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(57) Abstract: An object is to provide an LNG production system including a boil off gas recondenser that can recondense boil off
gas without using a BOG compressor and without depending on an LNG liquefaction process. An LNG production system includes
a liquetier (14) that cools and liqueties natural gas by a refrigerant that is fed from a refrigerator, an LNG tank (16) that stores liquid
natural gas liquefied in the liquefier (14), a transfer line (L6) for transtferring the liquid natural gas from the LNG tank (16), an LNG
carrier (18) by which the liquid natural gas passing through the transter line (L6) is carried, a recondenser (17) that recondenses boil
off gas that is generated by heat being given to the liquid natural gas by the refrigerant fed from the refrigerator (15), and a return line
(A4) that feeds liquid natural gas that is liquetied to the LNG tank (16) from the recondenser (17).
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LNG PRODUCTION SYSTEM EQUIPPED WITH RECONDENSER

[Technical Field]

The present invention relates to an LNG production system
equipped with a recondenser (Recondenser) that recondenses

(reliquefies) boil off gas (BOG, Boil off Gas).

[Rackground Art]

Figure 6 illustrates a general LNG production system.
Natural gas (NG, Natural Gas) is fed to a CO; removal process 62
in a subsequent stage by a compressor 61. In the CO; removal
process 62, CO, is removed from the natural gas by using a
predetermined solvent. The NG after removal from which CO, is
removed is fed to a dry process 63. In the dry process 63,
predetermined drying treatment is applied to the NG after removal.
The dried NG is fed to a liquefaction process 64. In the
liquefaction process 64, the dried NG is liquefied by using a
liquid refrigerant that is fed from a refrigeration system 65.
The liquid natural gas (LNG) obtained by liquefaction is fed to
an LNG storage tank 66. Subsequently, in an LNG loading process
68, LNG is fed from the LNG storage tank 66 at a predetermined
timing (for example, at the timing at which the ILNG 1is
transferred to a transport ship tank, or the like). Here, LNG
in the LNG storage tank 66 sometimes evaporates by natural heat
input and generates BROG. Further, when LNG is transferred to

the transport ship tank from the LNG storage tank 66 in the LNG
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loading process 68, a large amount of BOG is sometimes generated.
Further, piping 1is cooled when ING is transferred to the

transport ship tank, so that BOG is sometimes generated.

Many LNG storage tanks 66 which are installed in the LNG
production bases have large capacities, and design pressure
thereof is generally set at a wvicinity of the atmospheric
pressure from the viewpoints of technology and cost.
Consequently, it 1is necessary to discharge BOG from the LNG
storage tank 66 even at the time of a slight pressure increase.
Further, the pressure increase also occurs by a piston effect
(also referred to as "pushup effect") accompanying supply of LNG
to the LNG storage tank 66 from the liguefaction process 64, and
therefore supply of LNG to the ILNG storage tank 66 causes regular
discharge of BOG. Further, a flash 1loss of decompression
accompanying charge to the LNG storage tank 66 from a liquefier
of the liquefaction process 64 also occurs. Note that LNG loss
by a flash loss sometimes occupies approximately 50% of the BOG
generation amount.

However, 1t is wundesirable to discharge BOG into the
atmosphere in terms of environmental and economical aspects, so
that BOG is conventionally returned to the dry process 63 by a
compressor 67, and is supplied to the liquefaction process 64
with the dried NG. Thereby, it is possible to reliquefy BOG.
Alternatively, BOG is sometimes used as the heat source for
regeneration of a drying material or the like in the dry process

63.
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However, in the case of religquefaction of the BOG described
above, a total amount of NG that is fed to the ligquefaction
process 64 from the dry process 63 includes the recycled BOG.
Further, use as the fuel gas means that the total amount of LNG
which is produced cannot be transferred to the transport ship
tank.

Further, it is required to bring BOG into a high pressure
state in order to reliquefy the BOG, so that the compressor 67
is required at the time of recycle that returns the BOG to the
dry process 63. Consequently, consumption of a large amount of
energy is required to compress the ROG.

Further, when BOG is returned to the dry process 63 as
described above, BOG can be reliquefied only at the lime of LNG
production, so that when BOG has to be discharged from the LNG
storage tank at the time of producing no LNG, BOG has to be
discharged into the air. That is, the timing for reliquefaction
is limited, and there is no flexibility in reliquefaction process.

The ILNG production system described in Patent Literature 1

presents no method of solution to the above described problem.

[Citation List]

[Patent Literature]

[Patent Literature 1] U. S. Patent No. 2011/0094261

[Summary of Invention]

[Technical Problem]
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An object of the present invention is to provide an LNG
production system including a recondenser that can recondense
BOG (boil off gas) without using a BOG compressor and without

depending on an LNG liquefaction process.

[Solution to Problem]

A first LNG production system of the present invention
includes

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator,

an LNG tank that stores liquid natural gas (LNG) ligquefied
in the liquefier,

a transfer line for transferring the liquid natural gas from
the LNG tank,

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the liquid natural gas,

a recondenser that recondenses (reliquefies) boil off gas
that is generated by heat being given to the liquid natural gas,
by the refrigerant fed from the refrigerator, and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

A second LNG production system of the present invention
includes

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a first refrigerator,

an LNG tank that stores liguid natural gas liquefied in the

liquefier,
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a transfer line for transferring the liquid natural gas from
the LNG tank,

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the liquid natural gas,

a recondenser that recondenses boil off gas (BOG) that is
generated by heat being given to the liquid natural gas, by a
refrigerant fed from the second refrigerator, and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

In the above described invention, the refrigerant that is
fed from the first refrigerator, and the refrigerant that is fed
from the second refrigerator may be the same refrigerants, or
may be different refrigerants. For example, as the refrigerant
from the first refrigerator, a mixture such as hydrocarbon is
cited, and as the refrigerant from the second refrigerator,
nitrogen or the like is cited.

A third LNG production system of the present invention
includes

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator,

an LNG tank that stores liguid natural gas liquefied in the
liquefier,

a transfer line for transferring the liquid natural gas from
the LNG tank,

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the liquid natural gas,

a recondenser that switches to perform, alternately, a first

recondensation processing of liquefying boil off gas that is



10

15

20

25

WO 2018/096187 PCT/EP2018/053562

generated by heat being given to the liquid natural gas, by the
refrigerant fed from the refrigerator, and a second
recondensation processing of liquefying boil off gas by the
refrigerant fed from the refrigerator and a refrigerant fed from
a refrigerant buffer to process more boil off gas than the boil
off gas at a time of the first recondensation processing, and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

In the above described invention, the refrigerant that is
fed from the refrigerator, and the refrigerant that is fed from
the refrigerant buffer may be the same refrigerants, or may be
different refrigerants. For example, as the refrigerant from
the refrigerator, a mixture such as hydrocarbon is cited, and as
the refrigerant from the refrigerant buffer, nitrogen or the
like is cited.

In the aforementioned first recondensation processing, the
refrigerant may be fed to the recondenser from the refrigerator,
and in the second recondensation processing, the refrigerant
from the refrigerant buffer may be fed to the recondenser in
addition to that the refrigerant is fed to the recondenser from
the refrigerator. In the case of switching to the second
recondensation processing from the first recondensation
processing, the operation of the refrigerator may be stopped, or
the refrigerator may be continuously operated without stopping.

The recondenser may have a switch control section that
switches the first recondensation processing and the second

recondensation processing to each other.
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The switch control section may switch from the first
recondensation processing to the second recondensation
processing, in the case of transferring BOG to the LNG carrier.

The switch control section may switch from the first
recondensation processing to the second recondensation
processing when a pressure value measured by a pressure gauge
disposed in the LNG tank or the feed line that feeds the BOG to

the recondenser becomes a predetermined value or more.

According to the above described respective configurations,
in the case of processing BOG in an amount in a predetermined
range (a flow rate per unit time) or of a pressure value in a
predetermined range that is set 1in advance, the first
recondensation processing (processing of liquefying BOG with the
refrigerant from the refrigerator) is executed, and in the case
of processing BOG that exceeds the above described amount in the
predetermined range or pressure value in the predetermined range,
the second recondensation processing (processing of liquefaction
also by the refrigerant fed from the refrigerant buffer while
keeping liquefaction by the refrigerant fed from the
refrigerator) can be executed, so that BOG can be recondensed
without using a BOG compressor and without depending on the LNG

liquefaction process.

In each of the above described first to third LNG production
system, predetermined treatment may | Dbe applied to the
aforementioned natural gas that is fed to the ligquefier in

advance. For example, each of the ILNG production systems may
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include a removing device that removes predetermined impurities
from natural gas, and a dryer that dries the natural gas that is
treated by the removing device.

The transfer line may be provided with piping and a sluice
valve.

The return line may be provided with piping, a pump for
feeding LNG and an automatic on-off wvalve.

A feed line that feeds the BOG to the recondenser from the
ING tank may be included. The feed line may be provided with
any one or more of piping, an automatic on-off wvalve, a flow
rate control valve and a pressure regulating wvalve.

A pressure gauge that measures the pressure of the LNG tank
may be provided. When a pressure value of the pressure gauge
reaches a predetermined value or more, valves of the feed line
and the return 1line may open, and BOG may be fed to the
recondenser through the feed line.

The recondenser may be controlled so as to increase a
cooling capability of the recondenser when the pressure value of
the pressure gauge installed in the feed 1line reaches the
predetermined wvalue or more. For example, control may be
performed so as to increase the feeding amount of the refrigerant
that is fed from the refrigerator (the first or the second
refrigerator), for example.

The LNG carrier may be, for example, a loading station
container, a loading pier, a loading station truck, and the like.

A recovery line for returning BOG that is present in the

LNG carrier to the LNG tank may be provided.
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In the third LNG production system,

the refrigerant stored in the refrigerant buffer may be
supplied from the refrigerator or an external refrigerator.

The recondenser may have a piping through which the
refrigerant fed from the refrigerator passes, and a piping
through which the refrigerant fed from the refrigerant buffer
passes as separate components, and the returning refrigerants
may be returned together to the refrigerator.

The recondenser may have a first heat exchanger to which
the refrigerant fed from the refrigerator is introduced, and a
second heat exchanger to which the refrigerant fed from the
refrigerant buffer is introduced.

In each of the above described first to third LNG production
systems, the recondenser preferably has the following
configuration.

The recondenser is designed to recondense (liquefy) the boil
off gas by a refrigerant under a pressure lower than an operating

pressure of the LNG tank.

According to the configuration, BOG can be recondensed under
the pressure lower than the operating pressure of the LNG tank

without using the conventional BOG compressor.

The recondenser may be internally provided with a heat
exchanger into which the refrigerant is introduced, and the BOG
may be introduced into the heat exchanger, and is cooled by the
refrigerant. Thereby, BOG can be effectively liquefied in a

mode of the heat exchanger.
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A volume (an external capacity) of the heat exchanger may
be smaller than an internal volume (an internal space capacity)
of the recondenser, and the heat exchanger may be disposed in
the internal space of the recondenser.

Thereby, BOG can be effectively liquefied in the mode of
the heat exchanger. The liquefied LNG accumulates on the bottom
of the recondenser. The accumulating LNG can be fed to the LNG

tank by a ligquid feed pump.

The pressure in the recondenser or in the heat exchanger
may be regulated as follows.
(1) Before sending BOG, feed the refrigerant, and pre-cool the
inside of the recondenser or the inside of the heat exchanger.
After a lapse of a predetermined time period, or when the inside
of the recondenser or the inside of the heat exchanger reaches
a predetermined temperature, start introduction of BOG.
(2) The introduced BOG is liquefied, and accumulates on the
bottom of the recondenser or the heat exchanger. The liquefied
LNG accumulating on the bottom can be fed to the LNG tank by the

pump, a pressurizing device or the like.

A fourth LNG production system of the present invention
includes

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator,

an LNG tank that stores liguid natural gas liquefied in the

liquefier,
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a transfer line for transferring the liquid natural gas from
the LNG tank,

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the liquid natural gas,

an LNG lead-out line that leads out the liquid natural gas
from the LNG tank,

a sub-cooler that is provided in the LNG lead-out line and
cools the ligquid natural gas with a refrigerant (for example,
liquid nitrogen or the like),

a recondenser that recondenses boil off gas that is
generated by heat being given to the liquid natural gas, by the
liquid natural gas cooled in the sub-cooler, and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

In the present invention, the recondenser may recondense
(liquefy) boil off gas with LNG that is cooled by the sub-cooler
under a pressure lower than an operating pressure of the LNG

tank.

According to the configuration, the liquid natural gas 1is
firstly cooled by using the refrigerant such as IN;, and boil
off gas is liquefied with the cooled liquid natural gas. Thereby,
recondensation of boil off gas can be effectively performed under

the pressure lower than the operating pressure of the LNG tank.

In the fourth invention, the sub-cooler may be controlled
so that liquid natural gas has a higher temperature than a

solidifying point of the liquid natural gas by the pressure
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regulating valve or the flow rate regulating wvalve that 1is

installed in the refrigerant line in which the refrigerant flows.

In the fourth invention, two or more of the sub-coolers may
be adopted. In the case of the two sub-coolers, the first
recondensation processing of liquefying BOG by the refrigerant
fed from the first sub-cooler, and the second recondensation
processing of liquefying BOG by the refrigerant fed from the
first sub-cooler and the refrigerant fed from the second sub-
cooler in order to process more boil off gas than the boil off
gas at a time of the first recondensation processing may be
performed by switching the first recondensation processing and
the second recondensation processing to each other. In the case
of switching from the first recondensation processing to the
second recondensation processing, the operation of the
refrigerator may be stopped, or the refrigerator may be
continuously operated without stopping.

The recondenser may have a switch control section that
switches the first recondensation processing and the second
recondensation processing to each other.

The switch control section may switch from the first
recondensation processing to the second recondensation
processing in the case of transferring boil off gas to the LNG
carrier.

The switch control section may switch from the first
recondensation processing to the second recondensation

processing when a pressure value measured by a pressure gauge
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disposed in the LNG tank or the feed line that feeds the BOG to
the recondenser becomes a predetermined value or more.

The refrigerant in the second sub-cooler may be supplied
from the refrigerant buffer in which the refrigerant is stored

in advance.

In the above described LNG production system, the pump for
feeding liquid natural gas (LNG) to the transfer line from the
LNG tank may be an in-tank type pump that is installed inside
the LNG tank, or may be a pump that is disposed on the transfer

line.

[Brief Description of Drawings]

- Figure 1 is a diagram illustrating a configuration example of
an LNG production system of embodiment 1.

- Figure 2 is a diagram illustrating a configuration example of
an LNG production system of embodiment 2.

- Figure 3 is a diagram illustrating a configuration example of
an LNG production system of embodiment 3.

- Figure 4A is a diagram illustrating a configuration example of
a recondenser.

- Figure 4B is a diagram illustrating a configuration example of
the recondenser.

- Figure 4C is a diagram illustrating a configuration example of
the recondenser.

- Figure bHA is a diagram illustrating a configuration example of

an LNG production system in embodiment 4.
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- Figure 5B is a diagram illustrating a configuration example of
the recondenser.
- Figure 5C is a diagram illustrating a configuration example of
the recondenser.
- Figure 6 is a diagram illustrating a configuration example of

a conventional LNG production system.

[Description of Embodiments]

Hereunder, several embodiments of the present invention will
be described. The embodiments described as follows explain only
examples of the present invention. The present invention is not
limited by the following embodiments in any way, and also
includes various modified modes that are carried out within the
range without changing the gist of the present invention. Note
that all of components described as follows are not always

indispensable components of the present invention.

(Embodiment 1)

An LNG production system 1 of embodiment 1 will be described
with reference to Figure 1. The LNG production system 1 has a
first line L1 for transferring natural gas to a process in a
subsequent stage, a compressor 11 and a second line L2 (a pipe,
for example). As the process in the subsegquent stage, a removing
unit 12 is disposed, and a predetermined substance (C02, for
example) is removed from NG here. Next, the NG after removal is
fed to a dryer 13 through a third line L3, and is subjected to
drying treatment. Next, the dried NG is fed to a liquefier 14

through a fourth line L4 and is ligquefied. A refrigerant (a
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liquid refrigerant) is fed to the ligquefier 14 from a
refrigerator 15 to cool NG, and LNG is obtained. Further, the
refrigerant which is subjected to heat exchange returns to the
refrigerator 15 in an evaporated state. LNG is fed to the LNG
tank 16 through a fifth line L5 and stored. The first line L1
to the fifth line L5 are configured by pipes and on-off valves,
for example. A predetermined control device (controller)
controls operation of the respective devices, opening and
closing of the valves, a production amount of ILNG, and the like
of the LNG production system 1.

In the LNG tank 16, an in-tank type first pump Pl is disposed,
and LNG in the tank is fed into an LNG carrier 18 through a
transfer line L6 by the first pump Pl. As the LNG carrier 18,
for example, a loading station container, a loading pier, a
loading station track, and the like are cited. BOG that 1is
present in the LNG carrier 18 is fed to the LNG tank 16 through
a recovery line A2. 1Instead of or in addition to the recovery
line A2, a second feed line for feeding BOG present in the LNG

carrier 18 to a recondenser 17 may be provided.

In the LNG tank 16, BOG is generated by heat input. Further,
when LNG is fed from the liquefier 14, BOG is also generated.
Further, when LNG is fed to the LNG carrier 18, BOG 1is also
generated. In this way, BOG in the ILNG tank 16 is fed to the
recondenser 17 through a first feed line Al. Further, BOG in
the transfer line L6 is fed to the recondenser 17 through a third

feed line AS3.
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A refrigerant (liquid refrigerant) is introduced into the
recondenser 17 through a refrigerant 1line Bl from the
refrigerator 15. By the refrigerant, BOG fed by each of the
feed lines is recondensed (liquefied). A configuration of the
recondenser 17 is described later. The LNG that is obtained by
being recondensed (liquefied) is returned to the LNG tank 16
through a return line A4. In the return line A4, a second pump
P2 is disposed, and LNG is fed to the LNG tank 16 by operating
the second pump P2.

According to the present embodiment, a series of processes
is not required, which feeds BROG to the dryer and feeds BOG to
the liquefier with NG to liquefy BOG as in the conventional art.
Consequently, it 1is not necessary to operate the entire LNG
production system, and only the refrigerator 15 can be operated.
The recondenser 17 can recondense BOG to LNG, so that all of the
liquefaction capability of the liquefier 14 can be used in

liquefaction of NG that is fed from the dryer.

(Recondenser)

Figures 4A and 4B illustrate an embodiment of the
recondenser 17. In Figure 4A, the recondenser 17 has an outer
wall 171, and a heat exchanger 172 covered with the outer wall
171. A refrigerant (a liquid refrigerant) is introduced into
the heat exchanger 172 from the refrigerator 15 through a
refrigerant line Bl, and BOG is cooled by cold energy of the
refrigerant. The refrigerant evaporates and returns to the

refrigerator 15 through a refrigerant return line B2. LNG 1is
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fed to the LNG tank 16 from the recondenser 17 by the second
pump P2.

The recondenser 17 is designed to recondense (liquefy) BOG
with the refrigerant under a pressure lower than an operating
pressure of the LNG tank 16.

The first feed line Al may be provided with a safety valve
for a time when the pressure in the LING tank 16 Dbecomes
abnormally high. Further, in the first feed 1line Al, an
automatic on-off valve 42 for performing feeding control of BOG
to the recondenser 17 is provided. Further, in the first feed
line Al, a pressure gauge, and a pressure regulating valve 41
controlled in accordance with a value of the pressure gauge are
provided.

The operating pressure in the LNG tank 16 is an average of
1.2 barA (120 KPaA) in absolute pressure, and 1is controlled
within *15% as upper and lower limit values. When a large amount
of BOG is generated, a tank internal pressure becomes high. The
tank internal pressure is measured with a pressure gauge, and
based on a measurement result (a conversion result), a valve
control section (not illustrated) controls opening and closing
of the automatic on-off valve 42. For example, when the tank
internal pressure becomes 1.3 times as high as 1.2 barA (120
KPaA), BOG is fed to the recondenser 17. As for the pressure
regulating valve 41, in-pipe pressure of the first feed line Al
is measured, and a valve opening degree is controlled based on

the measurement result.
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The refrigerant which is supplied from the refrigerator 15
may be any medium having a lower temperature than a boiling point
of LNG, and LN2 may be used, for example.

Internal pressure of the heat exchanger 172 is controlled
to be a pressure lower than the operating pressure (average of
1.2 barA (120 KPaA) in absolute pressure) of the LNG tank 16, in
a BOG recondensation processing. The internal pressure of the
heat exchanger 172 is measured with a pressure gauge, and is
regulated to be lower than the operating pressure of the LNG
tank 16. In the present embodiment, the refrigerant contacts
BOG in the heat exchanger 172, whereby a volume of BOG decreases
by liquefaction and the pressure in the heat exchanger 172 1is
reduced. During operation, the low pressure state is kept by
the refrigerant being continuously supplied. The internal
pressure of the heat exchanger 172 is regulated by controlling
a flow rate of the refrigerant. A flow rate regulating valve
(not illustrated) is provided in the refrigerant feed line BI1,
and the flow rate of the refrigerant may be controlled with the
flow rate regulating wvalve in accordance with a measurement
result of the pressure gauge that measures the internal pressure
of the above described heat exchanger 172.

Note that the recondenser 17 is not limited to a mode of
the heat exchanger 172, but may be a mode in which BOG and the
refrigerant are brought into direct contact with each other. As
a method for contacting both BOG and the refrigerant to each
other, means of spraying the refrigerant by a shower, means of
contacting both of them by using a filler and the like are cited.

A lower portion of the heat exchanger 172 and the return line A4
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are connected. An automatic on-off wvalve (not illustrated)
provided in the return line A4 is controlled to open and close,
and the second pump P2 is controlled, whereby LNG can be fed
back to the LNG tank 16 from the recondenser 17.

A processing procedure of recondensation processing of boil
off gas (BOG) will be described hereunder.
(1) Feed the refrigerant to the heat exchanger 172 from the
refrigerator 15, and pre-cool the heat exchanger 172, when the
tank internal pressure of the LNG tank 16 exceeds a first
threshold value. A temperature of the refrigerant is preferably
set at a temperature higher than an LNG solidifying point, and
lower than a temperature of ILNG in the LNG tank 16, for example.
The temperature of LNG which is cooled may be set based on an
amount of BOG and an amount of LNG which is cooled.
(2) When the heat exchanger 172 reaches a predetermined
temperature or less, regulate the supply amount of the
refrigerant by the flow rate regulating valve (not illustrated)
provided in the refrigerant line Bl to keep the temperature.
(3) When the tank internal pressure of the LNG tank 16 exceeds
a second threshold value (the second threshold value > the first
threshold wvalue), open the automatic on-off wvalve 42 and the
pressure regulating valve 41, and introduce BOG directly into
the heat exchanger 172 of the recondenser 17 from the LNG tank
16. At the time of introducing the BOG, regulate the supply
amount of the refrigerant to the heat exchanger 172, and keep
the inside of the heat exchanger 172 under a negative pressure
(or under a pressure lower than the operating pressure of the

ILNG tank 16).
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(4) The heat exchanger 172 is pre-cooled, and BOG is cooled
immediately and changes state to LNG, and the LNG drops onto a
bottom of the heat exchanger 172.

(5) LNG is fed back to the LNG tank 16 through the return line
A4,

(6) Close the regpective valves after the recondensation
processing ends.

It is assumed that a condition of (3) (the tank internal
pressure > the second threshold wvalue) is established during
processing of (1) and/or (2), so that BOG may be configured to
be discharged from the LNG tank 16 with a safety wvalve (not
illustrated), or BOG may be discharged to external air by a vent
not illustrated.

The above described "first threshold wvalue" is a pressure
that is 1.26 times as high as 1.2 barA (120 KPaA), for example.

The above described "second threshold value" is a pressure
that is 1.3 times as high as 1.2 barA (120 KPaA), for example.

A pressure regulating valve (not illustrated) or a flow rate
regulating wvalve (not 1illustrated) may be installed in the
refrigerant line Bl, and a refrigerant feed amount (VN) and a

BOG feed amount (VB) may be controlled to VN > VB.

(Other Embodiments)

A recondenser in Figure 4B will be described. In Figure 4B,
in the recondenser 17, a volume (an external capacity) of the
heat exchanger 172 1is smaller than an internal volume (an
internal space capacity) of the recondenser 17, and the heat

exchanger 172 is disposed in an internal space 173 of the
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recondenser. In the mode of the heat exchanger, BOG can be
effectively liquefied. The liquefied LNG accumulates on a bottom
of the internal space 173 of the recondenser 17. The
accumulating LNG can be fed to the LNG tank 16 by the second
pump P2.

An upper portion (preferably an upper side of the heat
exchanger 172) of the internal space 173 of the recondenser 17
and the first feed line Al are directly connected. Further, a
lower portion of the internal space 173 of the recondenser 17
and the return line A4 are directly connected.

An internal pressure of the recondenser 17 is controlled to
be a pressure lower than the operating pressure (an average of
1.2 barA (120 KPaA) in absolute pressure) of the LNG tank 16 in
the BOG recondensation processing. The internal pressure of the
recondenser 17 is measured by a pressure gauge, and is regulated
to be lower than the operating pressure of the LNG tank 16.

In the present embodiment, the refrigerant is fed to the
heat exchanger 172, and thereby the inside of the recondenser 17
is cooled. When BOG is introduced into the cooled recondenser
17, the volume of BOG decreases by liquefaction and the pressure
inside the recondenser 17 is reduced. During operation, the
refrigerant is continuously supplied to the heat exchanger 172
and thereby continues to cool the inside of the recondenser 17
to liquefy BOG to keep the inside of the recondenser 17 in a
low-pressure state. The internal pressure of the recondenser 17
is regulated by controlling the flow rate of the refrigerant. A
flow rate regqulating valve is provided in the refrigerant line

Bl, and the flow rate of the refrigerant may be controlled by
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the flow rate regulating valve in accordance with the measurement
result of the pressure gauge that measures the internal pressure
of the above described recondenser 17, the flow rate of the
refrigerant may be controlled by controlling the opening degree
of the automatic on-off valve provided in the refrigerant line
B1l, or both of them may be controlled.

A processing procedure of the recondensation processing of
boil off gas (BOG) will be described hereunder.
(1) Feed the refrigerant to the heat exchanger 172, and pre-cool
the heat recondenser 17, when the tank internal pressure of the
LNG tank 16 exceeds a first threshold value. A temperature of
the refrigerant is preferably set at a temperature higher than
the LNG solidifying point, and lower than a temperature of LNG
in the LNG tank 16, for example. The temperature of LNG which
is cooled may be set based on an amount of BOG and an amount of
ING which is cooled.
(2) When the recondenser 17 reaches a predetermined temperature
or less, regulate the supply amount of the refrigerant by the
flow rate regulating wvalve (not illustrated) provided in the
refrigerant line Bl to keep the temperature.
(3) When the tank internal pressure of the LNG tank 16 exceeds
a second threshold value (the second threshold value > the first
threshold wvalue), open the automatic on-off wvalve 42 and the
pressure regulating wvalve 41, and introduce BOG into the
recondenser 17 from the LNG tank 16. At the time of introducing
the BOG, regulate the supply amount of the refrigerant to the

heat exchanger 172, and keep the inside of the heat exchanger



10

15

20

25

WO 2018/096187 PCT/EP2018/053562

172 under a negative pressure (or under a pressure lower than
the operating pressure of the LNG tank 16).

(4) The recondenser 17 1is pre-cooled, and BOG i1is cooled
immediately and changes state to LNG, and the LNG accumulates on
the bottom of the recondenser 17.

(5) LNG that accumulates on the bottom of the recondenser 17 is
fed back to the LNG tank 16 through the return line A4.

(6) Close the regpective valves after the recondensation
processing ends.

It is assumed that a condition of (3) (the tank internal
pressure > the second threshold wvalue) is established during
processing of (1) and/or (2), so that BOG may be configured to
be discharged from the LNG tank 16 with a safety wvalve (not
illustrated), or BOG may be discharged to external air by a vent
not illustrated.

The above described "first threshold wvalue" is a pressure
that is 1.26 times as high as 1.2 barA (120 KPaA), for example.

The above described "second threshold value" is a pressure
that is 1.3 times as high as 1.2 barA (120 KPaA), for example.

A pressure regulating valve (not illustrated) or a flow rate
regulating wvalve (not 1illustrated) may be installed in the
refrigerant line Bl, and a refrigerant feed amount (VN) and a
BOG feed amount (VB) may be controlled to VN > VB.

[0043]
(Embodiment 2)

An LNG production system 2 of embodiment 2 will be described

with use of Figure 2. Components with the same reference signs

as those in the LNG production system 1 of embodiment 1 have the
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same functions, and therefore, explanation of the components
will be omitted, or will be made briefly.

The LNG production system 2 of embodiment 2 has the first

refrigerator 15 and a second refrigerator 20. The first
refrigerator feeds a refrigerant to a cooling device 14. The
second refrigerator 20 feeds the refrigerant (liquid

refrigerant) to the recondenser 17 through a refrigerant line Cl1
(corresponding to Bl in Figure 1), and returns the refrigerant
used as a cold source in the recondenser 17 through a return
line C2 (corresponding to B2 in Figure 1).

Consequently, since the second refrigerator 20 is provided
separately from the first refrigerator 15, it is not necessary
to supply the refrigerant to the operating cooling device 14
from the large refrigerator and supply the refrigerant to the
recondenser 17, it is not necessary to install the refrigerator
that 1is larger than necessary, and only a medium or small
refrigerator can be installed, so that the installation space
can be small, and the initial cost and the running cost can be

reduced.

(Embodiment 3)

An LNG production system 3 of embodiment 3 will be described
with reference to Figure 3. Components with the same reference
signs as those in the LNG production system 1 of embodiment 1
have the same functions, and therefore, explanation of the
components will be omitted, or will be made briefly.

The recondenser 17 of the LNG production system 3 of

embodiment 3 can perform a first recondensation processing of
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liquefying BOG by the refrigerant fed from the refrigerator 15,
and a second recondensation processing that liquefies BOG by the
refrigerant fed from the refrigerator 15 and a refrigerant fed
from a refrigerant buffer 30 in order to process more BOG than
BOG at the time of the first recondensation processing by
switching the first and the second recondensation processings to
each other.

In the refrigerant buffer 30, the refrigerant is supplied
from the refrigerator 15 through a first supply line El1 and/or
the refrigerant is supplied from an external refrigerant source
through a second supply line E2 and is stored in advance. When
the recondenser 17 is operated, the refrigerant is introduced
into the recondenser 17 through a buffer line D1 from the
refrigerant buffer 30.

The recondenser 17 has a switch control section (not
illustrated) that switches the first recondensation processing
and the second recondensation processing to each other.

When BOG 1is transferred to the LNG carrier 18, the switch
control section can switch from the first recondensation
processing to the second recondensation processing in response
to a timing of start of transfer that is scheduled, or a timing
at which a detecting section detects that LNG is transferred
from the LNG tank 16, for example. As the detecting section,
there are cited a detecting section that detects that the
transportation ship enters a harbor, a detecting section that
detects that the automatic on-off valve of the transfer line L6
opens, a detecting section that uses a control signal for

controlling the automatic on-off valve as a detection signal, a
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detecting section that detects that a measurement result of a
flow meter disposed in the transfer line L6 reaches a threshold
value or more and the like.

Further, the switch control section can switch from the
first recondensation processing to the second recondensation
processing when a pressure value of the inside of the LNG tank
16 measured by the pressure gauge, 0r a pressure value measured
by a pressure gauge disposed in at least any one of the feed
line Al, the recovery line A2 and the feed line A3 reaches a
predetermined value or more.

An example of the recondenser 17 of embodiment 3 will be
described with Figure 4C. The recondenser 17 has a first heat
exchanger 172 and a second heat exchanger 174 in an internal
space 173 thereof. A refrigerant is introduced into the first
heat exchanger 172 from the refrigerator 15 at a time of the
first recondensation processing, and cools BOG. When a
generation amount of BOG is large, the switch control section
switches from the first recondensation processing to the second
recondensation processing. While the first heat exchanger 172
is operated, the second heat exchanger 174 is further operated.
The refrigerant is introduced into the second heat exchanger 174
through the buffer 1line D1 from the refrigerant buffer 30.
Thereby, cooling by the two heat exchangers is executed, so that
at a peak time (for example, in a case of processing a large
amount of BOG that is generated when LNG is fed into the LNG
transport ship, for example) at which the amount of BOG that is
fed is larger than the amount of BOG at a normal time, BOG is

also effectively cooled to be converted into LNG and the LNG can
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be returned to the ILNG tank 16. Note that the refrigerant that
is used in the second heat exchanger 174 is configured to join
the refrigerant return line B2 of the first heat exchanger 172
through a refrigerant return line D2, but the present invention
is not limited to this, and the refrigerant return line D2 may
be connected to the refrigerator 15.

Further, when BOG is fed to the LNG carrier 18, the switch
control section can switch from the second recondensation
processing to the first recondensation processing in response to
a timing of end of transfer that is scheduled, or timing at which
a detecting section detects that LNG transfer from the ILNG tank
16 is completed, for example. As the detecting section, there
are cited a detecting section that detects that the automatic
on-off wvalve in the transfer line L6 is closed, a detecting
section that detects the control signal that controls the
automatic on-off valve as a detection signal, a detecting section
that detects that the measurement result of the flow meter
disposed in the transfer line L6 becomes a threshold wvalue or
less and the like.

Further, the switch control section can switch from the
second recondensation processing to the first recondensation
processing when a pressure value of the inside of the LNG tank
16 measured by the pressure gauge, 0r a pressure value measured
by a pressure gauge disposed in at least one of the feed line
Al, the recovery line A2 and the feed line A3 becomes less than

a predetermined value.

(Other Embodiments)
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In the above described embodiments, two heat exchangers are
disposed in the recondenser 17, and cooling capabilities of the
heat exchangers may be the same or different.

In the present embodiment, a combination of the refrigerant
buffer and the heat exchanger is provided to be one, but the
present invention 1is not limited to this, and two or more
combinations may be provided.

(Embodiment 4)

An LNG production system 5 in embodiment 4 will be described
with reference to Figures LA to 5B. Components with the same
reference signs as those in the ING production system 1 of
embodiment 1 have the same functions, and therefore, explanation
of the components will be omitted, or will be made briefly.

In embodiment 4, the refrigerator in the LNG production
system is not used, but LNG in the LNG tank is used. That 1is,
in embodiment 4, LNG is sub-cooled to a predetermined temperature
by a refrigerant, and LNG is fed to the recondenser to be brought
into contact with BOG to liquefy BOG.

Embodiment 4 has a first feed line Al that feeds BOG from
the LNG tank 16, an LNG lead-out line El that leads out LNG from
the LNG tank 16, a sub-cooler 52 that cools LNG with the
refrigerant, a recondenser 57 that liquefies BOG that is fed
through the first feed line Al for BOG by LNG that is cooled in
the sub-cooler 52, under a pressure lower than the operating
pressure of the LNG tank 16, and a return line A4 that returns
LNG that is BOG liguefied in the recondenser 57 to the LNG tank
16. The respective components will be described in detail

hereunder.
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The first feed line Al may be provided with a safety valve
(not illustrated) for a time when the pressure in the LNG tank
16 becomes abnormally high. Further, the first feed line Al is
provided with an automatic on-off wvalve 42 and a pressure
regulating valve 41 for performing feeding control of BOG to the
condenser 10.

The operating pressure in the LNG tank 16 is an average of
1.2 barA (120 KPaA) in absolute pressure, and 1is controlled
within *15% as an upper and lower limit wvalues. When a large
amount of BOG is generated, the tank internal pressure becomes
high. The tank internal pressure is measured by a pressure
gauge, and a valve control section (not illustrated) controls
opening and closing of the automatic on-off valve 42 based on a
measurement result (conversion result) thereof. For example,
when the tank internal pressure becomes 1.3 times as high as 1.2
barA (120 KPaA), BOG is fed to the recondenser 57. The pressure
regulating valve 41 measures a pipe internal pressure of the
first feed line Al, and controls a valve opening degree based on
a measurement result.

ILNG is introduced into the sub-cooler 52 through the LNG
lead-out line E1 from the LNG tank 16. The valve control section
(not illustrated) performs opening and closing control of the
automatic on-off valve 51 provided in the LNG lead-out line E1,
and controls a liguid feed pump P5, whereby LNG is fed to the
sub-cooler 52 from the LNG tank 16, and is fed to the recondenser
57 in a subsequent stage. The in-tank liquid feed pump Pl may

be configured to feed LNG, instead of the liquid feed pump P5.
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The refrigerant in the sub-cooler 52 can be a medium having
a temperature lower than the boiling point of ILNG, and LN2 is
used in the present embodiment. LN2 is introduced into the sub-
cooler 52 through a refrigerant line F1 from an LN2 source (LN2
tank, for example), and is used as a cold source for cooling LNG
passing through an inside of the sub-cooler 52. LN2 may be
gasified, or may be discharged as a fluid in which a ligquid and
gas are mixed, when ILN2 is discharged from the sub-cooler 52
through a discharge line F2. The fluid (LN2 and/or GN2) which
is discharged may be subjected to discharge treatment to the
atmosphere or may be subjected to recycle processing.

In the sub-cooler 52, LNG may be controlled to have a
temperature higher than the LNG solidifying point by a pressure
regulating wvalve (not illustrated), or a flow rate regulating
valve (not illustrated) that is installed in the refrigerant
line F1 in which the refrigerant (LN2) flows.

An internal pressure of the recondenser 57 is controlled to
be a pressure lower than the operating pressure (an average of
1.2 barA (120 KPaA) in the absolute pressure) of the LNG tank 16
in the BOG recondensation processing. The internal pressure of
the recondenser 57 is measured by the pressure gauge, and is
regulated to be lower than the operating pressure of the LNG
tank 16.

In the present embodiment, LNG that is cooled in the sub-
cooler 52 contacts BOG in the recondenser 57, whereby the volume
of BOG decreases by liquefaction, and the pressure in the
recondenser 57 is reduced. During operation, the low pressure

state is kept by the cooled LNG being continuously supplied.
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The internal pressure of the recondenser 57 is regulated by
controlling the flow rate of the cooled ING. A flow rate
regulating valve is provided in an LNG feed line E2 between the
sub-cooler 52 and the recondenser 57, and the flow rate of LNG
may be controlled by the flow rate regulating valve in accordance
with a measurement result of the pressure gauge that measures
the internal pressure of the above described recondenser 57, the
flow rate of LNG may be controlled by controlling the opening
degree of an automatic on-off wvalve 51, or both of them may be
controlled.

The BOG that is introduced into the recondenser 57 1is
brought into contact with cooled ILNG, whereby BOG is liquefied
to be LNG, and LNG accumulates on a bottom of the recondenser
57. As a method for bringing both BOG and LNG into contact with
each other, there are means of spraying LNG cooled in the sub-
cooler 52 by shower, means of bringing both of them into contact
with each other by using a filler, and the like.

A lower part of the recondenser 57 and the return line A4
are connected. The wvalve control section (not illustrated)
performs on-off control of an automatic on-off valve 54 provided
in the return line A4, and controls the ligquid feed pump P2,
whereby the valve control section can feed LNG back to the LNG
tank 16 from the recondenser 57.

A processing procedure of the recondensation processing of
BOG will be described hereunder. The respective valves 41 to
42, 51 and 54 are in closed states except for the recondensation

processing.
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(1) Feed the refrigerant (LN2, for example) to the sub-cooler
52, when the tank internal pressure of the LNG tank 16 exceeds
a first threshold value.

(2) When the sub-cooler 52 reaches a predetermined temperature
or less, feed LNG to the sub-cooler 52 from the LNG tank 16, and
is cooled. For example, a temperature of the LNG which is cooled
is preferably set at a temperature higher than the LNG
solidifying point, and lower than the temperature of LNG in the
ING tank 16. The temperature of LNG which is cooled may be set
based on the amount of BOG and the amount of LNG which is cooled.
(3) Feed the cooled LNG to the recondenser 57, and pre-cool the
recondenser 57. The automatic on-off wvalve 54 of the return
line A4 is closed.

(4) When the tank internal pressure of the ING tank 16 exceeds
a second threshold value (the second threshold value > the first
threshold wvalue), open the automatic on-off wvalve 42 and the
pressure regulating wvalve 41, and introduce BOG to the
recondenser 57 from the LNG tank 16.

(5) The recondenser 57 1is pre-cooled, and the cooled LNG is
introduced into the recondenser 57 with BOG, whereby BOG is
cooled and changes state to LNG, and the LNG accumulates on the
bottom of the recondenser 57.

(6) When LNG that accumulates on the bottom of the recondenser
57 reaches a predetermined amount (or at a predetermined timing),
open the automatic on-off valve 54, control the liquid feed pump
P2, and feed LNG to the LNG tank 16 from the recondenser 57.

(7) Close the regpective valves after the recondensation

processing ends.
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It is also assumed that a condition of (4) (the tank internal
pressure > the second threshold wvalue) is established during
processing of (1) to (3), so that BOG may be configured to be
discharged from the ING tank 16 with a safety wvalve (not
illustrated), or BOG may be discharged to external air by a vent
not illustrated.

The above described "first threshold value" is the pressure
that is 1.26 times as high as 1.2 barA (120 KPaA), for example.

The above described "second threshold value" is the pressure
that is 1.3 times as high as 1.2 barA (120 KPaA), for example.
(Embodiment 5)

An LNG production system of embodiment 5 will be described
with use of Figure 5C. Components with the same reference signs
as those in the LNG production systems 1 and 5 of embodiments 1
and 4 have the same functions, and therefore, explanation of the
components will be omitted, or will be made briefly.

In embodiment 5, a first and second sub-coolers are disposed,
and a first recondensation processing of ligquefying BOG by a
refrigerant fed from the first sub-cooler 52, and a second
recondensation processing of liquefying BOG by the refrigerant
fed from the first sub-cooler 52 and a refrigerant fed from a
second sub-cooler 521 in order to process more BOG than BOG at
the time of the first recondensation processing are switched.
According to the embodiment, in the case of processing BOG in an
amount in a predetermined range (a flow rate per unit time) or
of a pressure value in a predetermined range set in advance, the
first recondensation processing (processing of liquefying BOG

with LNG cooled in the first sub-cooler) is executed, and in the
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case of processing BOG exceeding the amount in the predetermined
range or of the pressure value in the predetermined range
described above, the second recondensation processing
(simultaneously performing the processing of liquefying BOG by
ING cooled in the second sub-cooler while keeping the processing
of liquefying BOG by ILNG cooled in the first sub-cooler) can be
executed.

The switch control section (not illustrated) may switch from
the first recondensation processing to the second recondensation
processing in the case of transferring BOG to the LNG carrier,
or may switch from the first recondensation processing to the
second recondensation processing when the pressure value that is
measured by the pressure gauge disposed in the LNG tank or in
the feed line Al that feeds BOG to the recondenser 57 reaches a
predetermined value or more.

In the present embodiment, the refrigerant which is fed to
the first sub-cooler 52, and the refrigerant which is fed to the
second sub-cooler 521 may be the same refrigerants, or may be
different refrigerants. For example, as the refrigerant to the
first sub-cooler 52, a mixture such as hydrocarbon can be cited,
and as the refrigerant to the second sub-cooler 521, nitrogen
and the like are cited.

The switch control section can perform switching from the
first recondensation processing to the second recondensation
processing in the timing of embodiment 3 described above. When
the processing 1s switched to the second recondensation
processing, the valve control section (not illustrated) performs

opening and closing control of a sluice wvalve 53, feeds LNG to
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the second sub-cooler 521, and feeds LNG to the recondenser 57
in the subsequent stage. That is, in the first recondensation
processing, cooled LNG is fed to the recondenser 57 through the
ING feed line E2 from the first sub-cooler 52, but the processing
is switched to the second recondensation processing, and cooled
ING is fed to the recondenser 57 through an LNG feed line EZ21
from the second sub-cooler 521, in addition to the cooled LNG
being fed to the recondenser 57 from the first sub-cooler 52.

The refrigerant of the second sub-cooler 521 can be any
medium with a temperature lower than the boiling point of LNG,
and ILN2 is used in the present embodiment. ILN2 is introduced
into the second sub-cooler 521 through a refrigerant line F11
from an LN2 source (an LN2 tank, for example), and is used as a
cold source for cooling LNG that passes through an inside of the
second sub-cooler 521. LN2 may be gasified, or may be discharged
as a fluid in which a liquid and gas are mixed, when the LN2 is
discharged through a discharge line F21 from the second sub-
cooler 521. The fluid (LN2 and/or GN2) which is discharged may
be subjected to discharge treatment into the atmosphere, or may
be subjected to recycling processing. Further, in the second
sub-cooler 521, LNG may be controlled to have a temperature
higher than the LNG solidifying point, by a pressure regulating
valve (not illustrated) or a flow rate regulating valve (not
illustrated) that is installed in a refrigerant line F11 in which
the refrigerant (LN2) flows.
(Other Embodiments)

In embodiments 4 and 5 described above, the regpective

automatic on-off valves, pressure regulating valves and liquid
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feed pumps are provided in the respective lines, but some or all
of them may be omitted in accordance with the use purpose without
being limited to the above described dispositions.

Further, in embodiments 4 and 5 described above, in the BOG
recondensation processing, LNG that is cooled is fed to pre-cool
the recondenser 57 before BOG is fed into the recondenser 57,
but the present invention is not limited to this, and cooled LNG
and BOG may be fed together. In that case, a feeding amount
(VL) of the cooled LNG and a feeding amount (VB) of BOG may be
controlled to VL>VB. The flow rate regulating wvalves may be
provided in the respective LNG introduction line El1, line E2 and
first feed line Al for BOG to perform flow rate control of the
respective feeding amounts.

Further, in embodiments 4 and 5 described above, the liquid
feed pump P2 1is provided in the return 1line A4, Dbut a
configuration in which the liquid feed pump is not provided in
the return line A4 may be adopted. LNG changed in state from
BOG in the recondenser 57 may be fed into the LNG tank 16 by the
gravity.

Further, the refrigerant in the aforementioned second sub-
cooler 521 may be supplied from a refrigerant buffer in which
the refrigerant is stored in advance.

In each of all the embodiments described above, the pump P1
is of an in-tank type, but the pump Pl is not limited to this,

and the pump Pl may be a pump disposed on the transfer line L6.

[Reference Signs List]

1 ING production system
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Claims

1.An LNG production system, comprising:

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator;

an LNG tank that stores liguid natural gas liquefied in the
liquefier;

a transfer line for transferring the liquid natural gas from
the LNG tank;

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the ligquid natural
gas;

a recondenser that recondenses boil off gas that is
generated by heat being given to the liquid natural gas, by the
refrigerant fed from the refrigerator; and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

2.An LNG production system, comprising:

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a first refrigerator;

an LNG tank that stores liquid natural gas liquefied in the
liquefier;

a transfer line for transferring the liquid natural gas from
the LNG tank;

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the ligquid natural

gas;
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a recondenser that recondenses boil off gas that is
generated by heat being given to the liquid natural gas by a
refrigerant fed from the second refrigerator; and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

3.An LNG production system, comprising:

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator;

an LNG tank that stores liguid natural gas liquefied in the
liquefier;

a transfer line for transferring the liquid natural gas from
the LNG tank;

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the ligquid natural
gas;

a recondenser that switches to perform, alternately, a first
recondensation processing of liquefying boil off gas that is
generated by heat being given to the liquid natural gas, by the
refrigerant fed from the refrigerator, and a second
recondensation processing of liquefying boil off gas by the
refrigerant fed from the refrigerator and a refrigerant fed from
a refrigerant buffer to process more boil off gas than the boil
off gas at a time of the first recondensation processing; and

a return 1line that feeds liquid natural gas that is
liquefied to the LNG tank from the recondenser.

4, The LNG production system according to any one of claims 1

to 3,
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wherein the recondenser is designed to recondense the boil
off gas by a refrigerant under a pressure lower than an operating
pressure of the LNG tank.
5. The LNG production system according to any one of claims 1 to
4,

wherein the recondenser is internally provided with a heat
exchanger in which the refrigerant is introduced, and the boil
off gas is introduced into the heat exchanger, and is cooled by
the refrigerant.
6. The LNG production system according to claim 5,

wherein a volume (an external capacity) of the heat
exchanger is smaller than an internal volume (an internal space
capacity) of the recondenser, and the heat exchanger is disposed
in the internal space of the recondenser.
7. A recondenser included by an LNG production system that
liquefies natural gas to produce liquid natural gas, and
recondenses boil off gas in an LNG tank in which the liquid
natural gas that 1is liquefied is stored, by a refrigerant,
comprising:

a return line that directly feeds liguid natural gas that
is recondensed to the ILNG tank.
3. The recondenser according to claim 7,

wherein the recondenser is designed to recondense the boil
off gas by a refrigerant under a pressure lower than an operating
pressure of the LNG tank.
9. The recondenser according to claim 7 or 8,

wherein the recondenser is internally provided with a heat

exchanger in which the refrigerant is introduced, and the boil
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off gas is introduced into the heat exchanger, and is cooled by
the refrigerant.
10. The recondenser according to claim 9,

wherein a volume (an external capacity) of the heat
exchanger is smaller than an internal volume (an internal space
capacity) of the recondenser, and the heat exchanger is disposed
in the internal space of the recondenser.

11. An LNG production system, comprising:

a liquefier that cools and liquefies natural gas by a
refrigerant that is fed from a refrigerator;

an LNG tank that stores liguid natural gas liquefied in the
liquefier;

a transfer line for transferring the liquid natural gas from
the LNG tank;

an LNG carrier that is disposed in a subsequent stage of
the transfer line and is for transferring the ligquid natural
gas;

an LNG lead-out line that leads out the liquid natural gas
from the LNG tank;

a sub-cooler that is provided in the LNG lead-out line and
cools the ligquid natural gas by a refrigerant;

a recondenser that recondenses boil off gas that is
generated by heat being given to the liquid natural gas by the
liquid natural gas cooled in the sub-cooler; and

a return 1line that feeds liquid natural gas that is
liquefied, to the LNG tank from the recondenser.

12. The LNG production system according to claim 11,
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wherein the recondenser is designed to recondense the boil
off gas by a refrigerant under a pressure lower than an operating

pressure of the LNG tank.
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