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【DESCRIPTION】 

【Invention Title】 

APPARATUS AND METHOD FOR RELIQUEFACTION OF BOIL-OFF 

GAS OF VESSEL 

 

【Technical Field】 

[1] The present invention relates to an apparatus and method for reliquefaction 

of BOG generated in a liquefied gas storage tank provided to a vessel. 

 

【Background Art】 

[2] Generally, natural gas is liquefied and transported over a long distance in 

the form of liquefied natural gas (LNG). Liquefied natural gas is obtained by cooling 

natural gas to a very low temperature of about -163°C at atmospheric pressure and is 

well suited to long-distance transportation by sea, since the volume of the natural 

gas is significantly reduced as compared with the natural gas in a gaseous phase. 

[3] Liquefied petroleum gas (LPG) is also referred to as liquefied propane gas 

and is obtained by cooling natural gas obtained together with crude oil from oil 

fields to -200°C or by compressing the natural gas at about 7 to 10 atmospheres at 

room temperature. 

[4] Petroleum gas is mainly composed of propane, propylene, butane, butylene, 

and the like. When propane is liquefied at about 15°C, the volume of propane is 

reduced to about 1/260, and when butane is liquefied at about 15°C, the volume of 

butane is reduced to about 1/230. Thus, the petroleum gas is used in the form of 

liquefied petroleum gas for convenience of storage and transportation. 

[5] In general, liquefied petroleum gas has a higher heating value than liquefied 

natural gas and contains a large amount of components having higher molecular 

weights than those of liquefied natural gas. Thus, liquefied petroleum gas allows 

easier liquefaction and gasification than liquefied natural gas. 

[6] Liquefied gas, such as liquefied natural gas, liquefied petroleum gas, and 

the like, is stored in a tank transferred to a demand site on land, and even when a 

storage tank is insulated, there is a limit to completely block external heat. Thus, 
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liquefied natural gas is continuously vaporized in the storage tank by heat 

transferred into the storage tank. Liquefied natural gas vaporized in the storage tank 

is referred to as boil-off gas (BOG). 

[7] If the pressure in the storage tank exceeds a predetermined pressure due to 

generation of BOG, the BOG is discharged from the storage tank to be used as fuel 

for an engine or to be re-liquefied and returned to the storage tank. 

[8] In order to reliquefy BOG containing ethane, ethylene and the like as main 

components (hereinafter referred to as "ethane BOG") and having a low boiling 

point among BOG, the ethane BOG must be cooled to about -100°C or less and thus 

requires additional cold heat, as compared with the case of reliquefying BOG of 

liquefied petroleum gas having a liquefaction point of about -25°C. Thus, a separate 

independent cold heat supply cycle for supplying additional cold heat is added to an 

LPG reliquefaction system to be used in an ethane reliquefaction process. For the 

cold heat supply cycle, a general propylene cooling cycle is used. 

 

【Disclosure】 

【Technical Problem】 

[9] On the other hand, although there is a method for reliquefying BOG using 

expanded BOG as a refrigerant for compressed BOG by compressing BOG 

generated in a liquefied gas storage tank and expanding some of the compressed 

BOG, reliquefaction of ethane having a low boiling point cannot be achieved 

without a separate independent cold heat supply cycle, such as a propane 

refrigeration cycle. 

[10] However, the use of a separate independent cold heat supply cycle for 

reliquefaction of BOG generated in a liquefied gas storage tank, particularly ethane 

having a low boiling point, in a vessel including the storage tank, can cause increase 

in space and cost for installation (CAPEX) of the additional cycle and operation 

costs (OPEX) including energy consumption. 

[11] Therefore, the present invention has been conceived to solve such problems 

in the art and is aimed at providing an apparatus and method for reliquefaction of 

BOG generated from liquefied gas having a low boiling point without adding a 
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separate independent cold heat supply cycle. 

 

【Technical Solution】 

[12] In accordance with one aspect of the present invention, an apparatus for 

reliquefaction of boil-off gas (BOG) generated in a liquefied gas storage tank 

provided to a vessel includes: a compressor compressing BOG discharged from the 

storage tank; a heat exchanger performing heat exchange of the BOG compressed by 

the compressor with the BOG discharged from the storage tank, the BOG having 

passed through the heat exchanger being divided into at least two flows including a 

first flow and a second flow; a first expansion unit expanding the first flow; a first 

intermediate cooler cooling the second flow remaining after division into the at least 

two flows using the first flow expanded by the first expansion unit as a refrigerant; 

and a receiver receiving the second flow having passed through the first intermediate 

cooler, wherein pressure downstream of the compressor is controlled by the receiver. 

[13] The apparatus may further include a pressure control line regulating a 

pressure of the receiver by discharging a fluid from the receiver, wherein the fluid 

discharged through the pressure control line is returned to the liquefied gas storage 

tank or is discharged therefrom.  

[14] The apparatus may further include a level control line regulating a level of 

the receiver by discharging a fluid from the receiver, wherein at least some of the 

fluid discharged through the level control line is returned to the liquefied gas storage 

tank. 

[15] The apparatus may further include a third expansion unit disposed on the 

level control line and expanding the fluid returned to the liquefied gas storage tank 

along the level control line. 

[16] The pressure downstream of the compressor may be in the range of 40 to 

100 bara. 

[17] The BOG compressed by the compressor may have a temperature of 80°C 

to 130°C. 

[18] The apparatus may further include an after-cooler disposed downstream of 

the compressor and cooling the BOG compressed by the compressor, wherein the 
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BOG cooled by the after-cooler has a temperature of 12°C to 45°C. 

[19] The BOG expanded by the first expansion unit may have a pressure of 4 to 

15 bara. 

[20] The apparatus may further include: a second expansion unit disposed on the 

level control line, the second expansion unit dividing the fluid discharged from the 

receiver into at least two flows including a third flow and a fourth flow and 

expanding the third flow; and a second intermediate cooler cooling the fourth flow 

remaining after division into the at least two flows using the third flow expanded by 

the second expansion unit as a refrigerant, wherein the fourth flow having passed 

through the second intermediate cooler is returned to the liquefied gas storage tank 

and the third flow having passed through the second intermediate cooler is supplied 

to the compressor. 

[21] The BOG expanded by the second expansion unit may have a pressure of 2 

to 5 bara. 

[22] The compressor may be a multistage compressor including multiple 

compressors, and each of the first flow having passed through the first intermediate 

cooler and the third flow having passed through the second intermediate cooler may 

be supplied downstream of any one of the multiple compressors. 

[23] In accordance with another aspect of the present invention, a method for 

reliquefying boil-off gas generated in a liquefied gas storage tank provided to a 

vessel includes: compressing, by a compressor, BOG generated from the liquefied 

gas; cooling the compressed BOG using the BOG generated from the liquefied gas; 

dividing the cooled BOG into a first flow and a second flow, followed by expanding 

the first flow; cooling the second flow using the expanded BOG; supplying the 

cooled second flow to a receiver; and controlling a pressure downstream of the 

compressor by controlling a pressure of the receiver.  

[24] A fluid may be discharged from the receiver to be supplied to the storage 

tank and a fluid discharged from the receiver may be controlled to maintain an inner 

pressure of the receiver or the pressure downstream of the compressor at a preset 

pressure. 

[25] The pressure downstream of the compressor may be set in the range of 40 
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to 100 bara. 

[26] A fluid may be discharged from the receiver and divided into a third flow 

and a fourth flow, the divided third flow may be expanded to cool the fourth flow, 

and the cooled fourth flow may be supplied to the storage tank. 

[27] The cooled fourth flow may be expanded and supplied to the storage tank 

and a level of the receiver may be measured to regulate a degree of expansion of the 

cooled fourth flow. 

[28] The first flow may be expanded to a pressure of 4 to 15 bara, the third flow 

may be expanded to a pressure of 2 to 5 bara, and the expanded first flow and the 

expanded third flow may be supplied to the compressor after cooling the second 

flow and the fourth flow, and the third flow is supplied farther downstream of the 

compressor than the first flow. 

[29] The BOG compressed by the compressor may be cooled to 12°C to 45°C 

before heat exchange with the BOG generated from the liquefied gas. 

[30] In accordance with a further aspect of the present invention, a method for 

reliquefying boil-off gas generated from a liquefied gas comprising at least one 

selected from the group consisting of ethane, propane, and butane through natural 

vaporization, wherein the total amount of the BOG is reliquefied by compressing the 

BOG, performing heat exchange between the compressed BOG and non-compressed 

BOG, and expanding at least some of the compressed BOG to perform heat 

exchange between the expanded BOG and non-expanded BOG at least once. 

[31] The reliquefied BOG may be stored in a pressure container to control an 

inner pressure of the pressure container such that the compressed BOG is maintained 

at a preset pressure until the compressed BOG is reliquefied and stored in the 

pressure container. 

 

【Advantageous Effects】 

[32] The BOG reliquefaction apparatus and method according to the present 

invention can reduce installation costs by omitting a separate independent cold heat 

supply cycle and is adapted to reliquefy BOG through self-heat exchange of BOG, 

such as ethane and the like, thereby providing the same level of reliquefaction 
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efficiency as a typical reliquefaction apparatus even without an additional cold heat 

supply cycle. 

[33] In addition, the BOG reliquefaction apparatus and method according to the 

present invention can reduce the number of components and can omit, particularly, a 

compressor for a cold heat supply cycle by omitting a separate independent cold heat 

supply cycle, thereby reducing power consumption for operation of the cold heat 

supply cycle. 

[34] Further, the BOG reliquefaction apparatus and method according to the 

present invention includes a receiver to control pressure downstream of a multistage 

compressor, thereby improving refrigerating effect through achievement of an 

optimal coefficient of performance (COP). 

 

【Description of Drawings】 

[35] FIG. 1 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a first embodiment of the present invention. 

[36] FIG. 2 is a graph depicting variation in COP of the reliquefaction apparatus 

according to pressure of BOG. 

[37] FIG. 3 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a second embodiment of the present invention. 

[38] FIG. 4 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a third embodiment of the present invention. 

[39] FIG. 5 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a fourth embodiment of the present invention. 

[40] FIG. 6 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a fifth embodiment of the present invention. 

[41] FIG. 7 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a seventh embodiment of the present invention. 

 

【Best Mode】 

[42] Hereinafter, embodiments of the present invention will be described in 

detail with reference to the accompanying drawings. A BOG reliquefaction 
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apparatus and method according to the present invention may be applied in various 

ways to offshore systems and onshore, such as vessels with LNG cargo, particularly, 

all types of ships and marine structures provided with a storage tank storing low-

temperature liquid cargo or liquefied gas, including ships, such as LNG carriers and 

liquefied ethane gas carriers, and marine structures, such as FPSOs and FSRUs. 

[43] In addition, as used herein, the term "flow" means a fluid flowing along a 

line, that is, boil-off gas, and a fluid in each line may be in a liquid phase, in a 

gas/liquid mixed phase, in a gas phase, or in a supercritical fluid phase depending 

upon system operation conditions. 

[44] Further, liquefied gas stored in a storage tank 10 provided to a vessel 

described below may have a boiling point of about -110°C or more at 1 atm. In 

addition, the liquefied gas stored in the storage tank 10 may be liquefied ethane gas 

(LEG) or liquefied petroleum gas (LPG). In addition, liquefied gas or boil-off gas 

generated from the liquefied gas may include at least one component selected from 

the group consisting of methane, ethane, propane, butane, and heavy hydrocarbon. 

[45] Further, it should be understood that the following embodiments may be 

modified in various different ways and the present invention is not limited thereto. 

[46]  

[47] FIG. 1 is a schematic diagram of a boil-off gas (BOG) reliquefaction 

apparatus for vessels according to a first embodiment of the present invention.  

[48] Referring to FIG. 1, the BOG reliquefaction apparatus according to this 

embodiment serves to reliquefy BOG generated in a liquefied gas storage tank 10 

provided to a vessel, and includes a compressor 20 compressing the BOG discharged 

from the storage tank 10 and a heat exchanger 30 performing heat exchange between 

the BOG compressed by the compressor 20 and the BOG discharged from the 

storage tank 10. 

[49] According to this embodiment, the storage tank 10 discharges the BOG 

through a safety valve (not shown) when the pressure of the storage tank 10 reaches 

above a preset safety pressure due to generation of the BOG therein. The BOG 

discharged from the storage tank 10 is reliquefied by the reliquefaction apparatus 

according to this embodiment and is then returned to the storage tank 10. 
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[50] According to this embodiment, the BOG discharged from the storage tank 

10 is completely reliquefied by the reliquefaction apparatus according to this 

embodiment instead of being used as fuel for engines in the ship. Here, the total 

amount of the BOG is recovered in a liquid phase or partially in a gas phase to the 

storage tank 10, or at least some of the BOG is circulated in the reliquefaction 

apparatus. 

[51] According to this embodiment, the compressor 20 may be a multistage 

compressor 20 including multiple compressors 20a, 20b, 20c, 20d, which compress 

BOG through multiple stages. Herein, the multistage compressor 20 will be 

described as a four-stage compressor 20, which includes a first compressor 20a, a 

second compressor 20b, a third compressor 20c, and a fourth compressor 20d, as 

shown in FIG. 1. 

[52] According to this embodiment, the multistage compressor 20 compresses 

the BOG discharged from the storage tank 10 through multiple stages. Although the 

BOG is illustrated as being subjected to four-stage compression by the four 

compressors 20a, 20b, 20c, 20d in this embodiment, it should be understood that the 

present invention is not limited thereto. 

[53] The multistage compressor 20 is provided with multiple coolers 21a, 21b, 

21c disposed between the multiple compressors to reduce the temperature of the 

BOG, which is increased in temperature and pressure while compressing by each of 

the compressors. For example, a first cooler 21a is disposed between the first 

compressor 20a and the second compressor 20b to reduce the temperature of the 

BOG, which is increased in temperature and pressure while compressing by the first 

compressor 20a. 

[54] Further, an after-cooler 21d is provided downstream of the last compressor 

of the multistage compressor 20, that is, downstream of the fourth compressor 20d 

in this embodiment, to regulate the temperature of the BOG compressed by the 

multistage compressor 20 and sent to the heat exchanger 30. 

[55] In this embodiment, the BOG compressed by and discharged from the last 

compressor of the multistage compressor 20, that is, the fourth compressor 20d, may 

have a pressure of 40 to 100 bara and a temperature of 80°C to 130°C. 
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[56] For example, the following Table 1 shows suction pressure and temperature 

of the BOG generated in the storage tank 10 and sent to each of the first to fourth 

compressors 20a, 20b, 20c, 20d of the multistage compressor 20, and discharge 

pressure and temperature of the BOG compressed by and discharged from the first to 

fourth compressors 20a, 20b, 20c, 20d. 

[57]  

[58] Table 1 

Stage No. 
Suction Discharge 

Pressure (bara) Temperature (°C) Pressure (bara) Temperature (°C) 

First compressor 20a 0.96 36.17 3.00 123.30 

Second compressor 20b 2.76 40.00 9.49 123.60 

Third compressor 20c 9.02 40.00 27.00 113.50 

Fourth compressor 20d 26.19 40.00 83.51 121.50 

[59]  

[60] That is, when BOG generated in the storage tank 10 and having a pressure 

of about 0.96 bara and a temperature of 36.17°C is sent to the first compressor 20a, 

the BOG is compressed to about 3.00 bara by the first compressor 20a and increases 

in temperature to about 123.30°C during compression. The BOG is cooled to about 

40°C in the first cooler 21a downstream of the first compressor 20a and slightly 

decreases in pressure to about 2.76 bara. Then, the BOG having a temperature of 

about 40°C and a pressure of about 2.76 bara is sent to the second compressor 20b. 

By repetition of this process, the BOG discharged from the fourth compressor 20a 

may have a pressure of about 83.51 bara and a temperature of about 121.50°C and 

may be further cooled by the after-cooler 21d upstream the heat exchanger 30. The 

BOG cooled by the after-cooler 21d and sent to the heat exchanger 30 may have a 

temperature of 12°C to 45°C. 

[61] According to this embodiment, the heat exchanger 30 cools the BOG 

(hereinafter referred to as "Flow a") compressed by the multiple compressors 20a, 

20b, 20c, 20d through heat exchange with the BOG discharged from the storage tank 

10. That is, the BOG compressed to a higher pressure by the multiple compressors 

20a, 20b, 20c, 20d is decreased in temperature by the heat exchanger 30 using the 



 10 

BOG discharged from the storage tank 10 as a refrigerant.  

[62] In addition, the BOG discharged from the storage tank 10 and having a low 

temperature decreases the temperature of Flow a through the heat exchanger 30 

while being heated thereby, and is then supplied to the compressor 20a, 20b, 20c, 

20d. Although it can be changed depending upon the properties of the BOG, at least 

some or the entirety of Flow a can be liquefied while passing through the heat 

exchanger 30. 

[63] Thus, according to this embodiment, since the BOG discharged from the 

storage tank 10 is sent to the multistage compressor 20 after being heated by the 

compressed BOG in the heat exchanger 30, the multistage compressor 20 including 

the compressors 20a, 20b, 20c, 20d can replace a cryogenic compressor adapted to 

compress BOG generated from a cryogenic liquefied gas and having low 

temperature and can prevent damage due to the BOG having low temperature. 

[64] Referring to FIG. 1, the BOG reliquefaction apparatus according to this 

embodiment includes a first expansion unit 71 dividing Flow a into two or more 

flows including a first flow a1 and a second flow a2, and expanding the first flow a1, 

in which Flow a has passed through the multistage compressor 20 and is discharged 

from the heat exchanger 30 after being cooled through heat exchange by the heat 

exchanger 30; a first intermediate cooler 41 cooling the second flow a2 remaining 

after division of Flow a using the first flow a1 expanded by the first expansion unit 

71. In the first intermediate cooler 41, the second flow a2 cooled by the first flow a1 

is returned to the storage tank 10 and the first flow a1 discharged from the first 

intermediate cooler 41 after cooling the second flow a2 is sent downstream of an 

intermediate terminal of the multistage compressor 20, that is, downstream of one of 

the multiple compressors 20a, 20b, 20c, 20d and is merged with a BOG stream 

generated in the storage tank 10 and compressed by the multistage compressor 20. 

[65] Referring to FIG. 1, in this embodiment, a flow passage of the BOG, which 

has discharged from the storage tank 10 and is compressed by the multistage 

compressor 20 while passing through the heat exchanger 30, the multistage 

compressor 20 and the first intermediate cooler 41, that is, Flow a, the second flow 

a2 branched off from the flow a1 and cooled by the first flow a expanded by the first 
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intermediate cooler 41, and the BOG returned to the storage tank 10 after being 

cooled, super-cooled or at least partially or entirely liquefied while passing through 

the first intermediate cooler 41 will be referred to as a reliquefaction line, which is 

indicated by a solid line in FIG. 1. 

[66] In this embodiment, the first expansion unit 71 is provided to expand the 

first flow branched off from Flow a cooled by the heat exchanger 30 through heat 

exchange and discharged therefrom, and a first bypass line a1 is branched off from 

the reliquefaction line to provide the passage of the first flow a1. 

[67] The first expansion unit 71 expands the first flow a1 branched off from 

Flow a cooled by the heat exchanger 30 and the first flow a1 cooled by the first 

expansion unit 71 through expansion is used as a refrigerant of the first intermediate 

cooler 41. In this embodiment, the first flow a1 is sent to the first expansion unit 71 

under conditions of about 40 to 100 bara and about 12°C to 45°C and is decreased in 

temperature while being expanded to 4 to 15 bara in the first expansion unit 71 such 

that the second flow a2 supplied from the first intermediate cooler 41 along the 

reliquefaction line under conditions of about 40 to 100 bara and about 12°C to 45°C 

can be cooled, super-cooled or at least partially liquefied by the first flow a1 

expanded by the first expansion unit 71. 

[68] The second flow a2 downstream branched off from the first flow a1 and 

sent to the first intermediate cooler 41 along the reliquefaction line is super-cooled 

or at least partially liquefied in the first intermediate cooler 41 by the first flow a1 

having passed through the first expansion unit 71. According to this embodiment, 

the entirety of the fluid sent from the first intermediate cooler 41 along the 

reliquefaction line may be liquefied or super-cooled depending upon the properties 

of the BOG. 

[69] The first flow a1 discharged from the first intermediate cooler 41 after 

cooling the second flow a2 is sent to the intermediate terminal of the multistage 

compressor 20, as shown in FIG. 1. The first flow a1 having passed through the first 

intermediate cooler 41 is sent downstream of a compressor having the most similar 

pressure to the pressure of the first flow a1 having passed through the first 

intermediate cooler 41, among the compressors 20a, 20b, 20c, 20d of the multistage 
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compressor 20, and is merged with the stream of the BOG compressed by the 

multistage compressor 20, that is, with the reliquefaction line. Although the first 

flow a1 having passed through the first intermediate cooler 41 is sent downstream of 

the second compressor 20b in this embodiment, it should be understood that the 

present is not limited thereto.  

[70] Referring to FIG. 1, the BOG reliquefaction apparatus may further include 

a second intermediate cooler 42 and a second expansion unit 72 disposed on the 

reliquefaction line to further cool the second flow a2 having passed through the first 

intermediate cooler 41, and a receiver 90 described below is disposed between the 

first intermediate cooler 41 and the second intermediate cooler 42 such that the 

second flow a2 having passed through the first intermediate cooler 41 can be 

returned to the storage tank 10 through the receiver 90 and the second intermediate 

cooler 42.  

[71] In this embodiment, the second flow a2 having passed through the first 

intermediate cooler 41 is divided into at least two flows including a third flow a3 

and a fourth flow a4, in which the third flow a3 is expanded and the fourth flow a4 is 

super-cooled by the expanded third flow a3 and is returned to the storage tank 10. 

[72] The second expansion unit 72 adapted to expand the third flow a3 is 

disposed on a second bypass line providing a flow passage of the third flow a3 

branched off from the second flow a2. And the third flow a3 expanded and 

decreased in temperature by the second expansion unit 72 is sent to the second 

intermediate cooler 42 to cool the fourth flow a4 sent to the second intermediate 

cooler 42 along the reliquefaction line through heat exchange therewith and is then 

sent to the multistage compressor 20. 

[73] In addition, referring to FIG. 1, the BOG reliquefaction apparatus according 

to this embodiment may further include the receiver 90, which receives the second 

flow a2 cooled by the first intermediate cooler 41, and may further include at least 

one of a pressure control line PL and a level control line LL, along which the BOG 

is discharged from the receiver 90 and is returned to the storage tank 10. 

[74] In the BOG reliquefaction apparatus, each of the first intermediate cooler 

41 and the first expansion unit 71 may be provided singularly or in plural. According 



 13 

to this embodiment, the BOG reliquefaction apparatus further includes the second 

intermediate cooler 42 and the second expansion unit 72 and thus provides, by way 

of example, a total of two sets of intermediate coolers and expansion units, each of 

which includes a single intermediate cooler and a single expansion unit. However, it 

should be understood that the present invention is not limited thereto in terms of the 

number of sets and the number of intermediate coolers or expansion units in each set. 

[75] However, with one or more intermediate coolers, that is, two sets of 

intermediate coolers and expansion units, the BOG reliquefaction apparatus can 

reduce generation of flash gas from the fluid flowing along the reliquefaction line 

from downstream of the receiver 90 and the first intermediate cooler 41 to the 

storage tank 10, thereby further improving reliquefaction efficiency. 

[76] In addition, according to this embodiment, the receiver 90 is disposed 

between the first intermediate cooler 41 and the second intermediate cooler 42 to 

receive the second flow a2 having passed through the first intermediate cooler 41 

and flowing along the reliquefaction line, such that the fluid discharged from the 

receiver 90 along the level control line LL is branched off to the third flow a3 and 

the fourth flow a4, in which the expanded third flow a3 cools the fourth flow a4 

remaining after division of the flow by the second intermediate cooler 42 through 

heat exchange and the fourth flow a4 cooled by the third flow a3 is returned to the 

storage tank 10. 

[77] In this embodiment, the fluid flowing along the level control line LL may 

be a liquid phase fluid or a super-cooled fluid. 

[78] As such, in the structure wherein the reliquefaction apparatus includes 

multiple sets of intermediate coolers and expansion units, the receiver 90 is disposed 

between an upstream set of intermediate cooler and expansion unit disposed 

upstream of the receiver and a downstream set of intermediate cooler and expansion 

unit disposed downstream of the receiver 90 to receive the fluid discharged along the 

reliquefaction line while supplying the fluid discharged along the level control line 

LL of the receiver 90 to the storage tank 10. In which the fluid supplied to the 

storage tank 10 along the level control line LL may be super-cooled in the 

downstream set of intermediate cooler and expansion unit disposed downstream of 



 14 

the receiver 90. 

[79] Efficiency of a fluid cooling system is represented by a coefficient of 

performance (COP), which indicates a ratio of refrigerating effect to compression 

work and is improved when the refrigerating effect is increased or the compression 

work is decreased. 

[80] Referring to the graph of FIG. 2, the COP of the reliquefaction apparatus 

according to this embodiment (Y-axis of FIG. 2) varies depending upon pressure of 

the fluid flowing in the reliquefaction apparatus (X-axis of FIG. 2) and there is a 

pressure range providing an optimal COP. That is, according to this embodiment, 

the BOG reliquefaction apparatus controls the fluid, which flows along the 

reliquefaction line extending from downstream of the multistage compressor 20 to 

the first intermediate cooler 41 and the receiver 90, so as to have an optimal COP, 

thereby improving reliquefaction efficiency. 

[81] According to this embodiment, the receiver 90 is provided as a means for 

controlling the second flow a1 having passed through the first intermediate cooler 41 

and returned to the storage tank 10 and enables control of pressure downstream of 

the multistage compressor 20 by controlling the pressure of the receiver 90. 

[82] According to this embodiment, the pressure control line PL regulating the 

inner pressure of the receiver 90 and the level control line LL regulating the level of 

the receiver 90 may be connected to the receiver 90. The fluid discharged from the 

receiver 90 along the pressure control line PL to regulate the inner pressure of the 

receiver 90 is supplied to the storage tank 10 and the fluid discharged from the 

receiver 90 along the level control line LL to regulate the level of the receiver 90 is 

subjected to heat exchange in the second intermediate cooler 42 and divided into the 

third flow a3, which in turn is sent to the multistage compressor 20, and the fourth 

flow a4, which in turn is supplied to the storage tank 10. 

[83] Although the fluid discharged from the receiver along the pressure control 

line PL is illustrated as being returned to the storage tank 10 in this embodiment, it 

should be understood that the present invention is not limited thereto. Alternatively, 

the fluid discharged from the receiver 90 may be discharged outside the 

reliquefaction system or may be circulated in the reliquefaction system. 
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[84] The second flow having passed through the first intermediate cooler 41 may 

be in a liquid phase or may be a mixture of gas and liquid partially vaporized while 

flowing along the line. That is, the fluid discharged through the pressure control line 

PL of the receiver 90 may have a gas phase and the fluid discharged through the 

level control line LL of the receiver 90 may have a liquid phase. Here, the inner 

pressure and level of the receiver 90 may be controlled to predetermined values by 

the pressure control line PL and the level control line LL of the receiver 90. 

[85] The fluid discharged from the receiver 90 along the level control line LL 

thereof is divided into the third flow a3 and the fourth flow a4, which in turn are sent 

to the second intermediate cooler 42, in which the third flow a3 subjected to 

expansion after division of the flow cools the fourth flow a4 remaining after division 

of the flow through heat exchange. Then, the third flow a3 discharged from the 

second intermediate cooler 42 after cooling the fourth flow a4 is sent to the 

multistage compressor 20. 

[86] The third flow a3 is expanded to about 2 to 5 bara in the second expansion 

unit 72 and is then sent to the second intermediate cooler 42, in which the third flow 

decreased in temperature by expansion super-cools the fourth flow a4 sent to the 

second intermediate cooler 42 along the reliquefaction line. 

[87] As shown in FIG. 1, the third flow a3 discharged from the second 

intermediate cooler 42 after cooling the fourth flow a4 is sent to the intermediate 

terminal of the multistage compressor 20. Then, the third flow a3 having passed 

through the second intermediate cooler 42 is sent downstream of a compressor 

having the most similar pressure to the pressure of the third flow a3 having passed 

through the second intermediate cooler 42, among the multiple compressors 20a, 

20b, 20c, 20d of the multistage compressor 20, and is merged with the stream of the 

BOG compressed by the multistage compressor 20, that is, with the reliquefaction 

line. Although the third flow a3 having passed through the second intermediate 

cooler 42 is sent downstream of the first compressor 20a in this embodiment, it 

should be understood that the present is not limited thereto. 

[88] Here, the third flow a3 discharged from the second intermediate cooler 42 

is sent downstream of the compressor placed farther upstream than the compressor 
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to which the first flow a1 discharged from the first intermediate cooler 41 is sent. 

[89] As shown in FIG. 1, the fourth flow a4 discharged from the second 

intermediate cooler 42 after heat exchange is returned to the storage tank 10 along 

the reliquefaction line. According to this embodiment, the reliquefaction apparatus 

may further include a third expansion unit 73, which is disposed downstream of the 

second intermediate cooler 42 to expand the fourth flow a4 having passed through 

the second intermediate cooler 42, and the fluid having passed through the third 

expansion unit 73 is supplied to the storage tank 10 in a state of being decreased in 

pressure and temperature by expansion. 

[90] Further, according to this embodiment, the pressure control line PL supplies 

the fluid discharged from the receiver 90 to the storage tank 10. In particular, the 

BOG returned to the storage tank 10 along the pressure control line PL may have a 

gas phase or a supercritical phase, and the pressure control line PL may be provided 

with a pressure control valve 91 which regulates opening/closing or the degree of 

opening of the pressure control line PL. 

[91] The pressure control valve 91 and the third expansion unit 73 may be 

controlled by a controller (not shown). Next, a method of controlling pressure 

downstream of the multistage compressor 20 in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 1. 

[92] The second flow a2 discharged from the first intermediate cooler 41 along 

the reliquefaction line after being cooled thereby is received in the receiver 90 

before being returned to the storage tank 10. The second flow a2 may have a super-

cooled gas or liquid phase, a mixed phase of gas and liquid, or a supercritical phase 

depending upon the properties of the fluid, such as the boiling point and the like. 

When the second flow a2 is received in the receiver 90, a flash gas can be generated 

from the second flow a2 in the receiver 90, thereby causing increase in inner 

pressure of the receiver 90 together with a gaseous component of the second flow a2. 

[93] In this embodiment, the receiver 90 is a pressure vessel and is configured to 

discharge the fluid, the gaseous component and the flash gas therefrom when the 

inner pressure of the receiver 90 exceeds a preset value, and the fluid discharged 

from the receiver 90 is returned to the storage tank 91 along the pressure control line 
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PL. The pressure control line PL may be connected to an upper portion of the 

receiver 90, as shown in FIG. 1. 

[94] That is, according to this embodiment, when the inner pressure of the 

receiver 90 reaches above a preset value, the controller can control the pressure from 

downstream of the multistage compressor 20 to upstream of the receiver 90 by 

opening the pressure control valve 91 of the pressure control line PL to allow the 

fluid to be discharged along the pressure control line PL. Herein, since the fluid 

flowing along the pressure control line PL is super-cooled while passing through the 

first intermediate cooler 41, the fluid supplied to the storage tank 10 along the 

pressure control line PL can decrease the inner temperature of the storage tank 10. 

[95] For example, when the inner pressure of the receiver 90 reaches above a 

preset value, the controller (not shown) opens the pressure control valve 91. When 

the inner pressure of the receiver 90 set to have a preset inner pressure of 80 bara is 

less than 80 bara, the controller closes the pressure control valve 91, and when the 

inner pressure of the receiver 90 is 80 bara or more, the controller opens the pressure 

control valve 91 such that the gas can be discharged from the receiver 90. When the 

pressure control valve 91 is closed, the pressure of the reliquefaction line from 

downstream of the multistage compressor 20 to the receiver 90 is also maintained at 

a level of about 80 bara. In addition, when the inner pressure of the receiver 90 

exceeds 80 bara, since the pressure upstream of the receiver 90, that is, the pressure 

from the multistage compressor 20 to the receiver 90, cannot be maintained in a 

preset range by a pressure difference, the pressure control valve 91 is opened to 

allow the pressure of the reliquefaction line from downstream of the multistage 

compressor 20 to the receiver 90 to be maintained in a preset pressure range. 

[96] According to this embodiment, the pressure downstream of the compressor 

may be set to 40 to 100 bara, more preferably 80 bara. That is, the receiver 90 may 

have a preset inner pressure of 40 to 100 bara, more preferably 80 bara. 

[97] In this embodiment, when sent to the receiver 90, the second flow a2 may 

be in a state of being at least partially or entirely liquefied, or may be partially 

flashed into a flash gas before being discharged from the receiver 90. 

[98] Thus, in order to maintain the inner pressure of the receiver 90 at a preset 
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pressure, the level of the receiver 90 is also required to be controlled. According to 

this embodiment, the level control line LL may be used to control the flux of the 

reliquefaction apparatus while controlling the level of the receiver 90. 

[99] For example, the controller (not shown) measures the level of the receiver 

90 and opens the third expansion unit 73 to allow the liquid to be discharged from 

the receiver 90 along the level control line LL when the measured level of the 

receiver reaches above a preset value or more. Then, the liquid discharged from the 

receiver 90 is super-cooled in the second intermediate cooler 42 and is supplied to 

the storage tank 10 in a state of being decreased in pressure and temperature through 

expansion by the third expansion unit 73. 

[100] The controller controls the degree of opening of the third expansion unit 73 

to control the total flux of the reliquefied BOG supplied to the storage tank 10 along 

the level control line LL in the reliquefaction apparatus. That is, in this embodiment, 

the third expansion unit 73 may be used as a means for controlling the level of the 

receiver 90. 

[101] In this way, according to the present invention, the fluid super-cooled while 

passing through the first intermediate cooler 41 is supplied to the receiver 90, and 

the flux of the flash gas returning from the receiver 90 to the storage tank 10 and the 

degree of expansion of the fluid cooled by additionally cooling the super-cooled 

fluid discharged in a liquid phase from the receiver 90 in the second intermediate 

cooler 42 are controlled while controlling the pressure or level of the receiver 90 or 

the pressure and level of the receiver 90, thereby improving reliquefaction efficiency 

of the reliquefaction apparatus. 

[102] According to this embodiment, the degree of super-cooling of the BOG sent 

to the third expansion unit 73 may be increased by the heat exchanger 30 in order to 

improve refrigerating effects. 

[103] Further, the compressed BOG is further cooled by the heat exchanger 30 

and is then sent to the first intermediate cooler 41 and the second intermediate cooler 

42, thereby reducing the amount of refrigerant for cooling the BOG in the first 

intermediate cooler 41 and the second intermediate cooler 42. Accordingly, since the 

amount of the refrigerant to be sent to the first and second intermediate coolers 41, 
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42, that is, the flux of BOG to be expanded, is reduced, the flux of BOG branched 

off from the reliquefaction line and sent to the multistage compressor 20 after 

expansion is reduced, whereby compression work of the multistage compressor 20 

can be reduced while increasing the amount of reliquefied BOG in the intermediate 

coolers 41, 42, thereby improving the refrigerating effects. 

[104] In the structure of the reliquefaction apparatus constituted by the 

intermediate coolers 41, 42 together with the heat exchanger 30 and the receiver 90 

without a separate refrigerating cycle as in the present invention, when the pressure 

downstream of the multistage compressor 20 is controlled to about 40 to 100 bara by 

the receiver 90, the multistage compressor 20 consumes a power of about 499.7 kW 

and the reliquefaction apparatus has a cooling capacity of about 241.3 kW. Thus, the 

reliquefaction apparatus has a cooling efficiency, that is, a COP, of about 0.48. 

[105] Comparing with this structure, assuming that BOG generated from the same 

liquefied gas and having the same flux and properties as those of the BOG described 

above, in a typical reliquefaction apparatus including a separate refrigerating cycle 

and free from the heat exchanger 30 according to the present invention, the 

multistage compressor 20 consumes a power of about 575.2 kW and the 

reliquefaction apparatus has a cooling capacity of about 240.3 kW. Thus, the 

reliquefaction apparatus has a cooling efficiency, that is, a COP, of about 0.42. That 

is, the reliquefaction apparatus according to the present invention can recover 

reliquefied BOG to the storage tank through reliquefaction of a larger amount of 

BOG with a smaller power. 

[106] In addition, the pressure downstream of the multistage compressor 20 is 

maintained at a pressure securing an optimal COP and the total flux of the BOG 

reliquefied by the reliquefaction apparatus is controlled to maintain the optimal COP 

by the receiver 90, thereby enabling maintenance of reliquefaction efficiency at the 

highest level. 

[107] Further, in the reliquefaction apparatus according to the present invention, 

the heat exchanger 30 allows most BOG generated from liquefied gas to be liquefied 

even without an additional refrigerating cycle. That is, when the liquefied gas is 

propane gas, most BOG generated from the propane gas is liquefied while passing 
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through the multistage compressor 20, and, when the liquefied gas is ethane gas, 

most BOG generated from the ethane gas is liquefied while passing through the 

multistage compressor 20 and the heat exchanger 30. In addition, as in this 

embodiment, in the reliquefaction apparatus wherein the intermediate cooler is 

constituted by at least two intermediate coolers including the first intermediate 

cooler 41 and the second intermediate cooler 42, it is possible to reduce the amount 

of flash gas generated during a reliquefaction process in which BOG is returned to 

the storage tank 10 after passing through the multistage compressor 20, the heat 

exchanger 30, the intermediate coolers 41, 42 and the receiver 90. 

[108]  

[109] FIG. 3 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a second embodiment of the present invention. 

[110] The BOG reliquefaction apparatus according to the second embodiment 

shown in FIG. 3 is distinguished from the BOG reliquefaction apparatus according 

to the first embodiment shown in FIG. 1 in that the BOG reliquefaction apparatus 

according to the second embodiment does not include the receiver, the pressure 

control line and the level control line, and the following description will focus on the 

different features of the BOG reliquefaction apparatus according to the second 

embodiment. Detailed description of the same components as those of the BOG 

reliquefaction apparatus according to the first embodiment will be omitted herein. 

[111] Referring to FIG. 3, the BOG reliquefaction apparatus according to this 

embodiment includes: multiple compressors 20a, 20b, 20c, 20d compressing BOG 

discharged from a storage tank 10 through multiple stages; a heat exchanger 30 

performing heat exchange between the BOG compressed by the multiple 

compressors 20a, 20b, 20c, 20d through multiple stages and the BOG discharged 

from the storage tank 10; a first expansion unit 71 expanding the BOG compressed 

by the multiple compressors 20a, 20b, 20c, 20d and having passed through the heat 

exchanger 30; a first intermediate cooler 41 cooling the BOG compressed by the 

multiple compressors 20a, 20b, 20c, 20d and having passed through the heat 

exchanger 30; a second expansion unit 72 expanding the BOG having passed 

through the first intermediate cooler 41; a second intermediate cooler 42 cooling the 
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BOG having passed through the first intermediate cooler 41; a third expansion unit 

73 expanding the BOG having passed through the second intermediate cooler 42; 

and a gas/liquid separator 60 separating the BOG, which has been partially 

reliquefied while passing through the third expansion unit 73, into reliquefied BOG 

and gaseous BOG. 

[112] According to this embodiment, the storage tank 10 stores liquefied gas, 

such as ethane, ethylene, and the like, and discharges BOG, which is generated 

through vaporization of the liquefied gas by heat transferred from the outside, when 

the inner pressure of the storage tank 10 exceeds a predetermined pressure. Although 

liquefied gas is illustrated by way of example as being discharged from the storage 

tank 10 in this embodiment, the liquefied gas may be discharged from a fuel tank 

adapted to store liquefied gas in order to supply the liquefied gas as fuel to an engine. 

[113] According to this embodiment, the multiple compressors 20a, 20b, 20c, 20d 

compress the BOG discharged from the storage tank 10 through multiple stages. 

According to this embodiment, the multistage compressor includes four compressors 

such that the BOG can be subjected to four stages of compression, but is not limited 

thereto. 

[114] When the multistage compressor is a four-stage compressor including four 

compressors as in this embodiment, the multistage compressor 20 includes a first 

compressor 20a, a second compressor 20b, a third compressor 20c, and a fourth 

compressor 20d, which are arranged in series to sequentially compress BOG. The 

BOG downstream of the first compressor 20a may have a pressure of 2 bar to 5 bar, 

for example, 3.5 bar, and the BOG downstream of the second compressor 20b may 

have a pressure of 10 bar to 15 bar, for example, 12 bar. In addition, the BOG 

downstream of the third compressor 20c may have a pressure of 25 bar to 35 bar, for 

example, 30.5 bar, and the BOG downstream of the fourth compressor 20d may 

have a pressure of 75 bar to 90 bar, for example, 83.5 bar. 

[115] The BOG reliquefaction apparatus may include multiple coolers 21a, 21b, 

21c, 21d disposed downstream of the compressors 20a, 20b, 20c, 20d, respectively, 

to decrease the temperature of the BOG, which is increased not only in pressure but 

also in temperature after passing through each of the compressors 20a, 20b, 20c, 20d. 
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[116] According to this embodiment, the heat exchanger 30 cools the BOG 

(hereinafter referred to as "Flow a") compressed by the multiple compressors 20a, 

20b, 20c, 20d through heat exchange between the BOG (Flow a) and the BOG 

discharged from the storage tank 10. That is, the BOG compressed to a higher 

pressure by the multiple compressors 20a, 20b, 20c, 20d is decreased in temperature 

by the heat exchanger 30 using the BOG discharged from the storage tank 10 as a 

refrigerant. 

[117] According to this embodiment, the first expansion unit 71 is disposed on a 

line branched off from a line through which the BOG is supplied from the heat 

exchanger 30 to the first intermediate cooler 41, and expands some BOG 

(hereinafter referred to as "Flow a1") branched off from the BOG compressed by the 

multiple compressors 20a, 20b, 20c, 20d and having passed through the heat 

exchanger 30. The first expansion unit 71 may be an expansion valve or an expander. 

[118] Some BOG (Flow a1) branched off from the BOG compressed by the 

multiple compressors 20a, 20b, 20c, 20d and having passed through the heat 

exchanger 30 is expanded to a lower temperature and pressure by the first expansion 

unit 71. The BOG having passed through the first expansion unit 71 is supplied to 

the first intermediate cooler 41 to be used as a refrigerant for decreasing the 

temperature of the other BOG (hereinafter referred to as "Flow a2") compressed by 

the multiple compressors 20a, 20b, 20c, 20d and having passed through the heat 

exchanger 30. 

[119] According to this embodiment, the first intermediate cooler 41 decreases 

the temperature of the BOG (Flow a2), which has passed through the multiple 

compressors 20a, 20b, 20c, 20d and the heat exchanger 30, through heat exchange 

between some of the BOG (Flow a2) compressed by the multiple compressors 20a, 

20b, 20c, 20d and having passed through the heat exchanger 30 and the BOG (Flow 

a1) expanded by the first expansion unit 71. 

[120] The BOG (Flow a2) cooled by the first intermediate cooler 41 after passing 

through the multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 is 

sent to the second expansion unit 72 and the second intermediate cooler 42, and the 

BOG (Flow a1) sent to the first intermediate cooler 41 through the first expansion 
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unit 71 is sent downstream of one compressor 20b of the multiple compressors 20a, 

20b, 20c, 20d. 

[121] According to this embodiment, the second expansion unit 72 is disposed on 

a line branched off from a line through which the BOG is supplied from the first 

intermediate cooler 41 to the second intermediate cooler 42, and expands some of 

the BOG (Flow a21) cooled while passing through the heat exchanger 30 and the 

first intermediate cooler 41. The second expansion unit 72 may be an expansion 

valve or an expander. 

[122] Among the BOG (Flow a2) cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41, some BOG (Flow a21) is 

expanded to a lower temperature and pressure by the second expansion unit 72. The 

BOG (Flow a21) having passed through the second expansion unit 72 is supplied to 

the second intermediate cooler 42 to be used as a refrigerant for decreasing the 

temperature of the other BOG (Flow a22) cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41. 

[123] According to this embodiment, the second intermediate cooler 42 further 

decreases the temperature of the BOG (Flow a22), which is cooled while passing 

through the heat exchanger 30 and the first intermediate cooler 41, through heat 

exchange with the BOG (Flow a21) expanded by the second expansion unit 72. 

[124] The BOG cooled by the heat exchanger 30, the first intermediate cooler 41 

and the second intermediate cooler 42 is sent to the gas/liquid separator 60 through 

the third expansion unit 73, and the BOG sent to the second intermediate cooler 42 

through the second expansion unit 72 is sent downstream of one of the multiple 

compressors 20a, 20b, 20c, 20d. 

[125] The first intermediate cooler 41 decreases the temperature of the BOG 

primarily cooled by the heat exchanger 30 using the BOG discharged from the 

storage tank 10, whereas the second intermediate cooler 42 decreases the 

temperature of the BOG primarily cooled by the heat exchanger 30 and then 

secondarily cooled by the first intermediate cooler 41. Thus, the BOG (Flow a21) 

supplied as a refrigerant to the second intermediate cooler 42 is required to have a 

lower temperature than the BOG (Flow a1) supplied as a refrigerant to the first 
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intermediate cooler 41. That is, the BOG having passed through the second 

expansion unit 72 is expanded more than the BOG having passed through the first 

expansion unit 71 and thus has a lower pressure than the BOG having passed 

through the first expansion unit 71. Accordingly, the BOG discharged from the first 

intermediate cooler 41 is sent to a compressor disposed farther downstream than a 

compressor to which the BOG discharged from the second intermediate cooler 42 is 

sent. The BOG discharged from the first and second intermediate coolers 41, 42 is 

merged with BOG having a similar pressure thereto among BOG subjected to 

multiple stages of compression through the multiple compressors 20a, 20b, 20c, 20d, 

and is then compressed. 

[126] On the other hand, since the BOG expanded by the first expansion unit 71 

and the second expansion unit 72 is respectively used as a refrigerant for cooling the 

BOG in the first intermediate cooler 41 and the second intermediate cooler 42, the 

amounts of the BOG to be sent to the first expansion unit 71 and the second 

expansion unit 72 may be adjusted depending upon the degree of cooling the BOG 

in the first intermediate cooler 41 and the second intermediate cooler 42. Here, the 

BOG compressed by the multiple compressors 20a, 20b, 20c, 20d and having passed 

through the heat exchanger 30 is divided into two flows to be sent to the first 

expansion unit 71 and the first intermediate cooler 41, respectively. Thus, the ratio 

of BOG to be sent to the first expansion unit 71 is increased in order to cool the 

BOG to a lower temperature in the first intermediate cooler 41 and is decreased in 

order to cool a smaller amount of BOG in the first intermediate cooler 41. 

[127] Like the BOG sent from the heat exchanger 30 to the first intermediate 

cooler 41, when the BOG is sent from the first intermediate cooler 41 to the second 

intermediate cooler 42, the ratio of BOG to be sent to the second expansion unit 72 

is increased in order to cool the BOG to a lower temperature in the second 

intermediate cooler 42 and the ratio of BOG to be sent to the first expansion unit 71 

is decreased in order to cool a smaller amount of BOG in the second intermediate 

cooler 42. 

[128] In this embodiment, the reliquefaction apparatus includes two intermediate 

coolers 41, 42 and two expansion units 71, 72 disposed upstream of the intermediate 
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coolers 41, 42, respectively. However, it should be noted that the number of 

intermediate coolers and the number of expansion units disposed upstream of the 

intermediate coolers can be changed, as needed. In addition, the intermediate coolers 

41, 42 according to this embodiment may be intermediate coolers for vessels, as 

shown in FIG. 1, or may be typical heat exchangers. 

[129] According to this embodiment, the third expansion unit 73 expands the 

BOG having passed through the first intermediate cooler 41 and the second 

intermediate cooler 42 to about normal pressure. 

[130] According to this embodiment, the gas/liquid separator 60 separates the 

BOG, which has been partially reliquefied while passing through the third expansion 

unit 73, into reliquefied BOG and gaseous BOG. The gaseous BOG separated by the 

gas/liquid separator 60 is sent upstream of the heat exchanger 30 to be subjected to 

reliquefaction together with the BOG discharged from the storage tank 10, and the 

reliquefied BOG separated by the gas/liquid separator 60 is returned to the storage 

tank 10. In an embodiment wherein BOG is discharged from a fuel tank, the 

reliquefied BOG is sent to the fuel tank. 

[131] Hereinafter, the flow of BOG in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 3. 

[132] BOG discharged from the storage tank 10 passes through the heat 

exchanger 30 and is then compressed by the multiple compressors 20a, 20b, 20c, 

20d. The BOG compressed by the multiple compressors 20a, 20b, 20c, 20d has a 

pressure of about 40 bar to 100 bar, preferably about 80 bar. The BOG compressed 

by the multiple compressors 20a, 20b, 20c, 20d has a supercritical fluid phase in 

which liquid and gas are not distinguished from each other. 

[133] The BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d is kept in a supercritical fluid phase with a substantially similar pressure before 

the third expansion unit 73 while passing through the heat exchanger 30, the first 

intermediate cooler 41 and the second intermediate cooler 42. Since the BOG having 

passed through the multiple compressors 20a, 20b, 20c, 20d can undergo sequential 

decrease in temperature while passing through the heat exchanger 30, the first 

intermediate cooler 41 and the second intermediate cooler 42, and can undergo 
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sequential decrease in pressure depending upon an application method of processes 

while passing through the heat exchanger 30, the first intermediate cooler 41 and the 

second intermediate cooler 42, the BOG may be in a gas/liquid mixed phase or in a 

liquid phase before the third expansion unit 73 while passing through the heat 

exchanger 30, the first intermediate cooler 41 and the second intermediate cooler 42. 

[134] The BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d is sent again to the heat exchanger 30 to be subjected to heat exchange with the 

BOG discharged from the storage tank 10. The BOG having passed through the 

multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 may have a 

temperature of -10°C to 35°C.  

[135] Among the BOG (Flow a) having passed through the multiple compressors 

20a, 20b, 20c, 20d and the heat exchanger 30, some BOG (Flow a1) is sent to the 

first expansion unit 71 and the other BOG (Flow a2) is sent to the first intermediate 

cooler 41. The BOG (Flow a1) sent to the first expansion unit 71 is expanded to a 

lower temperature and pressure and is then sent to the first intermediate cooler 41, 

and the other BOG (Flow a2) sent to the first intermediate cooler 41 through the heat 

exchanger 30 is decreased in temperature through heat exchange with the BOG 

having passed through the first expansion unit 71. 

[136] The BOG (Flow a1) branched off from the BOG having passed through the 

heat exchanger 30 and sent to the first expansion unit 71 is expanded to a gas/liquid 

mixed phase by the first expansion unit 71. The BOG expanded to the gas/liquid 

mixed phase by the first expansion unit 71 is converted into a gas phase through heat 

exchange in the first intermediate cooler 41. 

[137] Among the BOG (Flow a2) sent to the first intermediate cooler 41 and 

subjected to heat exchange with the BOG having passed through the first expansion 

unit 71, some BOG (Flow a21) is sent to the second expansion unit 72 and the other 

BOG (Flow a22) is sent to the second intermediate cooler 42. The BOG (Flow a21) 

sent to the second expansion unit 72 is expanded to a lower temperature and 

pressure and is then sent to the second intermediate cooler 42, and the BOG sent to 

the second intermediate cooler 42 through the first intermediate cooler 41 is 

subjected to heat exchange with the BOG having passed through the second 
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expansion unit 72 to have a lower temperature. 

[138] Like the BOG (Flow a1) partially branched off and sent to the first 

expansion unit 71 through the heat exchanger 30, the BOG (Flow a21) partially 

branched off and sent to the second expansion unit 72 through the first intermediate 

cooler 41 may be expanded to a gas/liquid mixed phase by the second expansion 

unit 72. The BOG expanded to the gas/liquid mixed phase by the second expansion 

unit 72 is converted into a gas phase through heat exchange in the second 

intermediate cooler 42. 

[139] The BOG (Flow a22) subjected to heat exchange with the BOG having 

passed through the second expansion unit 72 in the second intermediate cooler 42 is 

partially reliquefied through expansion to about normal pressure and a lower 

temperature by the third expansion unit 73. The BOG having passed through the 

third expansion unit 73 is sent to the gas/liquid separator 60, in which the BOG is 

separated into reliquefied BOG and gaseous BOG. The reliquefied BOG is supplied 

to the storage tank 10 and the gaseous BOG is sent upstream of the heat exchanger 

30. 

[140] The BOG reliquefaction apparatus according to this embodiment cools the 

BOG through self-heat exchange using the BOG (Flow a1) expanded by the first 

expansion unit 71 and the BOG (Flow a21) expanded by the second expansion unit 

72 as a refrigerant, thereby enabling reliquefaction of the BOG without a separate 

cold heat supply cycle. 

[141] In addition, a typical reliquefaction apparatus having a separate cold heat 

supply cycle consumes a power of about 2.4 kW to recover a heat quantity of 1 kW, 

whereas the BOG reliquefaction apparatus according to the embodiments consumes 

a power of about 1.7 kW to recover a heat quantity of 1 kW, thereby reducing 

energy consumption for operation of the reliquefaction apparatus. 

[142]  

[143] FIG. 4 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a third embodiment of the present invention. 

[144] The BOG reliquefaction apparatus according to the third embodiment 

shown in FIG. 4 is distinguished from the BOG reliquefaction apparatus according 
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to the second embodiment shown in FIG. 3 in that reliquefied BOG separated by the 

gas/liquid separator is sent together with gaseous BOG to the storage tank, and the 

following description will focus on the different features of the third embodiment. 

Detailed description of the same components as those of the BOG reliquefaction 

apparatus according to the second embodiment will be omitted herein. 

[145] Referring to FIG. 4, as in the third embodiment, the BOG reliquefaction 

apparatus according to this embodiment includes: multiple compressors 20a, 20b, 

20c, 20d; a heat exchanger 30; a first expansion unit 71; a first intermediate cooler 

41; a second expansion unit 72; a second intermediate cooler 42; a third expansion 

unit 73; and a gas/liquid separator 60. 

[146] As in the second embodiment, the storage tank 10 according to this 

embodiment stores liquefied gas, such as ethane, ethylene, and the like, and 

discharges BOG, which is generated through natural vaporization of the liquefied 

gas by heat transferred from the outside, when the inner pressure of the storage tank 

10 exceeds a predetermined pressure. 

[147] As in the second embodiment, the multiple compressors 20a, 20b, 20c, 20d 

according to this embodiment compresses BOG discharged from the storage tank 10 

through multiple stages. Multiple coolers 21a, 21b, 21c, 21d may be disposed 

downstream of the multiple compressors 20a, 20b, 20c, 20d, respectively. 

[148] As in the second embodiment, the heat exchanger 30 according to this 

embodiment performs heat exchange between the BOG compressed by the multiple 

compressors 20a, 20b, 20c, 20d and the BOG discharged from the storage tank 10. 

[149] As in the second embodiment, the first expansion unit 71 according to this 

embodiment is disposed on a line branched off from a line through which the BOG 

is supplied from the heat exchanger 30 to the first intermediate cooler 41, and 

expands some of the BOG compressed by the multiple compressors 20a, 20b, 20c, 

20d and having passed through the heat exchanger 30. 

[150] As in the second embodiment, the first intermediate cooler 41 according to 

this embodiment decreases the temperature of the BOG having passed through the 

multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 through heat 

exchange between some of the BOG compressed by the multiple compressors 20a, 
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20b, 20c, 20d and having passed through the heat exchanger 30 and the BOG 

expanded by the first expansion unit 71. 

[151] As in the second embodiment, the second expansion unit 72 according to 

this embodiment is disposed on a line branched off from a line through which the 

BOG is supplied from the first intermediate cooler 41 to the second intermediate 

cooler 42, and expands some of the BOG cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41. 

[152] As in the second embodiment, the second intermediate cooler 42 according 

to this embodiment further decreases the temperature of the BOG, which is cooled 

while passing through the heat exchanger 30 and the first intermediate cooler 41, 

through heat exchange between the BOG cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41 and the BOG expanded by the 

second expansion unit 72. 

[153] As in the second embodiment, the BOG discharged from the first 

intermediate cooler 41 is sent downstream of a compressor disposed farther 

downstream than a compressor with which the BOG discharged from the second 

intermediate cooler 42 is merged. 

[154] In addition, as in the second embodiment, the ratio of BOG to be sent to the 

first expansion unit 71 is increased in order to cool the BOG to a lower temperature 

in the first intermediate cooler 41 and is decreased in order to cool a smaller amount 

of BOG in the first intermediate cooler 41. 

[155] Like the BOG sent from the heat exchanger 30 to the first intermediate 

cooler 41, when the BOG is sent from the first intermediate cooler 41 to the second 

intermediate cooler 42, the ratio of BOG to be sent to the second expansion unit 72 

is increased in order to cool the BOG to a lower temperature in the second 

intermediate cooler 42 and the ratio of BOG to be sent to the first expansion unit 71 

is decreased in order to cool a smaller amount of BOG in the second intermediate 

cooler 42. 

[156] As in the second embodiment, the third expansion unit 73 according to this 

embodiment expands the BOG having passed through the first intermediate cooler 

41 and the second intermediate cooler 42 to about normal pressure. 
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[157] As in the second embodiment, the gas/liquid separator 60 according to this 

embodiment separates the BOG, which has been partially reliquefied while passing 

through the third expansion unit 73, into reliquefied BOG and gaseous BOG. 

[158] However, unlike the second embodiment, the gaseous BOG separated by 

the gas/liquid separator 60 according to this embodiment is sent together with the 

reliquefied BOG to the storage tank 10. The gaseous BOG sent to the storage tank 

10 is sent together with the BOG discharged from the storage tank 10 to the heat 

exchanger 30 and is subjected to the reliquefaction process. 

[159] Hereinafter, the flow of BOG in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 4. 

[160] As in the second embodiment, the BOG discharged from the storage tank 

10 passes through the heat exchanger 30 and is then compressed by the multiple 

compressors 20a, 20b, 20c, 20d. 

[161] As in the second embodiment, the BOG having passed through the multiple 

compressors 20a, 20b, 20c, 20d is sent again to the heat exchanger 30 to be 

subjected to heat exchange with the BOG discharged from the storage tank 10. 

Among the BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d and the heat exchanger 30, some BOG is sent to the first expansion unit 71 and 

the other BOG is sent to the first intermediate cooler 41. The BOG sent to the first 

expansion unit 71 is expanded to a lower temperature and pressure and is then sent 

to the first intermediate cooler 41, and the other BOG sent to the first intermediate 

cooler 41 through the heat exchanger 30 is decreased in temperature through heat 

exchange with the BOG having passed through the first expansion unit 71. 

[162] As in the second embodiment, among the BOG sent to the first intermediate 

cooler 41 and subjected to heat exchange with the BOG having passed through the 

first expansion unit 71, some BOG is sent to the second expansion unit 72 and the 

other BOG is sent to the second intermediate cooler 42. The BOG sent to the second 

expansion unit 72 is expanded to a lower temperature and pressure and is then sent 

to the second intermediate cooler 42, and the BOG sent to the second intermediate 

cooler 42 through the first intermediate cooler 41 is subjected to heat exchange with 

the BOG having passed through the second expansion unit 72 to have a lower 
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temperature. 

[163] As in the second embodiment, the BOG subjected to heat exchange with the 

BOG having passed through the second expansion unit 72 in the second intermediate 

cooler 42 is partially reliquefied through expansion to about normal pressure and a 

lower temperature by the third expansion unit 73. The BOG having passed through 

the third expansion unit 73 is sent to the gas/liquid separator 60, in which the BOG 

is separated into reliquefied BOG and gaseous BOG. 

[164] However, unlike the second embodiment, both the gaseous BOG and the 

reliquefied BOG separated by the gas/liquid separator 60 according to this 

embodiment are sent to the storage tank 10. 

[165]  

[166] FIG. 5 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a fourth embodiment of the present invention. 

[167] The BOG reliquefaction apparatus according to the fourth embodiment 

shown in FIG. 5 is distinguished from the BOG reliquefaction apparatus according 

to the second embodiment shown in FIG. 3 in that gaseous BOG is supplied to the 

storage tank, and is distinguished from the BOG reliquefaction apparatus according 

to the third embodiment shown in FIG. 4 in that the gaseous BOG is separated from 

reliquefied BOG and separately sent to the storage tank. The following description 

will focus on the different features of the fourth embodiment. Detailed description of 

the same components as those of the BOG reliquefaction apparatus according to the 

second and third embodiments will be omitted. 

[168] Referring to FIG. 5, as in the second and third embodiments, the BOG 

reliquefaction apparatus according to this embodiment includes: multiple 

compressors 20a, 20b, 20c, 20d; a heat exchanger 30; a first expansion unit 71; a 

first intermediate cooler 41; a second expansion unit 72; a second intermediate 

cooler 42; a third expansion unit 73; and a gas/liquid separator 60. 

[169] As in the second and third embodiments, the storage tank 10 according to 

this embodiment stores liquefied gas, such as ethane, ethylene, and the like, and 

discharges BOG, which is generated through vaporization of the liquefied gas by 

heat transferred from the outside, when the inner pressure of the storage tank 10 
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exceeds a predetermined pressure. 

[170] As in the second and third embodiments, the multiple compressors 20a, 20b, 

20c, 20d according to this embodiment compresses BOG discharged from the 

storage tank 10 through multiple stages. Multiple coolers 21a, 21b, 21c, 21d may be 

disposed downstream of the multiple compressors 20a, 20b, 20c, 20d, respectively. 

[171] As in the second and third embodiments, the heat exchanger 30 according 

to this embodiment performs heat exchange between the BOG compressed by the 

multiple compressors 20a, 20b, 20c, 20d and the BOG discharged from the storage 

tank 10. 

[172] As in the second and third embodiments, the first expansion unit 71 

according to this embodiment is disposed on a line branched off from a line through 

which the BOG is supplied from the heat exchanger 30 to the first intermediate 

cooler 41, and expands some of the BOG compressed by the multiple compressors 

20a, 20b, 20c, 20d and having passed through the heat exchanger 30. 

[173] As in the second and third embodiments, the first intermediate cooler 41 

according to this embodiment decreases the temperature of the BOG having passed 

through the multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 

through heat exchange between some of the BOG compressed by the multiple 

compressors 20a, 20b, 20c, 20d and having passed through the heat exchanger 30 

and the BOG expanded by the first expansion unit 71. 

[174] As in the second and third embodiments, the second expansion unit 72 

according to this embodiment is disposed on a line branched off from a line through 

which the BOG is supplied from the first intermediate cooler 41 to the second 

intermediate cooler 42, and expands some of the BOG cooled while passing through 

the heat exchanger 30 and the first intermediate cooler 41. 

[175] As in the second and third embodiments, the second intermediate cooler 42 

according to this embodiment further decreases the temperature of the BOG, which 

is cooled while passing through the heat exchanger 30 and the first intermediate 

cooler 41, through heat exchange between the BOG cooled while passing through 

the heat exchanger 30 and the first intermediate cooler 41 and the BOG expanded by 

the second expansion unit 72. 
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[176] As in the second and third embodiments, the BOG discharged from the first 

intermediate cooler 41 is sent downstream of a compressor disposed farther 

downstream than a compressor with which the BOG discharged from the second 

intermediate cooler 42 is merged. 

[177] In addition, as in the second and third embodiments, the ratio of BOG to be 

sent to the first expansion unit 71 is increased in order to cool the BOG to a lower 

temperature in the first intermediate cooler 41 and is decreased in order to cool a 

smaller amount of BOG in the first intermediate cooler 41. 

[178] Like the BOG sent from the heat exchanger 30 to the first intermediate 

cooler 41, when the BOG is sent from the first intermediate cooler 41 to the second 

intermediate cooler 42, the ratio of BOG to be sent to the second expansion unit 72 

is increased in order to cool the BOG to a lower temperature in the second 

intermediate cooler 42 and the ratio of BOG to be sent to the first expansion unit 71 

is decreased in order to cool a smaller amount of BOG in the second intermediate 

cooler 42. 

[179] As in the second and third embodiments, the third expansion unit 73 

according to this embodiment expands the BOG having passed through the first 

intermediate cooler 41 and the second intermediate cooler 42 to about normal 

pressure. 

[180] As in the second and third embodiments, the gas/liquid separator 60 

according to this embodiment separates the BOG, which has been partially 

reliquefied while passing through the third expansion unit 73, into reliquefied BOG 

and gaseous BOG. 

[181] However, unlike the second embodiment, the gaseous BOG separated by 

the gas/liquid separator 60 according to this embodiment is sent to the storage tank 

10. In addition, unlike the third embodiment, the gaseous BOG separated by the 

gas/liquid separator 60 according to this embodiment is divided from the reliquefied 

BOG and is separately sent to the storage tank 10 instead of being sent together with 

the reliquefied BOG thereto. 

[182] Hereinafter, the flow of BOG in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 5. 
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[183] As in the second and third embodiments, the BOG discharged from the 

storage tank 10 is compressed by the multiple compressors 20a, 20b, 20c, 20d after 

passing through the heat exchanger 30. 

[184] As in the second and third embodiments, the BOG having passed through 

the multiple compressors 20a, 20b, 20c, 20d is sent again to the heat exchanger 30 to 

be subjected to heat exchange with the BOG discharged from the storage tank 10. 

Among the BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d and the heat exchanger 30, some BOG is sent to the first expansion unit 71 and 

the other BOG is sent to the first intermediate cooler 41. The BOG sent to the first 

expansion unit 71 is expanded to a lower temperature and pressure and is then sent 

to the first intermediate cooler 41, and the other BOG sent to the first intermediate 

cooler 41 through the heat exchanger 30 is decreased in temperature through heat 

exchange with the BOG having passed through the first expansion unit 71. 

[185] As in the second and third embodiments, among the BOG sent to the first 

intermediate cooler 41 and subjected to heat exchange with the BOG having passed 

through the first expansion unit 71, some BOG is sent to the second expansion unit 

72 and the other BOG is sent to the second intermediate cooler 42. The BOG sent to 

the second expansion unit 72 is expanded to a lower temperature and pressure and is 

then sent to the second intermediate cooler 42, and the BOG sent to the second 

intermediate cooler 42 through the first intermediate cooler 41 is subjected to heat 

exchange with the BOG having passed through the second expansion unit 72 to have 

a lower temperature. 

[186] As in the second and third embodiments, the BOG subjected to heat 

exchange with the BOG having passed through the second expansion unit 72 in the 

second intermediate cooler 42 is partially reliquefied through expansion to about 

normal pressure and a lower temperature by the third expansion unit 73. The BOG 

having passed through the third expansion unit 73 is sent to the gas/liquid separator 

60, in which the BOG is separated into reliquefied BOG and gaseous BOG. 

[187] However, unlike the second embodiment, the gaseous BOG separated by 

the gas/liquid separator 60 is supplied to the storage tank 10. In addition, unlike the 

third embodiment, the gaseous BOG separated by the gas/liquid separator 60 is 
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divided from the reliquefied BOG and is separately supplied to the storage tank 10 

instead of being sent together with the reliquefied BOG thereto. 

[188]  

[189] FIG. 6 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a fifth embodiment of the present invention. 

[190] The BOG reliquefaction apparatus according to the fifth embodiment 

shown in FIG. 6 is distinguished from the BOG reliquefaction apparatus according 

to the second embodiment shown in FIG. 3 in that gaseous BOG is supplied to the 

storage tank, and is distinguished from the BOG reliquefaction apparatus according 

to the fourth embodiment shown in FIG. 5 in that the gaseous BOG is sent to a lower 

portion of the storage tank. The following description will focus on the different 

features of the fifth embodiment. Detailed description of the same components as 

those of the BOG reliquefaction apparatus according to the second and fourth 

embodiments will be omitted. 

[191] Referring to FIG. 6, as in the second and fourth embodiments, the BOG 

reliquefaction apparatus according to the fifth embodiment includes: multiple 

compressors 20a, 20b, 20c, 20d; a heat exchanger 30; a first expansion unit 71; a 

first intermediate cooler 41; a second expansion unit 72; a second intermediate 

cooler 42; a third expansion unit 73; and a gas/liquid separator 60. 

[192] As in the second and fourth embodiments, the storage tank 10 according to 

this embodiment stores liquefied gas, such as ethane, ethylene, and the like, and 

discharges BOG, which is generated through vaporization of the liquefied gas by 

heat transferred from the outside, when the inner pressure of the storage tank 10 

exceeds a predetermined pressure. 

[193] As in the second and fourth embodiments, the multiple compressors 20a, 

20b, 20c, 20d compresses BOG discharged from the storage tank 10 through 

multiple stages. Multiple coolers 21a, 21b, 21c, 21d may be disposed downstream of 

the multiple compressors 20a, 20b, 20c, 20d, respectively. 

[194] As in the second and fourth embodiments, the heat exchanger 30 according 

to this embodiment performs heat exchange between the BOG compressed by the 

multiple compressors 20a, 20b, 20c, 20d and the BOG discharged from the storage 
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tank 10. 

[195] As in the second and fourth embodiments, the first expansion unit 71 

according to this embodiment is disposed on a line branched off from a line through 

which the BOG is supplied from the heat exchanger 30 to the first intermediate 

cooler 41, and expands some of the BOG compressed by the multiple compressors 

20a, 20b, 20c, 20d and having passed through the heat exchanger 30. 

[196] As in the second and fourth embodiments, the first intermediate cooler 41 

according to this embodiment decreases the temperature of the BOG having passed 

through the multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 

through heat exchange between some of the BOG compressed by the multiple 

compressors 20a, 20b, 20c, 20d and having passed through the heat exchanger 30 

and the BOG expanded by the first expansion unit 71. 

[197] As in the second and fourth embodiments, the second expansion unit 72 

according to this embodiment is disposed on a line branched off from a line through 

which the BOG is supplied from the first intermediate cooler 41 to the second 

intermediate cooler 42, and expands some of the BOG cooled while passing through 

the heat exchanger 30 and the first intermediate cooler 41. 

[198] As in the second and fourth embodiments, the second intermediate cooler 

42 according to this embodiment further decreases the temperature of the BOG, 

which is cooled while passing through the heat exchanger 30 and the first 

intermediate cooler 41, through heat exchange between the BOG cooled while 

passing through the heat exchanger 30 and the first intermediate cooler 41 and the 

BOG expanded by the second expansion unit 72. 

[199] As in the second and fourth embodiments, the BOG discharged from the 

first intermediate cooler 41 is sent downstream of a compressor disposed farther 

downstream than a compressor with which the BOG discharged from the second 

intermediate cooler 42 is merged. 

[200] In addition, as in the second and fourth embodiments, the ratio of BOG to 

be sent to the first expansion unit 71 is increased in order to cool the BOG to a lower 

temperature in the first intermediate cooler 41 and is decreased in order to cool a 

smaller amount of BOG in the first intermediate cooler 41. 
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[201] Like the BOG sent from the heat exchanger 30 to the first intermediate 

cooler 41, when the BOG is sent from the first intermediate cooler 41 to the second 

intermediate cooler 42, the ratio of BOG to be sent to the second expansion unit 72 

is increased in order to cool the BOG to a lower temperature in the second 

intermediate cooler 42 and the ratio of BOG to be sent to the first expansion unit 71 

is decreased in order to cool a smaller amount of BOG in the second intermediate 

cooler 42. 

[202] As in the second and fourth embodiments, the third expansion unit 73 

according to this embodiment expands the BOG having passed through the first 

intermediate cooler 41 and the second intermediate cooler 42 to about normal 

pressure. 

[203] As in the second and fourth embodiments, the gas/liquid separator 60 

according to this embodiment separates the BOG, which has been partially 

reliquefied while passing through the third expansion unit 73, into reliquefied BOG 

and gaseous BOG. 

[204] However, unlike the second embodiment, both the gaseous BOG and the 

reliquefied BOG separated by the gas/liquid separator 60 according to this 

embodiment are supplied to the storage tank 10. In addition, unlike the fourth 

embodiment, the gaseous BOG separated by the gas/liquid separator 60 according to 

this embodiment is sent to the lower portion of the storage tank 10, which is filled 

with liquefied natural gas, instead of being sent to an upper portion of the storage 

tank 10. 

[205] When the gaseous BOG separated by the gas/liquid separator 60 is sent to 

the lower portion of the storage tank 10, the gaseous BOG can be decreased in 

temperature or partially liquefied by the liquefied natural gas, thereby improving 

reliquefaction efficiency. Further, since the liquefied natural gas inside the storage 

tank 10 has a lower temperature at a lower level than at a higher level, it is desirable 

that the gaseous BOG be sent to the lowest portion of the storage tank 10. 

[206] Hereinafter, the flow of BOG in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 6. 

[207] As in the second and fourth embodiments, the BOG discharged from the 
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storage tank 10 is compressed by the multiple compressors 20a, 20b, 20c, 20d after 

passing through the heat exchanger 30. 

[208] As in the second and fourth embodiments, the BOG having passed through 

the multiple compressors 20a, 20b, 20c, 20d is sent again to the heat exchanger 30 to 

be subjected to heat exchange with the BOG discharged from the storage tank 10. 

Among the BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d and the heat exchanger 30, some BOG is sent to the first expansion unit 71 and 

the other BOG is sent to the first intermediate cooler 41. The BOG sent to the first 

expansion unit 71 is expanded to a lower temperature and pressure and is then sent 

to the first intermediate cooler 41, and the other BOG sent to the first intermediate 

cooler 41 through the heat exchanger 30 is decreased in temperature through heat 

exchange with the BOG having passed through the first expansion unit 71. 

[209] As in the second and fourth embodiments, among the BOG sent to the first 

intermediate cooler 41 and subjected to heat exchange with the BOG having passed 

through the first expansion unit 71, some BOG is sent to the second expansion unit 

72 and the other BOG is sent to the second intermediate cooler 42. The BOG sent to 

the second expansion unit 72 is expanded to a lower temperature and pressure and is 

then sent to the second intermediate cooler 42, and the BOG sent to the second 

intermediate cooler 42 through the first intermediate cooler 41 is subjected to heat 

exchange with the BOG having passed through the second expansion unit 72 to have 

a lower temperature. 

[210] As in the second and fourth embodiments, the BOG subjected to heat 

exchange with the BOG having passed through the second expansion unit 72 in the 

second intermediate cooler 42 is partially reliquefied through expansion to about 

normal pressure and a lower temperature by the third expansion unit 73. The BOG 

having passed through the third expansion unit 73 is sent to the gas/liquid separator 

60, in which the BOG is separated into reliquefied BOG and gaseous BOG. 

[211] However, unlike the second embodiment, both the gaseous BOG and the 

reliquefied BOG separated by the gas/liquid separator 60 according to this 

embodiment are sent to the storage tank 10. In addition, unlike the fourth 

embodiment, the gaseous BOG separated by the gas/liquid separator 60 according to 
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this embodiment is sent to the lower portion of the storage tank 10, which is filled 

with liquefied natural gas, instead of being sent to an upper portion of the storage 

tank 10. 

[212]  

[213] FIG. 7 is a schematic diagram of a BOG reliquefaction apparatus for 

vessels according to a sixth embodiment of the present invention. 

[214] The BOG reliquefaction apparatus according to the sixth embodiment 

shown in FIG. 7 is distinguished from the BOG reliquefaction apparatus according 

to the second embodiment shown in FIG. 3 in that the BOG reliquefaction apparatus 

according to the sixth embodiment does not include the gas/liquid separator. The 

following description will focus on the different features of the sixth embodiment. 

Detailed description of the same components as those of the BOG reliquefaction 

apparatus according to the second embodiment will be omitted. 

[215] Referring to FIG. 7, as in the second embodiment, the BOG reliquefaction 

apparatus according to this embodiment includes: multiple compressors 20a, 20b, 

20c, 20d; a heat exchanger 30; a first expansion unit 71; a first intermediate cooler 

41; a second expansion unit 72; a second intermediate cooler 42; and a third 

expansion unit 73. Here, the BOG reliquefaction apparatus according to this 

embodiment does not include the gas/liquid separator 60. 

[216] As in the second embodiment, the storage tank 10 according to this 

embodiment stores liquefied gas, such as ethane, ethylene, and the like, and 

discharges BOG, which is generated through vaporization of the liquefied gas by 

heat transferred from the outside, when the inner pressure of the storage tank 10 

exceeds a predetermined pressure. 

[217] As in the second embodiment, the multiple compressors 20a, 20b, 20c, 20d 

according to this embodiment compresses BOG discharged from the storage tank 10 

through multiple stages. Multiple coolers 21a, 21b, 21c, 21d may be disposed 

downstream of the multiple compressors 20a, 20b, 20c, 20d, respectively. 

[218] As in the second embodiment, the heat exchanger 30 according to this 

embodiment performs heat exchange between the BOG compressed by the multiple 

compressors 20a, 20b, 20c, 20d and the BOG discharged from the storage tank 10. 
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[219] As in the second embodiment, the first expansion unit 71 according to this 

embodiment is disposed on a line branched off from a line through which the BOG 

is supplied from the heat exchanger 30 to the first intermediate cooler 41, and 

expands some of the BOG compressed by the multiple compressors 20a, 20b, 20c, 

20d and having passed through the heat exchanger 30. 

[220] As in the second embodiment, the first intermediate cooler 41 according to 

this embodiment decreases the temperature of the BOG having passed through the 

multiple compressors 20a, 20b, 20c, 20d and the heat exchanger 30 through heat 

exchange between some of the BOG compressed by the multiple compressors 20a, 

20b, 20c, 20d and having passed through the heat exchanger 30 and the BOG 

expanded by the first expansion unit 71. 

[221] As in the second embodiment, the second expansion unit 72 according to 

this embodiment is disposed on a line branched off from a line through which the 

BOG is supplied from the first intermediate cooler 41 to the second intermediate 

cooler 42, and expands some of the BOG cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41. 

[222] As in the second embodiment, the second intermediate cooler 42 according 

to this embodiment further decreases the temperature of the BOG, which is cooled 

while passing through the heat exchanger 30 and the first intermediate cooler 41, 

through heat exchange between the BOG cooled while passing through the heat 

exchanger 30 and the first intermediate cooler 41 and the BOG expanded by the 

second expansion unit 72. 

[223] As in the second embodiment, the BOG discharged from the first 

intermediate cooler 41 is sent downstream of a compressor disposed farther 

downstream than a compressor with which the BOG discharged from the second 

intermediate cooler 42 is merged. 

[224] In addition, as in the second embodiment, the ratio of BOG to be sent to the 

first expansion unit 71 is increased in order to cool the BOG to a lower temperature 

in the first intermediate cooler 41 and is decreased in order to cool a smaller amount 

of BOG in the first intermediate cooler 41. 

[225] Like the BOG sent from the heat exchanger 30 to the first intermediate 
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cooler 41, when the BOG is sent from the first intermediate cooler 41 to the second 

intermediate cooler 42, the ratio of BOG to be sent to the second expansion unit 72 

is increased in order to cool the BOG to a lower temperature in the second 

intermediate cooler 42 and the ratio of BOG to be sent to the first expansion unit 71 

is decreased in order to cool a smaller amount of BOG in the second intermediate 

cooler 42. 

[226] As in the second embodiment, the third expansion unit 73 according to this 

embodiment expands the BOG having passed through the first intermediate cooler 

41 and the second intermediate cooler 42 to about normal pressure. 

[227] According to this embodiment, however, since the BOG reliquefaction 

apparatus does not include the gas/liquid separator 60, both the gaseous BOG and 

the reliquefied BOG having passed through the third expansion unit 73 are sent in a 

mixed phase to the storage tank 10. 

[228] As in the second to sixth embodiments described above, when gaseous 

BOG is sent to the storage tank instead of being sent upstream of the heat exchanger 

30, advantageously, the BOG can be efficiently discharged from the storage tank 10 

even without a separate pump, if the storage tank 10 is a compression tank. 

[229] Hereinafter, the flow of BOG in the BOG reliquefaction apparatus 

according to this embodiment will be described with reference to FIG. 7. 

[230] As in the second embodiment, the BOG discharged from the storage tank 

10 passes through the heat exchanger 30 and is then compressed by the multiple 

compressors 20a, 20b, 20c, 20d. 

[231] As in the second embodiment, the BOG having passed through the multiple 

compressors 20a, 20b, 20c, 20d is sent again to the heat exchanger 30 to be 

subjected to heat exchange with the BOG discharged from the storage tank 10. 

Among the BOG having passed through the multiple compressors 20a, 20b, 20c, 

20d and the heat exchanger 30, some BOG is sent to the first expansion unit 71 and 

the other BOG is sent to the first intermediate cooler 41. The BOG sent to the first 

expansion unit 71 is expanded to a lower temperature and pressure and is then sent 

to the first intermediate cooler 41, and the other BOG sent to the first intermediate 

cooler 41 through the heat exchanger 30 is decreased in temperature through heat 
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exchange with the BOG having passed through the first expansion unit 71. 

[232] As in the second embodiment, among the BOG sent to the first intermediate 

cooler 41 and subjected to heat exchange with the BOG having passed through the 

first expansion unit 71, some BOG is sent to the second expansion unit 72 and the 

other BOG is sent to the second intermediate cooler 42. The BOG sent to the second 

expansion unit 72 is expanded to a lower temperature and pressure and is then sent 

to the second intermediate cooler 42, and the BOG sent to the second intermediate 

cooler 42 through the first intermediate cooler 41 is subjected to heat exchange with 

the BOG having passed through the second expansion unit 72 to have a lower 

temperature. 

[233] As in the second embodiment, the BOG subjected to heat exchange with the 

BOG having passed through the second expansion unit 72 in the second intermediate 

cooler 42 is partially reliquefied through expansion to about normal pressure and a 

lower temperature by the third expansion unit 73. Here, unlike the third embodiment, 

the BOG having passed through the third expansion unit 73 is sent in a gas/liquid 

phase to the storage tank 10. 

[234] It will be apparent to those skilled in the art that the present invention is not 

limited to the embodiments described above and that various modifications, changes, 

alterations, and equivalent embodiments can be made without departing from the 

spirit and scope of the present invention. 
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【CLAIMS】 

 

【Claim 1】  

An apparatus for reliquefaction of boil-off gas (BOG) generated in a 

liquefied gas storage tank provided to a vessel, comprising: 

a compressor compressing BOG discharged from the storage tank; 

a heat exchanger performing heat exchange of the BOG compressed by the 

compressor with the BOG discharged from the storage tank, the BOG having passed 

through the heat exchanger being divided into at least two flows comprising a first 

flow and a second flow; 

a first expansion unit expanding the first flow; 

a first intermediate cooler cooling the second flow remaining after division 

into the at least two flows using the first flow expanded by the first expansion unit as 

a refrigerant; and 

a receiver receiving the second flow having passed through the first 

intermediate cooler, 

wherein pressure downstream of the compressor is controlled by the 

receiver. 

 

【Claim 2】 

The apparatus according to claim 1, further comprising: 

a pressure control line regulating a pressure of the receiver by discharging a 

fluid from the receiver, 

wherein the fluid discharged through the pressure control line is returned to 

the liquefied gas storage tank or is discharged therefrom.  

 

【Claim 3】 

The apparatus according to claim 1 or 2, further comprising: 

a level control line regulating a level of the receiver by discharging a fluid 

from the receiver, 

wherein at least some of the fluid discharged through the level control line is 
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returned to the liquefied gas storage tank.  

 

【Claim 4】 

The apparatus according to claim 3, further comprising: 

a third expansion unit disposed on the level control line and expanding the 

fluid returned to the liquefied gas storage tank along the level control line.  

 

【Claim 5】 

The apparatus according to claim 4, wherein the pressure downstream of the 

compressor is in the range of 40 to 100 bara.  

 

【Claim 6】 

The apparatus according to claim 4, wherein the BOG compressed by the 

compressor has a temperature of 80°C to 130°C. 

 

【Claim 7】 

The apparatus according to claim 4, further comprising: 

an after-cooler disposed downstream of the compressor and cooling the 

BOG compressed by the compressor, 

wherein the BOG cooled by the after-cooler has a temperature of 12°C to 

45°C. 

 

【Claim 8】 

The apparatus according to claim 4, wherein the BOG expanded by the first 

expansion unit has a pressure of 4 to 15 bara. 

 

【Claim 9】 

The apparatus according to claim 4, further comprising:  

a second expansion unit disposed on the level control line, the second 

expansion unit dividing the fluid discharged from the receiver into at least two flows 

comprising a third flow and a fourth flow and expanding the third flow; and 
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a second intermediate cooler cooling the fourth flow remaining after 

division into the at least two flows using the third flow expanded by the second 

expansion unit as a refrigerant, 

wherein the fourth flow having passed through the second intermediate 

cooler is returned to the liquefied gas storage tank and the third flow having passed 

through the second intermediate cooler is supplied to the compressor. 

 

【Claim 10】 

The apparatus according to claim 9, wherein the BOG expanded by the 

second expansion unit has a pressure of 2 to 5 bara. 

 

【Claim 11】 

The apparatus according to claim 9, wherein the compressor is a multistage 

compressor comprising multiple compressors, and each of the first flow having 

passed through the first intermediate cooler and the third flow having passed through 

the second intermediate cooler is supplied downstream of any one of the multiple 

compressors.  

 

【Claim 12】 

A method for reliquefying boil-off gas (BOG) generated in a liquefied gas 

storage tank provided to a vessel, comprising: 

compressing, by a compressor, BOG generated from the liquefied gas; 

cooling the compressed BOG using the BOG generated from the liquefied 

gas; 

dividing the cooled BOG into a first flow and a second flow, followed by 

expanding the first flow; 

cooling the second flow using the expanded BOG; 

supplying the cooled second flow to a receiver; and 

controlling a pressure downstream of the compressor by controlling a 

pressure of the receiver. 
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【Claim 13】 

The method according to claim 12, wherein a fluid is discharged from the 

receiver to be supplied to the storage tank and a fluid discharged from the receiver is 

controlled to maintain an inner pressure of the receiver or the pressure downstream 

of the compressor at a preset pressure.  

 

【Claim 14】 

The method according to claim 13, wherein the pressure downstream of the 

compressor is set in the range of 40 to 100 bara. 

 

【Claim 15】 

The method according to claim 13, wherein a fluid is discharged from the 

receiver and divided into a third flow and a fourth flow, the divided third flow is 

expanded to cool the fourth flow, and the cooled fourth flow is supplied to the 

storage tank.  

 

【Claim 16】 

The method according to claim 15, wherein the cooled fourth flow is 

expanded and supplied to the storage tank and a level of the receiver is measured to 

regulate a degree of expansion of the cooled fourth flow. 

 

【Claim 17】 

The method according to claim 15, wherein the first flow is expanded to a 

pressure of 4 to 15 bara, 

the third flow is expanded to a pressure of 2 to 5 bara, and 

the expanded first flow and the expanded third flow are supplied to the 

compressor after cooling the second flow and the fourth flow,  

the third flow being supplied farther downstream of the compressor than the 

first flow. 

 

【Claim 18】 
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The method according to claim 13, wherein the BOG compressed by the 

compressor is cooled to 12°C to 45°C before heat exchange with the BOG generated 

from the liquefied gas. 

 

【Claim 19】 

A method for reliquefying boil-off gas (BOG) generated from a liquefied 

gas comprising at least one selected from the group consisting of ethane, propane, 

and butane through natural vaporization, 

wherein a total amount of the BOG is reliquefied by compressing the BOG, 

performing heat exchange between the compressed BOG and non-compressed BOG, 

and expanding at least some of the compressed BOG to perform heat exchange 

between the expanded BOG and non-expanded BOG at least once.  

 

【Claim 20】 

The method according to claim 19, wherein the reliquefied BOG is stored in 

a pressure container to control an inner pressure of the pressure container such that 

the compressed BOG is maintained at a preset pressure until the compressed BOG is 

reliquefied and stored in the pressure container. 


