[DESCRIPTION]
[ Invention Title]

RELIQUEFACTION SYSTEM FOR BOIL OFF GAS

[ Technical Field]
[1] The present invention relates to a system for reliquefying a boil off gas, and
more particularly, to a system for reliquefying a boil off gas and simultaneously
compressing the boil off gas to provide the compressed boil off gas to an engine

using the boil off gas as fuel, or the like.

[Background Art]
[2] A liquefied natural gas (LNG) is obtained by refining natural gas collected
from a gas field and subsequently liquefying the refined gas. A main ingredient of
the LNG is methane and is liquefied at -163°C at normal pressure. As demand for
energy is on the rise and techniques for collecting and transporting the LNG have
advanced, development of the LNG in medium and small maritime gas fields, which
were conventionally considered to have low marketability, has actively been made.
[3] The LNG, about 1/600 in volume, compared with that in a gaseous state, is
appropriate for transportation. = However, the LNG is easily evaporated at
temperatures higher than -163C, and thus, a storage tank having a heat insulation
device is required to transport the LNG.
[4] However, in spite of the presence of the heat insulation device, perfect
insulation against the exterior is impossible and the LNG continues to be evaporated
within the storage tank storing the LNG, and here, the evaporated LNG is called a
boil-off gas (BOG).
[5] Continuous accumulation of the boil off gas within the storage tank
increases internal pressure of the storage tank to degrade stability of the storage tank
and, movement of the storage tank due to a sea environment may accelerate
generation of the boil off gas. Thus, facilities for reliquefying the boil off gas

generated within the storage tank are required.
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[Disclosure]

[ Technical Problem]
[6] A method for reliquefying a boil off gas may include a method for
reliquefying a boil off gas by heat-exchanging it with a separate coolant and a
method for reliquefying the boil off gas using the boil off gas itself as a coolant
without using any additional coolant. In particular, a system employing the method
for reliquefying the boil off gas using the boil off gas itself as a coolant is called a
partial reliquefaction system (PRS).
[7] The PRS includes a compressor compressing a boil off gas discharged from
a storage tank, and here, an amount of boil off gas which can be reliquefied may be
determined according to capacity of the compressor. Thus, the related art PRS may
not be able to immediately treat the boil off gas due to a limitation in capacity of the
COMpressor.
[8] An object of the present invention is to provide a reliquefaction system for
a boil off gas, capable of exhibiting enhanced reliquefaction performance, compared

with the existing reliquefaction system.

[ Technical Solution]
[9] According to an exemplary embodiment of the present invention, a system
for reliquefying a boil off gas generated in a storage tank includes: a first
compressor compressing a partial amount (hereinafter, referred to as ‘fluid a”) of
boil off gas discharged from the storage tank; a second compressor compressing
another partial amount (hereinafter, referred to as ‘fluid b’) of boil off gas
discharged from the storage tank; a second expanding unit expanding a partial
amount (hereinafter, referred to as  ‘fluid ¢”) of a flow formed as the fluid a and the
fluid b join; a heat-exchanger cooling another partial amount (hereinafter, referred to
as ‘fluid d’) of the flow formed as the fluid a and the fluid b join; and a first
expanding unit expanding the fluid d cooled by the heat-exchanger, wherein the
heat-exchanger heat-exchanges the fluid d with the fluid c as a coolant expanded by

the second expanding unit to cool the fluid d.
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[10] The system may further include: a cold heat collecting unit heat-exchanging
the fluid d with the boil off gas discharged from the storage tank, as a coolant, to
cool the fluid d.

[11] The fluid d may be primarily cooled in the cold heat collecting unit,
secondarily cooled by the heat-exchanger, and subsequently expanded by the first
expanding unit so as to be reliquefied.

[12] The fluid ¢ may be supplied to the second expanding unit by way of the
heat-exchanger, and the heat-exchanger may heat-exchange the fluid ¢ before
passing through the second expanding unit, the fluid ¢ after passing through the
second expanding unit, and the fluid d.

[13] The fluid ¢ which has passed through the second expanding unit and the
heat-exchanger may join the boil off gas discharged from the storage tank.

[14] The system may further include: a vapor-liquid separator separating a
reliquefied liquefied natural gas (LNG) and a boil off gas remaining in a gaseous
state in the fluid d which has passed through the first expanding unit, wherein the
LNG separated by the vapor-liquid separator may be sent to the storage tank, and the
boil off gas separated by the vapor-liquid separator may join the boil off gas
discharged from the storage tank.

[15] In the flow formed as the fluid a and the fluid b join, a remaining flow
excluding the fluid c and the fluid d may be sent to a fuel consumer.

[16] The first compressor and the second compressor may compress the boil off

gasto 1 to 10 Megapascal (10 to 100 bar).

[ Advantageous Effects]
[17] As described above, the system for reliquefying a boil off gas has the
following advantages and effects.
[18] First, since the boil off gas primarily cooled by the cold heat collecting unit
is decompressed through an additional cooling process by the heat-exchanger,
compared with the existing PRS, reliquefaction efficiency and reliquefaction amount

may be increased. In particular, most or all of the remaining boil off gas may be
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reliquefied without using a refrigerating cycle using a separate coolant, obtaining
economical efficiency.

[19] Second, since the boil off gases respectively compressed by the two
compressors installed in parallel join to be used as a coolant of the heat-exchanger, a
flow rate of the boil off gas used as the coolant in the heat-exchanger may be
increased, further increasing reliquefaction efficiency and reliquefaction amount.
[20] Third, the use of the already installed redundancy compressor to increase
reliquefaction efficiency and reliquefaction amount contributes to securing space in
a ship and reduces cost for installation of an additional compressor.

[21] Fourth, a flow rate of a coolant and supply of cold heat may be flexibly
controlled according to a discharge amount of boil off gas, an engine load based on a

speed of a ship, and the like.

[Description of Drawings]
[22] FIG. 1 is a schematic block diagram illustrating a configuration of a system
for reliquetying a boil off gas according to an exemplary embodiment of the present

invention.

[Best Mode]

[23] Hereinafter, an exemplary embodiment of the present invention will be
described with reference to the drawings. The following description relates to an
exemplary embodiment of the present invention, but it will be obvious to those
skilled in the art that the present invention is not limited to an exemplary
embodiment to be described below, but may be implemented in several forms
different from a form mentioned in the following description without departing from
the spirit and scope of the present invention. Thus, the scope of the present
invention is defined by only claims.

[24]

[25] FIG. 1 is a schematic block diagram illustrating a configuration of a system

for reliquefying a boil off gas according to an exemplary embodiment of the present
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invention. In present exemplary embodiment, a boil off gas generated as a
liquefied natural gas (LNG) is vaporized will be described as an example, but the
present disclosure may also be applied to a boil off gas generated as a liquefied
petroleum gas (LPQG), or the like, is vaporized.

[26] Referring to FIG. 1, the system for reliquefying a boil off gas according to
an exemplary embodiment of the present invention includes a storage tank 1 storing
an LNG, a cold heat collecting unit 10 installed on a downstream side of the storage
tank 1, and a first compressor 20 and a second compressor 22 installed on a
downstream side of the cold heat collecting unit 10.

[27] A boil off gas discharged from the storage tank 1 is supplied to a fuel
consumer 80 through a boil off gas supply line L1. The cold heat collecting unit 10
is installed in the boil off gas supply line L1 to collect cold heat from the boil off gas
immediately after the boil off gas is discharged from the storage tank 1. The cold
heat collecting unit 10 receives the boil off gas discharged from the storage tank 1 or
a flow formed as the boil off gas discharged from the storage tank 1 and a boil off
gas discharged from a vapor-liquid separator 70 (to be described hereinafter) join.
[28] The first compressor 20 and the second compressor 22 compress the boil
off gas discharged from the cold heat collecting unit 10. The first compressor 20
and the second compressor 22 are installed in parallel and may have the same
performance. Also, the second compressor 22 may be a compressor for satisfying
redundancy design of the first compressor 20.

[29] The first compressor 20 is installed on the boil off gas supply line L1, and
the second compressor 22 is installed on a redundancy line L2. The redundancy
line L2 is branched from the boil off gas supply line L1 on an upstream side of the
first compressor 20 and connected to the boil off gas supply line L1 on a
downstream side of the first compressor 20.

[30] Meanwhile, in FIG. 1, two compressors are illustrated, but this is merely
illustrative and three or more compressors may be installed in parallel. The first
compressor 20 and the second compressor 22 may compress a boil off gas to 10 to

100 bar.



[31] The system for reliquefying a boil off gas according to present exemplary
embodiment may include a first cooler 30 installed on the evaporation gas supply
line L1 on a downstream side of the first compressor 20 and a second cooler 32
installed on the redundancy line L2 on a downstream side of the second compressor
22. The first cooler 30 may cool a boil off gas compressed by the first compressor
20, and the second cooler 32 cools a boil off gas compressed by the second
compressor 22. The first cooler 30 and the second cooler 32 may cool the boil off
gases through heat exchange with seawater, pure water, or air introduced from the
outside.

[32] The first compressor 20 and the second compressor 22 may be multi-stage
compressors. In case where the first compressor 20 and the second compressor 22
are multi-stage compressors, a plurality of compression cylinders may be installed in
series within each of the first compressor 20 and the second compressor 22, and a
cooler is installed on a rear stage of each of the plurality of compression cylinders,
and thus, the plurality of compression cylinders and the plurality of coolers may be
alternately installed.

[33] The system for reliquefying a boil off gas of the present exemplary
embodiment includes a first expanding unit 50. The first expanding unit 50 is
installed on a downstream side of a heat-exchanger 40 to expand a boil off gas
cooled by the heat-exchanger 40.

[34] The system for reliquefying a boil off gas of present exemplary
embodiment may include the vapor-liquid separator 70. The vapor-liquid separator
70 is installed on a downstream side of the first expanding unit 50 and separates an
LNG which is expanded and reliquefied by the first expanding unit 50 and a boil off
gas which remains in a gaseous state.

[35] The first expanding unit 50 may include any unit which is able to expand a
boil off gas. For example, the first expanding unit 50 may be Joule-Thomson valve
or an expander.

[36] The first expanding unit 50 and the vapor-liquid separator 70 are installed

on a boil off gas returning line L3. The boil off gas returning line L3 is branched
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from the boil off gas supply line L1 on a downstream side of the first compressor 20
and the second compressor 22, sequentially passes through the cold heat collecting
unit 10, the heat-exchanger 40, and the first expanding unit 50, and is connected to
the storage tank 1.

[37] A partial amount of the flow formed as the boil off gas compressed by the
first compressor 20 and the boil off gas compressed by the second compressor 22
join is supplied to the cold heat collecting unit 10 along the boil off gas returning
line L3, and the boil off gas supplied to the cold heat collecting unit 10 along the
boil off gas returning line L3 is heat-exchanged with the boil off gas discharged
from the storage tank 1 and supplied to the cold heat collecting unit 10 along the boil
off gas supply line L1, so as to be cooled.

[38] In case where the present exemplary embodiment includes the vapor-liquid
separator 70, the LNG separated by the vapor-liquid separator 70 is returned to the
storage tank 1 along the boil off gas returning line L3, and the boil off gas in a
gaseous state separated by the vapor-liquid separator 70 is supplied to the cold heat
collecting unit 10 along a gas mixing line L4. The boil off gas supplied to the cold
heat collecting unit 10 along the gas mixing line L4 joins the boil off gas discharged
from the storage tank 1 and is used as a coolant in the cold heat collecting unit 10.
[39] The system for reliquefying a boil off gas of the present exemplary
embodiment disclosure includes the heat-exchanger 40 and a second expanding unit
60. The heat-exchanger 40 is installed on a downstream side of the first
compressor 20 and the second compressor 22 and on an upstream side of the first
expanding unit 50 and additionally cools the boil off gas which has primarily been
cooled when passing through the cold heat collecting unit 10 along the boil off gas
returning line L3. In order for the heat-exchanger 40 to additionally cool the boil
off gas, the flow formed as the boil off gas compressed by the first compressor 20
and the boil off gas compressed by the second compressor join is supplied to the
heat-exchanger 40 along a re-circulation line L5 and used as a coolant.

[40] The re-circulation line L5 is branched from the boil off gas supply line L1

on the downstream side of the first compressor 20 and the second compressor 22,
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passes through the second expanding unit 60 and the heat-exchanger 40, and is
connected to the boil off gas supply line L1 on an upstream side of the first
compressor 20 and the second compressor 22.

[41] The second expanding unit 60 is installed on the re-circulation line L5. A
partial amount of the flow formed as the boil off gas compressed by the first
compressor 20 and the boil off gas compressed by the second compressor 22 join is
supplied to the second expanding unit 60 along the re-circulation line L5 and
decompressed by the second expanding unit 60 so as to be lowered in temperature.
[42] The boil off gas lowered in temperature by the second expanding unit 60 is
supplied to the heat-exchanger 40 and used as a coolant to heat-exchange and cool
one or more of a fluid which passes through the cold heat collecting unit 10 and is
subsequently supplied to the heat-exchanger 40 along the boil off gas returning line
L3 and a fluid which is supplied to the heat-exchanger 40 along the re-circulation
line L5 before being supplied to the second expanding unit 60.

[43] That is, a partial amount of the flow formed as the boil off gas compressed
by the first compressor 20 and the boil off gas compressed by the second compressor
22 join is primarily heat-exchanged in the heat-exchanger 40 and expanded by the
second expanding unit 60, and sent back to the heat-exchanger 40 so as to be
secondarily heat-exchanged, along the re-circulation line LS.

[44] The system for reliquefying a boil off gas of the present exemplary
embodiment includes the fuel consumer 80 which receives a partial amount of the
flow formed as the boil off gas compressed by the first compressor 20 and the boil
off gas compressed by the second compressor 22 join, and uses the same as fuel.
The fuel consumer 80 may be an engine, a generator, or the like, which is driven by
a boil off gas as fuel, and in particular, the fuel consumer 80 of the present
exemplary embodiment may be an X-DF engine using a natural gas at pressure of
about 16 bar as fuel.

[45]

[46] In order to easily describe an operation of the system for reliquefying a boil

off gas of the present exemplary embodiment, a main flow of a fluid will be defined.
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Hereinafter, the boil off gas discharged from the storage tank 1 or a flow formed as
the boil off gas discharged from the storage tank 1 and the boil off gas in a gaseous
state separated by the vapor-liquid separator 70 join will be referred to as a first flow
100, a flow formed as the first flow 100 is bifurcated after passing through the cold
heat collecting unit 10, supplied to the first compressor 20 or the second compressor
22, and join again so as to be supplied to the fuel consumer 80 will be referred to as
a second flow 102, a flow branched from the second flow 102 on a downstream side
of the first compressor 20 and the second compressor 22 and supplied to the heat-
exchanger 40 will be referred to as a third flow 104, a flow branched from the
second flow 102 on a downstream side of the first compressor 20 and the second
compressor 22 and supplied to the cold heat collecting unit 10 will be referred to as
a fourth flow 106, and a flow formed as the fourth flow 106 passes through the cold
heat collecting unit 10 and is supplied to the heat-exchanger 40 will be referred to as
a fifth flow 108. The first flow 100 turns to the second flow 102 as it passes
through the cold heat collecting unit 10, and the fourth flow 106 turns to the fifth
flow 108 as it passes through the cold heat collecting unit 10.

[47] The system for reliquefying a boil off gas of the present exemplary
embodiment includes a plurality of valves controlling a flow rate of a fluid in a
liquid or gaseous state flowing in each line. Valves may be installed on the boil off
gas supply line L1 on the upstream side of the first compressor 20, on the
redundancy line L2 on the upstream side of the second compressor 22, on the boil
off gas supply line L1 on the downstream side of the first compressor 20 (on the
downstream side of the first cooler 30 in case where the present exemplary
embodiment includes the first cooler 30), on the redundancy line L2 on the
downstream side of the second compressor 22 (on the downstream side of the
second cooler 32 in case where the present exemplary embodiment includes the
second cooler 32), on the re-circulation line L5 branched from the boil off gas
supply line L and connected to the heat-exchanger 40, on the boil off gas returning
line L4 branched from the boil off gas supply line L1 and connected to the cold heat
collecting unit 10, on the boil off gas returning line L3 in which the LNG separated
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by the vapor-liquid separator 70 is sent to the storage tank 1, and on the gas mixing
line L4 in which the natural gas in a gaseous state separated by the vapor-liquid
separator 70 is supplied to the cold heat collecting unit 10, respectively.

[48] The valves of the present exemplary embodiment control a flow rate of a
fluid in a liquid or gaseous state according to conditions and situations such as a
discharge amount of a boil off gas discharged from the storage tank 1, a supply
amount of a boil off gas required for the fuel consumer 80, or the like.

[49] Hereinafter, an operation of the system for reliquefying a boil off gas
according to an exemplary embodiment of the present invention will be described in
detail with reference to FIG. 1.

[50] A boil off gas generated within the storage tank 1 is discharged from the
storage tank 1 and supplied to the cold heat collecting unit 10. The boil off gas
discharged from the storage tank 1 joins a boil off gas in a gaseous state separated
by the vapor-liquid separator 70 to form the first flow 100.

[51] Meanwhile, the cold heat collecting unit 10 may collect cold heat of the
first flow 100 to cool other boil off gas. The cold heat collecting unit 10 collects
cold heat of the first flow 100 and sends the cold heat to a flow supplied back to the
cold heat collecting unit 10, i.e., the fourth flow 106, in the second flow 102 pressed
while passing through the compressors 20 and 22. In the cold heat collecting unit
10 the first flow 100 and the fourth flow 106 are heat-exchanged and the first flow
100 is heated and the fourth flow 106 is cooled. The first flow 100 heated by the
cold heat collecting unit 10 turns to the second flow 102 and the fourth flow 106
cooled by the cold heat collecting unit 10 turns to the fifth flow 108.

[52] The second flow 102 passing through the cold heat collecting unit 10 is
bifurcated and supplied to the first compressor 20 or the second compressor 22.
Pressure by which the first compressor 20 and the second compressor 22 compress
the boil off gas may be varied according to pressure required for the fuel consumer
80. For example, in case where the fuel consumer 80 is an engine for propelling a
ship and required pressure of boil off gas is 10 to 100 bar, the first compressor 20

and the second compressor 22 may each compress the boil off gas to 10 to 100 bar.
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[53] Meanwhile, in case where an amount of cold heat required for
reliquefaction is changed according to an amount of boil off gas discharged from the
storage tank 1 or an amount of boil off gas required for the fuel consumer 80 is
changed, only some or all of the plurality of compressors 20 and 22 may be actuated
accordingly.

[54] For example, if processing is possibly performed by operating only some of
the plurality of compressors 20 and 22 in consideration of an amount of boil off gas
to be reliquefied and an amount of boil off gas to be supplied to the fuel consumer
80, the boil off gas is supplied only to some of the plurality of compressors 20 and
22 by opening or closing valves installed on the upstream side and the downstream
side of the compressors 20 and 22.

[55] If, however, processing is possibly performed by operating all the plurality
of compressors 20 and 22 in consideration of an amount of boil off gas to be
reliquefied and an amount of boil off gas to be supplied to the fuel consumer 80, the
boil off gas is supplied to all of the plurality of compressors 20 and 22 by opening
all the valves installed on the upstream side and the downstream side of the
compressors 20 and 22.

[56] When all the compressors 20 and 22 are driven, cold heat required for
reliquefying the boil off gas may be additionally supplied, compared with the case of
driving only some of the plurality of compressors 20 and 22, increasing
reliquefaction efficiency and reliquefaction amount.

[57] Some of the plurality of compressors of the present disclosure may be
compressors for redundancy. For example, as illustrated in FIG. 1, when the
present exemplary embodiment includes two compressors 20 and 22, any one of the
two compressors may be a compressor for redundancy.

[58] The redundancy compressor is a compressor installed in preparation for a
case where a main compressor is broken down, and in general, the redundancy is
essential according to regulations for ships. The redundancy compressor is
required to replace the main compressor, and thus, the redundancy compressor may

have the same specifications as those of the main compressor in most cases.
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[59] However, since the redundancy compressor operates only in the event of an
emergency when the main compressor is broken down, provision of the redundancy
compressor may be ineffective in terms of installation cost for the redundancy
compressor or in consideration of space of a ship occupied by the redundancy
COmpressor.

[60] In the present exemplary embodiment, some of the plurality of compressors
are configured as redundancy compressors in the system for reliquefying a boil off
gas, and thus, the redundancy compressors, which are to be essentially installed in
the related art but are rarely used, may be utilized.

[61] In addition, according to the system for reliquefying a boil off gas of the
present exemplary embodiment, capacity of the compressors may be reduced,
compared with the related art.

[62] An amount of boil off gas generated within the storage tank is increased as
an amount of the LNG gas within the storage tank is increased. Thus, while a ship
is heading toward an area of production of the LNG, the storage tank is almost
empty, and thus, a generation amount of boil off gas is small, and while the ship is
loaded with an LNG in the area of production and heads toward an area of
consumption, the storage tank is almost full, and thus, a generation amount of boil
off gas is large.

[63] Also, when a speed of the ship is high, an amount of fuel required for an
engine is increased, increasing consumption of the boil off gas, and when the speed
of the ship is low, an amount of fuel required for the engine is reduced, reducing
consumption of the boil off gas.

[64] That is, an amount of boil off gas to be reliquefied is varied according to
amounts of the LNG within the storage tank, speeds of the ship, and the like, and
thus, in configuring the system for reliquefying a boil off gas, capacity of the main
compressor is set to cope with a situation in which a generation amount of boil off
gas is the largest and consumption of the boil off gas is smallest, that is, a situation
in which boil off gas to be reliquefied is the largest, and capacity of the redundancy

compressor is set according to capacity of the main compressor.
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[65] However, unlike the related art, according to the system for reliquefying a
boil off gas of the present exemplary embodiment, the main compressor does not
treat the entirety of the boil off gas and both the redundancy compressor and the
main compressor are driven to treat the boil off gas when an amount of boil off gas
to be reliquefied exceeds a determined numerical value. Thus, a main compressor
having smaller capacity may be installed, and since the main compressor having
smaller capacity is installed, a redundancy compressor having smaller capacity may
be installed. Installation of the main compressor and redundancy compressor
having smaller capacity may solve the problem of securing space of a ship and cost.
[66] In the present exemplary embodiment, the first compressor 20 may be a
main compressor and the second compressor may be a redundancy compressor.

[67] Meanwhile, the second flow 102 formed as the boil off gas compressed by
the first compressor 20 and the boil off gas compressed by the second compressor 22
join is supplied to the fuel consumer 80, the fourth flow 106 which is a portion
branched from the second flow 102 formed as the boil off gas compressed by the
first compressor 20 and the boil off gas compressed by the second compressor 22
join is supplied to the cold heat collecting unit 10, and the third flow 104, which is
another portion branched from the second flow 102 formed as the boil off gas
compressed by the first compressor 20 and the boil off gas compressed by the
second compressor 22 join is supplied to the heat-exchanger 40.

[68] The system for reliquefying a boil off gas according to the present
exemplary embodiment is particularly advantageous when the compressors 20 and
22 compress the boil off gas to relatively low pressure. In the case of compressing
boil off gas to high pressure of about 100 bar or higher than 100 bar by the
compressors, although the boil off gas, which is to undergo a reliquefaction process
along the evaporation gas returning line L3, simply undergoes the process of cooling
by the cold heat collecting unit 10 and expanding by the first expanding unit 50,
relatively excellent reliquefaction efficiency may be obtained. However, in the
case of compressing the boil off gas to low pressure below 100 bar, in particular, to

low pressure of about 10 bar, by the compressor, only cooling by the cold heat
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collecting unit 10 may not obtain desirable reliquefaction efficiency and
reliquefaction amount.

[69] According to the system for reliquefying a boil off gas of the present
exemplary embodiment, since the boil off gas primarily cooled by the cold heat
collecting unit 10 is additionally cooled by the heat-exchanger 40 and subsequently
expanded by the first expanding unit 50, reliquefaction efficiency and reliquefaction
amount of the boil off gas may be enhanced.

[70] The third flow 104 partially branched from the second flow 102 may
directly be sent to the second expanding unit 60 or may be sent to the second
expanding unit 60 by way of the heat-exchanger 40. The third flow 104
decompressed and cooled by the second expanding unit 60 is supplied to the heat-
exchanger 40 and used as a coolant.

[71] In case where the third flow 104 is sent to the second expanding unit 60 by
way of the heat-exchanger 40, the third flow 104 primarily supplied to the heat-
exchanger 40 is decompressed and cooled in the second expanding unit 60 and
subsequently heat-exchanged with the third flow 104 supplied to the heat-exchanger
40 so as to be cooled. The third flow 104 passing through the second expanding
unit 60 and the heat-exchanger 40 is sent back to the upstream side of the
compressors 20 and 22 to join the second flow 102.

[72] The fourth flow 106 heat-exchanged with the first flow 100 so as to be
cooled in the cold heat collecting unit 10 turns to the fifth flow 108 and is supplied
to the heat-exchanger 40. The fifth flow 108 supplied to the heat-exchanger 40 is
heat-exchanged with the third flow 104 which has been expanded by the second
expanding unit 60.

[73] The fifth flow 108 cooled by the heat-exchanger 40 is decompressed and
cooled through the first expanding unit 50 so as to be partially or entirely reliquefied.
When the present exemplary embodiment includes the vapor-liquid separator 70, the
LNG reliquefied through the first expanding unit 50 and the boil off gas remaining
in a gaseous state are separated by the vapor-liquid separator 70, the LNG separated

by the vapor-liquid separator 70 is sent to the storage tank 1, and the boil off gas in a
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gaseous state separated by the vapor-liquid separator 70 is supplied back to the cold
heat collecting unit 10 to repeat the foregoing processes.

[74]

[75] Although the exemplary embodiment of the present invention has been
described hereinabove, the abovementioned exemplary embodiment may be
modified and applied in several other manners by those skilled in the art without

departing from the spirit and scope of the present invention as defined in the claims.
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[CLAIMS]

[Claim 1]

A system for reliquefying a boil off gas generated in a storage tank
comprising:

a first compressor compressing a partial amount (hereinafter, referred to as
‘fluid a’) of boil off gas discharged from the storage tank;

a second compressor compressing another partial amount (hereinafter,
referred to as ‘fluid b”) of boil off gas discharged from the storage tank;

a second expanding unit expanding a partial amount (hereinafter, referred to
as ‘fluid ¢’) of a flow formed as the fluid a and the fluid b join;

a heat-exchanger cooling another partial amount (hereinafter, referred to as
‘fluid d’) of the flow formed as the fluid a and the fluid b join; and

a first expanding unit expanding the fluid d cooled by the heat-exchanger,

wherein the heat-exchanger heat-exchanges the fluid d with the fluid c as a

coolant expanded by the second expanding unit to cool the fluid d.

[Claim 2]
The system of claim 1, further comprising a cold heat collecting unit heat-
exchanging the fluid d with the boil off gas discharged from the storage tank, as a

coolant, to cool the fluid d.

[Claim 3]
The system of claim 2, wherein the fluid d is primarily cooled in the cold
heat collecting unit, secondarily cooled by the heat-exchanger, and subsequently

expanded by the first expanding unit so as to be reliquefied.

[Claim 4]
The system of any one of claims 1 to 3, wherein the fluid c is supplied to the

second expanding unit by way of the heat-exchanger, and the heat-exchanger heat-
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exchanges the fluid ¢ before passing through the second expanding unit, the fluid ¢

after passing through the second expanding unit, and the fluid d.

[Claim 5]
The system of any one of claims 1 to 3, wherein the fluid ¢ which has
passed through the second expanding unit and the heat-exchanger joins the boil off

gas discharged from the storage tank.

[Claim 6]
The system of claim 4, wherein the fluid ¢ which has passed through the
second expanding unit and the heat-exchanger joins the boil off gas discharged from

the storage tank.

[Claim 7]

The system of claim 6, further comprising a vapor-liquid separator
separating a reliquefied liquefied natural gas (LNG) and a boil off gas remaining in a
gaseous state in the fluid d which has passed through the first expanding unit,

wherein the LNG separated by the vapor-liquid separator is sent to the
storage tank, and the boil off gas separated by the vapor-liquid separator joins the
boil off gas discharged from the storage tank.

[Claim 8]
The system of claim 6, wherein, in the flow formed as the fluid a and the
fluid b join, a remaining flow excluding the fluid ¢ and the fluid d is sent to a fuel

consumer.

[Claim 9]
The system of claim 8, wherein the first compressor and the second

compressor compress the boil off gas to 1 to 10 Megapascal (10 to 100 bar).
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