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DESCRIPTION 

Title of Invention 

FLOATING BODY 

Technical Field 

[0001] 

 The present disclosure relates to a floating structure. 

Priority is claimed on Japanese Patent Application No. 

2020-182076, filed October 30, 2020, and Japanese Patent 

Application No. 2021-061657 filed March 31, 2021, the 

contents of which are incorporated herein by reference. 

Background Art 

[0002] 

In a floating structure such as a ship including a 

tank for storing a liquefied gas, the liquefied gas stored 

inside the tank is vaporized due to heat input from an 

outside, and so-called a boil-off gas is generated.  When 

the boil-off gas is generated, a pressure inside the tank 

rises.  Therefore, for example, PTL 1 discloses a 

configuration as follows.  In order to reliquefy a fuel 

boil-off gas generated from a liquefied gas fuel stored in 

a fuel tank, the fuel boil-off gas is cooled by cold heat 

of the boil-off gas of the liquefied gas generated in a 

cargo tank. 
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Citation List 

Patent Literature 

[0003] 

[PTL 1]  Japanese Unexamined Patent Application 

Publication No. 2018-127137 

Summary of Invention 

Technical Problem 

[0004] 

Incidentally, when liquefied carbon dioxide is stored 

in a tank, the liquefied carbon dioxide is liquefied to 

recover carbon dioxide released into an atmosphere in the 

first place.  Therefore, it is desirable that energy 

required for reliquefying carbon dioxide gas generated by 

vaporizing the liquefied carbon dioxide inside the tank is 

suppressed as much as possible.  From a viewpoint of 

suppressing the energy required for reliquefication, it is 

conceivable to release the carbon dioxide gas into the 

atmosphere.  However, as a matter of course, it is not 

preferable to release the recovered carbon dioxide into the 

atmosphere. 

[0005] 

The present disclosure is made to solve the above-

described problem, and an object of the present disclosure 

is to provide a floating structure which can efficiently 
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cool and reliquefy liquefied carbon dioxide vaporized inside 

a tank while effectively utilizing energy. 

Solution to Problem 

[0006] 

According to the present disclosure, in order to solve 

the above-described problem, there is provided a floating 

structure including a floating main structure, a first tank, 

a second tank, a first heat exchanger, a feed line, a return 

line, a second heat exchanger, and a combustor.  The first 

tank is disposed in the floating main structure.  The first 

tank is capable of storing carbon dioxide having a gas phase 

and a liquid phase.  The second tank is disposed in the 

floating main structure.  The second tank stores a liquefied 

combustible gas whose temperature in a liquid state is lower 

than a temperature of the liquid phase of the carbon dioxide, 

as a fuel for the floating structure.  The first heat 

exchanger exchanges heat between the carbon dioxide and the 

liquefied combustible gas.  The feed line guides the carbon 

dioxide to the first heat exchanger from the first tank.  

The return line guides the carbon dioxide to the first tank 

from the first heat exchanger.  The second heat exchanger 

vaporizes the liquefied combustible gas by exchanging heat 

of the liquefied combustible gas passing through the first 

heat exchanger with a heat medium.  The combustor combusts 
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the liquefied combustible gas vaporized by the second heat 

exchanger. 

Advantageous Effects of Invention 

[0007] 

According to the floating structure of the present 

disclosure, the liquefied carbon dioxide vaporized inside 

the tank can be efficiently cooled and reliquefied while 

energy is effectively utilized. 

Brief Description of Drawings 

[0008] 

Fig. 1 is a plan view illustrating a schematic 

configuration of a ship serving as a floating structure 

according to an embodiment of the present disclosure. 

Fig. 2 is a view illustrating a schematic 

configuration of a reliquefying/fuel supply system provided 

in a ship according to a first embodiment of the present 

disclosure. 

Fig. 3 is a view illustrating a schematic 

configuration of a reliquefying/fuel supply system provided 

in a ship according to a second embodiment of the present 

disclosure. 

Fig. 4 is a view illustrating a schematic 

configuration of a reliquefying/fuel supply system provided 

in a ship according to a third embodiment of the present 

disclosure. 
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Fig. 5 is a view illustrating a schematic 

configuration of a reliquefying/fuel supply system provided 

in a ship according to a modification example of the third 

embodiment of the present disclosure. 

Description of Embodiments 

[0009] 

Hereinafter, a floating structure according to an 

embodiment of the present disclosure will be described with 

reference to Figs. 1 to 3. 

<First Embodiment> 

(Configuration of Ship) 

As illustrated in Fig. 1, in this embodiment, a ship 

1A serving as a floating structure includes at least a hull 

2 serving as a floating main structure, a combustor 9, a 

first tank 11, a second tank 21, and a reliquefying/fuel 

supply system 30A (refer to Fig. 2). 

[0010] 

(Configuration of Hull) 

The hull 2 has a pair of broadsides 3A and 3B, a ship 

bottom (not illustrated), and an upper deck 5 which form an 

outer shell of the hull 2.  The broadsides 3A and 3B have a 

pair of broadside outer plates respectively forming right 

and left broadsides.  The ship bottom (not illustrated) has 

a ship bottom outer plate connecting the broadsides 3A and 

3B.  The pair of broadsides 3A and 3B and the ship bottom 
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(not illustrated) cause the outer shell of the hull 2 to 

have a U-shape in a cross section orthogonal to a bow-stern 

direction Da.  The upper deck 5 described as an example in 

this embodiment is a whole deck exposed outward.  In the 

hull 2, a superstructure 7 having an accommodation space is 

formed on the upper deck 5 on a stern 2b side.  A position 

of the superstructure 7 is merely an example, and may be 

disposed on a bow 2a side of the hull 2, for example. 

[0011] 

A cargo tank storage compartment (hold) 8 for storing 

the first tank 11 is formed inside the hull 2. 

[0012] 

The combustor 9 is disposed inside the hull 2.  The 

combustor 9 shows a required function by combusting a 

liquefied combustible gas F stored in the second tank 21.  

For example, as the combustor 9, a main engine, a generator, 

and a boiler may be adopted.  The main engine is an engine 

(internal combustion engine) that uses the liquefied 

combustible gas F as a fuel, and shows a propulsive force 

for propelling the hull 2.  The generator includes an engine 

(internal combustion engine) that uses the liquefied 

combustible gas F as the fuel, and generates electric power 

used inside the hull 2 by using a driving force of the 

engine.  The boiler combusts the liquefied combustible gas 

F to generate steam used inside the hull 2. 
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[0013] 

(Configuration of First Tank) 

The first tank 11 is disposed in the hull 2.  The first 

tank 11 is disposed inside the cargo tank storage 

compartment 8.  In this embodiment, two first tanks 11 are 

disposed at an interval in the bow-stern direction Da.  In 

the present embodiment, for example, the first tank 11 has 

a cylindrical shape extending in a horizontal direction.  

The first tank 11 is not limited to the cylindrical shape, 

and the first tank 11 may have a spherical shape or a square 

shape. 

[0014] 

The first tank 11 can store carbon dioxide C having a 

gas phase and a liquid phase.  The carbon dioxide C stored 

in the first tank 11 is a cargo (freight) of the ship 1A. 

As illustrated in Fig. 2, the carbon dioxide C stored 

inside the first tank 11 is separated into the liquid phase 

and the gas phase inside the first tank 11.  The liquid 

phase, that is, the carbon dioxide C in a liquid state 

(hereinafter, referred to as a carbon dioxide liquid C1) is 

stored in a lower portion inside the first tank 11.  The 

gas phase, that is, the carbon dioxide C in a gas state 

(hereinafter, referred to as a carbon dioxide gas C2) is 

stored in an upper portion inside the first tank 11.  The 

carbon dioxide gas C2 is a boil-off gas generated in such a 
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manner that the carbon dioxide liquid C1 inside the first 

tank 11 is naturally vaporized by heat input from an outside. 

[0015] 

The first tank 11 includes a loading pipe 13 and an 

unloading pipe 14. 

The loading pipe 13 loads the carbon dioxide C (carbon 

dioxide liquid C1) supplied from an onshore facility into 

the first tank 11.  The loading pipe 13 penetrates a top 

portion of the first tank 11 from the outside of the first 

tank 11, and extends to the inside of the first tank 11.  A 

tip portion of the loading pipe 13 is open inside the first 

tank 11.  Fig. 2 illustrates a case where the tip portion 

of the loading pipe 13 is located in the lower portion of 

the first tank 11.  However, a disposition of the tip portion 

of the loading pipe 13 is not limited thereto (the same 

applies to a loading pipe of a second embodiment to be 

described later). 

[0016] 

The unloading pipe 14 feeds the carbon dioxide C 

(carbon dioxide liquid C1) inside the first tank 11 outboard.  

The unloading pipe 14 penetrates the top portion of the 

first tank 11 from the outside of the first tank 11, and 

extends to the inside of the first tank 11.  An unloading 

pump 15 is provided in a tip portion of the unloading pipe 

14.  The unloading pump 15 suctions the carbon dioxide C 
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(carbon dioxide liquid C1) inside the first tank 11.  The 

unloading pipe 14 guides the carbon dioxide C (carbon 

dioxide liquid C1) delivered from the unloading pump 15 to 

the outside of the first tank 11 (outboard). 

[0017] 

The second tank 21 is disposed in the hull 2.  The 

liquefied combustible gas F is stored in the second tank 21.  

The liquefied combustible gas F is a fuel in the ship 1A, 

and is combusted in the combustor 9.  That is, the second 

tank 21 is a so-called fuel tank for storing the fuel. 

[0018] 

A temperature of the liquefied combustible gas F 

stored in the second tank 21 in a liquid state is lower than 

a temperature of the liquid phase of the carbon dioxide C 

stored in the first tank 11.  Examples of the liquefied 

combustible gas F include a liquefied natural gas (LNG), 

methane, ethane, and hydrogen.  In the present embodiment, 

a case where the liquefied natural gas is used as the 

liquefied combustible gas F will be described as an example. 

[0019] 

(Configuration of Reliquefying/Fuel Supply System) 

The reliquefying/fuel supply system 30A reliquefies 

the carbon dioxide gas C2 stored inside the first tank 11.  

Furthermore, the reliquefying/fuel supply system 30A 

vaporizes the liquefied combustible gas F in a liquid state 
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inside the second tank 21, and supplies the vaporized 

liquefied combustible gas F to the combustor 9.  The 

reliquefying/fuel supply system 30A includes at least a 

first heat exchanger 31A and a second heat exchanger 32. 

[0020] 

The first heat exchanger 31A exchanges heat between 

the carbon dioxide gas C2 and the liquefied combustible gas 

F.  Each of a feed line 33A, a return line 34A, a first fuel 

line 35, and a second fuel line 36 is connected to the first 

heat exchanger 31A. 

[0021] 

The feed line 33A guides the carbon dioxide gas C2 to 

the first heat exchanger 31A from the first tank 11.  In 

the present embodiment, one end of the feed line 33A is 

connected to the top portion of the first tank 11.  The feed 

line 33A guides the carbon dioxide gas C2 to the first heat 

exchanger 31A from the upper portion inside the first tank 

11.  A compressor 37 that compresses the carbon dioxide gas 

C2 is disposed in the feed line 33A. 

The return line 34A guides the carbon dioxide liquid 

C1 liquefied by the first heat exchanger 31A to the first 

tank 11 from the first heat exchanger 31A. 

[0022] 

The first fuel line 35 feeds the liquefied combustible 

gas F to the first heat exchanger 31A from the second tank 



- 11 - 

21 by using the fuel pump 25.  The second fuel line 36 

guides the liquefied combustible gas F to the second heat 

exchanger 32 from the first heat exchanger 31A. 

[0023] 

The second heat exchanger 32 vaporizes the liquefied 

combustible gas F by exchanging heat of the liquefied 

combustible gas F passing through the first heat exchanger 

31A with a heat medium H.  In the second heat exchanger 32 

in this embodiment, the liquefied natural gas is vaporized 

to be a natural gas.  Examples of the heat medium H used in 

the second heat exchanger 32 include steam used inside the 

hull 2 and an exhaust gas from the combustor 9.  A third 

fuel line 38 is connected to the second heat exchanger 32.  

The third fuel line 38 guides a gas obtained by vaporizing 

the liquefied combustible gas F to the combustor 9 from the 

second heat exchanger 32. 

[0024] 

In the reliquefying/fuel supply system 30A configured 

in this way, the carbon dioxide gas C2 is fetched from the 

upper portion inside the first tank 11 by operating the 

compressor 37.  The fetched carbon dioxide gas C2 is 

compressed by the compressor 37, and thereafter, is fed to 

the first heat exchanger 31A through the feed line 33A.  On 

the other hand, the liquefied combustible gas F inside the 

second tank 21 is fed to the first heat exchanger 31A through 
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the first fuel line 35 by the fuel pump 25.  Then, in the 

first heat exchanger 31A, the heat is exchanged between the 

carbon dioxide gas C2 and the liquefied combustible gas F. 

[0025] 

The temperature of the liquefied combustible gas F in 

a liquid state is lower than the temperature of the carbon 

dioxide C.  Therefore, the compressed carbon dioxide gas C2 

is cooled and reliquefied by the heat exchange in the first 

heat exchanger 31A.  The cooled and reliquefied carbon 

dioxide liquid C1 is returned to the first tank 11 through 

the return line 34A. 

[0026] 

In addition, the liquefied combustible gas F is heated 

by exchanging the heat with the carbon dioxide gas C2 having 

a higher temperature than the liquefied combustible gas F 

in the first heat exchanger 31A, and the temperature of the 

liquefied combustible gas F rises.  The liquefied 

combustible gas F whose temperature is raised is fed to the 

second heat exchanger 32 through the second fuel line 36.  

The liquefied combustible gas F is further heated and 

vaporized by exchanging the heat with the heat medium H in 

the second heat exchanger 32.  The vaporized liquefied 

combustible gas F is supplied to the combustor 9 through 

the third fuel line 38. 

[0027] 



- 13 - 

(Operational Effect) 

In the ship 1A of the above-described embodiment, the 

carbon dioxide gas C2 supplied to the first heat exchanger 

31A from the first tank 11 through the feed line 33A is 

cooled and reliquefied by exchanging the heat with the 

liquefied combustible gas F in the first heat exchanger 31A.  

The reliquefied carbon dioxide liquid C1 is returned to the 

first tank 11 through the return line 34A.  The temperature 

of the reliquefied carbon dioxide liquid C1 is lower than 

the temperature of the carbon dioxide C stored inside the 

first tank 11.  Therefore, the cooled carbon dioxide liquid 

C1 is returned to the first tank 11 so that the temperature 

of the carbon dioxide C inside the first tank 11 is lowered.  

In this manner, a temperature rise inside the first tank 11 

can be suppressed, and new vaporization of the carbon 

dioxide liquid C1 inside the first tank 11 can be suppressed. 

On the other hand, the temperature of the liquefied 

combustible gas F stored in the second tank 21 is raised by 

exchanging the heat with the carbon dioxide gas C2 in the 

first heat exchanger 31A, and thereafter, the liquefied 

combustible gas F is fed to the second heat exchanger 32.  

Therefore, in the second heat exchanger 32, the liquefied 

combustible gas F in a state of being heated in advance by 

the first heat exchanger 31A is vaporized by exchanging the 

heat with the heat medium H.  Therefore, heat energy 
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required for vaporizing the liquefied combustible gas F in 

the second heat exchanger 32 may be reduced, compared to a 

case where the first heat exchanger 31A is not provided. 

In this way, the carbon dioxide gas C2 generated inside 

the first tank 11 can be efficiently reliquefied the energy 

is effectively utilized. 

[0028] 

In addition, the carbon dioxide gas C2 has a higher 

temperature than the carbon dioxide liquid C1 cooled by 

latent heat of vaporization when the boil-off gas is 

generated.  Therefore, in the first heat exchanger 31A, the 

temperature of the liquefied combustible gas F can be raised 

to a higher temperature, compared to a case of the heat 

exchange with the carbon dioxide liquid C1.  In this regard, 

the heat energy required for vaporizing the liquefied 

combustible gas F in the second heat exchanger 32 is further 

reduced. 

[0029] 

<Second Embodiment> 

Next, a second embodiment of the floating structure 

according to the present invention will be described.  The 

second embodiment described below is different from the 

first embodiment in only a configuration of a first heat 

exchanger 31B.  Therefore, description will be made by 

assigning the same reference numerals to elements which are 



- 15 - 

the same as those of the first embodiment, and repeated 

description will be omitted. 

As illustrated in Fig. 3, a reliquefying/fuel supply 

system 30B of a ship 1B serving as a floating structure in 

the present embodiment includes the first heat exchanger 

31B and the second heat exchanger 32. 

[0030] 

The first heat exchanger 31B exchanges the heat 

between the carbon dioxide C (carbon dioxide liquid C1) and 

the liquefied combustible gas F.  A feed line 33B, a return 

line 34B, the first fuel line 35, and the second fuel line 

36 are connected to the first heat exchanger 31B. 

[0031] 

The feed line 33B guides the carbon dioxide C to the 

first heat exchanger 31B from the first tank 11.  More 

specifically, the feed line 33B guides the carbon dioxide 

liquid C1 to the first heat exchanger 31B from the lower 

portion in the first tank 11.  The feed line 33B guides the 

carbon dioxide liquid C1 delivered from the unloading pump 

15 to the first heat exchanger 31B.  The feed line 33B is 

branched from the unloading pipe 14.  On-off valves 39A and 

39B are disposed in a portion where the feed line 33B and 

the unloading pipe 14 are branched.  The on-off valve 39A 

opens and closes a flow path inside the unloading pipe 14.  

The on-off valve 39B opens and closes a flow path inside 
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the feed line 33B.  For example, when the carbon dioxide 

liquid C1 inside the first tank 11 is fed to the first heat 

exchanger 31B by the unloading pump 15, the on-off valve 

39A is in a closed state, and the on-off valve 39B is in an 

open state.  A case has been described where the carbon 

dioxide liquid C1 is delivered to the feed line 33B by the 

unloading pump 15.  However, a small capacity pump may be 

installed separately from the unloading pump 15, and the 

carbon dioxide liquid C1 may be delivered to the feed line 

33B by using the small capacity pump. 

[0032] 

The return line 34B guides the carbon dioxide liquid 

C1 to the first tank 11 from the first heat exchanger 31B.  

In the present embodiment, the return line 34B is connected 

to the top portion of the first tank 11.  An injection unit 

40 is disposed in the top portion of the first tank 11.  The 

injection unit 40 injects the carbon dioxide liquid C1 

returned to the first tank 11 from the first heat exchanger 

31B through the return line 34B to the gas phase of the 

upper portion inside the first tank 11.  Examples of this 

injection form include a shower-like form and a mist-like 

form.  The injected carbon dioxide liquid C1 falls downward 

while coming into wide contact with the carbon dioxide gas 

C2 stored inside the first tank 11. 

[0033] 



- 17 - 

In the reliquefying/fuel supply system 30B configured 

in this way, the carbon dioxide liquid C1 is delivered from 

the lower portion inside the first tank 11 by operating the 

unloading pump 15.  The delivered carbon dioxide liquid C1 

is fed to the first heat exchanger 31B through the feed line 

33B.  In the first heat exchanger 31B, the heat is exchanged 

between the carbon dioxide liquid C1 and the liquefied 

combustible gas F.  Due to the heat exchange in the first 

heat exchanger 31B, the carbon dioxide liquid C1 is further 

cooled than the carbon dioxide liquid C1 inside the first 

tank 11, and is brought into a supercooled state.  The 

carbon dioxide liquid C1 in the supercooled state is 

returned to the first tank 11 through the return line 34B. 

[0034] 

The carbon dioxide liquid C1 in the supercooled state 

is injected into the carbon dioxide gas C2 inside the first 

tank 11 by the injection unit 40.  In this manner, the 

carbon dioxide gas C2 stored in the upper portion inside 

the first tank 11 is cooled by the injected carbon dioxide 

liquid C1.  In this manner, at least a portion of the carbon 

dioxide gas C2 is reliquefied. 

[0035] 

On the other hand, the liquefied combustible gas F is 

heated by exchanging the heat with the carbon dioxide liquid 

C1 having a temperature higher than that of the liquefied 
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combustible gas F in the first heat exchanger 31B, and the 

temperature of the liquefied combustible gas F rises.  The 

liquefied combustible gas F whose temperature is raised is 

fed to the second heat exchanger 32 through the second fuel 

line 36.  The liquefied combustible gas F is further heated 

and vaporized by exchanging the heat with the heat medium H 

in the second heat exchanger 32.  The vaporized liquefied 

combustible gas F is supplied to the combustor 9 through 

the third fuel line 38. 

[0036] 

(Operational Effect) 

In the ship 1B of the above-described second 

embodiment, the carbon dioxide liquid C1 supplied from the 

first tank 11 through the feed line 33B is cooled by 

exchanging the heat with the liquefied combustible gas F in 

the first heat exchanger 31B.  The cooled carbon dioxide 

liquid C1 is returned to the first tank 11 through the 

return line 34B.  Since the cooled carbon dioxide liquid C1 

is supplied into the first tank 11, the temperature of the 

carbon dioxide C inside the first tank 11 is lowered.  In 

this manner, the temperature rise inside the first tank 11 

can be suppressed, and new vaporization of the carbon 

dioxide liquid C1 can also be suppressed. 

Furthermore, the temperature of the liquefied 

combustible gas F stored in the second tank 21 is raised by 
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exchanging the heat with the carbon dioxide C having a 

higher temperature than the liquefied combustible gas F in 

the first heat exchanger 31B, and thereafter, the liquefied 

combustible gas F is fed to the second heat exchanger 32.  

Therefore, in the second heat exchanger 32, the liquefied 

combustible gas F in a state of being heated in advance by 

the first heat exchanger 31B is vaporized by exchanging the 

heat with the heat medium H.  Therefore, the heat energy 

required for vaporizing the liquefied combustible gas F in 

the second heat exchanger 32 may be reduced, compared to a 

case where the first heat exchanger 31B is not provided. 

In this way, the carbon dioxide gas C2 generated inside 

the first tank 11 can be efficiently reliquefied the energy 

is effectively utilized. 

[0037] 

In addition, in the first heat exchanger 31B of the 

second embodiment, the heat is exchanged between the carbon 

dioxide liquid C1 fetched from the inside of the first tank 

11 and the liquefied combustible gas F.  In this manner, 

the carbon dioxide liquid C1 in the supercooled state is 

fed into the first tank 11.  Therefore, the carbon dioxide 

gas C2 inside the first tank 11 can be cooled and reliquefied. 

[0038] 

In addition, in the ship 1B of the second embodiment, 

the carbon dioxide liquid C1 is supplied to the first heat 
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exchanger 31B from the first tank 11 by the unloading pump 

15.  The unloading pump 15 is provided to deliver the carbon 

dioxide liquid C1 inside the first tank 11 to the outside 

of the floating main structure 2 through the unloading pipe 

14.  In this way, the unloading pump 15 can also be used to 

reliquefy the carbon dioxide gas C2.  Therefore, an increase 

in the number of components can be suppressed, and a cost 

increase can be suppressed. 

[0039] 

In addition, in the ship 1B of the second embodiment, 

the carbon dioxide liquid C1 brought into the supercooled 

state by the heat exchange in the first heat exchanger 31B 

is injected into the upper portion inside the first tank 11 

by the injection unit 40.  Therefore, the carbon dioxide 

liquid C1 in the supercooled state can be brought into wider 

contact with the carbon dioxide gas C2 inside the first tank 

11.  Therefore, a larger amount of the carbon dioxide gas 

C2 can be reliquefied. 

[0040] 

<Third Embodiment> 

Next, a third embodiment of the floating structure 

according to the present invention will be described.  The 

third embodiment described below is different from the first 

embodiment in that a target for exchanging the heat with 

the liquefied combustible gas F is a refrigerant.  Therefore, 
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Fig. 1 will be used as a reference, and description will be 

made by assigning the same reference numerals to elements 

which are the same as those of the first embodiment.  

Furthermore, detailed description of the elements which are 

the same as those of the first embodiment will be omitted. 

As illustrated in Fig. 4, a reliquefying/fuel supply 

system 30C of a ship 1C serving as a floating structure in 

the present embodiment includes at least a first heat 

exchanger 31C, a second heat exchanger 32, a circulation 

line 33C, and a circulation pump 41. 

[0041] 

The first heat exchanger 31C exchanges the heat 

between a refrigerant R and the liquefied combustible gas 

F.  The first fuel line 35, the second fuel line 36, and 

the circulation line 33C are connected to the first heat 

exchanger 31C. 

[0042] 

The circulation line 33C forms a flow path that 

circulates the refrigerant R between the inside of the first 

tank 11 and the first heat exchanger 31C.  One end of the 

circulation line 33C is connected to a refrigerant outlet 

31Co of the first heat exchanger 31C, and the other end of 

the circulation line 33C is connected to a refrigerant inlet 

31Ci of the first heat exchanger 31C.  Then, an intermediate 

portion of the circulation line 33C passes through the 
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inside of the first tank 11.  The circulation line 33C in 

the third embodiment passes through the gas phase inside 

the first tank 11.  In the third embodiment, a portion of 

the circulation line 33C which passes through at least the 

first tank 11 (hereinafter, referred to as a portion passing 

through the inside of the first tank 11) can be formed of a 

material having high thermal conductivity such as metal, a 

material having a large heat transfer area such as a fin 

tube, and a combination thereof.  In addition, a portion of 

the circulation line 33C which is disposed outside the first 

tank 11 (particularly, a portion between the refrigerant 

outlet 31Co and the first tank 11) may be formed of a 

material having high heat insulating performance, or may be 

covered with a heat insulating material.  As the above-

described refrigerant R, a refrigerant having a boiling 

point of approximately −40°C can be used.  A case has been 

described where the portion passing through the inside of 

the first tank 11 passes through only the gas phase.  However, 

the portion passing through the inside of the first tank 11 

is not limited to a case of passing through only the gas 

phase.  For example, some of the portion passing through 

the inside of the first tank 11 may be in contact with the 

liquid phase.  In addition, without being limited to a 

configuration in which the portion passing through the 

inside of the first tank 11 is always in contact with the 
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gas phase, for example, the portion passing through the 

inside of the first tank 11 may be submerged in the liquid 

phase when a liquid level inside the first tank 11 rises. 

[0043] 

The circulation pump 41 is installed in an 

intermediate portion of the circulation line 33C.  The 

circulation pump 41 of the present embodiment is disposed 

between an outlet 31Co of the first heat exchanger 31C and 

the first tank 11 in the circulation line 33C.  The 

circulation pump 41 delivers the refrigerant R inside the 

circulation line 33C from one end to the other end of the 

circulation line 33C. 

[0044] 

In the reliquefying/fuel supply system 30C configured 

in this way, the circulation pump 41 is operated so that 

the refrigerant R discharged from the outlet 31Co of the 

first heat exchanger 31C flows toward the first tank 11 

through a flow path inside the circulation line 33C.  Then, 

the refrigerant R flows through the flow path of the 

circulation line 33C disposed inside the first tank 11.  In 

this case, the refrigerant R exchanges the heat with the 

carbon dioxide C (at least one of the carbon dioxide gas C2 

and the carbon dioxide liquid C1) inside the first tank 11, 

and the temperature of the refrigerant R rises. 

[0045] 
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Thereafter, the refrigerant R flows through the flow 

path of the circulation line 33C disposed outside the first 

tank 11, and thereafter, reaches the refrigerant inlet 31Ci 

of the first heat exchanger 31C.  Then, the refrigerant R 

exchanges the heat with the liquefied combustible gas F in 

the first heat exchanger 31C to lower the temperature, and 

is discharged again from the refrigerant outlet 31Co.  In 

this way, the refrigerant R is circulated inside the 

circulation line 33C.  As a timing at which the circulation 

pump 41 is operated in the third embodiment, the circulation 

pump 41 may be operated only when a pressure inside the 

first tank 11 rises above a threshold value.  Alternatively, 

the circulation pump 41 may be always operated when the 

combustor 9 is operated. 

[0046] 

The liquefied combustible gas F which is heated by 

exchanging the heat with the refrigerant R having a 

temperature higher than that of the liquefied combustible 

gas F in the first heat exchanger 31B and whose temperature 

is raised is fed to the second heat exchanger 32 through 

the second fuel line 36 as in the first embodiment.  The 

liquefied combustible gas F is further heated and vaporized 

by exchanging the heat with the heat medium H in the second 

heat exchanger 32.  The vaporized liquefied combustible gas 



- 25 - 

F is supplied to the combustor 9 through the third fuel line 

38. 

In addition, the temperature of the carbon dioxide C 

inside the first tank 11 exchanging the heat with the 

refrigerant R is lowered.  In this case, the temperature of 

the carbon dioxide gas C2 is lowered by directly exchanging 

the heat with the refrigerant R or by coming into contact 

with the carbon dioxide liquid C1 whose heat is exchanged 

with the refrigerant R.  In this manner, a volume of the 

carbon dioxide gas C2 is reduced in the gas state, or the 

carbon dioxide gas C2 is liquefied.  In this manner, a 

pressure increase inside the first tank 11 is suppressed. 

[0047] 

(Operational Effect) 

The ship 1C of the above-described third embodiment 

includes the hull 2, the first tank 11 disposed in the hull 

2 and storing the carbon dioxide C having the gas phase and 

the liquid phase, the second tank 21 disposed in the hull 2 

and capable of storing the liquefied combustible gas F whose 

temperature in the liquid state is lower than the 

temperature of the liquid phase of the carbon dioxide C, 

the first heat exchanger 31C that exchanges the heat between 

the liquefied combustible gas F and the refrigerant R, the 

circulation line 33C that circulates the refrigerant R 

between the inside of the first tank 11 and the first heat 
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exchanger 31C, the circulation pump 41 provided in the 

intermediate portion of the circulation line 33C and 

circulate the refrigerant R, the second heat exchanger 32 

that vaporizes the liquefied combustible gas F passing 

through the first heat exchanger 31C by exchanging the heat 

with the heat medium H, and the combustor 9 that combusts 

the liquefied combustible gas F vaporized by the second heat 

exchanger 32. 

According to the third embodiment, in addition to the 

operational effect of the first embodiment, the heat can be 

exchanged between the carbon dioxide C inside the first tank 

11 and the liquefied combustible gas F via the refrigerant 

R.  Therefore, the carbon dioxide gas C2 or the carbon 

dioxide liquid C1 does not need to flow into a pipe outside 

the first tank 11.  Therefore, the heat input to the carbon 

dioxide C can be suppressed, and the pressure inside the 

first tank 11 can be efficiently reduced. 

[0048] 

In addition, in the ship 1C of the above-described 

third embodiment, the circulation line 33C passes through 

at least the liquid phase of the first tank 11. 

According to this configuration, the temperature of 

the carbon dioxide gas C2 inside the first tank 11 whose 

heat is exchanged with the refrigerant R can be lowered.  

In this manner, a volume of the carbon dioxide gas C2 can 
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be reduced in the gas state, or the carbon dioxide gas C2 

can be liquefied.  Therefore, a pressure increase inside 

the first tank 11 can be efficiently suppressed. 

[0049] 

(Another Embodiment) 

Hitherto, the embodiments of the present disclosure 

have been described in detail with reference to the drawings.  

However, specific configurations are not limited to the 

above-described embodiments, and design changes within the 

scope not departing from the concept of the present 

disclosure are also included. 

In the above-described embodiment, a configuration 

including two first tanks 11 has been adopted.  However, 

the present disclosure is not limited thereto.  The 

configuration may include one, three, or more first tanks 

11.  In addition, in the above-described embodiment, a case 

where the plurality of first tanks 11 are aligned in the 

bow-stern direction Da has been described as an example.  

However, the first tanks 11 may be aligned in a ship width 

direction (in other words, a right-left broadside direction). 

In addition, in the above-described embodiment, the 

ships 1A and 1B have been described as examples of the 

floating structure.  However, the present disclosure is not 

limited thereto.  The floating structure may be an offshore 
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floating structure facility which does not include a 

propulsion mechanism. 

[0050] 

In addition, in the above-described third embodiment, 

a case has been described where the heat is exchanged 

between the refrigerant R and the carbon dioxide C by 

utilizing the heat conduction of the pipe of the circulation 

line 33C.  However, another heat exchanger that exchanges 

the heat between the refrigerant R and the carbon dioxide C 

may be provided in the intermediate portion of the 

circulation line 33C inside the first tank 11. 

[0051] 

In addition, in the circulation line 33C in the above-

described third embodiment, the flow path of the refrigerant 

R may meander in the portion disposed inside the first tank 

11. 

[0052] 

In addition, in the above-described third embodiment, 

a case has been described where the refrigerant R is 

circulated in the liquid state.  However, for example, as 

illustrated in Fig. 5, instead of the above-described 

circulation pump 41, an expansion valve 42 and a compressor 

43 may be provided to construct a refrigerating cycle in 

the intermediate portion of the circulation line 33C.  In 

this case, the expansion valve 42 may be provided between 



- 29 - 

the refrigerant outlet 31Co of the first heat exchanger 31C 

and the first tank 11, and the compressor 43 may be provided 

between the first tank 11 and the refrigerant inlet 31Ci of 

the first heat exchanger 31C.  When a refrigerating cycle 

is constructed in this way, capacity to cool the carbon 

dioxide gas C2 can be improved.  Therefore, for example, 

even when the pressure inside the first tank 11 is changed 

in a short time, the refrigerating cycle can quickly dealt 

with the pressure change. 

[0053] 

<Appendix> 

The floating structures 1A and 1B described in the 

respective embodiments can be understood as follows, for 

example. 

[0054] 

(1) The floating structures 1A and 1B according to a 

first aspect includes the floating main structure 2, the 

first tank 11 disposed in the floating main structure 2 and 

capable of storing the carbon dioxide C having the gas phase 

and the liquid phase, the second tank 21 disposed in the 

floating main structure 2 and capable of storing the 

liquefied combustible gas F whose temperature in the liquid 

state is lower than the temperature of the liquid phase of 

the carbon dioxide C, the first heat exchangers 31A and 31B 

that exchange the heat between the carbon dioxide C and the 
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liquefied combustible gas F, the feed lines 33A and 33B that 

guide the carbon dioxide C to the first heat exchangers 31A 

and 31B from the first tank 11, the return lines 34A and 

34B that guide the carbon dioxide liquid C1 to the first 

tank 11 from the first heat exchangers 31A and 31B, the 

second heat exchanger 32 that vaporizes the liquefied 

combustible gas F by exchanging the heat of the liquefied 

combustible gas F passing through the first heat exchangers 

31A and 31B with the heat medium H, and the combustor 9 that 

combusts the liquefied combustible gas F vaporized by the 

second heat exchanger 32. 

Examples of the floating structures 1A and 1B include 

the ship and the offshore floating structure facility.  

Examples of the floating main structure 2 include the hull 

and the floating main structure of the offshore floating 

structure facility. 

Examples of the carbon dioxide C include the carbon 

dioxide liquid C1 and the carbon dioxide gas C2. 

Examples of the liquefied combustible gas F include a 

liquefied natural gas, methane, ethane, and hydrogen. 

Examples of the heat medium H include steam, exhaust 

gas from the combustor 9, fresh water stored in a fresh 

water tank (not illustrated), and seawater pumped from 

outboard. 
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Examples of the combustor 9 include a main engine, an 

engine (internal combustion engine) for a generator, and a 

boiler. 

[0055] 

According to the floating structures 1A and 1B, the 

heat of the carbon dioxide liquid C1 supplied from the first 

tank 11 through the feed lines 33A and 33B is exchanged with 

the liquefied combustible gas F in the first heat exchangers 

31A and 31B.  The temperature of the liquefied combustible 

gas F in the liquid state is lower than the temperature of 

the liquid phase of the carbon dioxide C.  Therefore, the 

carbon dioxide C is cooled by exchanging the heat in the 

first heat exchangers 31A and 31B.  The cooled carbon 

dioxide C is returned to the first tank 11 through the 

return lines 34A and 34B.  Since the cooled carbon dioxide 

C is supplied into the first tank 11, the temperature of 

the carbon dioxide C inside the first tank 11 is lowered.  

In this manner, the temperature rise inside the first tank 

11 can be suppressed, and new vaporization of the carbon 

dioxide C can also be suppressed. 

The liquefied combustible gas F stored in the second 

tank 21 is supplied to the combustor 9 via the first heat 

exchangers 31A and 31B and the second heat exchanger 32.  

The temperature of the liquefied combustible gas F is raised 

by exchanging the heat with the carbon dioxide C having the 
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higher temperature than the liquefied combustible gas F in 

the first heat exchangers 31A and 31B, and thereafter, the 

liquefied combustible gas F is fed to the second heat 

exchanger 32.  Therefore, in the second heat exchanger 32, 

the liquefied combustible gas F in a state of being heated 

in advance by the first heat exchangers 31A and 31B is 

vaporized by exchanging the heat with the heat medium H.  

Therefore, in the second heat exchanger 32, the heat energy 

required for vaporizing the liquefied combustible gas F may 

be reduced, compared to a case where the first heat 

exchangers 31A and 31B are not provided. 

In this way, the carbon dioxide C (C2) in the gas state 

generated inside the first tank 11 can be efficiently 

reliquefied while the energy is effectively utilized. 

[0056] 

(2) The floating structure 1A according to a second 

aspect is the floating structure 1A in (1), and the feed 

line 33A guides the gas C2 of the carbon dioxide C to the 

first heat exchanger 31A from the gas phase in the upper 

portion inside the first tank 11. 

[0057] 

In this manner, the first heat exchanger 31A can 

exchange the heat between the gas C2 of the carbon dioxide 

C fetched from the inside of the first tank 11 and the 

liquefied combustible gas F.  Therefore, the gas C2 of the 
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carbon dioxide C vaporized inside the first tank 11 can be 

cooled by exchanging the heat with the liquefied combustible 

gas F.  Therefore, the gas C2 of the carbon dioxide C can 

be reliquefied. 

In addition, the gas C2 of the carbon dioxide C has a 

higher temperature than the liquid C1 of the carbon dioxide 

C cooled by latent heat of vaporization.  Therefore, in the 

first heat exchanger 31A, the temperature of the liquefied 

combustible gas F can be raised to a higher temperature, 

compared to a case of exchanging the heat with the liquid 

C1 of the carbon dioxide C.  In this regard, the heat energy 

required for vaporizing the liquefied combustible gas F in 

the second heat exchanger 32 is further reduced. 

[0058] 

(3) The floating structure 1B according to a third 

aspect is the floating structure 1B in (1), and the feed 

line 33B guides the liquid C1 of the carbon dioxide C to 

the first heat exchanger 31B from the liquid phase in the 

lower portion inside the first tank 11. 

[0059] 

In this manner, the first heat exchanger 31B can 

exchange the heat between the liquid C1 of the carbon 

dioxide C fetched from the inside of the first tank 11 and 

the liquefied combustible gas F.  In this manner, the liquid 

C1 of the carbon dioxide C can be brought into the 
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supercooled state, and can be returned to the first tank 11.  

Then, the liquid C1 of the carbon dioxide C in the 

supercooled state is fed into the first tank 11.  Therefore, 

the gas C2 of the carbon dioxide C inside the first tank 11 

can be reliquefied. 

[0060] 

(4) The floating structure 1B according to a fourth 

aspect is the floating structure 1B in (3), and further 

includes the unloading pump 15 provided in the unloading 

pipe 14 that delivers the liquid C1 of the carbon dioxide C 

inside the first tank 11 to the outside of the floating main 

structure 2.  The feed line 33B connects the unloading pump 

15 and the first heat exchanger 31B, and guides the liquid 

C1 of the carbon dioxide C to the first heat exchanger 31B 

from the inside of the first tank 11. 

[0061] 

In this manner, the unloading pump 15 can feed the 

liquid C1 of the carbon dioxide C to the first heat exchanger 

31B from the first tank 11 through the feed line 33B.  The 

unloading pump 15 is provided to deliver the liquid C1 of 

the carbon dioxide C inside the first tank 11 to the outside 

of the floating main structure 2 through the unloading pipe 

14.  The unloading pump 15 can also be used to reliquefy 

the gas C2 of the carbon dioxide C.  Therefore, an increase 
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in the number of components can be suppressed, and a cost 

increase can be suppressed. 

[0062] 

(5) The floating structure 1B according to a fifth 

aspect is the floating structure 1B in (3) or (4), and 

further includes the injection unit 40 that injects the 

liquid C1 of the carbon dioxide C returned to the first tank 

11 from the first heat exchanger 31B through the return line 

34B to the upper portion of the first tank 11. 

[0063] 

In this manner, the liquid C1 of the carbon dioxide C 

brought into the supercooled state by exchanging the heat 

in the first heat exchanger 31B is injected to the upper 

portion of the first tank 11 by the injection unit 40, and 

the carbon dioxide liquid C1 in the supercooled state can 

be brought into wider contact with the gas C2 of the carbon 

dioxide C inside the first tank 11.  Therefore, a larger 

amount of the gas C2 of the carbon dioxide C can be 

reliquefied. 

[0064] 

(6) The floating structure 1C according to a sixth 

aspect includes the floating main structure 2, the first 

tank 11 disposed in the floating main structure 2 and 

storing the carbon dioxide C having the gas phase and the 

liquid phase, the second tank 21 disposed in the floating 
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main structure 2 and capable of storing the liquefied 

combustible gas F whose temperature in the liquid state is 

lower than the temperature of the liquid phase of the carbon 

dioxide C, the first heat exchanger 31C that exchanges the 

heat between the liquefied combustible gas F and the 

refrigerant R, the circulation line 33C that circulates the 

refrigerant R between the inside of the first tank 11 and 

the first heat exchanger 31C, the circulation pump 41 

provided in the intermediate portion of the circulation line 

33C to circulate the refrigerant R, the second heat 

exchanger 32 that vaporizes the liquefied combustible gas F 

by exchanging the heat of the liquefied combustible gas F 

passing through the first heat exchanger 31C with the heat 

medium, and the combustor 9 that combusts the liquefied 

combustible gas F vaporized by the second heat exchanger 32. 

[0065] 

In this manner, the heat can be exchanged between the 

carbon dioxide C inside the first tank 11 and the liquefied 

combustible gas F via the refrigerant R.  Therefore, the 

carbon dioxide gas C2 or the carbon dioxide liquid C1 does 

not need to flow into a pipe outside the first tank 11.  

Therefore, the heat input to the carbon dioxide C can be 

suppressed, and the pressure inside the first tank 11 can 

be efficiently reduced. 
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In addition, the liquefied combustible gas F stored in 

the second tank 21 is supplied to the combustor 9 via the 

first heat exchanger 31C and the second heat exchanger 32.  

The temperature of the liquefied combustible gas F is raised 

by exchanging the heat with the refrigerant R having the 

higher temperature than the liquefied combustible gas F in 

the first heat exchanger 31C, and thereafter, the liquefied 

combustible gas F is fed to the second heat exchanger 32.  

Therefore, in the second heat exchanger 32, the liquefied 

combustible gas F in a state of being heated in advance by 

the first heat exchanger 31C is vaporized by exchanging the 

heat with the heat medium H.  Therefore, in the second heat 

exchanger 32, the heat energy required for vaporizing the 

liquefied combustible gas F may be reduced, compared to a 

case where the first heat exchanger 31C is not provided. 

In this way, the carbon dioxide C (C2) in the gas state 

generated inside the first tank 11 can be efficiently 

reliquefied while the energy is effectively utilized. 

[0066] 

(7) The floating structure 1C according to a seventh 

aspect is the floating structure 1C in (6), and the 

circulation line 33C passes through at least the gas phase 

of the first tank 11. 

In this manner, the temperature of the carbon dioxide 

gas C2 inside the first tank 11 whose heat is exchanged with 
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the refrigerant R can be lowered.  In this manner, a volume 

of the carbon dioxide gas C2 can be reduced in the gas state, 

or the carbon dioxide gas C2 can be liquefied.  Therefore, 

a pressure increase inside the first tank 11 can be 

efficiently suppressed. 

Industrial Applicability 

[0067] 

According to the floating structure of the present 

disclosure, the liquefied carbon dioxide vaporized inside 

the tank can be efficiently cooled and reliquefied while 

energy is effectively utilized. 

Reference Signs List 

[0068] 

1A, 1B, 1C: Ship (floating structure) 

2: Hull (floating main structure) 

2a: Bow 

2b: Stern 

3A, 3B: Broadside 

5: Upper deck 

7: Superstructure 

8: Cargo tank storage compartment 

9: Combustor 

11: First tank 

13: Loading pipe 

14: Unloading pipe 



- 39 - 

15: Unloading pump 

21: Second tank 

25: Fuel pump 

30A, 30B, 30C: Reliquefying/fuel supply system 

31A, 31B, 31C: First heat exchanger 

31Ci: Refrigerant inlet 

31Co: Refrigerant outlet 

32: Second heat exchanger 

33A, 33B: Feed line 

34A, 34B: Return line 

33C: Circulation line 

35: First fuel line 

36: Second fuel line 

37: Compressor 

38: Third fuel line 

39A, 39B: On-off valve 

40: Injection unit 

41: Circulation pump 

42: Expansion valve 

43: Compressor 

C: Carbon dioxide 

C1: Carbon dioxide liquid (liquid of carbon dioxide) 

C2: Carbon dioxide gas (gas of carbon dioxide) 

F: Liquefied combustible gas 

H: Heat medium 
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R: Refrigerant 
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Claims 

[Claim 1] 

A floating structure comprising: 

a floating main structure; 

a first tank disposed in the floating main structure 

and capable of storing carbon dioxide having a gas phase 

and a liquid phase; 

a second tank disposed in the floating main structure 

and storing a liquefied combustible gas whose temperature 

in a liquid state is lower than a temperature of the liquid 

phase of the carbon dioxide; 

a first heat exchanger that exchanges heat between the 

carbon dioxide and the liquefied combustible gas; 

a feed line that guides the carbon dioxide to the first 

heat exchanger from the first tank; 

a return line that guides a liquid of the carbon 

dioxide to the first tank from the first heat exchanger; 

a second heat exchanger that vaporizes the liquefied 

combustible gas by exchanging heat of the liquefied 

combustible gas passing through the first heat exchanger 

with a heat medium; and 

a combustor that combusts the liquefied combustible 

gas vaporized by the second heat exchanger. 
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[Claim 2] 

The floating structure according to Claim 1, 

wherein the feed line guides a gas of the carbon 

dioxide to the first heat exchanger from the gas phase in 

an upper portion inside the first tank. 

[Claim 3] 

The floating structure according to Claim 1, 

wherein the feed line guides a liquid of the carbon 

dioxide to the first heat exchanger from the liquid phase 

in a lower portion inside the first tank. 

[Claim 4] 

The floating structure according to Claim 3, further 

comprising: 

an unloading pump provided in an unloading pipe that 

delivers the liquid of the carbon dioxide inside the first 

tank to an outside of the floating main structure, 

wherein the feed line connects the unloading pump and 

the first heat exchanger, and guides the liquid of the 

carbon dioxide to the first heat exchanger from an inside 

of the first tank. 

[Claim 5] 
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The floating structure according to Claim 3 or 4, 

further comprising: 

an injection unit that injects the liquid of the carbon 

dioxide returned to the first tank from the first heat 

exchanger through the return line to an upper portion inside 

the first tank. 

[Claim 6] 

A floating structure comprising: 

a floating main structure; 

a first tank disposed in the floating main structure 

and storing carbon dioxide having a gas phase and a liquid 

phase; 

a second tank disposed in the floating main structure 

and capable of storing a liquefied combustible gas whose 

temperature in a liquid state is lower than a temperature 

of the liquid phase of the carbon dioxide; 

a first heat exchanger that exchanges heat between the 

liquefied combustible gas and a refrigerant; 

a circulation line that circulates the refrigerant 

between an inside of the first tank and the first heat 

exchanger; 

a circulation pump provided in an intermediate portion 

of the circulation line to circulate the refrigerant; 
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a second heat exchanger that vaporizes the liquefied 

combustible gas by exchanging heat of the liquefied 

combustible gas passing through the first heat exchanger 

with a heat medium; and 

a combustor that combusts the liquefied combustible 

gas vaporized by the second heat exchanger. 

[Claim 7] 

The floating structure according to Claim 6, 

wherein the circulation line passes through at least 

a gas phase of the first tank. 


