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(57) Abrégé/Abstract:

The present invention relates to a re-liquefaction system of an evaporative gas and a ship. The present invention comprises. an
evaporative gas compressor for compressing an evaporative gas, generated in a liquefied gas storage tank, in multiple stages and
supplying the same to a source of demand; an evaporative gas heat exchanger for exchanging heat between the evaporative gas
compressed in the evaporative gas compressor and the evaporative gas introduced into the evaporative gas compressor; a
decompression valve for decompressing the evaporative gas heat-exchanged by the evaporative gas heat exchanger after being
compressed by the evaporative gas compressor, and a gas-liquid separator for gas-liquid separating the evaporative gas
decompressed by the decompression valve, wherein the present invention further comprises a high-temperature evaporative gas
delivery line for delivering a high-temperature evaporative gas, discharged from the evaporative gas heat exchanger, from an
upstream side of the decompression valve to a source of demand of low pressure when a lubricating oil used in the evaporative gas
compressor of a high-pressure stage is mixed with the evaporative gas and introduced into the evaporative gas heat exchanger,
and the high-temperature evaporative gas, compressed by the evaporative gas compressor, is injected into the evaporative gas
heat exchanger in order to remove the lubricating oil introduced into the evaporative gas heat exchanger.
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ABSTRACT

The present invention relates to a boil-off gas reliquefaction system and a ship.

The boil-off gas reliquefaction system includes: a boil-off gas compressor for compressing,

in multi-stages, boil-off gas generated in a liquefied gas storage tank and supplying the

5  compressed boil-off gas to a consumer; a boil-off gas heat exchanger for performing heat
exchange between boil off gas compressed in the boil-off gas compressor and boil-off gas
introduced into the boil-off gas compressor; a decompression valve for decompressing the
boil-off gas compressed in the boil-off gas compressor and then heat-exchanged in the
boil-off gas heat exchanger; and a gas-liquid separator for performing gas-liquid

10  separation on the boil-off gas decompressed in the decompression valve. Lubricant used
in the boil-off gas compressor of a high pressure stage is mixed with boil-off gas to be
introduced into the boil-off gas heat exchanger. The boil-off gas reliquefaction system
further includes a high-temperature boil-off gas transfer line configured to transfer high-
temperature boil-off gas discharged from the boil-off gas heat exchanger to a low pressure

15 consumer upstream of the decompression valve, when high-pressure boil-off gas
compressed in the boil-off gas compressor is injected into the boil-off gas heat exchanger

to remove the lubricant introduced into the boil-off gas heat exchanger.
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RE-LIQUEFACTION SYSTEM OF EVAPORATIVE GAS AND SHIP
/

TECHNICAL FIELD

The present invention relates a boil-off gas reliquefaction system and a ship.

BACKGROUND ART

Recently, with the development of technologies, liquefied gas, such as liquefied
natural gas and liquefied petroleum gas, has been widely used, instead of gasoline or

diesel.

Liquefied natural gas is gas obtained by cooling and liquefying methane obtained
by refining natural gas collected from a gas field. The liquefied natural gas is colorless
and transparent liquid, produces few pollutants, and has a high calorific value. Hence, the
liquefied natural gas is a very excellent fuel. On the other hand, liquefied petroleum gas is
a fuel obtained by compressing and liquefying gas, of which main components are
propane (CsHs) and butane (C4H)), collected from an oilfield, together with petroleum at
room temperature. Like the liquefied natural gas, the liquefied petroleum gas is colorless
and odorless, and has been widely used as fuel for home, a business, an industry, and a

vehicle.

The liquefied gas is stored in a liquefied gas storage tank installed in a ship to be
used as a fuel of an engine provided in the ship. A volume of the liquefied natural gas is
decreased by 1/600 by liquefaction, and a volume of the liquefied petroleum gas is

decreased by 1/260 by liquefaction, so that storage efficiency is high.

However, since the liquefied gas is kept in an extremely low temperature state in
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which the liquefied gas is forcibly liquefied by decreasing the temperature of the liquefied
gas to the boiling point or less, a portion of the liquefied gas is naturally vaporized and

then changed into boil-off gas when heat penetrates from the outside.

A volume of the boil-off gas phase-changed to vapor is drastically increased,
5  which results in an increase in internal pressure of the liquefied gas storage tank. When
the internal pressure of the liquefied gas storage tank exceeds a pressure at which the

liquefied gas storage tank is endurable, the liquefied gas storage tank may be damaged.

Therefore, conventionally, in order to constantly maintain the internal pressure of

the liquefied gas storage tank, there was used a method of decreasing the internal pressure

10  of the liquefied gas storage tank by discharging boil-off gas to the outside and burning the
discharged boil-off gas or a method of liquefying boil-off gas through a reliquefaction
apparatus using a separate refrigerant and then collecting the liquefied boil-off gas in the

liquefied gas storage tank.

However, when the boil-off gas is simply discharged to the outside, a problem of

15  environmental pollution occurs. When the reliquefaction apparatus is used, a problem of
cost, manpower, and the like, which are required to provide and manage the reliquefaction
apparatus, occurs. Accordingly, it is required to develop a method of effectively treating

boil-off gas generated due to penetration of heat from the outside.

20 DISCLOSURE
TECHNICAL PROBLEM

The present invention is conceived to solve the aforementioned problems.

Accordingly, an object of the present invention is to provide a boil-off gas reliquefaction
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system and a ship, which can omit or reduce a reliquefaction apparatus by liquefying boil-
off gas through heat exchange and decompression, and efficiently treat lubricant used in a

boil-off gas compressor when the lubricant is introduced into a boil-off heat exchanger, etc.

5 TECHNICAL SOLUTION

In accordance with an aspect of the present invention, there is provided a boil-off
gas reliquefaction system, including: a boil-off gas compressor configured to compress, in
multi-stages, boil-off gas generated in a liquefied gas storage tank and supply the
compressed boil-off gas to a consumer; a boil-off gas heat exchanger configured to

10 perform heat exchange between boil off gas compressed in the boil-off gas compressor
and boil-off gas introduced into the boil-off gas compressor; a decompression valve
configured to decompress the boil-off gas compressed in the boil-off gas compressor and
then heat-exchanged in the boil-off gas heat exchanger; and a gas-liquid separator
configured to perform gas-liquid separation on the boil-off gas decompressed in the

15 decompression valve, wherein lubricant used in the boil-off gas compressor of a high
pressure stage is mixed with boil-off gas to be introduced into the boil-off gas heat
exchanger, wherein the boil-off gas reliquefaction system further includes a high-
temperature boil-off gas transfer line configured to transfer high-temperature boil-off gas
discharged from the boil-off gas heat exchanger to a low pressure consumer upstream of

20  the decompression valve, when high-pressure boil-off gas compressed in the boil-off gas
compressor is injected into the boil-off gas heat exchanger to remove the lubricant
introduced into the boil-off gas heat exchanger.

Specifically, the boil-off gas reliquefaction system may further include: a boil-off

gas bypass line configured to allow boil-off gas discharged from the liquefied gas storage

CA 3067794 2019-12-13



tank to be transferred to the boil-off gas compressor by bypassing the boil-off gas heat
exchanger; and a boil-off bypass valve configured to control flow of the boil-off gas
bypass line. The boil-off gas bypass valve may allow low-temperature boil-off gas
discharged from the liquefied gas storage tank to flow into the boil-off gas bypass line
5 such that boil-off gas injected into the boil-off gas heat exchanger maintains a high
temperature state, when high-pressure boil-off gas compressed in the boil-off gas
compressor is injected into the boil-off gas heat exchanger to remove the lubricant
introduced into the boil-off gas heat exchanger.
Specifically, the boil-off gas reliquefaction system may further include: a boil-off

10 gas supply line connected to the consumer via the boil-off gas compressor from the
liquefied gas storage tank; and a boil-off gas return line branching off downstream of the
boil-off gas compressor on the liquefied gas storage tank to be connected to the liquefied
gas storage tank via the boil-off gas heat exchanger, the decompression valve, and the gas-
liquid separator.

15 Specifically, the high-temperature boil-off gas transfer line may branch off
upstream of the decompression valve on the boil-off gas return line to be connected to the
low pressure consumer.

Specifically, the boil-off gas reliquefaction system may further include: a low-
pressure boil-off gas supply line configured to supply boil-off gas compressed in the boil-

20  off gas compressor of a low pressure stage to the low pressure consumer; and a low-
pressure boil-off gas return line branching off on the low-pressure boil-off gas supply line
to inject high-temperature boil-off gas into the boil-off gas heat exchanger.

Specifically, the boil-off gas reliquefaction system may further include a low-

pressure boil-off gas supply valve configured to control flow of the low-pressure boil-off
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gas supply line. The low-pressure boil-off gas supply valve may be closed when high-
pressure boil-off gas compressed in the boil-off gas compressor of the low pressure stage
is injected into the boil-off gas heat exchanger to remove the lubricant introduced into the
boil-off gas heat exchanger.

5 Specifically, the high-temperature boil-off gas transfer line may be connected
downstream of the low-pressure boil-off gas supply valve on the low-pressure boil-off gas
supply line.

In accordance with another aspect of the present invention, there is provided a ship
including the boil-off gas reliquefaction system.

10
ADVANTAGEOUS EFFECTS

In the boil-off reliquefaction system and the ship in accordance with the present
invention, lubricant used in a boil-off gas compressor of a high pressure stage is
effectively removed to prevent interference with the flow of boil-off gas when the

15 lubricant is introduced into a boil-off gas heat exchanger, etc. in a process of compressing
the boil-off gas at high pressure to be decompressed and liquefied, so that reliquefaction

efficiency can be ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a side view of a ship having a boil-off gas reliquefaction system in

accordance with the present invention.

FIG. 2 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a first embodiment of the present invention.
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FIG. 3 is a sectional view of a gas-liquid separator of the boil-off gas reliquefaction

system in accordance with the first embodiment of the present invention.

FIG. 4 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

system in accordance with a second embodiment of the present invention.

FIG. 5 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

system in accordance with a third embodiment of the present invention.

FIG. 6 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

system in accordance with a fourth embodiment of the present invention.

FIG. 7 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a fifth embodiment of the present invention.

FIG. 8 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a sixth embodiment of the present invention.

FIG. 9 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a seventh embodiment of the present invention.

FIG. 10 is a conceptual view of a boil-off gas reliquefaction system in accordance

with an eighth embodiment of the present invention.

FIG. 11 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a ninth embodiment of the present invention.

FIG. 12 is a conceptual view of the boil-off gas reliquefaction system in

accordance with the ninth embodiment of the present invention.

FIG. 13 is a conceptual view of the boil-off reliquefaction system in accordance

with the present invention.
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FIG. 14 is a conceptual view of a gas treatment system in accordance with the

present invention.

FIG. 15 is a graph illustrating a gas treatment state of the gas treatment system in

accordance with the present invention.

MODE FOR THE INVENTION

Other objects, specific advantages, and new features of the present invention will
be more apparent from preferable embodiments and the following detailed description
associated with the accompanying drawings. In the specification, when reference

10 numerals are endowed to components in each drawing, it should be noted that like
reference numerals denote like elements even though they are depicted in several drawings.
Further, in the following description of the present invention, a detailed explanation of
known related technologies may be omitted to avoid unnecessarily obscuring the subject

matter of the present invention.

15 Hereinafter, liquefied gas is a substance which is in a vapor state at room
temperature since the liquefied gas has a boiling point lower than the room temperature,
and may be LPG, LNG, ethane, etc. For example, the liquefied gas may mean Liquefied
Natural Gas (LNG). Also, boil-off gas may mean Boil-Off Gas (BOG) as naturally
vaporized liquefied gas. In addition, it is noted that current state (gas, liquid, etc.) of the

20 liquefied gas and the boil-off gas are not limited due to their names. For example, the

boil-off gas may be in a liquid state through reliquefaction.

Hereinafter, exemplary embodiments of the present invention will be described in

detail with reference to the accompanying drawings.

CA 3067794 2019-12-13



10

15

20

FIG. 1 is a side view of a ship having a boil-off gas reliquefaction system in

accordance with the present invention.

Referring to FIG. 1, the ship 1 to which the boil-off gas reliquefaction system 2 is
applied in accordance with the present invention may be a liquefied gas carrier equipped
with a plurality of liquefied gas storage tanks 10 in a length direction in a body thereof.

For example, the ship 1 may be an LNG carrier.

The liquefied gas storage tank 10 provided in the body of the ship 1 stores
liquefied gas. The liquefied gas storage tank 10 may liquefy gas having a boiling point
lower than room temperature and store the liquefied gas in an extremely low temperature

state.

The liquefied gas storage tank 10 is of a type such as a membrane type, an
independent type, or a pressure container type, but the present invention is not particularly
limited. However, boil-off gas is generated when a portion of the liquefied gas is naturally
vaporized in the liquefied gas storage tank 10, regardless of type. The boil-off gas
increases an internal pressure of the liquefied gas storage tank 10, which may be

problematic.

Therefore, in this embodiment, the boil-off gas may be discharged to the outside of
the liquefied gas storage tank 10 according to the internal pressure of the liquefied gas
storage tank 10, and the discharged boil-off gas may be reliquefied to return to the

liquefied gas storage tank 10.

Alternatively, in the present invention, the boil-off gas may be used as a fuel of a
consumer 3. The consumer 3 may be provided in the ship 1. For example, the consumer 3

may be a high pressure engine 3a (ME-GI engine, XDF engine, etc.) for propelling the
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ship 1, a low pressure engine 3b (DFDE generator engine) for covering a power load in the

ship 1, and/or a gas combustion apparatus 3¢ (GCU).

However, in this specification, it is noted that the consumer 3 restrictively
represents a high pressure consumer 3 such as the high pressure engine 3a except a low
5  pressure consumer 3 such as the low pressure engine 3b or the gas combustion apparatus

3c.

It will be apparent that liquefied gas may also be used as a fuel of the consumer 3,
in addition to the boil-off gas generated in the liquefied gas storage tank 10. To this end,
components known in the art, which are necessary for liquefied gas supply, such as a

10  forcible vaporizer (not shown), a heavy carbon separator (not shown), and a high pressure
pump (not shown), may be provided between the liquefied gas storage tank 10 and the

consumer 3.

A cabin (reference numeral not designated), an engine casing (reference numeral

not designated), and the like may be provided on an upper deck of the ship 1, and

15  components of the boil-off gas reliquefaction system 2 may also be provided on the upper
deck. However, the installation positions of various components constituting the boil-off

gas reliquefaction system 2 are not particularly limited.

It is note that the ship 1 in accordance with the present invention is an expression
including various types of offshore plants capable of storing liquefied gas, such as FPSO

20  and FSRU, in addition to the liquefied gas carrier.

FIG. 2 is a conceptual view of a boil-off gas reliquefaction system in accordance
with a first embodiment of the present invention. FIG. 3 is a sectional view of a gas-liquid

separator of the boil-off gas reliquefaction system in accordance with the first embodiment
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of the present invention.

Referring to FIGS. 2 and 3, the boil-off gas reliquefaction system 2 in accordance
with the first embodiment of the present invention includes a boil-off gas compressor 20, a
boil-off gas heat exchanger 30, a decompression valve 40, a gas-liquid separator 50, a

S lubricant treatment unit 60, and lubricant filters 70a, 70b, and 70c.

The boil-off compressor 20 compresses, in multi-stages, boil-off gas generated in

the liquefied gas storage tank 10, and supplies the compressed boil-off gas to the consumer

3. The boil-off gas compressor 20 may be of a centrifugal type, a reciprocating type, a
screw type, etc., and a plurality of boil-off gas compressors may be provided in series to

10  compress, in multi-stages, boil-off gas and then change the compressed boil-off gas into a
high pressure gas. Also, in the boil-off gas compressor 20, a plurality of boil-off gas

compressors may be provided in parallel so as to achieve backup or load sharing.

The boil-off compressor 20 may compress boil-off gas discharged at 1 bar or so
from the liquefied gas storage tank 10 at 200 bar or more (e.g., 200 to 400 bar) which is a
15  high pressure. To this end, the boil-off gas compressor 20 may be provided, for example,

in five stages.

The five-stage boil-off gas compressor 20 may be classified into low-pressure-

stage boil-off gas compressors 20a and high-pressure-stage boil-off gas compressors 20b.

First to third stages among the five stages may be the low-pressure-stage boil-off gas

20  compressors 20a, and fourth and fifth stages among the five stages may be the high-

pressure-stage boil-off gas compressors 20b.

The reference for classifying the low-pressure-stage boil-off gas compressors 20a

and the high-pressure-stage boil-off gas compressors 20b is based on whether lubricant L

10
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is mixed with boil-off gas. In the case of the low-pressure-stage boil-off gas compressors
20a, the lubricant L used when the boil-off gas compressor 20 is driven in a process of
compressing boil-off gas is not introduced to the boil-off gas. On the other hand, in the
case of the high-pressure-stage boil-off gas compressors 20b, the lubricant L used to drive
S  boil-off gas compressor 20 may be introduced to the boil-off gas as the boil-off gas is

compressed at high pressure.

Therefore, while boil-off gas compressed up to the third stage in the five-stage
boil-off compressor 20 is in a state in which the lubricant is not mixed with the boil-off
gas, boil-off gas compressed up to the fourth stage or more is in a state in which the

10  lubricant is mixed with the boil-off gas, which results in a quality problem. To solve this,

the present invention includes various components which will be described later.

A boil-off gas supply line 21 is provided from the liquefied gas storage tankl0 to
the consumer 3. Boil-off gas supply valves 211a and 211b and the boil-off gas
compressor 20 are disposed on the boil-off gas supply line 21, and boil-off gas is

15  discharged from the liquefied gas storage tank 10 to be transferred to the consumer 3 via

the boil-off gas compressor 20.

However, surplus boil-off gas which is not consumed by the consumer 3 may be
generated. The surplus boil-off gas may be liquefied to return to the liquefied gas storage
tank 10. To this end, a boil-off gas return line 31 may branch off downstream of the boil-

20  off gas compressor 20 on the boil-off gas supply line 21.

The flow of boil-off gas from the boil-off gas supply line 21 to the boil-off gas
return line 31 may be controlled by a high-pressure boil-off gas return valve 311 provided

on the boil-off gas return line 31 and/or the boil-off gas supply line 21.

11
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A separator 22, a coalescer 23, and the like, which filter liquid or unnecessary
substances to be supplied to the customer 3 from boil-off gas, may be provided
downstream of the boil-off gas compressor 20 on the boil-off gas supply line 21, and a gas
valve train 24 and the like, which control the flow rate of boil-off gas, may be provided

5  upstream of the customer 3 on the boil-off gas supply line 21.

A low pressure boil-off gas supply line 212 may branch off upstream of the high-
pressure-stage boil-off gas compressors 20b on the boil-off gas supply line 21. For
example, the low pressure boil-off gas supply line 212 may be connected downstream of
the second stage among the low-pressure-stage boil-off gas compressors 20a, and be

10 connected to a low pressure consumer 3.

The consumer 3 connected to the boil-off gas supply line 21 may be a high

pressure consumer 3, and the consumer 3 connected to the low pressure boil-off supply

line 212 may be the low pressure consumer 3. In addition, the high pressure consumer 3

may be a thruster engine, and the low pressure consumer 3 may be a generator engine, etc.

15  The boil-off gas supply line 21 may be referred to as a main stream, and the low pressure

boil-off gas supply line 212 may be referred to as a side stream.

The low pressure customer 3 may be a DFDE low pressure engine 3b as shown in
the drawings, a gas combustion apparatus 3c for buming boil-off gas, or the like. The

pressure of boil-off gas required by the low pressure consumer 3 may be 10 bar or so.

20 A low pressure boil-off gas supply valve 213 for controlling the flow of boil-off
gas identically/similarly to the boil-off gas supply valves 211a and 211b provided on the
boil-off gas supply line 21 may be provided on the low pressure boil-off gas supply line

212.

12
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The boil-off gas heat exchanger 30 performs heat exchange between boil-off gas
compressed in the boil-off gas compressor 20 and boil-off gas introduced into the boil-off
gas compressor 20. The above-described boil-off gas return line 31 may branch off
downstream of the boil-off gas compressor 20 to be connected to the liquefied gas storage

5 tank 10 via the boil-off gas heat exchanger 30, etc. In addition, the boil-off gas supply line
21 may also be connected to the consumer 3 sequentially via the boil-off gas heat

exchanger 30 and the boil-off gas compressor 20 from the liquefied gas storage tank 10.

Therefore, the boil-off gas heat exchanger 30 may be provided with a flow path

(reference numeral not shown) which is parallel to the boil-off gas supply line 21 and has

10  low-pressure/low-temperature boil-off gas flowing therethrough and a flow path (reference
numeral not shown) which is parallel to the boil-off gas return line 31 and has high-
pressure/high-temperature boil-off gas flowing therethrough. Moreover, the boil-off gas

heat exchanger 30 may be provided with a flow path (reference numeral now shown)
which is parallel to a vapor-phase boil-off gas transfer line 51 which will be described

15 later and has low-pressure/low-temperature vapor-phase boil-off gas (flash gas) flowing

therethrough.

The boil-off gas heat exchanger 30 may cool high-temperature boil-off gas which
is compressed in the boil-off gas compressor 20 and then introduced along the boil-off gas
return line 31 as low-temperature boil-off gas discharged from the liquefied gas storage

20 tank 10. Since the boil-off gas flowing along the boil-off gas return line 31 is to be
liquefied and then return to the liquefied gas storage tank 10, the boil-off gas heat
exchanger 30 can increase liquefaction efficiency by performing precooling before the

boil-off gas is liquefied.

However, the lubricant L may be mixed with boil-off gas compressed in the high-

13
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pressure-stage boil-off gas compressor 20b. The boil-off gas mixed with the lubricant L

may be introduced into the boil-off gas heat exchanger 30 along the boil-off return line 31.

The lubricant L is a substance having a boiling point considerably higher than that
of the boil-off gas, and may be in a liquid state at room temperature. The lubricant L may

5 be sufficiently solidified through slight cooling, and have high viscosity.

There is no problem when flow is continuously made in the flow path of the boil-
off heat exchanger 30. However, when the flow in the boil-off gas heat exchanger 30 is
reduced due to no generation of surplus boil-off gas, etc., the lubricant L is caught in the

flow path of the boil-off gas heat exchanger 30, and therefore, the flow may be interfered.

10 Therefore, in the present invention, the lubricant L may be melted and pushed
using high-temperature gas, etc. so as to solve the problem in that the flow of boil-off gas
is interfered since the lubricant L is caught in the boil-off gas heat exchanger 30 and
components provided downstream of the boil-off gas heat exchanger 30. This will be

described later.

15 In this embodiment, an auxiliary boil-off gas heat exchanger 32 is provided. The
auxiliary boil-off gas heat exchanger 32 may cool high-pressure boil-off gas cooled by the
boil-off gas heat exchanger 30 as vapor-phase boil-off gas discharged from the gas-liquid

separator 50.

To this end, the auxiliary boil-off gas heat exchanger 32 may be provided in a

20  structure having a flow path (reference numeral not shown) connected downstream of the
boil-off gas heat exchanger 30 on the boil-off gas return line 31 and a flow path (reference
numeral not shown) connected upstream of the boil-off gas heat exchanger 30 on the

vapor-phase boil-off gas transfer line 51 which will be described later. However, any flow

14
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path through which boil-off gas discharged from the liquefied gas storage tank 10 to be
transferred to the boil-off gas compressor 20 flows may not exist in the auxiliary boil-off

gas heat exchanger 32.

The auxiliary boil-off gas heat exchanger 32 may additionally cool, as vapor-phase

5  boil-off gas, high-pressure boil-off gas cooled by the vapor-phase boil-off gas in the boil-
off gas heat exchanger 30. That is, the high-pressure boil-off gas which is compressed in

the boil-off gas compressor and flows along the boil-off gas return line 31 may be
primarily cooled by low-temperature boil-off gas discharged from the liquefied gas storage

tank 10 and vapor-phase boil-off gas transferred from the auxiliary boil-off gas heat

10 exchanger 32 in the boil-off gas heat exchanger 30, and then secondarily cooled by vapor-
phase boil-off gas transferred from the gas-liquid separator 50 in the auxiliary boil-off gas

heat exchanger 32.

The auxiliary boil-off gas heat exchanger 32 may omitted, and the boil-off gas heat

exchanger 30 and the auxiliary boil-off gas heat exchanger 32 may be integrally provided.

15  That is, the boil-off gas heat exchanger 30 may have a form in which the boil-off gas heat
exchanger 30 includes the auxiliary boil-off gas heat exchanger 32 therein because of an

internal flow path structure thereof.

The decompression valve 40 decompresses boil-off gas which is compressed in the

boil-off gas compressor 20 and then heat-exchanged by boil-off gas heat exchanger 30. In

20 the present invention, the decompression valve 40 may be a Joule-Thomson valve, but it is
noted that the decompression valve 40 may be replaced with various means capable of

decreasing pressure, such as an expander.

Boil-off gas may be compressed at 50 bar or so by the low-pressure-stage boil-off

compressors 20a, compressed at 200 bar or more by the high-pressure-stage boil-off

15
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compressors 20b, and then cooled in the boil-off gas heat exchanger 30. However,
although the boil-off gas has been compressed at high pressure to have an increased
boiling point, the boil-off gas is not sufficiently liquefied through the cooling in the boil-

off gas heat exchanger 30.

5 Therefore, the present invention may use an effect that temperature is decreased in
decompression using the decompression valve 40. The decompression valve 40 may
decompress high-pressure boil-off gas of 200 bar or more to 1 bar or so, which is similar
to the internal pressure of the liquefied storage tank 10, and the temperature of the boil-off

gas in the decompression may be decreased to the boiling point or less.

10 The decompression valve 40 is provided on the boil-off gas return line 31, and a
plurality of decompression valves may be provided in series on the boil-off gas return line
31, unlike the drawings. Alternatively, a modification in which a Joule-Thomson valve

and an expander are provided in series is possible.

The gas-liquid separator 50 gas-liquid separates boil-off gas decompressed in the

15  decompression valve 50. The boil-off gas may be liquefied while being cooled in the boil-
off gas heat exchanger 50 and being decompressed in the decompression valve 40.
However, reliquefaction may not be completely made depending on a situation, and some
substances such as nitrogen which is included in the boil-off gas and has a very low

boiling point are not liquefied and may remain.

20 Gas-liquid boil-off gas remaining in a vapor state may be separated from the gas-
liquid separator 50 not to be introduced into the liquefied gas storage tank 10, liquid-phase
boil-off gas G in a liquid state returns to the liquefied gas storage tank 10 along the boil-
off return line 31 connected to the liquefied gas storage tank 10 via the gas-liquid

separator 50. A liquid-phase boil-off gas return valve 312 may be provided on the boil-off
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gas return line 31 between the gas-liquid separator 50 and the liquefied gas storage tank 10,

The gas-liquid separator 50 may return the liquid-phase boil-off gas G to the
liquefied gas storage tank 10, and transfer the vapor-phase boil-off gas to the boil-off gas
heat exchanger 30. Since the vapor-phase boil-off gas transferred from the gas-liquid

5  separator 50 to the boil-off gas heat exchanger 30 is gas cooled by decompression of the
decompression valve 40, the vapor-phase boil-off gas may be used to cool high-pressure
boil-off gas compressed in the boil-off gas compressor 20 to be introduced into the boil-

off gas heat exchanger 30.

Also, the gas-liquid separator 50 may transfer the vapor-phase boil-off gas to the

10  boil-off gas compressor 20 via the boil-off gas heat exchanger 30. To this end, the vapor-
phase boil-off gas transfer line 51 is provided to the gas-liquid separator 50. The vapor-
phase boil-off gas transfer line 51 may be connected to the boil-off gas supply line 21 via

the boil-off gas heat exchanger 30 from the gas-liquid separator 50, and a vapor-phase
boil-off gas transfer valve 511 for controlling the flow of vapor-phase boil-off gas

15  upstream and/or downstream of the boil-off gas heat exchanger 30 may be provided on the

vapor-phase boil-off gas transfer line 51.

The point at which the vapor-phase boil-off gas transfer valve 511 is connected to
the boil-off gas supply line 21 is a point upstream of the boil-off gas compressor 20, and
the boil-off gas compressor 20 is additionally supplied with vapor-phase boil-off gas in

20  addition to boil-off gas discharged from the liquefied gas storage tank 10. Thus, driving is

ensured to a certain degree or more, so that efficiency can be improved.

As described above, the lubricant L used in the high-pressure-stage boil-off gas
compressors 20b may be mixed with boil-off gas. The gas-liquid separator 50 prevents the

lubricant L from being mixed with boil-off gas returning to the liquefied gas storage tank

17

CA 3067794 2019-12-13



10, so that the quality of liquefied gas stored in the liquefied gas storage tank 10 can be

prevented from being deteriorated.

As shown in FIG. 3 in relation to this, the gas-liquid separator 50 includes a
housing 52, a boil-off gas inlet 53, a liquid-phase boil-off gas outlet 54, a weir 55, a

5 lubricant blocking plate 56, and a lubricant drain line 57.

The housing 52 stores boil-off gas decompressed in the decompression valve 40.
The housing 52 may have a cylindrical shape as shown in the drawing, but the shape of the

housing 52 is not particularly limited.

However, the housing 52 is to allow boil-off gas not to be vaporized while storing
10  low-pressure/low-temperature boil-off gas liquefied through decompression. Therefore,
the housing 52 may be provided with a heat insulating equipment for blocking penetration

of heat from the outside.

The housing 52 may be provided on the boil-off gas return line 31, and the boil-off
gas return line 31 may be connected through an internal space of the housing 52 between
15 the boil-off gas inlet 53 and the liquid-phase boil-off gas outlet 54, which will be

described below.

The boil-off gas inlet 53 allows boil-off gas to be introduced into the housing 52.

The boil-off gas inlet 53 may be provided at one end of the boil-off gas return line 31
connected to the gas-liquid separator 50 from the decompression valve 40, and be a half

20  open inlet having an open lower side. This is for the purpose of preventing low-
pressure/low-temperature boil-off gas from being scattered when the boil-off gas is

introduced into the housing 52.

The boil-off gas inlet 53 may be provided upwardly of the liquid level of boil-off
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gas stored in the housing 52. However, the boil-off gas inlet 53 may be provided lower
than an upper end of the weir 55. Therefore, boil-off gas introduced through the boil-off

gas inlet 53 may be mixed with liquid-phase boil-off gas stored in the housing 52.

The liquid-phase boil-off gas outlet 54 discharges the liquid-phase boil-off gas in
5  the housing 52. The liquid-phase boil-off gas outlet 54 may be provided at one end of the
boil-off gas return line 31 connected to the liquefied gas storage tank 10 from the gas-

liquid separator 50.

The liquid-phase boil-off gas outlet 54 may be provided downwardly of the liquid
level of boil-off gas stored in the housing 52, and be provided upwardly of the lubricant

10  blocking plate 56.

Boil-off gas at a certain liquid level or more in boil-off gas introduced into the
housing 52 through the boil-off gas inlet 53 passes over an upper side of the weir 55. The
liquid-phase boil-off gas outlet 54 may allow the liquid-phase boil-off gas G passing over
the upper side of the weir 55 to be discharged to the boil-off gas return line 31. To this

15 end, the liquid-phase boil-off gas outlet 54 and the boil-off gas inlet 53 are provided at

sides opposite to each other with respect to the weir 55.

In addition, the lubricant blocking plate 56 may be provided in a horizontal

direction at a lower side of the weir 55, and a space between the lower side of the weir 55

and a bottom surface of the housing 52 may be open. The liquid-phase boil-off outlet 54

20  may allow the liquid-phase boil-off gas G which passes over the lower side of the weir 55
from the boil-off gas inlet 53 and then passes upwardly through the lubricant blocking

plate 56 to be discharged to the boil-off gas return line 31.

That is, the liquid-phase boil-off gas outlet 54 may discharge the liquid-phase boil-
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off gas G which does not pass through the lubricant blocking plate 56 but passes through
the weir 55, or discharge the liquid-phase boil-off gas G passing through the lubricant

blocking plate 56.

Since the lubricant L in the low-pressure/low temperature boil-off gas

5  decompressed in the decompression valve to be introduced into the housing 52 is in a
liquid or solid state and has a density greater than that of the boil-off gas, the lubricant L
does not pass over the upper side of the weir 55 and sinks downwardly, even when the
lubricant L is mixed with the boil-off gas to be introduced into the housing 52 through the
boil-off gas inlet 53. Also, the lubricant L is blocked by the lubricant block plate 56, even

10 when the lubricant L passes over the lower side of the weir 55.

Therefore, the lubricant L may be removed from the boil-off gas discharged to the
liquid-phase boil-off outlet 54, unlike the boil-off gas introduced into the boil-off gas inlet

53.

The weir 55 is provided between the boil-off gas inlet 53 and the liquid-phase boil-

15  off gas outlet 54. The weir 55 may be provided in a vertical direction in the housing 52,
and have a shape that allows boil-off gas to pass over an upper side thereof. However,

since the weir 55 has a sufficient height, the lubricant L. mixed with the boil-off gas does

not pass over the upper side of the weir 55.

The lubricant blocking plate 56 is provided to filter the lubricant L between

20  introduction of the boil-off gas and discharge of the liquid-phase boil-off gas G.
Specifically, the lubricant blocking plate 56 is provided in the horizontal direction at the
lower side of the weir 55, to suppress introduction of the lubricant L into the liquid-phase

boil-off gas output 54.
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The lubricant blocking plate 56 may be provided in the shape of a perforated plate
having holes smaller than particles of the lubricant L, to suppress passing of the lubricant
L and allow passing of the liquid-phase boil-off gas G. However, the liquid-phase boil-off
gas outlet 54 provided upwardly of the lubricant blocking plate 56 may be provided at a

5  position upwardly spaced apart from the lubricant blocking plate 56.

This is for the purpose of preventing a portion of the lubricant L. from being
discharged through the liquid-phase boil-off gas outlet 54 while floating when the ship 1

provided with the gas-liquid separator 50 is inclined by an external force, etc.

The lubricant drain line 57 discharges the lubricant L collected on the bottom of

10  the housing 52 to the outside. A space between the lower side of the weir 55 and the
bottom of the housing 52 may have an open shape (a baffle (not shown) provided in a
lattice form may be provided). The lubricant t L mixed with the boil-off gas is naturally

gathered on the bottom of the housing 52 by gravity.

However, the lubricant drain line 57 may maintain a closed state by a drain valve
15  (reference numeral not shown). When maintenance is required, the lubricant drain line 57
may discharge the lubricant L to the outside, thereby checking efficiency of removal of the

lubricant L.

The lubricant drain line 57 may be connected to the boil-off gas return line 31.
When filter efficiency is verified in the high-pressure-stage boil-off gas compressors 20b,
20  when the lubricant L is sufficiently filtered in the separator 22 or the coalescer 23, or the

like, the lubricant drain line 57 may be open toward the boil-off gas return line 31.

The lubricant treatment unit 60 treats the lubricant L introduced into the boil-off

gas heat exchanger 30 by injecting high-temperature gas to push the lubricant L
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downstream of the boil-off gas heat exchanger 30. As described above, the lubricant L
used in the high-pressure-stage boil-off gas compressors 20b may be mixed with boil-off
gas to be introduced into the boil-off gas heat exchanger 30. In the present invention,
injection of high-temperature gas may be used to remove the lubricant L caught in the
5  boil-off gas heat exchanger 30, in addition to that the lubricant L is removed using an

internal structure of the gas-liquid separator 50.

The lubricant treatment unit 60 may inject high-temperature gas, e.g., nitrogen gas
of 40 Celsius degrees or more into the boil-off gas heat exchanger 30. The high-
temperature gas injected into the boil-off gas heat exchanger 30 may allow the lubricant L

10  introduced into the boil-off gas heat exchanger 30 to be discharged by heating the

lubricant L.

When the flow of the boil-off gas is continuously made in the boil-off gas heat
exchanger 30, it is less likely that the lubricant L. will remain in the boil-off gas heat
exchanger 30. However, when surplus boil-off gas is not generated, a portion of the

15  lubricant L mixed with the boil-off gas may remain in the boil-off gas heat exchanger 30.
The lubricant L becomes solid when the lubricant L is further cooled by low-temperature
boil-off gas discharged from the liquefied gas storage tank 10. Therefore, the lubricant L
may be caught in the boil-off gas heat exchanger 30, and interfere with the flow of the

boil-off gas.

20 Accordingly, in this embodiment, the lubricant L is heated by injecting the high-
temperature gas into the boil-off gas heat exchanger 30, using the lubricant treatment unit
60, and the lubricant L is forcibly pushed as the viscosity of the lubricant L is decreased,
so that the flow of the boil-off gas in the boil-off gas heat exchanger 30 can be prevented

from being deteriorated.
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The lubricant treatment unit 60 may inject high-temperature gas upstream of the
boil-off gas heat exchanger 30 on the boil-off gas return line 31, and allow the high-
temperature gas mixed with the lubricant L to be discharged downstream of the

decompression valve 40 on the boil-off gas retumn line 31,

5 To this end, the lubricant treatment unit 60 includes a high-temperature gas
injection part 61 and a high-temperature gas discharge part 62. The high-temperature gas
injection part is connected upstream of the boil-off gas heat exchanger 30 on the boil-off

gas return line 31 to inject high-temperature gas.

The injection of the high-temperature gas may be made while boil-off gas does not

10  flow in the boil-off gas return line 31. This is because, when the boil-off gas flows in the
boil-off gas return line 31, the removal effect of the lubricant L may be reduced at the
same time when the liquefaction efficiency of the boil-off gas is deteriorated in the
injection of the high-temperature gas, and the boil-off gas may be discharged when the

high-temperature gas is discharged.

15 When the high-temperature gas is introduced into the boil-off gas heat exchanger
30 through the boil-off gas retum line 31, the viscosity of the lubricant L may be
decreased while the lubricant L remaining in the boil-off gas heat exchanger 30 is being
heated, and then the lubricant L may be discharged together with the high-temperature gas

from the boil-off heat exchanger 30.

20 The high-temperature gas injection part 61 may push the boil-off gas in the boil-off
gas heat exchanger 30 by preferentially supplying inert gas (e.g., nitrogen gas, etc.) before
the high-temperature gas (e.g., nitrogen gas of 40 Celsius degrees or more). The reason
why the boil-off gas is pushed is that explosive boil-off gas is prevented from being mixed

with the high-temperature gas discharged together with the lubricant L hereafter,
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The high-temperature discharge part 62 branches off upstream and/or downstream
of the decompression valve 40 on the boil-off gas retum line 31 to discharge the high-
temperature gas mixed with the lubricant L. The lubricant L discharged to the outside
through the high-temperature gas may be recycled, and the high-temperature gas may also

5  be recycled, to be injected into the boil-off gas heat exchanger 30 through the high-

temperature gas injection part 61.

For example, the lubricant treatment unit 60 may use a method of filtering the
lubricant L from the high-temperature gas mixed with the lubricant L, which is discharged
from the high-temperature gas discharge part 62, again heating the high-temperature gas,

10 and then re-injecting the heated high-temperature gas into the boil-off gas heat exchanger

30.

Also, the lubricant treatment unit 60 may heat nitrogen gas, etc., which is
generated from an inert gas generator (IG generator), a nitrogen generator, or the like,
which is frequently provided in the ship 1, to be used as the high-temperature gas, so that

15  any separate high-temperature gas is not generated.

The lubricant filters 70a, 70b, and 70c filter the lubricant L. The lubricant filter

70a may be provided between the decompression valve 40 and the gas-liquid separator 50

on the boil-off gas return line 31. For example, the lubricant filter 70a may be provided
between the high-temperature gas discharge part 62 and the gas-liquid separator 50 on the

20  boil-off gas return line 31, and prevent the lubricant L which is not yet discharged from
the high-temperature gas discharge part 62 from being introduced into the liquefied gas
storage tank 10 or being introduced into the boil-off gas heat exchanger 30 through the

vapor-phase boil-off gas transfer line 51.

The above-described lubricant filter 70a may be a liquid-phase filter, and be
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provided to remove the liquid-phase lubricant L.

In addition, the lubricant filter 70b may be provided upstream of the boil-off gas
heat exchanger 30 on the boil-off gas return line 31. The lubricant filter 70b may be a
vapor-phase filter, and remove the lubricant L which may be heated at high pressure to be

5 in asupercritical state.

The lubricant filter 70b provided upstream of the boil-off gas heat exchanger 30 on
the boil-off gas return line 31 may be an absorption tower capable of absorbing the
lubricant L. Alternatively, the lubricant filter 70b may be a cyclone separator, etc., which
vertically separates the boil-off gas and the lubricant L from each other by using a density

10  difference between the boil-off gas and the lubricant L. That is, in the present invention,
the lubricant filters 70a, 70b, and 70c are not limited to a general filter form, and may

include all forms capable of filtering the lubricant L from the boil-off gas.

The lubricant filter 70c may be provided between the boil-off gas heat exchanger
30 and the auxiliary boil-off gas heat exchanger 32 on the boil-off gas return line 31. The

15 lubricant filter 70c may be a liquid-phase filter.

Alternatively, the lubricant filter 70c may be a liquid-phase separator provided

between the boil-off gas heat exchanger 30 and the auxiliary boil-off gas heat exchanger

32 on the boil-off gas return line 31. The liquid-phase separator is a component for
separating the boil-off gas and the lubricant L from each other by using a density

20  difference between the boil-off gas and the lubricant L. Like the above-described gas-
liquid separator 50, the liquid-phase separator may have a space accommodating the boil-

off gas and provide a partition wall (not shown) in the space, to separate the lubricant L.

Several kinds of the lubricant filters 70a, 70b, and 70c described above may be
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selectively provided or be provided by combining the same. For example, a vapor-phase
filter may be provided upstream of the boil-off gas heat exchanger 30 on the boil-off gas
return line 31, and a liquid-phase filter may be provided between the boil-off gas heat
exchanger 30 and the auxiliary boil-off gas heat exchanger 32, thereby filtering the

5  lubricant in two stages.

As described above, in this embodiment, the gas-liquid separator 50 has a structure
for filtering the lubricant L, and the lubricant L is removed by forcibly injecting the high-
temperature gas into the boil-off gas heat exchanger 30 when the lubricant L is caught in
the boil-off gas heat exchanger 30, so that the storage quality of the liquefied gas storage

10  tank 10 is prevented from being deteriorated even when the lubricant L is mixed with the

boil-off gas in the high-pressure-stage boil-off gas compressors 20b.

FIG. 4 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

system in accordance with a second embodiment of the present invention.

Referring to FIG. 4, the boil-off gas reliquefaction system 2 in accordance with the

15 second embodiment of the present invention is different from the first embodiment in the
structure of the gas-liquid separator. Hereinafter, only characteristic portions different

from the first embodiment are described, and portions in which a description is omitted
follow a description of the first embodiment. This is equally applied to other

embodiments described below.

20 In this embodiment, the gas-liquid separator 50 may include an inlet-side partition
wall 53, outlet-side inclined walls 541a and 541b, and a baffle 58, in replacement of the

weir 55 and the lubricant blocking plate 58 in the housing 52.

The inlet-side partition wall 531 is used to allow boil-off gas introduced through
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the boil-off gas inlet 53 not to be scattered but to be gathered downwardly. When the

above-described half open inlet is used, the inlet-side partition wall 531 may be omitted.

At least two outlet-side inclined walls 541a and 541b may be provided. The

outlet-side inclined walls 541a and 541b may form a v or y shape, and the middle of the

5  shape may be open such that the boil-off gas passes therethrough. The outlet-side inclined
walls 541a and 541b interferes with flow of the boil-off gas when the boil-off gas is
discharged to the boil-off gas return line 31 through the liquid-phase boil-off gas outlet 54,

so that the lubricant L is not introduced into the liquid-phase boil-off gas outlet 54 but falls

to the bottom of the housing 52.

10 The baffle 58 may be provided downwardly of the boil-off gas inlet 53, and allow
the lubricant L to be filtered from the boil-off gas which is bumped against the inlet-side
partition wall 531 and then falls toward the bottom of the housing 52. The baffle S8 may

be a straightener.

FIG. 5 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

15  system in accordance with a third embodiment of the present invention.

Referring to FIG. 5, unlike the first embodiment, in the gas-liquid separator 50 in
accordance with the third embodiment of the present invention, the boil-off inlet 53 may
be disposed lower than the liquid level of boil-off gas in the housing 52, and the lubricant

blocking plate 56 may be provided upwardly of the boil-off gas inlet 53.

20 Therefore, in this embodiment, the lubricant L may be filtered while the boil-off
gas introduced into the housing 52 is upwardly passing through the lubricant blocking
plate 56. Subsequently, the boil-off gas from which the lubricant L is removed may be

discharged to the outside of the housing 52 through the liquid-phase boil-off outlet 54
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while passing over the weir 55.

In this embodiment, the lower side of the weir 55 is fixed to the bottom of the
housing 52 such that the boil-off gas can be transferred to the liquid-phase boil-off gas
outlet 54 via the lubricant blocking plate 56 and the weir 55. Thus, the flow of the boil-off

S5 gas through the lower side of the weir 55 is not allowed.

FIG. 6 is a sectional view of a gas-liquid separator of a boil-off gas reliquefaction

system in accordance with a fourth embodiment of the present invention.

Referring to FIG. 6, the gas-liquid separator 50 in accordance with the fourth
embodiment of the present invention may include inlet-side inclined walls 532a and 532b

10 and alubricant blocking plate 56,

The inlet-side inclined walls 532a and 532b may allow boil-off gas introduced
from an upper side of the housing 52 through the boil-off gas inlet 53 to be collected
downwardly. The inlet-side inclined walls 532a and 532b may form a v or y shape to
implement a funnel function, and the boil-off gas transferred to the bottom of the housing

15 52 along the inlet-side inclined walls 532a and 532b may be introduced into the liquid-
phase boil-off gas outlet 54 via the lubricant blocking plate 56 placed in a vertical

direction.

Unlike the first embodiment, the lubricant blocking plate 56 may be provided in
the vertical direction. The lubricant blocking plate 56 may be a perforated plate having
20  holes with a size small enough to allow the lubricant L included in the boil-off gas not to

pass therethrough.

Therefore, the boil-off gas introduced through the boil-off gas inlet 53 has a flow

changed downwardly by the inlet-side inclined walls 532a and 532b, and then flows
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toward the bottom of the housing 52 through the inlet-side inclined walls 532a and 532b.

Subsequently, since the lubricant L included in the boil-off gas does not pass
through the lubricant block plate 56, only the boil-off gas from which the lubricant L is
separated may be discharged to the boil-off return gas 31 through the liquid-phase boil-off

5  gasoutlet 54,

FIG. 7 is a conceptual view of a boil-off gas reliquefaction system in accordance

with a fifth embodiment of the present invention.

Referring to FIG. 7, as compared with the above-described embodiment, the boil-

off gas reliquefaction system 2 in accordance with the fifth embodiment of the present

10 invention further includes a boil-off gas bypass line 33 and a vapor-phase boil-off gas
bypass line 512. In FIG. 7, valves indicated in black represent that they are in a closed

state.

The boil-off gas bypass line 33 allows boil-off gas discharged from the liquefied
gas storage tank 10 to be transferred to the boil-off gas compressor 20 by bypassing the
15  boil-off gas heat exchanger 30. A boil-off gas bypass valve 331 for controlling the flow of

the boil-off gas bypass line 33 may be provided on the boil-off gas bypass line 33.

Unlike the first embodiment, in this embodiment, separate high-temperature gas is
not injected, but the lubricant L caught in the boil-off gas heat exchanger 30 may be
heated and removed using high-temperature boil-off gas heated when the boil-off gas is

20  compressed in the boil-off gas compressor 20.

However, when low-temperature boil-off gas discharged from the liquefied gas
storage tank 10 when the high-temperature boil-off gas is introduced into the boil-off gas

heat exchanger 30 is also introduced into the boil-off gas heat exchanger 30, the
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heating/removal of the lubricant L through the high-temperature boil-off gas may not be

appropriately made.

Thus, in this embodiment, the boil-off gas bypass line 33 allows the low-
temperature boil-off gas discharged from the liquefied gas storage tank 10 not to be

5 introduced into the boil-off gas heat exchanger 30 but to be supplied to the boil-off gas
compressor 20. Accordingly, the high-temperature boil-off gas introduced into the boil-

off gas heat exchanger 30 can effectively heat and remove the lubricant L.

The vapor-phase boil-off gas bypass line 512 allows vapor-phase boil-off gas

discharged from the gas-liquid separator 50 to be transferred to the boil-off gas

10 compressor 20 by bypassing the boil-off gas heat exchanger 30. A vapor-phase boil-off
gas bypass valve 513 for controlling the flow of the vapor-phase boil-off gas bypass line

512 is provided on the vapor-phase boil-off gas bypass line 512.

That the vapor-phase boil-off gas bypasses the boil-off gas heat exchanger 30 is for

the purpose of achieving the same object as the above-described low-temperature boil-off

15  gas bypasses the boil-off gas heat exchanger 30. Accordingly, the high-temperature boil-
off gas discharged from the boil-off gas compressor 20 is not cooled by the low-
temperature boil-off gas or the vapor-phase boil-off gas in the boil-off gas heat exchanger

30, and thus the lubricant L can be sufficiently heated.

That is, in this embodiment, the high-temperature boil-off gas heated in the boil-off

20  gas compressor 20 is transferred to the boil-off gas heat exchanger 30 by opening the high-
pressure boil-off gas return valve 311, and the low-temperature boil-off gas discharged

from the liquefied gas storage tank 10 does not cool the high-temperature boil-off gas by

closing the boil-off gas supply valves 211a and opening the boil-off gas bypass valve 331.
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In addition, the vapor-phase boil-off gas discharged from the gas-liquid separator

50 is not introduced into the boil-off gas heat exchanger 30 but bypasses the boil-off gas
heat exchanger 30 along the vapor-phase boil-off gas bypass line 512 by closing the
vapor-phase boil-off gas transfer valve 511 and opening the vapor-phase boil-off gas

5  bypass valve 513, so that the vapor-phase boil-off gas does not cool the high-temperature

boil-off gas.

Thus, in this embodiment, the lubricant L caught in the boil-off gas heat exchanger

30 can be effectively removed using the high-temperature boil-off gas.

FIG. 8 is a conceptual view of a boil-off gas reliquefaction system in accordance

10 with a sixth embodiment of the present invention.

Referring to FIG. 8, as compared with the fifth embodiment, the boil-off gas
reliquefaction system 2 in accordance with the sixth embodiment of the present invention
may further include a high-temperature boil-off gas supply line 514, and the vapor-phase
boil off gas bypass line 512 may be omitted. In FIG. 8, valves indicated in black represent

15  thatthey are in a closed state.

In this embodiment, when high-temperature boil-off gas compressed in the boil-off
gas compressor 20 is injected into the boil-off gas heat exchanger 30 so as to remove the
lubricant L introduced into the boil-off gas heat exchanger 30, the high-temperature boil-
off gas supply line 514 may transfer the high-temperature boil-off gas discharged from the

20 boil-off gas heat exchanger 30 to the consumer 3.

The high-temperature boil-off supply line 514 may branch off upstream of the
decompression valve 40 on the boil-off gas return line 31 to be connected upstream of the

consumer 3 on the boil-off gas supply line 21. That is, unlike the above-described
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embodiment, in this embodiment, the high-temperature boil-off gas may be extracted in a

high pressure state from boil-off gas return line 31.

The high-temperature boil-off gas mixed with the lubricant L while heating the

lubricant L and pushing the lubricant L from the boil-off gas heat exchanger 30 may be

S  transferred to the consumer 3 to be consumed in the consumer 3. Thus, in this
embodiment, since the lubricant L removed from the boil-off gas heat exchanger 30 is not
recirculated, the lubricant L is prevented from being introduced into the liquefied gas

storage tank 10.

In this embodiment, the high-pressure boil-off gas return valve 311 may be

10  provided between a point at which the boil-off gas return line 31 branches off on the boil-
off gas supply line 21 and a point at which the high-temperature boil-off gas supply line

514 is connected. When the high-pressure boil-off gas return value 311 is closed, the
high-temperature boil-off gas compressed in the boil-off gas compressor 20 is introduced

into the boil-off gas heat exchanger 30 along the boil-off gas return line 31.

15 However, low-temperature boil-off gas discharged from the liquefied gas storage
tank 10 does not cool the high-temperature boil-off gas while flowing along the boil-off
gas bypass line 33, when the boil-off gas supply valves 211a are closed and the boil-off

gas bypass valve 331 is open.

In addition, the high-temperature boil-off gas obtained by removing the lubricant L
20 from the boil-off gas heat exchanger 30 flows along the high-temperature boil-off gas
supply line 514 when the decompression valve 40 is closed, to be transferred to the

consumer 3 through the boil-off gas supply line 21.

Since the high-temperature boil-off gas is not introduced into the gas-liquid
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separator 50, vapor-phase boil-off gas may not be generated, and the vapor-phase boil-off
gas transfer valve 511 may be closed. Thus, the high-temperature boil-off gas introduced

into the boil-off gas heat exchanger 30 can sufficiently heat the lubricant L.

FIG. 9 is a conceptual view of a boil-off gas reliquefaction system in accordance

5  with a seventh embodiment of the present invention.

Referring to FIG. 9, the boil-off gas reliquefaction system 2 in accordance with the
seventh embodiment of the present invention may use low-pressure/high-temperature boil-
off gas compressed in the low-pressure-state boil-off gas compressors 20a, unlike that the
fifth and sixth embodiments in which the high-pressure/high-temperature boil-off gas

10  compressed in the high-pressure-stage boil-off gas compressors 20b is used.

To this end, in this embodiment, a low-pressure boil-off gas return line 214 which
branches off on the low-pressure boil-off gas supply line 212 as a side stream to transfer
high-temperature boil-off gas (40 Celsius degrees, e.g., 43 Celsius degrees) to the boil-off
gas heat exchanger 30 may be provided, in replacement of the vapor-phase boil-off gas

15 bypass line 512 in the fifth embodiment or the high-temperature boil-off gas supply line
514 in the sixth embodiment, and a low-pressure boil-off gas return valve 215 for
controlling the flow of the low-pressure boil-off gas return line 214 is provided on the

low-pressure boil-off gas return line 214.

The low-pressure boil-off gas return line 214 may inject high-temperature boil-off
20  gas compressed in the low-pressure-stage boil-off gas compressors 20a into the boil-off
gas heat exchanger 30 so as to remove the lubricant L introduced into the boil-off gas heat

exchanger 30.

The low-pressure boil-off gas return line 214 braches off on the low-pressure boil-
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off gas supply line 212 to be connected upstream of the boil-off gas heat exchanger 30 on
the boil-off gas return line 31. Therefore, in this embodiment, in order to remove the
lubricant L of the boil-off gas heat exchanger 30, the high-temperature boil-off gas
compressed in the low-pressure-stage boil-off gas compressors 20a may be transferred to
5 the boil-off gas heat exchanger 30 by closing the high-pressure boil-off gas return valve
311 provided on the boil-off gas return line 31 and opening the low-pressure boil-off gas

return valve 215.

As described in the above-described other embodiments, the high-temperature
boil-off gas introduced into the boil-off gas heat exchanger 30 is not cooled due to low-

10 temperature boil-off gas discharged from the liquefied gas storage tank 10.

In this embodiment, the high-temperature boil-off gas may be provided not to be
heat-exchanged with vapor-phase boil-off gas discharged from the gas-liquid separator 50.
To this end, this embodiment may further include a high-temperature boil-off gas transfer
line 515, and a high-temperature boil-off gas transfer valve 516 may be provided on the

15  high-temperature boil-off gas transfer line 515.

The high-temperature boil-off gas transfer line 515 may be connected to the low

pressure consumer 3 from the gas-liquid separator 50. For example, the high-temperature
boil-off gas transfer line 515 may branch off on the vapor-phase boil-off gas transfer line
51 connected to the boil-off gas heat exchanger 30 or the boil-off gas compressor 20 from
20  the gas-liquid separator 50 to be connected to the low pressure consumer 3 or the low-

pressure boil-off gas supply line 212.

The high-temperature boil-off gas compressed in the low-pressure-stage boil-off
gas compressors 20a is transferred to the boil-off gas return line 31 when the low-pressure

boil-off gas return valve 215 is open, to be introduced into the boil-off gas heat exchanger
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30. The low-pressure boil-off gas supply valve 213 provided on the low-pressure boil-off

gas supply line 212 may be closed.

Low-pressure/high-temperature boil-off gas introduced into the boil-off gas heat

exchanger 30 may heat and push the lubricant L caught in the boil-off gas heat exchanger

5 30. Subsequently, the high-temperature boil-off gas is transferred to the gas-liquid
separator 50 via the decompression valve 40. Howeyver, since the high-temperature boil-

off gas used to remove the lubricant L has low pressure, a considerable decrease in
temperature does not occur even when the high-temperature boil-off gas is decompressed

by the decompression valve 40 (e.g., the temperature of the high-temperature boil-off gas

10 may be decreased from 43 Celsius degrees to 42 Celsius degrees when the pressure of the

high-temperature boil-off gas is decompressed from 10 bar to 7 bar).

Subsequently, the high-temperature boil-off gas in a vapor state, which is
introduced into the gas-liquid separator 50, may be supplied to the DFDE low pressure
engine 3b and/or the gas combustion apparatus 3c as the low pressure consumer 3 along

15  the high-temperature boil-off gas transfer line 515, when the vapor-phase boil-off gas
transfer valve 511 provided on the vapor-phase boil-off gas transfer line 51 is closed and
the high-temperature boil-off gas transfer valve 516 provided on the high-temperature

boil-off gas transfer line 515 is open.

To this end, the high-temperature boil-off gas transfer line 515 may be connected
20  downstream of the low-pressure boil-off gas supply valve 213 provided on the low-
pressure boil-off gas supply line 212, to supply the high-temperature boil-off gas to the

low pressure consumer 3 when the low-pressure boil-off gas supply valve 213 is closed.

As described above, in this embodiment, the high-temperature boil-off gas (not

mixed with the lubricant L) compressed in the low-pressure-stage boil-off compressors
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20a is used to remove the lubricant L of the boil-off gas heat exchanger 30, and the high-
temperature boil-off gas mixed with the lubricant L is consumed in the low pressure
consumer 3, so that the lubricant L remaining in the boil-off gas heat exchanger 30 can be

effectively removed.

5 FIG. 10 is a conceptual view of a boil-off gas reliquefaction system in accordance

with an eighth embodiment of the present invention.

Referring to FIG. 10, as compared with the seventh embodiment, the boil-off gas
reliquefaction system 2 in accordance with the eighth embodiment of the present invention
does not use low-pressure/high-temperature boil-off gas compressed in the low-pressure-

10  stage boil-off gas compressors 20a, but may use high-pressure/high-temperature boil-off
gas compressed in the high-pressure-stage boil-off gas compressors 20b to remove the

lubricant L.

In this embodiment, the low-pressure boil-off gas return line 214 may be omitted,
and the high-pressure/high-temperature boil-off gas may be introduced into the boil-off
15 gas heat exchanger 30 along the boil-off gas return line 31, when the high-pressure boil-

off gas return value 311 is open.

Subsequently, high-temperature boil-off gas discharged from the boil-off gas heat
exchanger 30 may be decompressed and cooled while passing through the decompression
valve 40. For example, when the high-temperature boil-off gas is decompressed from 300

20  bar to 7 bar, the high-temperature boil-off gas of 43 Celsius degrees may be cooled to -37

Celsius degrees.

The high-temperature boil-off gas passing through the decompression valve 40 is

introduced into the gas-liquid separator 50. Vapor-phase boil-off gas in the high-
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temperature boil-off gas may be supplied to the low pressure consumer 3 along the high-
temperature boil-off gas transfer line 515, when the vapor-phase boil-off gas transfer valve

511 is closed and the high-temperature boil-off gas transfer valve 516 is open.

However, unlike the above-described embodiment, in this embodiment, since the
S5 high-temperature boil-off gas used to remove the lubricant L has high pressure, a
considerable decrease in temperature occurs when the high-temperature boil-off gas is

decompressed by the decompression valve 40.

Therefore, the high-temperature boil-off gas transferred to the low pressure
consumer 3 may not be suitable for a required temperature of the low pressure consumer 3.
10 Hence, in this embodiment, a gas heater 517 may be provided on the high-temperature

boil-off transfer line 515.

The gas heater 517 may heat boil-off gas which is compressed in the high-
pressure-stage boil-off gas compressors 20b and passes through the boil-off gas heat
exchanger 30 and the decompression valve 40 and transfer the heated boil-off gas to the

15  low pressure consumer 3. For example, the gas heater 517 may heat the high-temperature
boil-off gas cooled to -37 Celsius degrees or so while passing through the decompression
valve 40 to 40 Celsius degrees or so. A heat source used by the gas heater 517 is not

particularly limited.

As described above, in this embodiment, the lubricant L caught in the boil-off gas

20  heat exchanger 30, etc. is heated and then strongly pushed using the high-pressure/high-
temperature boil-off gas, to be effectively removed. Further, the high-temperature boil-off

gas mixed with the lubricant L is consumed in the low pressure consumer 3, so that the

lubricant L can be prevented from being introduced into the liquefied gas storage tank 10.
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FIGS. 11 and 12 are conceptual views of a boil-off gas reliquefaction system in

accordance with a ninth embodiment of the present invention.

Referring to FIGS. 11 and 12, the boil-off gas reliquefaction system 2 in
accordance with the ninth embodiment of the present invention may use high-temperature

5 high-speed boil-off gas compressed in the low-pressure-stage (e.g., two-stage) boil-off gas
compressor 20 so as to remove the lubricant L introduced into the boil-off gas heat

exchanger 30.

To this end, in this embodiment, a low-pressure boil-off gas return line 214 is
provided. The low-pressure boil-off gas return line 214 may branch off on the low-
10  pressure boil-off gas supply line 212 to inject high-temperature boil-off gas into the boil-

off gas heat exchanger 30.

Also, in this embodiment, boil-off gas injected from the low-pressure-stage boil-
off gas compressors 20a may be supplied to the low pressure engine 3b so as to remove
the lubricant introduced into the boil-off gas heat exchanger 30. To this end, a high-

15  temperature boil-off gas transfer line 515 is provided.

The high-temperature boil-off gas transfer line 515 braches off upstream of the
decompression valve 40 on the boil-off gas return line 31 to be connected to the low
pressure engine 3b. Thus, the high-temperature boil-off gas transfer line 515 transfers
high-temperature boil-off gas discharged from the boil-off gas heat exchanger 30 to the

20  low pressure engine 3b upstream of the decompression valve 40.

The high-temperature boil-off gas transfer line 515 may be connected downstream
of the low-pressure boil-off gas supply valve 213 on the low-pressure boil-off gas supply

line 212. In this embodiment, when high-temperature boil-off gas compressed in the low-
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pressure-stage boil-off gas compressors 20a is injected into the boil-off gas heat exchanger
30 through the low-pressure boil-off gas return line 214 so as to remove the lubricant L
introduced into the boil-off gas heat exchanger 30, the low-pressure boil-off gas supply

valve 213 provided on the low-pressure boil-off gas supply line 212 may be closed.

5 That is, when removal of the lubricant L of the boil-off gas heat exchanger 30 is
implemented, high-temperature high-speed boil-off gas discharged from the low-pressure-
stage boil-off gas compressors 20a may be introduced into the boil-off gas heat exchanger
30 along the low-pressure boil-off gas return line 214 branching off on the low-pressure
boil-off gas supply line 212 and then joined into the low-pressure boil-off gas supply line

10 212 along the high-temperature boil-off gas transfer line 515 upstream of the boil-off gas

heat exchanger 30 to be supplied to the low pressure engine 3b.

Thus, in this embodiment, gas used to remove the lubricant is used in the generator
engine, so that efficiency can be improved in terms of system operation and cost.

Hereinafter, a cleaning process will be described in more detail.

15 In the cleaning process, the decompression valve 40 is closed in a state in which
the boil-off gas compressor 20 operates and the low pressure engine 3b operates in a gas
mode. However, the flow from the boil-off gas compressor 20 to the boil-off gas heat
exchanger 30 is reversed, which may have bad influence on a lubricant filter 70b which
will be described later. Therefore, closing of a passive valve (not shown) provided

20  between the lubricant filter 70b and the boil-off gas heat exchanger 30 may be made.

Subsequently, low-pressure boil-off gas discharged from the liquefied gas storage
tank 10 is provided to bypass the boil-off gas heat exchanger 30 through opening of the

boil-off gas bypass valve 331 and closing of the boil-off gas supply valves 211a.
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In addition, the low-pressure boil-off gas return valve 215 provided on the low-

pressure boil-off gas return line 214 is open. The low-pressure boil-off gas return valve

215 may be provided in plurality. Any one of the plurality of the plurality of low-pressure
boil-off gas return valves may be On/Off type block valve, and another of the plurality of

5  the plurality of low-pressure boil-off gas return valves may be a control valve capable of

controlling an opening degree.

The low-pressure boil-off gas return valve 215 capable of controlling an opening
degree may be open to a low opening degree (e.g., 10%), and then the opening degree may
extend to 100% when the pressure of the high-temperature boil-off gas transfer line 515

10  reaches a certain pressure (e.g., 10 barg). In addition, the high-temperature boil-off gas

transfer valve 516 of the high-temperature boil-off gas transfer line 515 may be open.

In the cleaning process, the low-pressure boil-off gas supply valve 213 provided on
the low-pressure boil-off gas supply line 212 may be closed. However, the flow rate of
high-temperature boil-off gas introduced into the boil-off gas heat exchanger 30 may be

15  changed by controlling the opening degree of the low-pressure boil-off gas supply valve
213, and the temperature of boil-off gas introduced into the low pressure engine 3b may

also be changed.

Thus, in this embodiment, the opening degree of the low-pressure boil-off gas
supply valve 213 can be automatically controlled while allowing the temperature of boil-
20  off gas at a front end of the low pressure engine 3b to be suitable for a required

temperature (e.g., 20 Celsius degrees) of the low pressure engine 3b.

The cleaning process may be made by maintaining the above-described state for a
certain time (e.g., one hour or so). However, in the cleaning process, the load of the low

pressure engine 3b may be maintained as a low load (15 to 50%) so as to prevent abnormal
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combustion due to introduction of the lubricant L. This considers that the lubricant L of
about 97 g or so, which is calculated below, may be introduced into the low pressure

engine 3b in laden voyage.

The cleaning process may be made according to a selection of a ship owner.
5 However, the cleaning process is preferably made for every ballast voyage, regardless of

how much the boil-off gas heat exchanger 30 is polluted by the lubricant L.

In this embodiment, a lubricant filter 70a may be provided between the
decompression valve 40 and the gas-liquid separator 50. The lubricant filter 70a may be a
solid filter. The lubricant filter 70a filters the lubricant L transferred in a vapor state, so

10 that pollution of boil-off gas introduced into the liquefied gas storage tank 10 can be

prevented.

In this embodiment, the lubricant filter 70b is provided downstream of the high-
pressure boil-off gas return valve 311 on the boil-off gas return line 31, to filter the
lubricant L, so that the quality of liquefied gas stored in the liquefied gas storage tank 10

15  can be ensured.

In this embodiment, a separator 22 and a coalescer 23, which filter a foreign
substance such as the lubricant L, may be provided downstream of the boil-off gas
compressor 20. The separator 22 may be a cyclone. In this embodiment, the separator 22,
the coalescer 23, the lubricant filter 70, and the like may be integrally referred to as a filter

20  system (BCA).

Therefore, in this embodiment, the lubricant L to be mixed in the boil-off gas
compressor 20 of the fourth and fifth stages may be filtered by two filtration systems. The

first is the filter system and the second is the lubricant filter 70a between the
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decompression valve 40 and the gas-liquid separator 50.

For example, the separator 22 may have a filtering performance of 4 to 10 ppmw,
the coalescer 23 may have a filtering performance of 0.1 ppmw (liquid)/2 to 4 ppmw
(vapor), the lubricant filter 70b may have a filtering performance of 0.1 ppmw, and the

5  lubricant filter 70a may have a filtering performance of 0.1 um.

When the ship voyages at a ship speed of 15 knots in laden voyage (20 days +
margin (anchoring, etc.)) under these filtering performances, the flow rate of boil-off gas
introduced into the boil-off gas reliquefaction system may be 1,761kg/h (15 knots, 20
days) and 2,785 kg/h (anchoring, 2 days), and the amount of the lubricant L filtered by the

10 lubricant filter 70b may be about 97 g in laden voyage.

That is, in this embodiment, the lubricant L can be suppressed from returning to
the liquefied gas storage tank 10 through the two filtration systems. However, the
lubricant L cannot be completely removed through these filtration systems, and
deterioration of heat exchange performance in the boil-off gas heat exchanger 30 due to

15  the lubricant L cannot be blocked.

Thus, in this embodiment, deterioration of heat exchange performance in the boil-
off gas heat exchanger 30 due to pollution of the lubricant L can be dissolved through a

warm gas cleaning/blowing system using high-pressure boil-off gas.

However, the warm gas cleaning/blowing system is for the purpose of ensuring

20  heat exchange efficiency of the boil-off gas heat exchanger 30. Since removal of the
lubricant L in the boil-off gas heat exchanger 30 cannot be completely ensured, this
embodiment is provided with the warm gas cleaning/blowing system together with the

filtration systems, so that a problem caused by the lubricant L used in the high-pressure-
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stage boil-off gas compressors 20b can be completely prevented.

Specifically, the warm gas cleaning/blowing system melts the lubricant L

remaining in the boil-off gas heat exchanger 30 by heating the boil-off gas heat exchanger

30 by using boil-off gas discharged from the low-pressure-stage boil-off gas compressors

5 20a, which is not mixed with the lubricant L, and then supplies the lubricant L together

with the boil-off gas to the low pressure engine 3b.

In this embodiment, high-temperature boil-off gas included in the lubricant L is not
transferred to the decompression valve 40 or the gas-liquid separator 50, and thus there is
no problem that the gas-liquid separator 50 and overall configurations are polluted by the

10  lubricant L.

In addition, there is no risk that the liquid-phase lubricant L is agglomerated in the
gas-liquid separator 50 during the cleaning process, and a concern that the agglomerated
lubricant L will be introduced into the liquefied gas storage tank 10 can also be completely

resolved.

15 FIG. 13 is a conceptual view of the boil-off reliquefaction system in accordance

with the present invention.

Hereinafter, gas flow represented according to states (cool-down, start-up, stop,
and trip) of the boil-off gas reliquefaction systems 2 in accordance with the above-
described embodiments of the present invention will be described with reference to FIG.

20 13

First, in the case of a cool-down process, the boil-off gas compressor 20 operate by
using low-temperature boil-off gas discharged via a vapor header from the liquefied gas

storage tank 10, and boil-off gas flows into the boil-off gas supply line 21 and the low-
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pressure boil-off gas supply line 212. The boil-off gas supply valve 21 1a may be open and

the boil-off gas bypass valve 331 may be closed.

Subsequently, the decompression valve 40 and the liquid-phase boil-off gas return

valve 312 are closed, and the high-pressure boil-off gas return valve 311 is open to a

5  constant opening degree (10% or so, 5% per minute), so that low-temperature boil-off gas
passing through the boil-off gas compressor 20 is introduced into the boil-off gas return

line 31 for a certain time (about 5 minutes) to implement cooling.

Subsequently, after the high-pressure boil-off gas return valve 311 is completely

open to 100%, the decompression valve 40 may be open to a constant opening degree

10 (10% or so, 5% per minute), and the set point of the vapor-phase boil-off gas transfer
valve 511 may be set to 5 barg or so. The gas-liquid separator 50 and the boil-off gas heat

exchanger 30 may be cooled through the vapor-phase boil-off gas transfer line 51.

Subsequently, when the level in the gas-liquid separator 50 reaches a certain level
(e.g., 30%), the liquid-phase boil-off gas return valve 312 is open to a certain opening
15  degree (20% or so), so that the boil-off gas cools the boil-off gas return line 31 while

returning to the liquefied gas storage tank 10 along the boil-off gas return line 31.

According to the cool-down process, in the present invention, the down-stream of
decompression valve 40 on the boil-off gas return line 31, the vapor-phase boil-off gas
transfer line 51, and the like are cooled, so that unnecessary vaporization of gas can be

20  prevented.

In the case of a start-up process, the start-up process may be made after it is
checked that the cool-down has been completed. The decompression valve 40 may

operate in a pressure control mode (PIC) or a flow control mode (FIC).
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15

20

Specifically, the decompression valve 40 may operate in the pressure control mode
while allowing the pressure of gas supplied to the high pressure engine 3a to be suitable
for a required pressure of the high pressure engine 3a when the high pressure engine 3a
operates. Alternatively, the decompression valve 40 may operate in the flow control mode

while checking the flow rate of boil-off gas, etc.

In the case of a stop process, first, the decompression valve 40 is closed (the
opening degree of the decompression valve 40 is decreased to 30% per minute). The
opening degree of the decompression valve 40 may be slowly decreased, and the flow rate
of boil-off gas between the decompression valve 40 and the gas-liquid separator 50 is

reduced.

Subsequently, the high-pressure boil-off gas return valve 311 is closed, and
therefore, the flow rate of boil-off gas from the boil-off gas return line 31 to the gas-liquid

separator 50 is reduced.

Subsequently, the decompression valve 40 is completely open to 100%, so that the
boil-off gas between the high-pressure boil-off gas return valve 311 and the gas-liquid

separator 50 is decompressed.

Subsequently, the liquid-phase boil-off gas return valve 312 is completely open to
100%, so that condensed boil-off gas is drained from the gas-liquid separator 50 to the

liquefied gas storage tank 10.

Subsequently, when the level in the gas-liquid separator 50 is sensed as a certain
level (5% or so) or less, the set point of the vapor-phase boil-off gas transfer valve 511 is
decreased to 1.5 barg, so that boil-off gas in the vapor-phase boil-off gas transfer line 51 is

decompressed, thereby completing the stop process.
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In the case of a trip process, first, the high-pressure boil-off gas return valve 311 is
closed, and the flow of boil-off gas toward the boil-off gas heat exchanger 30, the

decompression valve 40, and the gas-liquid separator 50 is interrupted.

Subsequently, the decompression valve 40, the liquid-phase boil-off gas retumn
5 valve 312, and the vapor-phase boil-off gas transfer valve 511 are completely open to
100%, so that boil-off gas in the boil-off gas return line 31 and the vapor-phase boil-off

gas transfer line is decompressed, thereby completing the trip process.

FIG. 14 is a conceptual view of a gas treatment system having the boil-off gas
reliquefaction system in accordance with the present invention. FIG. 15 is a graph
10  illustrating a gas treatment state of the gas treatment system in accordance with the present

invention.

For reference, the present invention is not limited to the above-described boil-off
gas reliquefaction system 2, and may be a gas treatment system which further includes
other components in addition to the boil-off gas reliquefaction system 2 so as to consume,

15  as a fuel, boil-off gas or liquefied gas, which is stored in the liquefied gas storage tank 10.

Referring to FIG. 14, the gas treatment system having the boil-off gas
reliquefaction system 2 in accordance with the present invention may include a boil-off
gas supply unit HPC, a high-pressure liquefied gas supply unit HPP, a low-pressure
liquefied gas supply unit, and a boil-off gas liquefaction unit ERS, and the boil-off gas

20  supply unit HPC and the boil-off gas liquefaction unit ERS may be referred to as the

above-described boil-off gas reliquefaction system 2.

The boil-off gas supply unit HPC and the boil-off gas liquefaction unit ERS have

already been described. Therefore, hereinafier, the high-pressure liquefied gas supply unit
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HPP and the low-pressure liquefied gas supply unit LPP will be described.

The high-pressure liquefied gas supply unit HPP supplies liquefied gas discharged
from the liquefied gas storage tank 10 to the high pressure engine 3a vas a high pressure

pump 82 and a high pressure vaporizer 83.

5 A liquefied gas supply line 80 extending to the outside of the liquefied gas storage
tank 10 from a transfer pump (reference numeral not shown) disposed in the liquefied gas
storage tank 10 may branch off on a high-pressure liquefied gas supply line 81 to be

connected to the high pressure engine 3a.

(Overpressure) liquefied gas is transferred to the liquefied gas storage tank 10, a
10  bent mast (reference numeral not shown), or the like downstream of the high-pressure 82
or the high pressure vaporizer 83, so that overpressure in supply of the liquefied gas can be

prevented.

On the other hand, the low-pressure liquefied gas supply unit LPP supplied
liquefied gas discharged from the liquefied gas storage tank 10 to the low pressure engine
15  3b, the gas combustion apparatus 3c, or the like via a forcible vaporizer 85, a heavy carbon

separator 86, and a heater 87.

The forcible vaporizer 85 and the like may be provided on a low-pressure liquefied
gas supply line 84 branching off on the liquefied gas supply line 80. That is, the liquefied
gas supply line 80 branches off into the high-pressure liquefied gas supply line 81 and the

20 low-pressure liquefied gas supply line 84 downstream of the transfer pump to be

respectively connected to the high pressure engine 3a and the low pressure engine 3b.

As described above, the gas treatment system which can further include a

configuration for supplying liquefied gas in addition to the boil-off gas reliquefaction
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system 2 can variously control whether boil-off gas/liquefied gas is to be supplied
according to an operation condition of the ship 1. This will be described with reference to

FIGS. 14 and 15 together.

For example, in the gas treatment system of the present invention, boil-off gas is

5 sufficiently generated in laden voyage in which liquefied gas is sufficiently laden, and
therefore, boil-off gas discharged from the liquefied gas storage tank 10 may be
compressed by the boil-off gas compressor 20 via the vapor header, to be supplied to the

high pressure engine 3a, the low pressure engine 3b, or the like.

FIG. 15 is a graph illustrating gas consumption according to ship speed, which is

10  divided into four sections according to the ship speed. First, in the case of Section 1 from
an anchoring state to a low-speed operation state of less than 12 knots, it can be seen that

the consumption of boil-off gas in laden voyage exceeds gas consumption caused by the

high pressure engine 3a and the low pressure engine 3b.

Also, in the case of Section 2 in which gas consumption caused by the high
15 pressure engine 3a, etc. is gradually increased according to the ship speed, the
consumption of boil-off gas in the laden voyage still exceeds the gas consumption caused

by the high pressure engine 3a, etc.

Therefore, the boil-off gas reliquefaction system 2 of the present invention

preferably liquefies boil-off gas by operating in Section 1 and Section 2 in laden voyage.

20 However, in the case of Section 3 in which the ship speed is high, the boil-off gas
reliquefaction system 2 may not operate. In the case of Section 4 in which the ship speed
is very high, the gas consumption caused by the high pressure engine 3a, etc. exceeds the

consumption of boil-off gas, and therefore, the supply of liquefied gas may be made
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without operating the boil-off gas reliquefaction system 2.

As described above, in accordance with the present invention, in the gas treatment
system which further includes the configuration for supplying liquefied gas in addition to
the boil-off gas reliquefaction system 2, the reliquefaction of boil-off gas, the supply of

5 liquefied gas, and the like can be efficiently controlled by considering the ship speed, etc.

The present invention is not limited to the embodiments described above, and it
will be apparent that a combination of the embodiments or a combination of at least one of

the embodiments and prior art may be included as still another embodiment.

As described above, the present invention has been described based on the

10 embodiments, which are merely exemplary and are not intended to limit the present
invention, and those skilled in the art to which the present invention pertains do not depart

from the essential technical details of the present embodiment. It will be appreciated that
various combinations or modifications and applications not illustrated in the embodiments

are possible. Therefore, technical matters related to modifications and applications easily

15  derivable from embodiments of the present invention should be interpreted as being

included in the present invention.
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CLAIMS:
1. A boil-off gas reliquefaction system, comprising:

a boil-off gas compressor configured to compress, in multi-stages, boil-off gas
generated in a liquefied gas storage tank and supply the compressed boil-off gas to a

S  consumer;

a boil-off gas heat exchanger configured to perform heat exchange between boil
off gas compressed in the boil-off gas compressor and boil-off gas introduced into the

boil-off gas compressor;

a decompression valve configured to decompress the boil-off gas compressed in
10  the boil-off gas compressor and then heat-exchanged in the boil-off gas heat exchanger;

and

a gas-liquid separator configured to perform gas-liquid separation on the boil-off

gas decompressed in the decompression valve,

wherein lubricant used in the boil-off gas compressor of a high pressure stage is

15 mixed with boil-off gas to be introduced into the boil-off gas heat exchanger,

wherein the boil-off gas reliquefaction system further comprises a high-

temperature boil-off gas transfer line configured to transfer high-temperature boil-off gas
discharged from the boil-off gas heat exchanger to a low pressure consumer upstream of

the decompression valve, when high-pressure boil-off gas compressed in the boil-off gas

20  compressor is injected into the boil-off gas heat exchanger to remove the lubricant

introduced into the boil-off gas heat exchanger.
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2. The boil-off gas reliquefaction system of claim 1, further comprising:

a boil-off gas bypass line configured to allow boil-off gas discharged from the
liquefied gas storage tank to be transferred to the boil-off gas compressor by bypassing the

boil-off gas heat exchanger; and
a boil-off bypass valve configured to control flow of the boil-off gas bypass line,

wherein the boil-off gas bypass valve allows low-temperature boil-off gas
discharged from the liquefied gas storage tank to flow into the boil-off gas bypass line
such that boil-off gas injected into the boil-off gas heat exchanger maintains a high
temperature state, when high-pressure boil-off gas compressed in the boil-off gas
compressor is injected into the boil-off gas heat exchanger to remove the lubricant

introduced into the boil-off gas heat exchanger.

3. The boil-off gas reliquefaction system of claim 1, further comprising;:

a boil-off gas supply line connected to the consumer via the boil-off gas

compressor from the liquefied gas storage tank; and

a boil-off gas return line branching off downstream of the boil-off gas compressor
on the liquefied gas storage tank to be connected to the liquefied gas storage tank via the

boil-off gas heat exchanger, the decompression valve, and the gas-liquid separator.

4, The boil-off gas reliquefaction system of claim 3, wherein the high-
temperature boil-off gas transfer line branches off upstream of the decompression valve on

the boil-off gas return line to be connected to the low pressure consumer.
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5. The boil-off gas reliquefaction system of claim 4, further comprising:

a low-pressure boil-off gas supply line configured to supply boil-off gas
compressed in the boil-off gas compressor of a low pressure stage to the low pressure

5  consumer; and

a low-pressure boil-off gas return line branching off on the low-pressure boil-off

gas supply line to inject high-temperature boil-off gas into the boil-off gas heat exchanger.

6. The boil-off gas reliquefaction system of claim 5, further comprising a low-
10  pressure boil-off gas supply valve configured to control flow of the low-pressure boil-off

gas supply line,

wherein the low-pressure boil-off gas supply valve is closed when high-pressure
boil-off gas compressed in the boil-off gas compressor of the low pressure stage is injected
into the boil-off gas heat exchanger to remove the lubricant introduced into the boil-off

15  gas heat exchanger.

7. The boil-off gas reliquefaction system of claim 6, wherein the high-
temperature boil-off gas transfer line is connected downstream of the low-pressure boil-off

gas supply valve on the low-pressure boil-off gas supply line.

20

8. A ship comprising the boil-off gas reliquefaction system of any one of

claims 1 to 7.
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