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BOIL-OFF GAS TREATMENT SYSTEM AND METHOD FOR VESSEL 

 

TECHNICAL FIELD 

The present invention relates to a boil-off gas (BOG) treatment system and 

method for a vessel, and more particularly, to a BOG treatment system and method for a 5 

vessel, in which BOG discharged from a storage tank is compressed, most of the BOG is 

used as the fuel of vessel engines, and a part of the other BOG is liquefied by cold 

energy of BOG newly discharged from the storage tank and is returned to the storage 

tank, thereby efficiently utilizing the BOG. 

 10 

BACKGROUND ART 

Recently, the consumption of liquefied gas, such as liquefied natural gas (LNG) or 

liquefied petroleum gas (LPG), has been rapidly increasing throughout the world.  

Liquefied gas is transported in a gas state through onshore or offshore gas pipelines, or is 

transported to a remote consumption place while being stored in a liquefied state inside a 15 

liquefied gas carrier.  Liquefied gas, such as LNG or LPG, is obtained by cooling 

natural gas or petroleum gas to a cryogenic temperature (in the case of LNG, about -

163ºC).  Since the volume of liquefied gas is considerably reduced as compared to a 

gas state, liquefied gas is very suitable for a long-distance marine transportation. 

A liquefied gas carrier such as an LNG carrier is designed to load liquefied gas, 20 

sail across the sea, and unload the liquefied gas at an onshore consumption place.  To 

this end, the liquefied gas carrier includes a storage tank (also called �cargo tank�) that 

can withstand a cryogenic temperature of liquefied gas. 

Since the liquefaction temperature of natural gas is a cryogenic temperature of -

163ºC at ambient pressure, LNG is likely to be vaporized even when the temperature of 25 

LNG is slightly higher than -163 ºC at ambient pressure.  In the case of a conventional 

LNG carrier, even though an LNG storage tank is thermally insulated, external heat is 

continuously transferred to LNG.  Therefore, during the transportation of LNG by the 
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LNG carrier, LNG is continuously vaporized within the LNG storage tank and boil-off 

gas (hereinafter, referred to as BOG) is generated within the LNG storage tank. 

The generated natural gas may increase the inside pressure of the storage tank and 

accelerate the flow of the natural gas due to the rocking of the vessel, causing structural 

problems.  Therefore, it is necessary to suppress the generation of BOG. 5 

In addition, since BOG is loss of LNG, the suppression or reliquefaction of BOG 

is a very important issue in terms of transportation efficiency. 

Conventionally, in order to suppress the generation of BOG within the storage 

tank of the liquefied gas carrier, a method of discharging the BOG from the storage tank 

and burning the BOG, a method of discharging the BOG from the storage tank, 10 

reliquefying the BOG through a reliquefaction apparatus, and returning the BOG to the 

storage tank, a method of using the BOG as fuel for a vessel�s propulsion engine, and a 

method of suppressing the generation of BOG by maintaining an inside pressure of a 

storage tank at a high level have been used solely or in combination. 

In the case of a conventional vessel equipped with a BOG reliquefaction apparatus, 15 

BOG inside a storage tank is discharged from the storage tank and then reliquefied 

through a reliquefaction apparatus in order to maintain a pressure of the storage tank at 

an appropriate level.  In this case, the discharged BOG is reliquefied through heat 

exchange with a refrigerant (for example, nitrogen, mixed refrigerant, or the like) cooled 

to a cryogenic temperature in the reliquefaction apparatus including a refrigeration cycle, 20 

and the reliquefied BOG is returned to the storage tank. 

In the case of a conventional LNG carrier equipped with a DFDE propulsion 

system, BOG is consumed in such a manner that it is supplied as fuel to the DFDE after 

treating BOG by only a BOG compressor and heating, without installing the 

reliquefaction facility.  Therefore, when an amount of fuel necessary for an engine is 25 

smaller than a generation amount of BOG, there is a problem that BOG is burnt in a gas 

combustion unit (GCU) or is vented to atmosphere. 

Even though a conventional LNG carrier equipped with a reliquefaction facility 
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a pressure of about 5 to 20 bar at which the BOG as the fuel supplied to the engine is 

compressed. 

The compressor may include: a compressor configured to compress the BOG 

discharged from the storage tank to a pressure necessary for the medium pressure gas 

engine; and a booster compressor configured to further compress the other BOG, which 5 

is not supplied to the medium pressure gas engine. 

The compressor may be a centrifugal type multi-stage compressor. 

The compressor may compress the BOG to 5 to 20 bar. 

The booster compressor may be a reciprocating type multi-stage compressor. 

The booster compressor may compress the BOG to 80 to 250 bar. 10 

An amount of the BOG supplied to the medium pressure gas engine may be 

determined in the range of 30 to 70% of the BOG discharged from the storage tank 

according to a load of the medium pressure gas engine. 

Gas component of the other BOG, which is decompressed while passing through 

the expander and becomes a gas-liquid mixed state, may be discharged from the storage 15 

tank and be joined with the BOG supplied to the heat exchanger. 

Gas component of the other BOG, which is decompressed while passing through 

the expander and becomes a gas-liquid mixed state, may be further decompressed while 

passing through another expander and be joined with the BOG supplied to the heat 

exchanger. 20 

Liquid component of the other BOG, which is decompressed while passing 

through the expander and becomes a gas-liquid state, may be returned to the storage tank. 

The BOG treatment system may further include a forcible vaporizer configured to 

forcibly vaporize the liquefied gas stored in the storage tank and supply the forcibly 

vaporized liquefied gas to the compressor. 25 

The BOG treatment system may further include a BOG consumer configured to 

receive and use the BOG compressed by the compressor. 

The BOG consumer may be one or more of an integrated inert gas generator 
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medium pressure gas engine, which is included in the BOG treatment system and 

receives the BOG discharged from the storage tank as fuel, and is propelled using a 

motor. 

According to another aspect of the present invention, there is provided a method 

for manufacturing a vessel, which includes a storage tank configured to store liquefied 5 

gas, a compressor configured to compress BOG generated from the liquefied gas stored 

in the storage tank by discharging the BOG from the storage tank, and a medium 

pressure gas engine configured to use the BOG compressed by the compressor as fuel, 

wherein a booster compressor configured to further compress the BOG compressed by 

the compressor, a heat exchanger configured to cooling the BOG further compressed by 10 

the booster compressor by heat exchange with the BOG discharged from the storage tank, 

an expander configured to decompress the BOG cooled by the heat exchanger, a gas-

liquid separator configured to separate the BOG, which is decompressed by the expander 

and becomes a gas-liquid mixed state, into gas component and liquid component, and a 

BOG recirculation line configured to join the gas component separated by the gas-liquid 15 

separator with the BOG discharged from the storage tank are additionally installed in the 

vessel. 

The booster compressor may be configured to further compress the other BOG, 

which is compressed by the compressor among the BOG discharged from the storage 

tank and is not supplied to the medium pressure gas engine. 20 

The compressor may be a centrifugal type multi-stage compressor. 

The compressor may compress the BOG to 5 to 20 bar. 

The booster compressor may be a reciprocating type multi-stage compressor. 

The booster compressor may compress the BOG to 80 to 250 bar. 

An amount of the BOG supplied to the medium pressure gas engine may be 25 

determined in the range of 30 to 70% of the BOG discharged from the storage tank 

according to a load of the medium pressure gas engine. 

Gas component of the other BOG, which is decompressed while passing through 
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the expander and becomes a gas-liquid mixed state, may be discharged from the storage 

tank and be joined with the BOG supplied to the heat exchanger. 

Gas component of the other BOG, which is decompressed while passing through 

the expander and becomes a gas-liquid mixed state, may be further decompressed while 

passing through another expander and be joined with the BOG supplied to the heat 5 

exchanger. 

Liquid component of the other BOG, which is decompressed while passing 

through the expander and becomes a gas-liquid state, may be returned to the storage tank. 

The vessel may further include a forcible vaporizer configured to forcibly 

vaporize the liquefied gas stored in the storage tank and supply the forcibly vaporized 10 

liquefied gas to the compressor. 

The vessel may further include a BOG consumer configured to receive and use the 

BOG compressed by the compressor. 

The BOG consumer may be one or more of an integrated inert gas generator 

(IGG)/gas combustion unit (GCU) system, a GCU, and a gas turbine. 15 

In a ballast condition in which a generation amount of BOG is relatively small, the 

liquefied gas stored in the storage tank may be forcibly vaporized according to an 

amount of fuel necessary for the medium pressure gas engine, and the forcibly vaporized 

liquefied gas may be supplied to the compressor. 

In a laden condition in which a generation amount of BOG is relatively large, a 20 

part of the BOG compressed in the compressing step may be supplied to the medium 

pressure gas engine, and the other BOG that is not supplied to the medium pressure gas 

engine may be further compressed and be supplied to the heat exchanger. 

 

ADVANTAGEOUS EFFECTS 25 

According to the BOG treatment system and method of the present invention, a 

part of BOG compressed after pressurizing BOG discharged from the storage tank can 

be supplied as fuel to the vessel engine and the other compressed BOG can be newly 
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discharged from the storage tank to return it to the storage tank by liquefying with cold 

energy of BOG before compression. 

Therefore, according to the BOG treatment system and method of the present 

invention, BOG generated from the storage tank can be reliquefied without installing a 

reliquefaction apparatus consuming a large amount of energy and requiring excessive 5 

initial installation cost, thereby saving energy consumed in the reliquefaction apparatus. 

According to the BOG treatment system and method of the present invention, all 

BOG generated during the transportation of cargo (that is, LNG) in the LNG carrier can 

be used as the fuel of the engine, or can be reliquefied, be returned to the storage tank, 

and be stored therein.  Therefore, an amount of BOG consumed in the GCU or the like 10 

can be reduced.  Furthermore, BOG can be treated by reliquefaction, without using 

separate refrigerants such as nitrogen. 

In addition, in the BOG treatment system and method according to the present 

invention, since it is unnecessary to install the reliquefaction apparatuses using separate 

refrigerants (that is, nitrogen-refrigerant refrigeration cycle, mixed-refrigerant 15 

refrigeration cycle, or the like), facilities for supplying and storing the refrigerants need 

not be separately installed.  Consequently, it is possible to save initial installation cost 

and operation cost for configuring the entire system. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

FIG. 1 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a first embodiment of the present invention. 

FIG. 2 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a second embodiment of the present invention. 

FIG. 3 is a schematic configuration diagram illustrating a state in which the BOG 25 

treatment system according to the first embodiment of the present invention is used 

together with a fuel gas supply system. 

FIG. 4 is a schematic configuration diagram illustrating a BOG treatment system 
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for a vessel according to a third embodiment of the present invention. 

FIG. 5 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a fourth embodiment of the present invention. 

FIG. 6 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a fifth embodiment of the present invention. 5 

 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

Exemplary embodiments of the present invention will be described below in detail 

with reference to the accompanying drawings.  These embodiments are provided so 

that this disclosure will be thorough and complete, and will fully convey the scope of the 10 

invention to those skilled in the art.  The invention may, however, be embodied in many 

different forms and should not be construed as being limited to the embodiments set 

forth herein.  Throughout the drawings and description, like reference numerals will be 

used to refer to like elements. 

The International Maritime Organization (IMO) regulates the emission of nitrogen 15 

oxides (NOx) and sulfur oxides (SOx) among exhaust gases of ships and also tries to 

regulate the emission of carbon dioxide (CO2).  In particular, the issue of the regulation 

of nitrogen oxides (NOx) and sulfur oxides (SOx) was raised by the Prevention of 

Marine Pollution from Ships (MARPOL) protocol in 1997.  After eight long years, the 

protocol met effectuation requirements and entered into force in May 2005.  Currently, 20 

the regulation is in force as a compulsory provision. 

Therefore, in order to meet such a provision, a variety of methods have been 

introduced to reduce the emission of nitrogen oxides (NOx).  As one of these methods, 

a high-pressure natural gas injection engine for an LNG carrier, for example, an MEGI 

engine, has been developed and used.  As compared with the diesel engine of the same 25 

power, the MEGI engine can reduce the emission of pollutants (carbon dioxide: 23%, 

nitrogen compound: 80%, sulfur compound: 95% or more).  Hence, the MEGI engine 

is considered as an environment-friendly next-generation engine. 
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Such an MEGI engine may be installed in a vessel such as an LNG carrier which 

transports LNG while storing the LNG in a storage tank capable of withstanding a 

cryogenic temperature.  The term �vessel� as used herein includes an LNG carrier, an 

LNG RV, and offshore plants such as an LNG FPSO and an LNG FSRU.  In this case, 

the MEGI engine uses natural gas as fuel and requires a high pressure of about 150 to 5 

400 bara (absolute pressure) for gas supply, depending on a load thereof. 

The MEGI can be directly connected to the propeller for propulsion.  To this end, 

the MEGI engine is provided with a 2-stroke engine rotating at a low speed.  That is, 

the MEGI engine is a low-speed 2-stroke high pressure natural gas injection engine. 

In addition, in order to reduce the emission of nitrogen oxide, a DF engine (for 10 

example, DFDG: dual fuel diesel generator) using a mixture of diesel oil and natural gas 

as fuel has been developed and used for propulsion or power generation.  The DF 

engine is an engine that can burn a mixture of oil and natural gas, or can selectively use 

one of oil and natural gas as fuel.  Since a content of sulfur is smaller than that in the 

case where only oil is used as fuel, a content of sulfur oxide is small in exhaust gas. 15 

The DF engine need not supply fuel gas at a high pressure like the MEGI engine, 

and has only to supply fuel gas after compressing it to about several bara to several tens 

bara.  The DF engine obtains power by driving a power generator through the driving 

force of the engine.  This power can be used to drive a propulsion motor or operate 

various apparatuses or facilities.  The propulsion or power generation system, which 20 

obtains power by using the DF engine, is referred to as a dual fuel diesel electric 

(DFDE) system. 

When supplying natural gas as fuel, it is unnecessary to match the methane 

number in the case of the MEGI engine, but it is necessary to match the methane number 

in the case of the DF engine. 25 

If LNG is heated, methane component having a relatively low liquefaction 

temperature is preferentially vaporized.  Hence, since a methane content of BOG is 

high, the BOG can be directly supplied as fuel to the DF engine.  However, since the 
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methane content of the LNG is relatively lower than that of the BOG, the methane 

number of the LNG is lower than the methane number required in the DF engine.  

Ratios of hydrocarbon components (methane, ethane, propane, butane, and the like) 

constituting the LNG are different according to producing areas.  Therefore, it is not 

suitable to vaporize the LNG as it is and then supply the vaporized LNG to the DF 5 

engine as fuel. 

In order to adjust the methane number, the heavy hydrocarbon (HHC) component 

having a higher liquefaction point than methane can be liquefied and removed by 

forcibly vaporizing the LNG and lowering the temperature of the LNG.  After the 

methane number is adjusted, it is possible to additionally heat natural gas whose 10 

methane number is adjusted according to the temperature condition required in the 

engine. 

As the vessel engine using natural gas as fuel has been developed and mounted on 

the vessel, there is a need to install a storage tank in the vessel so as to store LNG as fuel. 

Examples of a marine structure provided with a storage tank capable of storing 15 

cryogenic liquefied gas may include vessels such as a liquefied gas carrier and an LNG 

Regasification Vessel (LNG RV), or structures such as an LNG Floating Storage and 

Regasification Unit (LNG FSRU), LNG Floating and Regasification Unit (LNG FRU), 

an LNG Floating, Production, Storage and Off-loading (LNG FPSO), Floating Storage 

Power Plant (FSPP), and a Barge Mounted Power Plant (BMPP). 20 

The LNG RV is a self-propelled, floatable LNG carrier equipped with an LNG 

regasification facility, and the LNG FSRU is a marine structure that stores LNG 

unloaded from an LNG carrier on the sea far away from the land and, if necessary, 

supplies the LNG to an offshore consumer by gasifying the LNG.  The LNG FRU is a 

marine structure that has no storage function and supplies LNG to a land consumer by 25 

gasifying the LNG, while being used in cooperation with a separate storage tank.  The 

LNG FPSO is a marine structure that refines extracted LNG on the sea, stores the LNG 

in a storage tank after direct liquefaction, and, if necessary, transships the LNG to an 
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LNG carrier.  The FSPP is a structure that is equipped with an LNG storage tank and a 

power generation facility in a hull floating on the sea and generates electricity on the sea.  

The BMPP is a structure that is equipped with a power generation facility to produce 

electricity on the sea. 

The term �vessel� as used herein is a concept including a liquefied gas carrier such 5 

as an LNG carrier, and structures such as an LNG RV, an LNG FPSO, an LNG FSRU, an 

LNG FRU, an FSPP, and a BMPP. 

Hereinafter, configurations and operations of preferred embodiments of the 

present invention will be described in detail with reference to the accompanying 

drawings.  In addition, the following embodiments can be modified in various forms 10 

and are not intended to limit the scope of the present invention. 

FIG. 1 is a configuration diagram illustrating a BOG treatment system for a vessel 

according to a first embodiment of the present invention. 

Although FIG. 1 illustrates an example in which the BOG treatment system of the 

present invention is applied to an LNG carrier equipped with a high pressure natural gas 15 

injection engine (e.g., an MEGI engine) as a vessel engine capable of using natural gas 

as fuel, the BOG treatment system of the present invention can also be applied to any 

type of vessels (LNG carrier, LNG RV, and the like) and marine plants (FSPP, BMPP, 

LNG FRU, LNG FPSO, LNG FSRU, and the like), in which a liquefied gas storage tank 

is installed. 20 

In the BOG treatment system for the vessel according to the first embodiment of 

the present invention, boil-off gas (NBOG) generated and discharged from a storage tank 

11 storing liquefied gas is transferred along a BOG supply line L1, is compressed in a 

compressor 13, and is then supplied to the high pressure natural gas injection engine, for 

example, the MEGI engine.  The boil-off gas is compressed at a high pressure of about 25 

150 to 400 bara by the compressor 13 and is then supplied as fuel to the high pressure 

natural gas injection engine, for example, the MEGI engine. 

The storage tank 11 has sealing and heat-insulating walls so as to store liquefied 
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gas such as LNG in a cryogenic state, but cannot perfectly block heat transferred from 

the outside.  Therefore, the liquefied gas is continuously vaporized within the storage 

tank 11.  In order to maintain the pressure of the BOG at an appropriate level, BOG is 

discharged from the storage tank 11 through the BOG discharge line L1. 

A discharge pump 12 is installed within the storage tank 11 so as to discharge 5 

LNG to the outside of the storage tank 11 when necessary. 

The compressor 13 may include one or more compression cylinders 14 and one or 

more intercoolers 15 for cooling BOG of which the temperature is raised.  The 

compressor 13 may be configured to compress BOG to, for example, about 301 bara.  

Although FIG. 1 illustrates the reciprocating type multi-stage compressor 13 including 10 

five compression cylinders 14 and five intercoolers 15, the number of the compression 

cylinders and the number of the intercoolers may be changed when necessary.  In 

addition, a plurality of compression cylinders may be arranged within a single 

compressor, and a plurality of compressors may be connected in series. 

BOG compressed in the compressor 13 is supplied to the high pressure natural gas 15 

injection engine through the BOG supply line L1.  All or part of the compressed BOG 

may be supplied to the high pressure natural gas injection engine according to an amount 

of fuel necessary for the high pressure natural gas injection engine. 

In addition, according to the first embodiment of the present invention, when BOG 

discharged from the storage tank 11 and compressed in the compressor 13 (that is, all 20 

BOG discharged from the storage tank) is a first stream, the first stream of the BOG may 

be divided into a second stream and a third stream after compression.  The second 

stream may be supplied as fuel to the high pressure natural gas injection engine, and the 

third stream may be liquefied and returned to the storage tank 11. 

At this time, the second stream is supplied to the high pressure natural gas 25 

injection engine through the BOG supply line L1.  The third stream is returned to the 

storage tank 11 through the BOG return line L3.  A heat exchanger 21 is installed in the 

BOG return line L3 so as to liquefy the third stream of the compressed BOG.  The third 
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stream of the BOG compressed in the heat exchanger 21 exchanges heat with the first 

stream of the BOG discharged from the storage tank 11 and then supplied to the 

compressor 13. 

Since a flow rate of the first stream of the BOG before compression is larger than 

a flow rate of the third stream, the third stream of the compressed BOG may be cooled 5 

by receiving cold energy from the first stream of the BOG before compression.  As 

such, in the heat exchanger 21, the BOG of the high pressure state is cooled (that is, at 

least partially liquefied) by heat exchange between the BOG of the cryogenic 

temperature immediately after being discharged from the storage tank 11 and the BOG 

of the high pressure state compressed in the compressor 13. 10 

The boil-off gas (LBOG) liquefied in the heat exchanger 21 is decompressed 

while passing through an expansion valve 22, and is supplied to a gas-liquid separator 23 

in a gas-liquid mixed state.  The LBOG may be decompressed to approximately 

atmospheric pressure while passing through the expansion valve 22.  The BOG, which 

is at least partially liquefied, is separated into gas and liquid components in the gas-15 

liquid separator 23.  The liquid component, that is, LNG, is transferred to the storage 

tank 11 through the BOG return line L3, and the gas component, that is, BOG, is 

discharged from the storage tank 11 through a BOG recirculation line L5 and is joined 

with BOG to be supplied to the compressor 13.  More specifically, the BOG 

recirculation line L5 extends from an upper end of the gas-liquid separator 23 and is 20 

connected to a more upstream side than the heat exchanger 21 in the BOG supply line 

L1. 

In addition to the returning to the storage tank 11, the liquid component may be 

supplied to and stored in a separate tank (not illustrated).  Furthermore, the system may 

be configured such that, instead of separating the BOG into the liquid component and 25 

the gas component in the gas-liquid separator 23, the expanded BOG is directly returned 

to the storage tank 11 without passing through the gas-liquid separator 23 (that is, not 

including the gas-liquid separator in the system). 
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For convenience of explanation, it has been described that the heat exchanger 21 is 

installed in the BOG return line L3, but the heat exchanger 21 may be installed in the 

BOG supply line L1 because the heat exchange is actually performed between the first 

stream of the BOG transferred through the BOG supply line L1 and the third stream of 

the BOG transferred through the BOG return line L3. 5 

Another expansion valve 24 may be further installed in the BOG recirculation line 

L5.  Therefore, the gas component discharged from the gas-liquid separator 23 may be 

decompressed while passing through the expansion valve 24.  In addition, a cooler 25 is 

installed in the BOG recirculation line L5 so as to further cool the third stream by heat 

exchange between the third stream of the BOG liquefied in the heat exchanger 21 and 10 

supplied to the gas-liquid separator 23 and the gas component separated from the gas-

liquid separator 23 and transferred through the BOG recirculation line L5.  That is, the 

cooler 25 additionally cools the BOG of a high pressure liquid state with natural gas of a 

low pressure cryogenic gas state. 

For convenience of explanation, it has been described that the cooler 25 is 15 

installed in the BOG recirculation line L5, but the cooler 25 may be installed in the BOG 

return line L3 because the heat exchange is actually performed between the third stream 

of the BOG transferred through the BOG return line L3 and the gas component 

transferred through the BOG recirculation line L5. 

The cooler 25 may be omitted.  In a case where the cooler 25 is omitted, the 20 

reliquefaction efficiency may be slightly reduced, but the installation cost of the cooler 

can be saved and the pipe arrangement and the system operation can be simplified, 

thereby increasing the operation efficiency. 

Meanwhile, when it is expected that surplus BOG will be generated because an 

amount of BOG generated in the storage tank 11 is larger than an amount of fuel 25 

necessary for the high pressure natural gas injection engine, BOG having been 

compressed or being compressed stepwise in the compressor 13 is branched through the 

BOG branch lines L7 and L8 and is then used in BOG consuming means.  Examples of 
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the BOG consuming means may include a GCU, a DF generator (DFDG), and a gas 

turbine, each of which can use natural gas having a relatively lower pressure than the 

MEGI engine as fuel. 

As described above, in the BOG treatment system and method according to the 

first embodiment of the present invention, BOG generated during the transportation of 5 

cargo (that is, LNG) in the LNG carrier may be used as the fuel of the engine, or may be 

reliquefied, be returned to the storage tank, and be stored therein.  Therefore, an 

amount of BOG consumed in the GCU or the like can be reduced or removed.  

Furthermore, BOG can be treated by reliquefaction, without installing reliquefaction 

apparatuses using separate refrigerants such as nitrogen. 10 

In addition, in the BOG treatment system and method according to the first 

embodiment of the present invention, since it is unnecessary to install the reliquefaction 

apparatuses using separate refrigerants (that is, nitrogen-refrigerant refrigeration cycle, 

mixed-refrigerant refrigeration cycle, or the like), facilities for supplying and storing the 

refrigerants need not be separately installed.  Consequently, it is possible to save initial 15 

installation cost and operation cost for configuring the entire system. 

FIG. 2 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a second embodiment of the present invention. 

The BOG treatment system according to the second embodiment differs from the 

BOG treatment system according to the first embodiment in that LNG can be used after 20 

forcible vaporization when an amount of BOG necessary for the MEGI engine or the DF 

generator is larger than an amount of BOG generated naturally in the storage tank 11.  

Hereinafter, only a difference from the BOG treatment system of the first embodiment 

will be described in more detail. 

The BOG treatment system for the vessel according to the second embodiment of 25 

the present invention is substantially identical to the BOG treatment system according to 

the first embodiment in that boil-off gas (NBOG) generated and discharged from a 

storage tank 11 storing liquefied gas is transferred along a BOG supply line L1, is 
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compressed in a compressor 13, and is then supplied to a high pressure natural gas 

injection engine, for example, an MEGI engine, or NBOG is supplied to a DF engine 

(DF generator) while being multi-stage compressed in the compressor 13 and is then 

used as fuel therein. 

However, the BOG treatment system according to the second embodiment 5 

includes a forcible vaporization line L11 such that LNG stored in the storage tank 11 can 

be vaporized in a forcible vaporizer 31 and be then supplied to the compressor 13 when 

an amount of BOG required as fuel in the high pressure natural gas injection engine or 

the DF engine is larger than an amount of BOG generated naturally in the storage tank 

11. 10 

When the forcible vaporization line L11 is provided as in the second embodiment, 

fuel can be stably supplied even when a small amount of BOG is generated because a 

small amount of LNG is stored in the storage tank 11, or an amount of BOG required as 

fuel in various engines is larger than an amount of BOG generated naturally in the 

storage tank 11. 15 

FIG. 3 is a schematic configuration diagram illustrating a state in which the BOG 

treatment system according to the present invention is used together with a fuel gas 

supply system for supplying fuel to the engine. 

FIG. 3 illustrates a state in which the BOG treatment system of FIG. 1 according to 

the first embodiment of the present invention is combined with the fuel gas supply 20 

system, but the BOG treatment system according to the second embodiment of the 

present invention may be used in combination with the fuel gas supply system. 

The fuel gas supply system for the vessel as illustrated in FIG. 13 according to the 

present invention includes a high pressure natural gas injection engine (for example, 

MEGI engine) as a main engine, and a DF engine (DF generator: DFDG) as a sub engine.  25 

Generally, the main engine is used for propulsion to navigate the vessel, and the sub 

engine is used for power generation to supply power to various apparatuses and facilities 

installed in the vessel.  However, the present invention is not limited to the purposes of 
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the main engine and the sub engine.  A plurality of main engines and a plurality of sub 

engines may be installed. 

The fuel gas supply system for the vessel according to the present invention is 

configured such that the natural gas stored in the storage tank 11 (that is, the BOG of the 

gas state and the LNG of the liquid state) can be supplied as fuel to the engines (that is, 5 

the MEGI engine serving as the main engine and the DF engine serving as the sub 

engine). 

In order to supply the BOG of the gas state as fuel gas, the fuel gas supply system 

according to the present embodiment includes a main BOG supply line L1 serving as a 

BOG supply line to supply the main engine with BOG stored in the storage tank 11, and 10 

a sub BOG supply line L8 branched from the main BOG supply line L1 to supply the 

sub engine with BOG.  The main BOG supply line L1 has the same configuration as the 

BOG supply line L1 of FIGS. 1 and 2.  However, in the description given with 

reference to FIG. 3, this BOG supply line is referred to as the main BOG supply line L1 

so as to distinguish from the BOG supply line for the DF engine (that is, the sub BOG 15 

supply line L8). 

In order to supply the LNG of the liquid state as fuel gas, the fuel gas supply 

system according to the present embodiment includes a main LNG supply line L23 

serving to supply the main engine with LNG stored in the storage tank 11, and a sub 

LNG supply line L24 branched from the main LNG supply line L23 to supply the sub 20 

engine with LNG. 

According to the present embodiment, a compressor 13 for compressing the BOG 

is installed in the main BOG supply line L1, and a high pressure pump 43 for 

compressing the LNG is installed in the main LNG supply line L23. 

The NBOG generated in the storage tank 11 storing liquefied gas and discharged 25 

through the BOG discharge valve 41 is transferred along the main BOG supply line L1, 

is compressed in the compressor 13, and is then supplied to the high pressure natural gas 

injection engine, for example, the MEGI engine.  The BOG is compressed at a high 
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pressure of about 150 to 400 bara by the compressor 13 and is then supplied to the high 

pressure natural gas injection engine. 

The storage tank 11 has sealing and heat-insulating walls so as to store liquefied 

gas such as LNG in a cryogenic state, but cannot perfectly block heat transferred from 

the outside.  Therefore, the liquefied gas is continuously vaporized within the storage 5 

tank 11, and BOG inside the storage tank 11 is discharged so as to maintain the pressure 

of the BOG at an appropriate level. 

The compressor 13 may include one or more compression cylinders 14 and one or 

more intercoolers 15 for cooling BOG of which the temperature is raised.  The 

compressor 13 may be configured to compress BOG to, for example, about 301 bara.  10 

Although FIG. 1 illustrates the multi-stage compressor 13 including five compression 

cylinders 14 and five intercoolers 15, the number of the compression cylinders and the 

number of the intercoolers may be changed when necessary.  In addition, a plurality of 

compression cylinders may be arranged within a single compressor, and a plurality of 

compressors may be connected in series. 15 

The BOG compressed in the compressor 13 is supplied to the high pressure 

natural gas injection engine through the main BOG supply line L1.  All or part of the 

compressed BOG may be supplied to the high pressure natural gas injection engine 

according to an amount of fuel necessary for the high pressure natural gas injection 

engine. 20 

The sub BOG supply line L8 for supply fuel gas to the sub engine (that is, the DF 

engine) is branched from the main BOG supply line L1.  More specifically, the sub 

BOG supply line L8 is branched from the main BOG supply line L1 such that BOG can 

be branched in the process of being multi-stage compressed in the compressor 13.  

Although FIG. 1 illustrates that the 2-stage compressed BOG is branched and a part of 25 

the BOG is supplied to the sub engine through the sub BOG supply line L8, this is 

merely exemplary. 

The required pressure of the DF engine (for example, DFDG) serving as the sub 
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engine is lower than that of the MEGI engine.  Therefore, when the BOG compressed 

at a high pressure is branched at the rear end of the compressor 13, it is inefficient 

because the pressure of the BOG needs to be lowered again and then supplied to the sub 

engine. 

As described above, if LNG is heated, methane component having a relatively low 5 

liquefaction temperature is preferentially vaporized.  Hence, since a methane content of 

BOG is high, the BOG can be directly supplied as fuel to the DF engine.  Therefore, 

separate apparatuses for adjusting methane number need not be installed in the main 

BOG supply line and the sub BOG supply line. 

Meanwhile, when it is expected that surplus BOG will be generated because an 10 

amount of BOG generated in the storage tank 11 is larger than an amount of fuel 

necessary for the main engine and the sub engine, the BOG can be reliquefied through 

the BOG treatment system of the present invention and be returned to the storage tank. 

When BOG is generated over the reliquefaction capacity, BOG having been 

compressed or being compressed stepwise in the compressor 13 can be branched through 15 

the BOG branch line L7 and be used in the BOG consuming means.  Examples of the 

BOG consuming means may include a GCU and a gas turbine, each of which can use 

natural gas having a relatively lower pressure than the MEGI engine as fuel.  As 

illustrated in FIG. 3, the BOG branch line L7 may be branched from the sub BOG supply 

line L8. 20 

Since the process in which at least a part of BOG compressed in the compressor 

13 and then supplied to the high pressure natural gas injection engine through the BOG 

supply line L1 is treated through the BOG return line L3, that is, reliquefied and returned 

to the storage tank 11 is identical to that described with reference to FIGS. 1 and 2, a 

detailed description thereof will be omitted. 25 

A discharge pump 12 and a high pressure pump 43 are installed in the main LNG 

supply line L23.  The discharge pump 12 is installed inside the storage tank 11 and 

configured to discharge LNG to the outside of the storage tank 11.  The high pressure 
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pump 43 is configured to secondarily compress LNG, which is primarily compressed in 

the discharge pump 12, to a pressure necessary for the MEGI engine.  The discharge 

pump 12 may be installed in each storage tank 11.  Although only one high pressure 

pump 43 is illustrated in FIG. 3, a plurality of high pumps may be connected in parallel 

when necessary. 5 

As described above, the pressure of the fuel gas necessary for the MEGI engine is 

a high pressure of about 150 to 400 bara (absolute pressure). 

The LNG discharged from the storage tank 11 storing liquefied gas through the 

discharge pump 12 is transferred along the main LNG supply line L23 and is then 

supplied to the high pressure pump 43.  Then, the LNG is compressed to a high 10 

pressure in the high pressure pump 43, is supplied to the vaporizer 44, and is vaporized 

in the vaporizer 44.  The vaporized LNG is supplied as fuel to the high pressure natural 

gas injection engine, that is, the MEGI engine.  Since the pressure necessary for the 

MEGI engine is in a supercritical state, the LNG compressed to the high pressure is a 

state that is neither gas nor liquid.  Therefore, it should be considered that the 15 

expression �vaporizing the LNG compressed to the high pressure in the vaporizer 44� 

means raising the temperature of the LNG being in the supercritical state up to a 

temperature necessary for the MEGI engine. 

The sub LNG supply line L24 for supply fuel gas to the sub engine (that is, the DF 

engine) is branched from the main LNG supply line L23.  More specifically, the sub 20 

LNG supply line L24 is branched from the main LNG supply line L23 such that LNG 

can be branched before being compressed in the high pressure pump 43. 

A vaporizer 45, a gas-liquid separator 46, and a heater 47 are installed in the sub 

LNG supply line L24 so as to adjust the methane number and temperature of LNG 

supplied as fuel to the value required in the DF engine. 25 

As described above, since the methane content of the LNG is relatively low, the 

methane number of the LNG is lower than the methane number required in the DF 

engine.  Ratios of hydrocarbon components (methane, ethane, propane, butane, and the 
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like) constituting the LNG are different according to producing areas.  Therefore, it is 

not suitable to vaporize the LNG as it is and then supply the vaporized LNG to the DF 

engine as fuel. 

In order to adjust the methane number, the LNG is heated and partially vaporized 

in the vaporizer 45   The fuel gas partially vaporized to a state in which the gas state 5 

(that is, natural gas) and the liquid state (that is, LNG) are mixed is supplied to the gas-

liquid separator 46 and is separated into gas and liquid.  Since the vaporization 

temperature of heavy hydrocarbon (HHC) component having a high calorific value is 

relatively high, a ratio of the HHC component is relatively increased in the LNG of the 

liquid state that remains without being vaporized in the partially vaporized BOG.  10 

Therefore, the methane number of the fuel gas can be increased by separating the liquid 

component in the gas-liquid separator 46, that is, by separating the HHC component. 

In order to obtain appropriate methane number, the heating temperature in the 

vaporizer 45 can be adjusted considering the ratio of the hydrocarbon component 

included in the LNG, the methane number required in the engine, and the like.  The 15 

heating temperature in the vaporizer 45 may be determined in the range of -80ºC to -

120ºC.  The liquid component separated from the fuel gas in the gas-liquid separator 46 

is returned to the storage tank 11 through the liquid-component return line L5.  The 

BOG return line L3 and the liquid-component return line L25 may extend to the storage 

tank 11 after joining each other. 20 

The fuel gas, the methane number of which is adjusted, is supplied to the heater 47 

through the sub LNG supply line L24, is further heated to a temperature required in the 

sub engine, and is then supplied as fuel to the sub engine.  For example, when the sub 

engine is the DFDG, the required methane number is generally 80 or more.  For 

example, in the case of general LNG (typically, methane: 89.6%, nitrogen: 0.6 %), the 25 

methane number before separating the HHC component is 71.3, and a lower heating 

value (LHV) at that time is 48, 872.8 kJ/kg (at 1 atm, saturated vapor).  When the HHC 

component is removed by compressing the general LNG to 7 bara and heating it to -
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120°C, the methane number is increased to 95.5 and the LHV at that time is 49, 265.6 

kJ/kg. 

According to the present embodiment, there are two passages through which the 

fuel gas is supplied to the engines (the main engine and the sub engine).  That is, the 

fuel gas may be supplied to the engines after being compressed through the compressor 5 

13, or may be supplied to the engines after being compressed through the high pressure 

pump 43. 

In particular, a vessel, such as LNG carrier or LNG RV, is used to transport LNG 

from a producing area to a consumer.  Therefore, when sailing to the consumer, the 

vessel sails in a laden condition in which the LNG is fully loaded into the storage tank.  10 

When returning to the producing area after unloading the LNG, the vessel sails in a 

ballast condition in which the storage tank is almost empty.  In the laden condition, a 

large amount of BOG is generated because an amount of LNG is relatively large.  In 

the ballast condition, a relatively small amount of BOG is generated because an amount 

of LNG is small. 15 

Although there is a difference according to the capacity of the storage tank, 

outside temperature, and the like, an amount of BOG generated when the capacity of the 

LNG storage tank is about 130,000 m
3 

to 350,000 m
3
 is 3 to 4 ton/h in the laden 

condition and is 0.3 to 0.4 ton/h in the ballast condition.  In addition, an amount of fuel 

gas necessary for the engines is about 1 to 4 ton/h (about 1.5 ton/h on average) in the 20 

case of the MEGI engine and is about 0.5 ton/h in the case of the DF engine (DFDG).  

Meanwhile, in recent years, since a boil-off rate (BOR) has tended to be lowered due to 

the improvement in the heat insulation performance of the storage tank, a generation 

amount of BOG has tended to be reduced. 

Therefore, in the case where both the compressor line (that is, L1 and L8 in FIG. 25 

3) and the high pressure pump line (that is, L23 and L24 in FIG. 3) are provided like the 

fuel gas supply system of the present embodiment, it is preferable that the fuel gas is 

supplied to the engines through the compressor line in the laden condition in which a 
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large amount of BOG is generated, and the fuel gas is supplied to the engines through 

the high pressure pump lines in the ballast condition in which a small amount of BOG is 

generated. 

Generally, energy necessary for the compressor to compress gas (BOG) up to the 

high pressure of about 150 to 400 bara (absolute pressure) required in the MEGI engine 5 

is considerably more than energy necessary for the pump to compress liquid (LNG).  

The compressor for compressing the gas to the high pressure is very expensive and 

occupies a large space.  Therefore, it can be considered that the use of the high pump 

line alone without any compression line is cost-effective.  For example, 2-MW power is 

consumed for supplying fuel to the MEGI engine by driving one set of the compressor 10 

configured with the multi-stage.  However, if the high pressure pump is used, 100-kW 

power is consumed.  However, when the fuel gas is supplied to the engines by using the 

high pressure pump line alone in the laden condition, a reliquefaction apparatus for 

reliquefying BOG is necessarily required so as to treat BOG continuously generated in 

the storage tank.  When considering energy consumed in the reliquefaction apparatus, it 15 

is advantageous that both the compressor line and the high pressure pump line are 

installed, the fuel gas is supplied through the compressor line in the laden condition, and 

the fuel gas is supplied through the high pressure pump line in the ballast condition. 

Meanwhile, like the ballast condition, when an amount of BOG generated in the 

storage tank is smaller than an amount of fuel necessary for the MEGI engine, it may be 20 

efficient to branch BOG through the sub BOG supply line L8 in the process of being 

multi-stage compressed and use the branched BOG as the fuel of the DF engine, without 

compressing BOG in the multi-stage compressor to the high pressure required in the 

MEGI.  That is, for example, if BOG is supplied to the DF engine through only the 2-

stage compression cylinders of the 5-stage compressor, the remaining 3-stage 25 

compression cylinders run idle.  2-MW power is required when BOG is compressed by 

driving the entire 5-stage compressor.  600-kW power is required when the 2-stage 

compression cylinders are used and the remaining 3-stage compression cylinders run 
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idle.  100-kW power is required when the fuel is supplied to the MEGI engine through 

the high pressure pump.  Therefore, like the ballast condition, when a generation 

amount of BOG is smaller than an amount of fuel necessary for the MEGI engine, it is 

advantageous in terms of energy efficiency to consume all amount of BOG in the DF 

engine or the like and supply LNG as fuel through the high pressure pump. 5 

However, if necessary, even when a generation amount of BOG is smaller than an 

amount of fuel necessary for the MEGI engine, LNG may be forcibly vaporized and 

supplied as much as a deficient amount while supplying BOG as fuel to the MEGI 

engine through the compressor.  Meanwhile, since a generation amount of BOG is 

small in the ballast condition, BOG is not discharged but accumulated until the storage 10 

tank reaches a predetermined pressure, and is intermittently discharged and supplied as 

fuel to the DF engine or the MEGI engine, instead of discharging and consuming BOG 

whenever the BOG is generated. 

In addition, in the vessels where it is not easy to repair and replace equipments, 

important facilities are required to be installed by two in consideration of emergency 15 

(redundancy).  That is, the redundancy of important facilities is required such that extra 

facilities capable of performing the same function as the main facility, and the extra 

equipment is set to a standby state during the normal operation of the main facility and 

takes over the function of the main facility when the main facility does not operate due 

to malfunction.  Examples of the facilities requiring the redundancy may include 20 

rotating facilities, for example, compressors or pumps. 

As such, various facilities need to be redundantly installed in the vessel so as to 

satisfy only the redundancy requirement while not being used at regular days.  The fuel 

gas supply system using two compression lines requires much cost and space for the 

installation of the compressor.  When using the fuel gas supply system, much energy is 25 

consumed.  The fuel gas supply system using two high pressure pump lines may 

consume much energy in the treatment (reliquefaction) of BOG.  On the other hand, in 

the fuel gas supply system of the present invention in which one compressor line and 
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one high pressure pump line are installed, even when there occurs a problem in one of 

the supply lines, the vessel can continue to sail normally through the other supply line.  

Expensive compressors are less used and an optimal fuel gas supply method can be 

appropriately selected and used according to a generation amount of BOG.  Therefore, 

it is possible to save operation cost as well as initial shipbuilding cost. 5 

As illustrated in FIG. 3, when the BOG treatment system and the fuel gas supply 

system are combined according to the present invention, BOG generated during the 

transportation of cargo (that is, LNG) in the LNG carrier may be used as the fuel of the 

engine, or may be reliquefied, be returned to the storage tank, and be stored therein.  

Therefore, an amount of BOG consumed in the GCU or the like can be reduced or 10 

removed.  Furthermore, BOG can be treated by reliquefaction, without installing 

reliquefaction apparatuses using separate refrigerants such as nitrogen. 

According to the present invention, in spite of the recent trend that the generation 

amount of BOG is increased due to the increased capacity of the storage tank and a 

necessary amount of fuel is reduced due to the improved performance of the engine, the 15 

BOG remaining after being used as the fuel of the engine can be reliquefied and returned 

to the storage tank, thereby preventing the waste of BOG. 

In particular, in the BOG treatment system and method according to the present 

embodiment, since it is unnecessary to install the reliquefaction apparatuses using 

separate refrigerants (that is, nitrogen-refrigerant refrigeration cycle, mixed-refrigerant 20 

refrigeration cycle, or the like), facilities for supplying and storing the refrigerants need 

not be separately installed.  Consequently, it is possible to save initial installation cost 

and operation cost for configuring the entire system. 

FIG. 4 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a third embodiment of the present invention. 25 

Although FIG. 4 illustrates an example in which the BOG treatment system of the 

present invention is applied to an LNG carrier equipped with a DF engine capable of 

using natural gas as fuel (that is, a propulsion system, for example, a DFDE propulsion 
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system, which uses LNG as fuel), the BOG treatment system (that is, BOG partial 

reliquefaction system) of the present invention can also be applied to any type of vessels 

(LNG carrier, LNG RV, and the like) and marine plants (FSPP, BMPP, LNG FRU, LNG 

FPSO, LNG FSRU, and the like), in which a liquefied gas storage tank is installed. 

In the BOG treatment system for the vessel according to the third embodiment of 5 

the present invention, boil-off gas (NBOG) generated and discharged from a storage tank 

11 storing liquefied gas is transferred along a BOG supply line L1 and is then supplied 

to the compressor 13.  The compressor 13 may be a multi-stage compressor.  As 

described below, the BOG being multi-stage compressed in the compressor 13 may be 

compressed to about 7 bara.  Then, the BOG may be branched in the middle stage (that 10 

is, step prior to the final compression step) and be then supplied to a demander, that is, a 

propulsion system (for example, DFDE) using LNG as fuel, along a fuel supply line L2.  

The BOG remaining after being supplied to the DFDE may be compressed to a high 

pressure of about 100 to 400 bara by the compressor.  Then, as described below, the 

BOG may be liquefied while moving along a BOG return line L3 and be then returned to 15 

the storage tank 11. 

The storage tank has sealing and heat-insulating walls so as to store liquefied gas 

such as LNG in a cryogenic state, but cannot perfectly block heat transferred from the 

outside.  Therefore, the liquefied gas is continuously vaporized within the storage tank 

11, and BOG inside the storage tank 11 is discharged through the BOG discharge line L1 20 

so as to maintain the pressure of the BOG at an appropriate level. 

A discharge pump 12 is installed within the storage tank 11 so as to discharge 

LNG to the outside of the storage tank when necessary.  Although not illustrated in FIG. 

4, when an amount of BOG discharged from the storage tank 11 is smaller than an 

amount of fuel required in the DFDE, BOG may be generated by discharging LNG by 25 

the discharge pump 12 and then forcibly vaporizing the LNG, and the generated BOG 

may be supplied to the compressor 13 through the BOG supply line L1. 

The compressor 13 may include one or more compression cylinders 14 and one or 
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more intercoolers 15 for cooling BOG of which the temperature is raised while being 

compressed.  The compressor 13 may be configured to compress BOG to, for example, 

about 400 bara.  Although FIG. 4 illustrates the reciprocating type multi-stage 

compressor 13 including five compression cylinders 14 and five intercoolers 15, the 

number of the compression cylinders and the number of the intercoolers may be changed 5 

when necessary.  In addition, a plurality of compression cylinders may be arranged 

within a single compressor, and a plurality of compressors may be connected in series. 

The BOG compressed at the middle stage of the compressor 13, for example, the 

2-stage compressed BOG is compressed to about 7 bara and is branched and supplied 

through the fuel supply line L2 to a consumer, for example, a DF engine (that is, DFDE).  10 

All or part of the BOG may be supplied according to an amount of fuel required for the 

engine. 

That is, according to the third embodiment of the present invention, when BOG 

discharged from the storage tank 11 and supplied to the compressor 13 (that is, all BOG 

discharged from the storage tank) is a first stream, the first stream of the BOG may be 15 

divided into a second stream and a third stream within the compressor 13.  The second 

stream may be supplied as fuel to the DF engine (that is, DFDE), and the third stream 

may be liquefied and returned to the storage tank. 

At this time, the second stream is supplied to the DFDE through the fuel supply 

line L2, and the third stream is returned to the storage tank 11 through the BOG return 20 

line L3.  A heat exchanger 21 is installed in the BOG return line L3 so as to liquefy the 

third stream of the compressed BOG.  The heat exchanger 21 exchanges heat between 

the third stream of the compressed BOG and the first stream of the BOG discharged 

from the storage tank 11 and supplied to the compressor 13. 

Since a flow rate of the first stream of the BOG before compression is larger than 25 

a flow rate of the third stream, the third stream of the compressed BOG may be cooled 

(that is, at least partially liquefied) by receiving cold energy from the first stream of the 

BOG before compression.  As such, in the heat exchanger 21, the BOG of the high 
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pressure state is cooled (liquefied) by heat exchange between the BOG of the cryogenic 

temperature immediately after being discharged from the storage tank 11 and the BOG 

of the high pressure state compressed in the compressor 13. 

The LBOG cooled in the heat exchanger 21 is decompressed while passing 

through decompressing means 22 (for example, J-T valve or expander), and is supplied 5 

to a gas-liquid separator 23 in a gas-liquid mixed state.  The LBOG may be 

decompressed to approximately atmospheric pressure (for example, decompressed from 

300 bar to 3 bar) while passing through the expansion means 22.  The liquefied BOG is 

separated into gas and liquid components in the gas-liquid separator 23.  The liquid 

component, that is, LNG, is transferred to the storage tank 11 through the BOG return 10 

line L3, and the gas component, that is, BOG, is discharged through a BOG recirculation 

line L5 and is joined with BOG discharged from the storage tank 11 and supplied to the 

compressor 13.  More specifically, the BOG recirculation line L5 extends from an 

upper end of the gas-liquid separator 23 and is connected to a more upstream side than 

the heat exchanger 21 in the BOG supply line L1. 15 

For convenience of explanation, it has been described that the heat exchanger 21 is 

installed in the BOG return line L3, but the heat exchanger 21 may be installed in the 

BOG supply line L1 because the heat exchange is actually performed between the first 

stream of the BOG transferred through the BOG supply line L1 and the third stream of 

the BOG transferred through the BOG return line L3. 20 

Another expansion means 24 (for example, J-T valve or expander, hereinafter 

referred to as a "second expansion means 24") may be further installed in the BOG 

recirculation line L5.  Therefore, the gas component discharged from the gas-liquid 

separator 23 may be decompressed while passing through the second expansion means 

24.  The second expansion means 24 may be used to adjust an internal pressure of the 25 

gas-liquid separator 23 and may maintain the pressure of the natural gas of the liquid 

state returned from the gas-liquid separator 23 to the storage tank 11 at a pressure finely 

higher than the internal pressure of the storage tank.  In addition, the second expansion 
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means 24 adjusts the pressure of the downstream side of the second expansion means 24 

in the BOG recirculation line L5, such that the natural gas of the gas state can be 

smoothly joined with the BOG transferred along the BOG supply line L1. 

In addition, a cooler 25 is installed in the BOG recirculation line L5 so as to 

further cool the third stream by heat exchange between the third stream of the BOG 5 

liquefied in the heat exchanger 21 and supplied to the gas-liquid separator 23 and the gas 

component separated in the gas-liquid separator 23 and transferred through the BOG 

recirculation line L5.  That is, the cooler 25 additionally cools the BOG of a high 

pressure liquid state with natural gas of a low pressure cryogenic gas state. 

For convenience of explanation, it has been described that the cooler 25 is 10 

installed in the BOG recirculation line L5, but the cooler 25 may be installed in the BOG 

return line L3 because the heat exchange is actually performed between the third stream 

of the BOG transferred through the BOG return line L3 and the gas component 

transferred through the BOG recirculation line L5. 

Meanwhile, when it is expected that surplus BOG will be generated because an 15 

amount of BOG generated in the storage tank 11 is larger than an amount of fuel 

necessary for the DF engine (for example, during engine stop or low speed sailing), 

BOG being compressed stepwise in the compressor 13 is branched through the BOG 

branch lines L7 and is then used in BOG consuming means.  Examples of the BOG 

consuming means may include a GCU and a gas turbine, each of which can use natural 20 

gas as fuel. 

As described above, in the BOG treatment system and method according to the 

third embodiment of the present invention, BOG generated during the transportation of 

cargo (that is, LNG) in the LNG carrier may be used as the fuel of the engine, or may be 

reliquefied, be returned to the storage tank, and be stored therein.  Therefore, an 25 

amount of BOG consumed in the GCU or the like can be reduced or removed.  

Furthermore, BOG can be treated by reliquefaction, without installing reliquefaction 

apparatuses using separate refrigerants such as nitrogen. 
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In addition, in the BOG treatment system and method according to the third 

embodiment of the present invention, since it is unnecessary to install the reliquefaction 

apparatuses using separate refrigerants (that is, nitrogen-refrigerant refrigeration cycle, 

mixed-refrigerant refrigeration cycle, or the like), facilities for supplying and storing the 

refrigerants need not be separately installed.  Consequently, it is possible to save initial 5 

installation cost and operation cost for configuring the entire system. 

FIG. 5 is a schematic configuration diagram illustrating a BOG treatment system 

for a vessel according to a fourth embodiment of the present invention. 

The BOG treatment system according to the fourth embodiment differs from the 

BOG treatment system according to the third embodiment in that the cooler 25 is not 10 

installed.  Therefore, the same reference numerals are assigned to the same elements as 

those of the third embodiment, and a detailed description thereof will be omitted.  If the 

cooler 25 is not installed, the total efficiency of the system may be slightly lowered.  

However, the pipe arrangement and the system operation may be facilitated, and the 

initial installation cost and the maintenance fee may be reduced. 15 

Meanwhile, although not illustrated, when an amount of BOG required for the DF 

engine (DFDE) is larger than an amount of BOG naturally generated, the system may be 

configured such that LNG is forcibly vaporized and then used.  To this end, a forcible 

vaporization line (not illustrated) is configured such that, after LNG stored in the storage 

tank 11 is discharged by the discharge pump 12, the LNG can be vaporized in a forcible 20 

vaporizer (not illustrated) and be then supplied to the compressor 13.  If the forcible 

vaporization line is installed, the fuel can be stably supplied even when an amount of 

LNG stored in the storage tank is small and thus a generation amount of BOG is small, 

or even when an amount of BOG required as fuel in various engines is larger than an 

amount of BOG generated naturally. 25 

In addition, FIGS. 1 to 5 illustrate that the compressor 13 performs 5-stage 

compression, but this is merely exemplary.  As an example of the compressor 13, a 

compressor manufactured by Burckhardt company may be used.  The compressor 
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manufactured by Burckhardt company includes five cylinders.  It is known that the 

three cylinders of the front stage are operated in an oil-free-lubricated method and two 

cylinders of the rear stage are operated in an oil-lubricated method.  Therefore, in the 

case where the compressor manufactured by Burckhardt company is used as the 

compressor 13 for compressing BOG, the BOG needs to be transferred through an oil 5 

filter when the BOG is branched at 4-stage or more of the compressor.  However, it is 

advantageous in that the oil filter need not be used when the BOG is branched at 3-stage 

or less of the compressor. 

According to the present embodiment, in spite of the recent trend in which the 

generation amount of BOG is increased due to the increased capacity of the storage tank 10 

and a necessary amount of fuel is reduced due to the improved performance of the 

engine, the BOG remaining after being used as the fuel of the engine can be reliquefied 

and returned to the storage tank, thereby preventing the waste of BOG. 

In the third and fourth embodiments, it has been described that the consumer 

receiving the BOG branched from the middle stage while being multi-stage compressed 15 

in the compressor is a propulsion system using natural gas as fuel, and an example of the 

propulsion system is the DFDE.  However, it is obvious that the present invention can 

also be applied to another propulsion system using natural gas (LNG) as fuel, as well as 

the DFDE. 

FIG. 6 is a schematic configuration diagram illustrating a BOG treatment system 20 

for a vessel according to a fifth embodiment of the present invention. 

FIG. 6 illustrates an example in which the BOG treatment system of the present 

invention is applied to an LNG carrier equipped with a DF engine capable of using 

natural gas as fuel (that is, a propulsion system using LNG solely or a mixture of LNG 

and oil as fuel, for example, a DFDE propulsion system that uses electricity generated in 25 

a DFDG and propels through a motor).  However, the BOG treatment system (that is, 

BOG partial reliquefaction system) of the present invention can also be applied to any 

type of vessels (LNG carrier, LNG RV, and the like) and marine plants (FSPP, BMPP, 
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LNG FRU, LNG FPSO, LNG FSRU, and the like), in which a liquefied gas storage tank 

is installed. 

In addition, in the present embodiment, it has been described that the consumer 

receiving the BOG compressed in the compressor is a propulsion system using natural 

gas as fuel, and an example of the propulsion system is a DFDE (for example, 4-stroke 5 

engine (DFDE) manufactured by Wartsila company).  However, it is obvious that the 

present invention can also be applied to another propulsion system (for example, 2-

stroke engine (W5X72) manufactured by Wartsila company) using natural gas (LNG) 

solely or a mixture of LNG and oil as fuel, as well as the DFDE.  In the following 

description, an engine (heterogeneous fuel engine) capable of using natural gas 10 

compressed at a pressure of about 5 to 20 bar alone or a mixture of the gas and oil as fuel 

will be referred to as "medium pressure gas engine (medium pressure heterogeneous fuel 

engine).  In this specification, the term "medium pressure" should be considered as 

meaning a pressure of about 5 to 20 bar at which the BOG as the fuel supplied to the 

engine is compressed. 15 

In the BOG treatment system for the vessel according to the fifth embodiment of 

the present invention, boil-off gas (NBOG) generated and discharged from a storage tank 

11 storing liquefied gas is transferred along a BOG supply line L1 and is then supplied 

to the compressor 13.  The compressor 13 may be a multi-stage compressor.  As 

described below, the BOG may be compressed to about 5 to 20 bara, preferably about 6 20 

to 12 bar, and more preferably about 6 to 7 bar, in the compressor.  Then, the 

compressed BOG may be supplied to a demander, that is, a propulsion system using 

LNG as fuel, for example, a DFDE 3 (medium pressure as engine), along a fuel supply 

line L2.  The compressor 13 may be a centrifugal type multi-stage compressor.  

Although the compressor is illustrated as 4-stage, the compressor may be 3-stage or less 25 

or may be 5-stage or more.  A pair of compressors 13 may be installed in parallel so as 

to satisfy redundancy requirements. 

When all BOG generated in the storage tank is not consumed in the DFDE 3, 
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BOG that is not supplied to the DFDE 3 may be compressed by a booster compressor 

13a at a pressure of about 80 to 250 bar, preferably about 100 to 200 bar, and more 

preferably about 120 to 160 bar.  Then, as described below, the BOG may be liquefied 

while moving along the BOG return line L3 and be then returned to the storage tank 11.  

The booster compressor 13a may be a reciprocating type multi-stage compressor.  5 

Although the booster compressor 13a is illustrated in FIG. 6 as 3-stage, the booster 

compressor 13a may be 2-stage or less or may be 4-stage or more. 

According to the present invention, the BOG is compressed at a pressure of about 

80 to 250 bar and is then cooled and liquefied by heat exchange in the heat exchanger 21.  

In order to cool and liquefy the compressed BOG by heat exchange with the cryogenic 10 

BOG discharged from the storage tank, it is necessary to compress the BOG at high 

pressure.  In this specification, the term "high pressure" should be considered as 

meaning a pressure of about 80 to 250 bar at which the BOG compressed without 

separate reliquefaction apparatus using a refrigeration cycle of nitrogen or the like can 

be liquefied by heat exchange with the BOG discharged from the storage tank.  When 15 

the pressure of the compressed BOG is 80 bar or lower, it is difficult to liquefy the 

compressed BOG by only the heat exchange with the BOG discharged from the storage 

tank, without separate reliquefaction apparatus having a refrigeration cycle. 

The storage tank has sealing and heat-insulating walls so as to store liquefied gas 

such as LNG in a cryogenic state, but cannot perfectly block heat transferred from the 20 

outside.  Therefore, the liquefied gas is continuously vaporized within the storage tank 

11, and BOG inside the storage tank 11 is discharged through the BOG discharge line L1 

so as to maintain the pressure of the BOG at an appropriate level. 

A discharge pump 12 is installed within the storage tank 11 so as to discharge 

LNG to the outside of the storage tank 11 when necessary.  The discharge pump 12 25 

may be installed inside the storage tank 11 as illustrated in FIG. 6, or may be installed 

outside the storage tank 11. 

A forcible vaporization line L11 is provided such that, when an amount of BOG 



35 

 

discharged from the storage tank 11 is smaller than an amount of fuel required as fuel in 

the DFDE, LNG can be discharged by the discharge pump 12, be vaporized in a forcible 

vaporizer 31, and be then supplied to the compressor 13. 

When the forcible vaporization line L11 equipped with the forcible vaporizer 31 is 

provided, fuel can be stably supplied even when a small amount of BOG is generated 5 

because a small amount of LNG is stored in the storage tank 11 in a ballast condition, or 

even when an amount of BOG required as fuel in the engine is larger than an amount of 

BOG generated naturally. 

The forcibly vaporized BOG may be supplied to the compressor 13 through the 

BOG supply line L1. 10 

A mist separator 17 may be installed in the BOG supply line L1 so as to remove 

fine droplet that may be contained in the BOG. 

The compressor 13 may include one or more centrifugal type compression devices 

14 and one or more intercoolers (not illustrated) for cooling BOG of which the 

temperature is raised during compression.  The compressor 13 may be configured to 15 

compress BOG to 6 to 12 bar, preferably 6 to 7 bar.  Although FIG. 6 illustrates the 

centrifugal type multi-stage compressor 13 including four centrifugal type compression 

devices 14, the number of the compression devices and the number of the intercoolers 

may be changed when necessary.  In addition, a plurality of compression devices may 

be arranged within a single compressor, and a plurality of compressors may be 20 

connected in series. 

The booster compressor 13a may include one or more reciprocating type 

compression devices 14a and one or more intercoolers (not illustrated) for cooling BOG 

of which the temperature is raised during compression.  If a pressure of the BOG 

compressed by the booster compressor 13a is high, the reliquefaction efficiency may be 25 

increased.  However, at the same time, energy consumption for compressing the BOG 

may be highly increased and large capacity for compressing the BOG may be required.  

Therefore, the booster compressor 13a may be configured to compress BOG to 80 to 250 
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bar, preferably 100 to 200 bar, more preferably 12 to 160 bar.  Although FIG. 6 

illustrates the reciprocating type multi-stage compressor 13a including three 

reciprocating type compression devices 14a, the number of the compression devices and 

the number of the intercoolers may be changed when necessary.  In addition, a plurality 

of compression devices may be arranged within a single compressor, and a plurality of 5 

compressors may be connected in series. 

As in the compressor 13, a pair of booster compressors 13a may be installed in 

parallel for redundancy design. 

Instead of arranging the compressor 13 and the booster compressor 13a in a row as 

illustrated in FIG. 6, a compressor for the DFDE 3 alone and a compressor for 10 

reliquefaction may be arranged in separate lines.  However, a case where the 

compressor 13 for supplying the fuel to the vessel engine and the booster compressor 

13a for reliquefaction are arranged in a row is advantage because the BOG primarily 

compressed (about 6 to 7 bar) in the compressor 13 can be used.  Alternatively, as 

illustrated in FIGS. 1 to 5, one multi-stage compressor may be installed and the BOG 15 

may be branched during multi-stage compression. 

The BOG compressed in the compressor 13 is compressed to about 7 bara and is 

supplied through the fuel supply line L2 to a consumer, for example, a DF engine (that is, 

DFDE 3).  All or part of the BOG may be supplied according to an amount of fuel 

required for the engine. 20 

That is, according to the fifth embodiment of the present invention, when BOG 

discharged from the storage tank 11 and supplied to the compressor 13 (that is, all BOG 

discharged from the storage tank) is a first stream, the first stream of the BOG may be 

divided into a second stream and a third stream at the downstream side of the 

compressor 13.  The second stream may be supplied as fuel to the DF engine (that is, 25 

DFDE 3), and the third stream may be liquefied and returned to the storage tank 11. 

At this time, the second stream is supplied to the DFDE 3 through the fuel supply 

line L2, and the third stream is returned to the storage tank 11 through the BOG return 
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line L3.  A heat exchanger (for example, DCHE) 21 is installed in the BOG return line 

L3 so as to liquefy the third stream of the compressed BOG.  The heat exchanger 21 

exchanges heat between the third stream of the compressed BOG and the first stream of 

the BOG discharged from the storage tank 11 and supplied to the compressor 13. 

Since a flow rate of the first stream of the BOG before compression is larger than 5 

a flow rate of the third stream, the third stream of the compressed BOG may be cooled 

(that is, at least partially liquefied) by receiving cold energy from the first stream of the 

BOG before compression.  As such, in the heat exchanger 21, the BOG of the high 

pressure state is cooled (liquefied) by heat exchange between the BOG of the cryogenic 

temperature immediately after being discharged from the storage tank 11 and the BOG 10 

of the high pressure state compressed in the compressor 13. 

A bypass line L12 may be installed such that when there is no BOG to be 

reliquefied, that is, when the flow rate of the first stream is equal to the flow rate of the 

second stream, the BOG discharged from the storage tank 11 is bypassed without 

passing through the heat exchanger 21 and is directly supplied to the compressor 13. 15 

Although there is a difference according to a propulsion speed (that is, load of the 

DFDE 3) or a generation amount of the BOG, it is general that about 30 to 70% of the 

BOG generated in the storage tank is used as the fuel of the vessel engine and the other 

is reliquefied. 

The LBOG cooled in the heat exchanger 21 is decompressed while passing 20 

through decompressing means 22 (for example, J-T valve or expander, hereinafter, 

referred to as a "first expansion means 22"), and is continuously supplied to a gas-liquid 

separator 23 in a gas-liquid mixed state.  The LBOG may be decompressed to 

approximately atmospheric pressure (for example, decompressed from 300 bar to 3 bar) 

while passing through the first expansion means 22.  The liquefied BOG is separated 25 

into gas and liquid components in the gas-liquid separator 23.  The liquid component, 

that is, LNG, is transferred to the storage tank 11 through a BOG return line L3, and the 

gas component, that is, BOG, is transferred through a BOG recirculation line L5 and is 
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joined with BOG discharged from the storage tank 11 and supplied to the compressor 13.  

More specifically, the BOG recirculation line L5 extends from an upper end of the gas-

liquid separator 23 and is connected to a more upstream side than the heat exchanger 21 

in the BOG supply line L1. 

For convenience of explanation, it has been described that the heat exchanger 21 is 5 

installed in the BOG return line L3, but the heat exchanger 21 may be installed in the 

BOG supply line L1 because the heat exchange is actually performed between the first 

stream of the BOG transferred through the BOG supply line L1 and the third stream of 

the BOG transferred through the BOG return line L3. 

Another expansion means 24 (for example, J-T valve or expander, hereinafter 10 

referred to as a "second expansion means 24") may be further installed in the BOG 

recirculation line L5.  Therefore, the gas component discharged from the gas-liquid 

separator 23 may be decompressed while passing through the second expansion means 

24.  The second expansion means 24 may be used to adjust an internal pressure of the 

gas-liquid separator 23 and may maintain the pressure of the natural gas of the liquid 15 

state returned from the gas-liquid separator 23 to the storage tank 11 at a pressure finely 

higher than the internal pressure of the storage tank.  In addition, the second expansion 

means 24 adjusts the pressure of the downstream side of the second expansion means 24 

in the BOG recirculation line L5, such that the natural gas of the liquid state can be 

smoothly joined with the BOG transferred along the BOG supply line L1. 20 

In addition, a cooler (not illustrated) is installed in the BOG recirculation line L5 

so as to further cool the third stream by heat exchange between the third stream of the 

BOG liquefied in the heat exchanger 21 and supplied to the gas-liquid separator 23 and 

the gas component separated in the gas-liquid separator 23 and transferred through the 

BOG recirculation line L5.  That is, the cooler additionally cools the BOG of a high 25 

pressure liquid state with natural gas of a low pressure cryogenic gas state. 

Meanwhile, when it is expected that surplus BOG will be generated because an 

amount of BOG generated in the storage tank 11 is larger than an amount of fuel 
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necessary for the DF engine (that is, DFDE 3) (for example, during engine stop or low 

speed sailing), BOG compressed in the compressor 13 is branched through the BOG 

branch line and is used in a BOG consuming means 5.  Examples of the BOG 

consuming means may include an integrated inert gas generator (IGG)/gas combustion 

unit (GCU) system, a GCU, a gas turbine, and a boiler, each of which can use natural gas 5 

as fuel. 

The integrated IGG/GCU system is an apparatus in which the IGG and the GCU 

are integrated. 

As described above, in the BOG treatment system and method according to the 

fifth embodiment of the present invention, BOG generated during the transportation of 10 

cargo (that is, LNG) in the LNG carrier may be used as the fuel of the engine, or may be 

reliquefied, be returned to the storage tank, and be stored therein.  Therefore, an 

amount of BOG consumed in the GCU or the like can be reduced or removed.  

Furthermore, BOG can be treated by reliquefaction, without installing reliquefaction 

apparatuses using separate refrigerants such as nitrogen. 15 

In addition, in the BOG treatment system and method according to the fifth 

embodiment of the present invention, since it is unnecessary to install the reliquefaction 

apparatuses using separate refrigerants (that is, nitrogen-refrigerant refrigeration cycle, 

mixed-refrigerant refrigeration cycle, or the like), facilities for supplying and storing the 

refrigerants need not be separately installed.  Consequently, it is possible to save initial 20 

installation cost and operation cost for configuring the entire system. 

According to the present invention, in spite of the recent trend that the generation 

amount of BOG is increased due to the increased capacity of the storage tank and a 

necessary amount of fuel is reduced due to the improved performance of the engine, the 

BOG remaining after being used as the fuel of the engine can be reliquefied and returned 25 

to the storage tank, thereby preventing the waste of BOG. 

A vessel, such as an LNG carrier or an LNG RV, is used to transport LNG from a 

producing area to a consumer.  Therefore, when sailing from the producing area to the 
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consumer, the vessel sails in a laden condition in which the LNG is fully loaded into the 

storage tank.  When returning to the producing area after unloading the LNG, the vessel 

sails in a ballast condition in which the storage tank is almost empty.  In the laden 

condition, a large amount of BOG is generated because an amount of LNG is relatively 

large.  In the ballast condition, a relatively small amount of BOG is generated because 5 

an amount of LNG is small. 

Although there is a difference according to the capacity of the storage tank, 

outside temperature, and the like, an amount of BOG generated when the capacity of the 

LNG storage tank is about 130,000 to 350,000 is about 3 to 4 ton/h in the laden 

condition and is about 0.3 to 0.4 ton/h in the ballast condition.  In addition, an amount 10 

of fuel gas necessary for the main engine (propulsion system) of the vessel is about 1 to 

4 ton/h (about 1.5 ton/h on average).  Meanwhile, in recent years, since a boil-off rate 

(BOR) has tended to be lowered due to the improvement in the heat insulation 

performance of the storage tank, a generation amount of BOG has tended to be reduced. 

In the laden condition in which a generation amount of BOG is large, a part of 15 

BOG compressed through the compressor 13 may be supplied to the vessel engine (that 

is, DFDE 3), and the other BOG that is not supplied to the vessel engine may be further 

compressed through the booster compressor 13a and be supplied to and reliquefied in the 

heat exchanger 21. 

In addition, in the ballast condition in which a generation amount of BOG is small, 20 

LNG inside the storage tank 11 may be supplied to the compressor 13 through the 

discharge pump 12 and the forcible evaporator 31 according to an amount of fuel 

required for the vessel engine, be compressed in the compressor 13, and be supplied to 

the DFDE 3. 

As such, in the ballast condition in which the generation amount of BOG is 25 

smaller than the amount of fuel required for the engine, the system may be operated to 

treat all BOG through the DFDE 3. 

Meanwhile, since a generation amount of BOG is small in the ballast condition, 
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BOG is not discharged but accumulated until the storage tank reaches a predetermined 

pressure, and is intermittently discharged and supplied as fuel to the DFDE engine, 

instead of discharging and consuming BOG whenever the BOG is generated. 

In addition, the BOG treatment system according to the present embodiment can 

be applied to the already built vessels as well as newly designed vessels.  For example, 5 

in the case of the vessel equipped with the line for supplying the BOG from the LNG 

storage tank through the compressor to the DFDE, the present embodiment can be 

applied through modification by adding the booster compressor 13a, the BOG return line 

L3, the heat exchanger 21, the first expansion means 22, the gas-liquid separator 23, the 

BOG recirculation line L5, and the second expansion means 24 as described above with 10 

reference to FIG. 6. 

While the embodiments of the present invention have been described with 

reference to the specific embodiments, it will be apparent to those skilled in the art that 

various changes and modifications may be made without departing from the spirit and 

scope of the invention as defined in the following claims. 15 

 












