may be an unproductive operation which requires a lot of time and efforts and an
additional cost. DISCLOSURE TECHNICAL PROBLEM An embodiment of the present invention is
directed to a ship for bunkering 1 



liquefied fuel gas to a liquefied-fuel-gas propulsion ship on the sea.      Another embodiment of the
present invention is directed to a ship for bunkering liquefied fuel gas, which includes a facility capable
of treating boil-off gas (BOG) produced while supplying liquefied fuel gas. ADVANTAGEOUS
EFFECTS       According to the embodiment of the present invention, fuel may be bunkered to the
liquefied-fuel-gas propulsion ship on the sea by the ship for bunkering liquefied fuel gas. Therefore, a
time and effort required for refueling the liquefied-fuel-gas propulsion ship may be considerably
reduced, and a cost required for bunkering liquefied fuel gas may be reduced. Furthermore, since the
ship for bunkering liquefied fuel gas includes the BOG treatment facility, the liquefied-fuel-gas
propulsion ship does not need to include a facility for treating a large amount of BOG produced during
the liquefied fuel gas supply process. Therefore, it is possible to save a cost of the liquefied-fuel-gas
propulsion ship. BRIEF DESCRIPTION OF THE DRAWINGS       FIG. 1 is a diagram explaining a
case in which a ship for bunkering liquefied fuel gas according to an embodiment of the present
invention supplies fuel to a liquefied-fuelgas propulsion ship on the sea.       FIG. 2 is a flow chart
showing a method for supplying fuel to the liquefied-fuel-gas propulsion ship from the ship for
bunkering liquefied fuel gas according to the embodiment of the present invention.       FIG. 3 is a
diagram explaining a method for treating the BOG produced when the ship for bunkering liquefied fuel
gas according to the embodiment of the present invention supplies liquefied fuel gas.
<DESCRIPTION OF THE SYMBOLS IN MAIN PORTIONS OF THE DRAWINGS> 



10: LNG supply ship 11: LNG storage tank  12: pump 13: fuel supply pipe 14: BOG collection pipe 15:
high-pressure compressor 16: storage tank 17: low-pressure compressor 18: reliquefaction unit 



19: energy consumer 30: LNG propulsion ship 31: LNG fuel tank BEST MODE       According to an
aspect of the present invention, a ship for bunkering liquefied fuel gas to a liquefied-fuel-gas
propulsion ship includes: a liquefied-fuel-gas storage tank installed in the ship; a fuel supply pipe
connected to the liquefied-fuel-gas storage tank and bunkering fuel to the liquefied-fuel-gas propulsion
ship; and a BOG collection pipe collecting BOG produced in a liquefied fuel gas tank of the
liquefied-fuel-gas propulsion ship.       The ship may further include a BOG treatment unit. The BOG
collected through the BOG collection pipe may be treated by the BOG treatment unit.       The BOG
treatment unit may include a vent for discarding the BOG to the air or a gas burner for burning the
BOG.       The BOG treatment unit may include a propulsion engine, a boiler, a gas turbine, or a
generator of the ship, to which the BOG is supplied and consumed.       The BOG treatment unit may
include a storage tank which compresses the BOG collected through the BOG collection pipe at a high
pressure and stores the compressed BOG.       The BOG stored in the storage tank may be consumed
in a propulsion engine, a boiler, a gas turbine, or a generator of the ship. 



The BOG stored in the storage tank may be used as a pressure source which is supplied to the
liquefied-fuel-gas storage tank to supply the liquefied fuel gas of the  liquefied-fuel-gas storage tank to
the liquefied-fuel-gas propulsion ship.       The BOG treatment unit may include a reliquefaction unit
which reliquefies the BOG collected through the BOG collection pipe.       The ship may further include
a branch pipe diverging from the BOG collection pipe and connected to an upper portion of the
liquefied-fuel-gas storage tank. MODE FOR INVENTION       Exemplary embodiments of the present
invention will be described below in more detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different forms and should not be constructed as
limited to the embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the present invention to
those skilled in the art. Throughout the disclosure, like reference numerals refer to like parts
throughout the various figures and embodiments of the present invention.       FIG. 1 is a diagram
explaining a case in which a ship for bunkering liquefied fuel gas according to an embodiment of the
present invention supplies fuel to a liquefied-fuelgas propulsion ship on the sea. FIG. 2 is a flow chart
showing a method for supplying fuel to the liquefied-fuel-gas propulsion ship from the ship for
bunkering liquefied fuel gas according to the embodiment of the present invention.       The
embodiment of the present invention proposes a method in which a ship 10 for bunkering liquefied fuel
gas is provided to directly supply fuel to a liquefied-fuel-gas propulsion ship 30 on the sea. Here, the
liquefied fuel gas may include fuel gas such as LNG, LPG, or DME which is liquefied and stored.
LNG is obtained by liquefying natural gas taken from a gas field and is composed mainly of methane.
When the temperature of LNG is reduced or a pressure is applied to liquefy LNG, the volume of LNG
is reduced to about 1/600. Therefore, LNG has an advantage in terms of spatial efficiency. However,
since the boiling point of LNG is as low as 162 degrees below zero, LNG should be contained in a tank
or container, which is thermally insulated in a special manner, such that the temperature thereof is
maintained to less than the boiling point, when LNG is stored. 



LPG is obtained by applying a relatively low pressure (6-7 kg/cm2) to heavy hydrocarbon and
liquefying the heavy hydrocarbon. The heavy hydrocarbon including two or more carbon atoms may be
obtained when crude oil is taken from an oil field or  refined or when natural gas is taken. When LPG is
liquefied, the volume of LPG is reduced to about 1/250. Therefore, LPG is conveniently stored and
carried compared with LNG. Furthermore, LPG is composed mainly of propane and butane, and may
include small amounts of ethane, propylene, and butylene.       DME, a kind of ether, has a lower
inflammability than LPG and is non-toxic. Since DME contains a large percentage of oxygen, a small
amount of smoke is produced when DME is burned. Therefore, DME has a low environmental load.
Hereinafter, an LNG propulsion ship which uses LNG as fuel among the above-described liquefied fuel
gases will be taken as an example in the following descriptions.       When a ship such as a container
carrier uses LNG as propulsion fuel, a LNG fuel tank 31 needs to be charged with LNG before sailing.
As described above, there are not so many harbors provided with an LNG storage facility (for example,
LNG terminal). Furthermore, although there is an LNG storage facility in a harbor, the LNG storage
facility is located in a position remote from a place where containers are unloaded from a container
carrier, for safety reasons. Therefore, the container carrier should move to the LNG storage facility
remote from the loading and unloading place, in order to refuel. Furthermore, moving the ship to a
position remote from the harbor to refuel the ship may be an unproductive operation which requires a
lot of time and efforts.       In this embodiment of the present invention, an LNG bunkering ship 10
provided with an LNG storage tank 11 directly goes to a place where an LNG propulsion ship 30 is
positioned, and supplies LNG to the LNG propulsion ship 30 on the sea.       Referring to FIG. 2, the
LNG bunkering ship 10 is prepared (step SI). The LNG bunkering ship 10 includes the LNG storage
tank 11 and a fuel supply pipe 13 to supply LNG stored in the LNG storage tank 11 to the LNG
propulsion ship 30.       Next, the LNG storage tank 11 of the LNG bunkering ship 10 is filled with LNG
from the LNG storage facility (step S2). The LNG storage facility may include a floating LNG storage
facility, an LNG carrier ship, or an LNG ground terminal. More specifically, the LNG storage facility
may include LNG-floating production storage offloading (FPSO), an LNG carrier (LNGC), or an LNG
shuttle regasification vessel (SRV).        Then, the LNG bunkering ship 10 approaches the LNG
propulsion ship 30 on the sea (step S3). 



Next, the LNG stored in the LNG storage tank 11 is supplied to the LNG fuel tank  31 of the LNG
propulsion ship 30 (step S4).       While the LNG is supplied, the LNG is evaporated, and thus boil-off
gas (BOG) is generated. Therefore, the method may further include collecting the BOG generated
from the LNG fuel tank 31 of the LNG propulsion ship 30 into the LNG bunkering ship 10 (step S5).
According to the above-described method, while containers are loaded on and unloaded from the LNG
propulsion ship 30, for example, a container carrier, the LNG propulsion ship 30 may be refueled by
the LNG bunkering ship 10 on the sea. Therefore, it is possible to reduce a lot of time and effort
required for refueling the LNG propulsion ship 30. Accordingly, a cost required for bunkering LNG may
decrease.       FIG. 3 is a diagram explaining a method for treating the BOG produced when the LNG
bunkering ship according to the embodiment of the present invention supplies LNG.       The LNG
bunkering ship 10 includes the LNG storage tank 11, the fuel supply pipe 13, a BOG collection pipe
14, and so on. The LNG bunkering ship 10 approaches the LNG propulsion ship 30 on the sea to
supply LNG to the LNG propulsion ship 30.       The LNG stored in the LNG storage tank 11 is supplied
to the LNG fuel tank 31 of the LNG propulsion ship 30 through the fuel supply pipe 13 from the LNG
storage tank 11 by a pressure caused by a pump 12.       The liquefaction temperature of LNG is as
very low as 163 degrees below zero at an ambient pressure. Therefore, even when the temperature of
LNG is slightly higher than degrees below zero at an ambient pressure, the LNG is evaporated. The
LNG storage tank 11 or the LNG fuel tank 31 is thermally insulated. However, since an external heat is
continuously transmitted to the LNG, the LNG stored in the LNG storage tank 11 or the LNG fuel tank
31 is continuously evaporated during the LNG supply process, and BOG is thus produced. In general,
the amount of BOG produced in the LNG storage tank 11 becomes much larger than the amount of
BOG produced in the LNG fuel tank 31 to which the LNG is supplied.       When the BOG is
continuously generated, the pressure of the LNG storage tank 11 or the LNG fuel tank 31 excessively
increases. Therefore, the produced BOG is discharged to the air or burned away. 



For example, a 14000 TEU (Twenty-foot Equivalent Unit) container carrier may include an LNG fuel
tank 31 having a capacity of 15000 m3. When LNG is supplied to the  fuel tank, a considerable amount
of BOG may be produced. For example, 3 ton or more of BOG per hour is produced. Since the BOG is
inflammable gas, it is dangerous to treat the BOG in a merchant ship such as a container carrier.
Furthermore, when the BOG is not utilized as an energy source but is discharged to the air or burned
away, precious energy may be wasted.       Therefore, the LNG bunkering ship 10 according to the
embodiment of the present invention includes a unit for collecting the BOG produced from the LNG
propulsion ship 30 during the LNG supply process.       The BOG produced from the LNG fuel tank 31
of the LNG propulsion ship 30 is collected through a BOG collection pipe 14 installed in the LNG
bunkering ship 10. The BOG collection pipe 14 is connected to an upper portion of the LNG fuel tank
31 of the LNG propulsion ship 30.       A part of the BOG collected through the BOG collection pipe 14
may be supplied to an upper portion of the LNG storage tank 11 through a branch pipe 14a. As the
LNG supply is performed, the pressure inside the LNG storage tank 11 continuously decreases, and
the pressure inside the LNG fuel tank 31 continuously increases. Therefore, unless the pressure
applied by the pump 12 is gradually increased, the LNG supply is not performed smoothly. The
decrease of the pressure inside the LNG storage tank 11 is compensated by the BOG supplied
through the branch pipe 14a. Therefore, when the branch pipe 14a diverging from the BOG collection
pipe 14 is connected to the upper portion of the LNG storage tank 11, the pressure inside the LNG
storage tank 11 may be supplemented to perform the LNG supply smoothly.       The BOG collected
through the BOG collection pipe 14 is treated by a BOG treatment unit. The BOG treatment unit
includes a variety of components capable of treating BOG, which are well-known to those skilled in the
art.       The BOG treatment unit may include a vent for discharging BOG to the air or a gas burner for
burning BOG. The gas burner may include a gas combustion unit (GCU) or a flare tower. The reason
that the BOG is collected into the LNG bunkering ship 10 and discharged to the air or burned away is
that it is not easy to install a BOG pipe in the LNG propulsion ship 30 such as a container carrier
because cargoes are loaded on the LNG propulsion ship 30. Furthermore, since the BOG is an
inflammable gas, an unexpected fire or explosion may occur. The BOG treatment unit may be an
energy consumer 19 installed in the LNG  



bunkering ship 10 to consume the BOG collected through the BOG collection pipe 14. The energy
consumer 19 is a component capable of using the BOG as an energy source. For example, the energy
consumer 19 may include an LNG propulsion engine, a boiler, a gas turbine, a generator and so on,
which are installed in the LNG bunkering ship 10. As a propulsion engine of the LNG bunkering ship
10, an engine using LNG as fuel may be installed. Such an engine may include art ME-GI engine. The
BOG may be compressed by a high-pressure compressor 15 and then used as fuel by the LNG
propulsion engine. Furthermore, the BOG may be compressed by a low-pressure compressor 17 and
then supplied to a power generation engine, for example, a dual fuel diesel electric (DFDE) engine or
gas turbine to generate electricity. Furthermore, the BOG may be supplied to the boiler and then used
as a heat source. When the BOG is supplied to such an energy consumer 19, the BOG may be
compressed by the high-pressure compressor 15 or the low-pressure compressor 17 depending on a
required pressure.       The BOG treatment unit may include a storage tank 16 for storing the BOG
which is collected through the BOG collection pipe 14 and compressed at a high pressure by the
high-pressure compressor 15. The BOG stored in the storage tank 16 may be used for various
purposes. For example, the BOG may be transferred to the LNG propulsion engine and then used as
fuel. In this case, the BOG may be decompressed while passing through a valve 21, and then
transferred to the energy consumer 19. Furthermore, the BOG may be supplied to the LNG storage
tank 11 and then used as a pressure source for supplying the LNG of the LNG storage tank to the
LNG propulsion ship. In this case, the LNG in the storage tank 11 may be supplied to the LNG fuel
tank 31 only by the pressure of the BOG stored in the storage tank 16, without supplementing the
pressure of the pump 12 or using the pump 12.        The BOG treatment unit may include a
reliquefaction unit 18 for reliquefying the BOG collected through the BOG collection pipe 14. The
reliquefied LNG may be retransferred to the LNG storage tank 11. In this case, the BOG may pass
through the low-pressure compressor 17.        As described above, when the LNG bunkering ship 10
supplies LNG to the LNG propulsion ship 30, BOG may be produced, and the produced BOG may be
collected by the BOG collection pipe 14. Then, the BOG treatment unit treats the collected BOG
through a variety of methods. This is because it is not easy to treat the BOG in the LNG propulsion
ship 30 and an unexpected situation may occur.        After the BOG is collected into the LNG
bunkering ship 10, the collected BOG may be discarded to the air or burned away. Furthermore, the
BOG may be supplied to the LNG storage tank 11 through the branch pipe 14a diverging from the
BOG collection pipe 14, and may supplement the pressure inside the LNG storage tank 11 which is
reduced while the LNG is supplied. Furthermore, the BOG may be used as an energy source of the
energy consumer 19. In addition, the BOG may be compressed at a high pressure, stored in the
storage tank 16, and used later.       As the BOG produced during the LNG bunkering process is
collected into the LNG bunkering ship 10 and treated by the BOG treatment unit, the LNG propulsion
ship 30 does not need to include a facility for treating BOG, or may be designed to include only a BOG
treatment facility having a capacity of treating a relatively small amount of BOG which is normally
produced. Furthermore, since the collected BOG may be used as an energy source or stored and
used later, it is possible to effectively utilize an energy source which may be discarded.       While the
present invention has been described with respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications may be made without departing from the
spirit and scope of the invention as defined in the following claims.  CLAIMS: 



1. A ship for bunkering liquefied fuel gas to a liquefied-fuel-gas propulsion ship, the ship comprising: a
liquefied-fuel-gas storage tank installed in the ship;       a fuel supply pipe connected to the
liquefied-fuel-gas storage tank and supplying fuel to the liquefied-fuel-gas propulsion ship; and       a
boil-off gas (BOG) collection pipe collecting BOG produced in a liquefied fuel gas tank of the
liquefied-fuel-gas propulsion ship.     2. The ship according to claim 1, further comprising a BOG
treatment unit, wherein the BOG collected through the BOG collection pipe is treated by the BOG
treatment unit.        3. The ship according to claim 2, wherein the BOG treatment unit comprises a vent
for discarding the BOG to the air or a gas burner for burning the BOG.        4. The ship according to
claim 2, wherein the BOG treatment unit comprises a propulsion engine, a boiler, a gas turbine, or a
generator of the ship, to which the BOG is supplied and consumed.        5. The ship according to claim
2, wherein the BOG treatment unit comprises a storage tank which compresses the BOG collected
through the BOG collection pipe at a high pressure and stores the compressed BOG.        6. The ship
according to claim 5, wherein the BOG stored in the storage tank is consumed in a propulsion engine,
a boiler, a gas turbine, or a generator of the ship.        7. The ship according to claim 5, wherein the
BOG stored in the storage tank is supplied to the liquefied-fuel-gas storage tank and used as a
pressure source for bunkering the liquefied fuel gas of the liquefied-fuel-gas storage tank to the
liquefied-fuelgas propulsion ship. 



8.The ship according to claim 2, wherein the BOG treatment unit comprises a  reliquefaction unit which
reliquefies the BOG collected through the BOG collection pipe.       9. The ship according to claim 1,
further comprising a branch pipe diverging from the BOG collection pipe and connected to an upper
portion of the liquefied-fuel-gas storage tank. 


