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(54) VOLATILE ORGANIC COMPOUND TREATMENT SYSTEM AND SHIP

(57) There are provided a VOC treatment system and
a ship having the same. The VOC treatment system in-
cludes: a plurality of oil storage tanks having oil loaded
thereinto; and a VOC compressor pressurizing a VOC
generated when oil is loaded into the oil storage tank.
The VOC compressor compresses a VOC generated in
a first oil storage tank under loading and transfers the
compressed VOC to a second oil storage tank before
loading, and compresses a VOC generated in the second
oil storage tank in loading of the second oil storage tank
and returns the compressed VOC to the first oil storage
tank.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a volatile organic compound treatment system (hereinafter, referred to as a
VOC treatment system) and a ship having the same.

BACKGROUND ART

[0002] In general, a crude oil carrier is a ship for loading crude oil mined from a production place into a plurality of
cargo tanks for crude oil storage and transporting the crude oil to a source of demand through the sea, and is designated
as a supertanker, an oil carrier, an oil tanker, or the like. The crude oil carrier is also referred to as VLCC, ULCC, or the
like according to the size of a cargo tank for storing crude oil.
[0003] The crude oil carrier sails in a state in which a sufficient amount of crude oil is loaded into three to five cargo
tanks arranged side by side in an antero-posterior direction of a hull. Liquid hydrocarbon naturally produced underground
or a product obtained by refining the liquid hydrocarbon is commonly called as the crude oil stored in the cargo tank.
[0004] However, the crude oil generates a large amount of a volatile organic compound (hereinafter, referred to as a
VOC) in a process of loading the crude oil into the crude oil carrier and/or in a state in which the crude oil is loaded into
the cargo tanks of the crude oil carrier.
[0005] The generated VOC is very harmful for human bodies. When the generated VOC is discharged in the air, the
generated VOC causes smog, etc., which results in air pollution and environmental pollution. In addition, loss of trans-
porting crude oil of which amount corresponds to that of the generated VOC is caused.
[0006] Accordingly, recently, various researches and developments for a method capable of recycling a VOC generated
in a crude oil carrier without discharging the VOC in the air have been continuously conducted, but any effective plan
has not been derived yet.

DISCLOSURE

TECHNICAL PROBLEM

[0007] The present invention is conceived to solve the aforementioned problems. Accordingly, an object of the present
invention is to provide a VOC treatment system in which a VOC generated in crude oil is used for propulsion of a hull,
etc., to solve environmental pollution and to prevent the crude oil from being wasted, and a ship having the VOC treatment
system.
[0008] Also, an object of the present invention is to provide a VOC treatment system capable of improving treatment
efficiency by adjusting control according to the generation amount of a VOC generated in crude oil, and a ship having
the VOC treatment system.
[0009] Also, an object of the present invention is to provide a VOC treatment system capable of suppressing unnec-
essary energy consumption by resorbing a VOC generated in a process of loading crude oil into a tank, and a ship
having the VOC treatment system.

TECHNICAL SOLUTION

[0010] In accordance with an aspect of the present invention, there is provided a VOC treatment system including: a
plurality of oil storage tanks having oil loaded thereinto; and a VOC compressor pressurizing a VOC generated when
oil is loaded into the oil storage tank, wherein the VOC compressor compresses a VOC generated in a first oil storage
tank under loading and transfers the compressed VOC to a second oil storage tank before loading, and compresses a
VOC generated in the second oil storage tank in loading of the second oil storage tank and returns the compressed
VOC to the first oil storage tank.
[0011] Specifically, the VOC compressor may compress a VOC and return the compressed VOC to the inside of oil
loaded into the first oil storage tank.
[0012] Specifically, the VOC treatment system may include: a VOC discharge line connected from the oil storage tank
to the VOC compressor; and a VOC return line connected from the VOC compressor to the inside of the oil storage tank.
[0013] Specifically, the VOC return line may extend down to an inner lower side of the oil storage tank.
[0014] Specifically, the VOC compressor may compress a VOC generated in the oil storage tank into which the oil is
lastly loaded, and divide and return the compressed VOC to the other oil storage tanks.
[0015] In accordance with another aspect of the present invention, there is provided a ship having the VOC treatment
system.
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ADVANTAGEOUS EFFECTS

[0016] In the VOC treatment system and the ship having the same in accordance with the present invention, a VOC
is used as fuel of an engine, so that environmental pollution can be effectively prevented by suppressing the VOC from
being discharged in the air.
[0017] Also, in the VOC treatment system and the ship having the same in accordance with the present invention, a
component for treating a VOC is changed according to a time at which the VOC is generated, so that treatment efficiency
of the VOC and energy consumption efficiency can be maximized.
[0018] Also, in the VOC treatment system and the ship having the same in accordance with the present invention, a
VOC generated in a bunkering process is returned to become a state in which it is unnecessary to treat the VOC when
loading is completed, so that operation cost can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a side view of a ship having VOC treatment systems in accordance with first to fourth embodiments of the
present invention.

FIG. 2 is a conceptual view of the VOC treatment system in accordance with the first embodiment of the present
invention.

FIG. 3 is a conceptual view of the VOC treatment system in accordance with the second embodiment of the present
invention.

FIG. 4 is a conceptual view of the VOC treatment system in accordance with the third embodiment of the present
invention.

FIG. 5 is a conceptual view of the VOC treatment system in accordance with the fourth embodiment of the present
invention.

FIG. 6 is a side view of a ship having VOC treatment systems in accordance with fifth and sixth embodiments of the
present invention.

FIG. 7 is a conceptual view of the VOC treatment system in accordance with the fifth embodiment of the present
invention.

FIG. 8 is a conceptual view of the VOC treatment system in accordance with the sixth embodiment of the present
invention.

FIG. 9 is a conceptual view of a ship including VOC treatment systems in accordance with seventh to eleventh
embodiments of the present invention.

FIG. 10 is a conceptual view of the VOC treatment system in accordance with the seventh embodiment of the present
invention.

FIG. 11 is a conceptual view of the VOC treatment system in accordance with the eighth embodiment of the present
invention.

FIG. 12 is a conceptual view of the VOC treatment system in accordance with the ninth embodiment of the present
invention.

FIG. 13 is a conceptual view of the VOC treatment system in accordance with the tenth embodiment of the present
invention.

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



EP 3 825 222 A1

4

5

10

15

20

25

30

35

40

45

50

55

FIG. 15 is a conceptual view of a VOC treatment system in accordance with a twelfth embodiment of the present
invention.

FIG. 16 is a conceptual view of a VOC treatment system in accordance with a thirteenth embodiment of the present
invention.

FIG. 17 is a conceptual view of a VOC treatment system in accordance with a fourteenth embodiment of the present
invention.

FIG. 18 is a conceptual view of a VOC treatment system in accordance with a fifteenth embodiment of the present
invention.

FIG. 19 is a conceptual view of a VOC treatment system in accordance with a sixteenth embodiment of the present
invention.

FIG. 20 is a conceptual view of a VOC treatment system in accordance with a seventeenth embodiment of the
present invention.

FIG. 21 is a conceptual view of a ship including a VOC treatment system in accordance with an eighteenth embodiment
of the present invention.

FIG. 22 is a conceptual view of a ship including a VOC treatment system in accordance with a nineteenth embodiment
of the present invention.

FIG. 23 is a conceptual view of a ship including the VOC treatment system in accordance with the nineteenth
embodiment of the present invention.

FIG. 24 is a conceptual view of a ship including the VOC treatment system in accordance with the nineteenth
embodiment of the present invention.

FIG. 25 is a conceptual view of the VOC treatment system in accordance with the nineteenth embodiment of the
present invention.

FIG. 26 is a conceptual view of a ship including a VOC treatment system in accordance with a twentieth embodiment
of the present invention.

FIG. 27 is a conceptual view of a ship including VOC treatment systems in accordance with twenty-first and twenty-
second embodiments of the present invention.

MODE FOR THE INVENTION

[0020] Other objects, specific advantages, and new features of the present invention will be more apparent from
preferable embodiments and the following detailed description associated with the accompanying drawings. In the
specification, when reference numerals are endowed to components in each drawing, it should be noted that like reference
numerals denote like elements even though they are depicted in several drawings. Further, in the following description
of the present invention, a detailed explanation of known related technologies may be omitted to avoid unnecessarily
obscuring the subject matter of the present invention.
[0021] Hereinafter, exemplary embodiments of the present invention will be described in detail with reference to the
accompanying drawings. Hereinafter, VOC treatment systems of the present invention will be described, and the present
invention includes VOC treatment systems and a ship having the same.
[0022] It is noted that the ship is used as a meaning including all offshore plans such as FSRU and FPSO in addition
to a crude oil carrier for loading crude oil in which a VOC may be generated. Also, the ship may also include a bunkering
vessel for supplying crude oil to another ship or land, in addition to a ship for loading crude oil or being supplied with
crude oil to consume the crude oil.
[0023] Hereinafter, liquefied gas is a substance which is in a gaseous state at room temperature since its boiling point
is lower than the room temperature. The liquefied gas may be LPG, LNG, ethane, propane, butane, ethylene, ammonia,
liquid nitrogen, or the like, and exemplarily mean LNG. Also, hereinafter, oil or crude oil has a meaning including all
substances (crude oil, kerosene, diesel, gasoline, and the like) which are in a liquid state at room temperature since
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their boiling point are higher than the room temperature, and are used as fuel.
[0024] Also, hereinafter, it is noted that liquefied gas or evaporation gas is not limited to a liquid phase or a gas phase
in spite of its expression, and a VOC is also not limited to a liquid phase or a gas phase.
[0025] FIG. 1 is a side view of a ship having a VOC treatment system in accordance with the present invention. FIG.
2 is a conceptual view of a VOC treatment system in accordance with a first embodiment of the present invention.
[0026] Referring to FIGS. 1 and 2, the VOC treatment system 1 in accordance with the first embodiment of the present
invention may include an oil storage tank OT, a gas fuel storage tank GT, and a VOC treatment unit 10, and these
components may be mounted in a ship S.
[0027] The ship S having the VOC treatment system 1 mounted therein includes a hull. A cabin, an engine casing, or
the like may be mounted at the stern on an upper deck of the hull, and an engine ME, GE, and DE may be provided at
the stern in the hull.
[0028] The oil storage tank OT may be a cargo tank mounted in the ship S, and therefore, the ship S may be a crude
oil carrier. On the other hand, the gas fuel storage tank GT may be a high-pressure storage container mounted on the
upper deck of the ship S, and be provided at each of a portside and a starboard.
[0029] In this specification, the engine ME, GE, and DE is an engine consuming a VOC. The engine ME, GE, and DE
may be ME-GI, ME-GIE, ME-LGI, XDF or the like as a propulsion engine ME for propelling the hull, and/or be a generator
engine GE for supplying power in the ship S. However, hereinafter, the engine ME, GE, and DE may be a concept
including all facilities capable of consuming the VOC.
[0030] The oil storage tank OT loads oil such as crude oil. About five oil storage tanks OT may be disposed in series
in a length direction in the hull, and the storage capacity of each oil storage tank OT is not particularly limited.
[0031] A VOC generated from crude oil exists in the oil storage tank OT. The VOC may be a substance including a
component, e.g., propane, butane or the like.
[0032] In a conventional case, the VOC having explosiveness and toxicity was simply discharged in the air or was
treated in a manner that unloaded the VOC to land in state in which the VOC was reliquefied and stored. However, in
this embodiment, the engine ME, GE, and DE may be operated by using the VOC so as to utilize energy of the VOC.
[0033] To this end, a VOC discharge line 13 may be connected from the oil storage tank OT to the engine ME, GE,
and DE, and an inlet of the VOC discharge line may be placed in a form in which the inlet is opened at an inner upper
side of the oil storage tank OT.
[0034] The gas fuel storage tank GT stores liquefied gas. When the ship S of the present invention is a crude oil carrier
having the oil storage tank OT as a cargo tank as described above, the gas fuel storage tank GT is of type C, and may
be mounted on the upper deck.
[0035] The liquefied gas stored in the gas fuel storage tank GT may be mixed with the VOC generated in the oil storage
tank OT to be supplied to the engine ME, GE, and DE. To this end, a gas fuel supply line 23 may be provided from the
gas fuel storage tank GT to the VOC discharge line 13, and a mixer 27 may be provided at a spot at which the gas fuel
supply line 23 is connected to the VOC discharge line 13. For reference, in this specification, it is noted that components
used to treat gas fuel may be comprehensively designated as a gas fuel treatment unit 20, and the gas fuel treatment
unit 20 and the VOC treatment unit 10 are included in a fuel treatment unit 10 and 20.
[0036] The gas fuel storage tank GT may store the liquefied gas at a high pressure. The high pressure may mean a
required pressure of the engine ME, GE, and DE. Therefore, the liquefied gas discharged from the gas fuel storage tank
GT may be in a state having the required pressure of the engine ME, GE, and DE, and hence the VOC treatment unit
10 which will be described later may supply the liquefied gas discharged from the gas fuel storage tank GT to the engine
ME, GE, and DE without any separate compression (or through compression having a small ratio with respect to the VOC).
[0037] The VOC treatment unit 10 supplies the VOC generated from the oil storage tank OT as fuel of the engine ME,
GE, and DE mounted in the ship S. To this end, the VOC treatment unit 10 may include a VOC compressor 11 and a
reformer 12.
[0038] The VOC compressor 11 compresses the VOC. The VOC compressor 11 may compress the VOC at the
required pressure of the engine ME, GE, and DE. The required pressure of the engine ME, GE, and DE may be variously
determined according to kinds of the engine ME, GE, and DE. In an example, the VOC compressor 11 may compress
the VOC at about 10 to ME, GE, and DE bar or about 100 to ME, GE, and DE bar.
[0039] The VOC compressor 11 may be provided in multiple stages, and a middle cooler (not shown) may be provided
between the VOC compressors 11 provided in the multiple stages. Also, the VOC compressors 11 may be provided in
parallel to back up each other.
[0040] The reformer 12 reforms the compressed VOC and supplies the reformed VOC to the engine ME, GE, and DE.
The reformer 12 may chemically treat the VOC including propane, butane, etc., thereby performing methanation.
[0041] Chemical reaction caused by the reformer 12 has already been known in the art, and therefore, a detailed
description will be omitted. However, in this embodiment, the engine ME, GE, and DE may be an engine for mainly
consuming methane included in LNG, and the reformer 12 may reform the VOC to be in a state suitable for fuel of the
engine ME, GE, and DE.
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[0042] The VOC treatment unit 10 mixes liquefied gas with the VOC and supplies the mixture to the engine ME, GE,
and DE. In this case, the above-described mixer 27 may be used. The mixer 27 may be provided at a downstream of
the reformer 12 on the VOC discharge line 13. Hence, the VOC treatment unit 10 mixes the reformed VOC with liquefied
gas, so that the engine for consuming methane can be operated without any problem even when the mixture of the
liquefied gas and the VOC is supplied to the engine.
[0043] The VOC compressor 11, the reformer 12, and the mixer 27 may be provided on the VOC discharge line 13,
and the VOC discharge line 13 transfers the VOC from the oil storage tank OT to the engine ME, GE, and DE. Since
the VOC generated in the oil storage tank OT is reformed and then supplied to the engine ME, GE, and DE, the engine
ME, GE, and DE can be stably operated.
[0044] The gas fuel supply line 23 for transferring liquefied gas from the gas fuel storage tank GT to the engine ME,
GE, and DE may be connected to the VOC discharge line 13. A gas fuel evaporator 22 may be provided on the gas fuel
supply line 23.
[0045] The gas fuel evaporator 22 may evaporate liquefied gas by using various heat sources. The liquefied gas may
maintain a liquid phase while being stored at a high pressure in the gas fuel storage tank GT. The high-pressure liquefied
gas having the liquid phase, which is discharged from the gas fuel storage tank GT may be heated to a required
temperature or lower of the engine ME, GE, and DE while being evaporated in the gas fuel evaporator 22.
[0046] However, the reformed VOC discharged from the reformer 12 may have a temperature (e.g., 300 °C to 500
°C) higher than the required temperature of the engine ME, GE, and DE in a reforming process, and therefore, the gas
fuel evaporator 22 may control heating of the liquefied gas according to a temperature of the VOC discharged from the
reformer 12.
[0047] The control of the gas fuel evaporator 22 may be regulated together with a flow rate of the VOC transferred to
the engine ME, GE, and DE, a flow rate of the liquefied gas discharged from the gas fuel storage tank GT, etc., in addition
to a temperature of the VOC discharged from the reformer 12. To this end, it will be apparent that various types of
sensors (not shown) may be provided in the VOC discharge line 13 and/or the gas fuel supply line 23.
[0048] The VOC compressor compresses the VOC at the required pressure of the engine ME, GE, and DE, and the
gas fuel storage tank GT stores the liquefied gas at the required pressure of the engine ME, GE, and DE. Therefore,
the VOC treatment unit 10 may mix the liquefied gas discharged from the gas fuel storage tank GT with the VOC
compressed by the VOC compressor 11 without any separate compression (or through compression having a small
ratio with respect to the VOC compressor 11), and supply the mixture to the engine ME, GE, and DE.
[0049] As described above, in this embodiment, the VOC generated in the oil storage tank OT is used as fuel of the
engine ME, GE, and DE operated by the liquefied gas. Thus, environmental pollution can be suppressed by efficiently
consuming the VOC, and cost can be remarkably reduced without providing any facility for liquefying the VOC.
[0050] FIG. 3 is a conceptual view of a VOC treatment system in accordance with a second embodiment of the present
invention.
[0051] Referring to FIG. 3, the VOC treatment system 1 in accordance with the second embodiment of the present
invention may be provided with a heat exchanger 16 instead of the mixer 27, as compared with the above-described
first embodiment.
[0052] Hereinafter, in this embodiment, portions different from those of the above-described embodiment will be mainly
described, and omitted descriptions will be derived from the foregoing embodiment.
[0053] The heat exchanger 16 may be provided in a two-stream structure having a flow path through which the VOC
flows and a flow path through which the liquefied gas flows. The flow path through which the VOC flows may be parallel
to the VOC discharge line 13, and the flow path through which the liquefied gas flows may be parallel to the gas fuel
supply line 23.
[0054] The VOC discharged from the reformer 12 may be in a considerably high temperature state. Therefore, in this
embodiment, the temperature of the VOC may be lowered to the required temperature of the engine ME, GE, and DE
by using the liquefied gas which has a relatively low temperature.
[0055] That is, the heat exchanger 16 may allow the reformed VOC to be in a state suitable for the required temperature
of the engine ME, GE, and DE by cooling the discharged VOC while heat-exchanging the VOC with the liquefied gas.
[0056] However, on the contrary, a temperature of the liquefied gas will be increased due to the heat exchange with
the VOC. Therefore, in consideration of this, the gas fuel evaporator 22 may heat the liquefied gas to a temperature
lower than the required temperature of the engine ME, GE, and DE. Alternatively, the gas fuel evaporator 22 may be
omitted.
[0057] When the gas fuel evaporator 22 is omitted, the heat exchanger 16 has a space in which the liquefied gas is
stored in a liquid phase, and may have a tank type structure which allows the VOC to be cooled while heating/evaporating
the liquefied gas as the high-temperature VOC flows in the liquid-phase liquefied gas. The structure of the heat exchanger
16 is not particularly limited.
[0058] This embodiment may have a structure in which the VOC discharge line 13 and the gas fuel supply line 23 are
provided in parallel to each be connected to be each connected to the engine ME, GE, and DE. That is, the VOC is not



EP 3 825 222 A1

7

5

10

15

20

25

30

35

40

45

50

55

be mixed with the liquefied gas but may be introduced to the engine ME, GE, and DE, to be mixed and used in the
engine ME, GE, and DE.
[0059] It will be apparent that, unlike the drawing of this embodiment, this embodiment may be combined with the first
embodiment, to have a structure in which the gas fuel supply line 23 is connected to the VOC discharge line 13 at a
downstream of the heat exchanger 16 and an upstream of the engine ME, GE, and DE.
[0060] That is, the present invention may include all modifications in which the VOC having a temperature higher than
the required temperature of the engine ME, GE, and DE in a reforming process can be cooled to be suitable for the
required temperature of the engine ME, GE, and DE by using the liquefied gas having a relatively low temperature.
[0061] FIG. 4 is a conceptual view of a VOC treatment system in accordance with a third embodiment of the present
invention.
[0062] Referring to FIG. 4, the VOC treatment system 1 in accordance with the third embodiment of the present
invention further include a VOC storage tank 15.
[0063] The VOC storage tank 15 may temporarily store at least a portion of the compressed VOC. The VOC discharge
line 13 is provided from the oil storage tank OT to the engine ME, GE, and DE. A portion of the VOC before the VOC is
compressed by the VOC compressor 11 on the VOC discharge line 13 and then introduced to the reformer 12 may be
transferred to the VOC storage tank 15 along a VOC storage line 151 to be stored in the VOC storage tank 15.
[0064] When the flow rate of the VOC generated in the oil storage tank OT exceeds an amount which can be consumed
in the engine ME, GE, and DE, at least a portion of the VOC is not introduced to the reformer 12 at a downstream of the
VOC compressor 12 but may be introduced to the VOC storage tank 15.
[0065] That is, according to a load of the engine ME, GE, and DE, a constant amount of the VOC may be transferred
to the VOC storage tank 15 through the VOC storage line 151 branching off from an upstream of the reformer 12 on the
VOC discharge line 13.
[0066] To this end, a flowmeter 131 for measuring a flow rate of the VOC may be provided in the VOC discharge line
13, and a valve (not indicated by a reference numeral) may be provided in the VOC discharge line 13 and/or the VOC
storage line 151, so that the opening of the valve can be controlled according to a load of the flowmeter 131 and the
engine ME, GE, and DE.
[0067] An evaporation gas generated in the gas fuel storage tank GT may be introduced to the VOC storage tank 15.
To this end, an evaporation gas supply line 26 may be connected from the gas fuel storage tank GT to the VOC storage
tank 15.
[0068] The VOC storage tank 15 may store surplus VOC which is not consumed in the engine ME, GE, and DE and
the evaporation gas generated in the gas fuel storage tank GT. The VOC storage tank 15 may store the VOC, etc. at a
pressure higher than that of the oil storage tank OT. In particular, the internal pressure of the VOC storage tank 15 may
be regulated according to an amount of the evaporation gas transferred.
[0069] A mixture of the VOC and the evaporation gas, which is stored in the VOC storage tank 15, is transferred to
the reformer 12 to be supplied to the engine ME, GE, and DE, if necessary. A VOC supply line 152 may be provided
from the VOC storage tank 15 to the reformer 12. The mixture may be stored in the VOC storage tank 15 and then
transferred to the reformer 12 according to an operation load of the engine ME, GE, and DE, a flow rate of the VOC
discharged from the oil storage tank OT, an amount of the liquefied gas remaining in the gas fuel storage tank GT, etc.
[0070] The VOC discharge line 13 and the VOC supply line 152 may be individually connected to the reformer 12,
and a ratio of methane in the mixture transferred from the VOC supply line 152 to the reformer 12 is higher than that of
the VOC transferred from the VOC discharge line 13 to the reformer 12. The reformer 12 may perform reforming by
considering a component of each of the introduced VOC and the introduced mixture, and a detailed chemical reaction
may use a technique known in the art.
[0071] In addition, a pressure of the mixture may be higher than that of the VOC introduced to the reformer 12. In this
embodiment, pressure gauges 132 and 153 may be respectively provided in the VOC discharge line 13 and the VOC
supply line 152, which are connected to the reformer 12, to control the VOC compressor 11 or various types of valves
(not indicated by reference numerals) by considering a pressure difference.
[0072] As described above, in this embodiment, when surplus VOC is generated, the surplus VOC is stored together
with the evaporation gas in the VOC storage tank 15, and is subsequently supplied to the engine ME, GE, and DE, so
that the efficiency of the system can be improved.
[0073] FIG. 5 is a conceptual view of a VOC treatment system in accordance with a fourth embodiment of the present
invention.
[0074] Referring to FIG. 5, the VOC treatment system 1 in accordance with the fourth embodiment of the present
invention includes the VOC storage tank 15, like the above-described third embodiment, but may not include the gas
fuel storage tank GT, unlike the above-described embodiments.
[0075] That is, in this embodiment, the VOC generated in the oil storage tank OT may be supplied to the engine ME,
GE, and DE via the VOC compressor 11 and the reformer 12, or at least a portion of the VOC may be compressed by
the VOC compressor 11 and then stored in the VOC storage tank 15. The VOC storage tank may be a tank for storing
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the VOC including propane, butane, etc.
[0076] The VOC stored in the VOC storage tank 15 may be supplied to the engine ME, GE, and DE via the reformer
12, if necessary. The VOC supply line 152 may be connected from the VOC storage tank 15 to the reformer 12 or the
VOC discharge line 13.
[0077] In a modified example, the VOC storage tank 15 may be provided on the VOC discharge line 13 such that the
VOC storage tank 15 serves as a buffer tank between the oil storage tank OT and the reformer 12, and the VOC storage
line 151, the VOC supply line 152, or the like may not be provided.
[0078] Also, in a modified example, when the engine ME, GE, and DE is an engine for consuming propane or butane
instead of an engine for consuming methane, the reformer 12 may be omitted in this embodiment. However, in order to
allow the VOC to be suitable for the required temperature of the engine ME, GE, and DE, etc., a heater (not shown) for
heating the VOC by using an unconfined heat medium such as seawater may be provided in replacement of the reformer
12.
[0079] As described above, in this embodiment, the VOC is extracted and stored from the oil storage tank OT and
then used, so that the system can be stably operated regardless of a change in amount of the VOC discharged.
[0080] FIG. 6 is a side view of a ship having VOC treatment systems in accordance with fifth and sixth embodiments
of the present invention. FIG. 7 is a conceptual view of the VOC treatment system in accordance with the fifth embodiment
of the present invention.
[0081] First, referring to FIG. 6, the ship S having a VOC treatment system 1 in accordance with the present invention
includes an oil storage tank OT, a VOC liquefier 14, a VOC storage tank 15, and a gas fuel storage tank GT.
[0082] The oil storage tank OT may be provided in the ship S, and a plurality of oil storage tanks OT may be disposed
in a length direction in a hull. Oil such as crude oil, which is store in the oil storage tank OT, may have a liquid phase,
and be stored in a room temperature state.
[0083] However, a VOC (propane, butane, etc.) of which the boiling point is higher than room temperature is mixed
in the crude oil stored in the oil storage tank OT. The VOC is evaporated in the oil storage tank OT. The evaporated
VOC may be treated by the VOC liquefier 14 to be transferred to the VOC storage tank 15.
[0084] The VOC liquefier 14 liquefies the VOC generated from the oil storage tank OT and transfers the liquefied VOC
to the VOC storage tank 15. When the VOC is evaporated from the crude oil of the oil storage tank OT, the VOC increases
the pressure of the oil storage tank OT, which may be problematic. Therefore, the VOC may be discharged to the outside
for the purpose of the durability of the oil storage tank OT.
[0085] To this end, a VOC discharge line 13 is provided in the oil storage tank OT. The VOC discharge line 13 is
connected to the VOC liquefier 14. The VOC liquefier 14 may cool the VOC in a gaseous state, which is transferred
thereto, and the cooled VOC may be liquefied such that the volume of the VOC is remarkably reduced.
[0086] Various kinds of unconfined refrigerants may be used so as to liquefy the VOC. In an example, such a refrigerant
may be nitrogen, liquefied gas, R134a, propane, etc. The VOC liquefier 14 may be a kind of heat exchanger for heat-
exchanging the refrigerant with the VOC in the gaseous state.
[0087] The VOC storage tank 15 stores the VOC generated from the oil storage tank OT provided in the ship S. The
VOC storage tank 15 may store the VOC in a liquid state, which is discharged in the gaseous state in the oil storage
tank OT and then liquefied in the VOC liquefier 14. The VOC storage tank 15 may be heat-insulated to suppress re-
evaporation of the VOC or have the shape of a high-pressure container so as to increase the boiling point.
[0088] The VOC storage tank 15 may be provided at the outside of the ship S. In an example, the VOC storage tank
15 may be provided on the top of an upper deck. Alternatively, the VOC storage tank 15 may be provided in a place
except that in which the oil storage tank OT is disposed in the ship S. In an example, the VOC storage tank 15 may be
provided in an engine room, between the engine room and a side plating, or the like.
[0089] The VOC discharged from the oil storage tank OT and then stored in the VOC storage tank 15 may be used
as fuel of an engine ME, GE, and DE provided in the ship S. However, since the methane number of the VOC itself is
low, efficiency may be lowered. Therefore, in the present invention, in order to improve the operation efficiency of the
engine ME, GE, and DE by ensuring the methane number, liquefied gas may be mixed with the VOC to be transferred
to the engine ME, GE, and DE.
[0090] The gas fuel storage tank GT stores the liquefied gas. When the ship S is a crude oil carrier having the oil
storage tank OT as a cargo tank, the gas fuel storage tank GT is of type C, and may be mounted on the upper deck.
[0091] That is, the gas fuel storage tank GT may be a high-pressure storage container mounted on the upper deck,
be placed at the front of a cabin on the upper deck, and be provided at a portside and/or a starboard.
[0092] The liquefied gas stored in the gas fuel storage tank GT may be mixed with the VOC of the VOC storage tank
15 to be supplied to the engine ME, GE, and DE. To this end, an auxiliary tank 155 which will be described later may
be provided between the gas fuel storage tank GT and the engine ME, GE, and DE, and a gas fuel supply line 23 may
be provided between the gas fuel storage tank GT and the auxiliary tank 155. A one-way valve (not indicated by a
reference numeral), a flowmeter 231, and the like are provided in the gas fuel supply line 23.
[0093] The gas fuel storage tank GT may store the liquefied gas at a high pressure. When the internal pressure of the
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gas fuel storage tank GT is equal to or higher than a required pressure of the engine ME, GE, and DE, a gas fuel pump
21 which will be described later may be omitted.
[0094] Referring to FIG. 7, the VOC treatment system 1 in accordance with the fifth embodiment of the present invention
includes a fuel treatment unit 10 and 20 for mixing the VOC and the liquefied gas, which are respectively stored in the
VOC storage tank 15 and the gas fuel storage tank GT, and supplying the mixture as fuel of the engine ME, GE, and DE.
[0095] For reference, the fuel treatment unit 10 and 20 includes a VOC treatment unit 10 including components used
to treat the VOC and a gas fuel treatment unit 20 including components used to treat gas fuel.
[0096] The engine ME, GE, and DE is mounted in the ship S, and may be a propulsion engine ME for propelling the
ship S or a generator engine GE and DE for supplying power to the inside of the ship S. In an example, the propulsion
engine ME may be an X-DF engine having a required pressure of 10 to 50 bar (e.g., about 16 bar), and the generator
engine GE and DE may be a DFDE engine having a required pressure 1 to 10 bar (e.g., about 6 bar).
[0097] The fuel treatment unit 10 and 20 may control the methane number of fuel supplied to the engine ME, GE, and
DE by regulating the flow rate of the VOC and the liquefied gas. When the propulsion engine ME is the X-DF engine
(Otto cycle engine), the methane number of the VOC is low. Hence, when only the VOC is used as a single fuel, knocking
may occur.
[0098] Therefore, in order to achieve smoothing combustion and to prevent a knocking phenomenon, the fuel treatment
unit 10 and 20 may mix the liquefied gas with the VOC at an appropriate ratio, thereby satisfying a methane number
required for each load in the engine ME, GE, and DE.
[0099] To this end, the fuel treatment unit 10 and 20 may include a gas analyzer 232, the auxiliary tank 155, and a
control unit 30.
[0100] The gas analyzer 232 measures a methane number of the fuel supplied from the auxiliary tank 155 to the
engine ME, GE, and DE. However, in this specification, it is noted that the methane number includes all data of the fuel,
such as a component or calorie of the fuel. That is, the gas analyzer 232 of the present invention may be a caloric
measurer, an element measurer, or the like.
[0101] The auxiliary tank 155 mixes the VOC and the liquefied gas at an upstream of the engine ME, GE, and DE. A
substance obtained by mixing the VOC and the liquefied gas in the auxiliary tank 155 may be designated as fuel in this
specification.
[0102] The gas fuel supply line 23 may be provided from the auxiliary tank 155 to the engine ME, GE, and DE, and a
pressure gauge 233 may be provided in the gas fuel supply line 23 to verify whether a pressure of the fuel corresponds
to that required in the engine ME, GE, and DE.
[0103] When the engine ME, GE, and DE includes the X-DF propulsion engine ME and the DFDE generator engine
GE and DE, the gas fuel supply line 23 may branch off at a downstream of the auxiliary tank 155, to be connected to
the propulsion engine ME and the generator engine GE and DE. Pressure regulating valves 234a and 234b may be
respectively provided at an upstream of the propulsion engine ME and an upstream of the generator engine GE and DE
from a downstream of the branch-off point.
[0104] The fuel discharged from the auxiliary tank 155 may have a pressure suitable for a higher one of a required
pressure of the propulsion engine ME and a required pressure of the generator engine GE and DE, and therefore, the
pressure regulating valve 234b provided at the upstream of the generator engine GE and DE may implement decom-
pression.
[0105] The auxiliary tank 155 may generate fuel in a liquid phase by mixing VOC in a liquid phase, which is transferred
through a VOC pump 154 and liquefied gas in a liquid phase, which is transferred through the gas fuel pump 21, and
supply the fuel in the liquid phase to the engine ME, GE, and DE. Alternatively, the auxiliary tank 155 may be provided
with a heater (not indicated by a reference numeral) for evaporating fuel so as to supply the fuel in a gas phase to the
engine ME, GE, and DE.
[0106] The heater may be provided at the inside of the auxiliary tank 155 or be provided in a separate external line
through which the fuel is circulated. The heater may use various substances such as steam or glycol water. The fuel
evaporated by the heater may be supplied and consumed in the engine ME, GE, and DE via the pressure gauge 233,
the gas analyzer 232, the pressure regulating valves 234a and 234b, and the like.
[0107] The control unit 30 controls the flow rate of the VOC and/or the liquefied gas, introduced to the auxiliary tank
155. Therefore, the ratio of the VOC and the liquefied gas, which are included in the fuel generated in the auxiliary tank
155, may be controlled by the control unit 30.
[0108] The control unit 30 may control the flow rate of the VOC and/or the liquefied gas, transferred to the auxiliary
tank 155, by using various methods. In an example, the VOC pump 154 for transferring the VOC to the engine ME, GE,
and DE may be provided at the inside and/or the outside of the VOC storage tank 15, and the gas fuel pump 21 for
transferring the liquefied gas to the engine ME, GE, and DE may be provided at the inside and/or the outside of the gas
fuel storage tank GT. The control unit 30 controls the VOC pump 154 and the gas fuel pump 21.
[0109] The control unit 30 may set the methane number of the fuel generated in the auxiliary tank 155 to a level
required in the engine ME, GE, and DE by controlling the VOC pump 154 and the gas fuel pump 21 according to a
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measurement value of the gas analyzer 232.
[0110] To this end, the VOC pump 154 and/or the gas fuel pump 21 may be provided such that Variable Frequency
Drive (VFD) is possible. However, it will be apparent that any one of the VOC pump 154 and the gas fuel pump 21 is
provided as a fixed capacity type pump and the other of the VOC pump 154 and the gas fuel pump 21 is provided as a
variable capacity type pump. The control unit 30 may control the variable capacity type pump by considering an operation
(On/Off) of the fixed capacity type pump.
[0111] When the internal pressure of the gas fuel storage tank GT is equal to or higher than the required pressure of
the engine ME, GE, and DE as described above, the gas fuel pump 21 may be omitted, and therefore, the control unit
30 may regulate the methane number through operation control of the VOC pump 154. When the gas fuel pump 21 is
omitted, a valve (not shown) may be provided on the gas fuel supply line 23, and therefore, the control unit 30 may
control the methane number through the valve on the VOC pump 154 and the gas fuel supply line 23.
[0112] A VOC supply line 152 provided with a one-way valve (not indicated by a reference numeral), a flowmeter 156,
or the like may be provided from the VOC storage tank 15 to the auxiliary tank 155, and a VOC return line 157 for
returning at least a portion of the VOC to the VOC storage tank 15 may be provided at a downstream of the VOC pump
154 on the VOC supply line 152. A VOC return valve 1571 as a return valve may be provided on the VOC return line 157.
[0113] Also, identically/similarly, a gas fuel return line 235 for returning at least a portion of the liquefied gas discharged
from the gas fuel storage tank GT may be provided on the gas fuel supply line 23, and a gas fuel return valve 236 as a
return valve may be provided on the gas fuel return line 235.
[0114] The control unit 30 may allow a flow rate of the VOC transferred to the engine ME, GE, and DE by the VOC
return valve 1571 and/or a flow rate of the liquefied gas transferred to the engine ME, GE, and DE by the gas fuel return
valve 236 to be regulated by controlling the VOC return valve 1571 and/or the gas fuel return valve 236 according to a
measurement value of the gas analyzer 232, so that the methane number of the fuel can be set to the level required in
the engine ME, GE, and DE.
[0115] The control unit 30 may use the flowmeters 156 and 231 to check whether the flow rates of the VOC and the
liquefied gas, which are introduced to the auxiliary tank 155, are appropriately controlled, when the VOC pump 154 and
the gas fuel pump 21, and/or the VOC return valve 1571 and the gas fuel return valve 236 are controlled. The flowmeters
156 and 231 may be respectively provided in the VOC supply line 152 and the gas fuel supply line 23.
[0116] Thus, the control unit 30 actively controls the flow rates of the VOC and the liquefied gas, which are introduced
to the auxiliary tank 155, by measuring the methane number of the fuel at the downstream of the auxiliary tank 155, and
ensure an appropriate methane number by verifying whether the flow rates of the VOC and the liquefied gas are appro-
priately controlled.
[0117] As described above, in this embodiment, the VOC discharge in the air is used as the fuel of the engine ME,
GE, and DE, and the liquefied gas is mixed with the VOC to be supplied to the engine ME, GE, and DE so as to satisfy
data (a methane number, a calorie, a component, etc.) of the fuel required in the engine ME, GE, and DE. Accordingly,
the VOC can be recycled, and the operation efficiency of the engine ME, GE, and DE can be ensured.
[0118] FIG. 8 is a conceptual view of the VOC treatment system in accordance with the sixth embodiment of the
present invention.
[0119] Referring to FIG. 8, the VOC treatment system 1 in accordance with the sixth embodiment of the present
invention may mix the VOC and the liquefied gas to be supplied to the propulsion engine ME, and supply only the liquefied
gas to the generator engine GE and DE. Hereinafter, in this embodiment, portions different from those of the above-
described embodiment will be mainly described, and omitted descriptions will be derived from the foregoing embodiment.
[0120] In this embodiment, the propulsion engine ME may be an ME-GI engine having a required pressure of 200 to
400 bar (e.g., about 380 bar). However, in the case of the ME-GI, when only the VOC (a caloric value per volume, which
is injected into the engine ME, GE, and DE, is higher than that of methane as a main component of the liquefied gas)
is supplied, energy density is extremely increased. Therefore, the liquefied gas is mixed with the VOC, so that operation
stability can be ensured.
[0121] In order to satisfy a required pressure of the ME-GI, a VOC high-pressure pump 158 and a gas fuel high-
pressure pump 24 may be respectively provided on the VOC supply line 152 between the VOC storage tank 15 and the
auxiliary tank 155 and the gas fuel supply line 23 between the gas fuel storage tank GT and the auxiliary tank 155, and
a mixer 27 may be provided in replacement of the auxiliary tank 155 of the above-described embodiment so as to mix
high-pressure VOC and high-pressure liquefied gas and supply the mixture in one phase state to the propulsion engine
ME without phase separation.
[0122] However, when the VOC pump 154 and the gas fuel pump 21 pressurize the VOC, etc. to be suitable for a
required pressure of the propulsion engine ME or when only one high-pressure pump (not shown) is provided at the
downstream of the auxiliary tank 155 by using the auxiliary tank 155 instead of the mixer 27, the VOC high-pressure
pump 158 and the gas fuel high-pressure pump 24 may be omitted.
[0123] A VOC evaporator 159 and a gas fuel evaporator 22 may be respectively provided between the VOC pump
154 and the mixer 27 and between the gas fuel pump 21 and the mixer 27. The VOC evaporator 159 and the gas fuel
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evaporator 22 may respectively heat the VOC and the liquefied gas, corresponding to the required pressure of the
propulsion engine ME. It will be apparent that a heat exchanger (not shown) may be provided at a downstream of the
mixer 27 in replacement of the VOC evaporator 159 and the gas fuel evaporator 22.
[0124] In this embodiment, a gas fuel branch-off line 25 may be provided from the gas fuel supply line 23 to the
generator engine GE and DE. The gas fuel branch-off line 25 may branch off from the gas fuel supply line 23 between
the gas fuel pump 21 and the gas fuel high-pressure pump 24 to transfer the liquefied gas to the generator engine GE
and DE.
[0125] In the above-described embodiment, the difference in required pressure between the propulsion engine ME
and the generator engine GE and DE is a level which can be covered with the pressure regulating valve 234b. On the
other hand, in this embodiment, since the required pressure of the propulsion engine ME is a high pressure of 200 bar
or higher, it may be difficult to solve the difference in required pressure between the propulsion engine ME and the
generator engine GE and DE through the pressure regulating valve 234b.
[0126] Therefore, in this embodiment, the required pressure of the propulsion engine ME may be set by providing the
gas fuel high-pressure pump 24, etc. at the propulsion engine ME as a line branches off, and the required pressure of
the generator engine GE and DE may be set by supplying, to the generator engine GE and DE, the liquefied gas before
the liquefied gas is compressed at a high pressure by the gas fuel high-pressure pump 24.
[0127] It will be apparent that, in such a configuration, the pressure regulating valves 234a and 234b may be respectively
provided at an upstream of the propulsion engine ME and an upstream of the generator engine GE and DE. In addition
to the pressure regulating valve 234b, a gas fuel heater 251 may be provided in the gas fuel branch-off line 25.
[0128] As described above, in this embodiment, when the high-pressure propulsion engine ME of 200 bar or higher,
energy density is set by mixing the VOC and the liquefied gas, so that the operation efficiency of the propulsion engine
ME, etc. can be ensured while utilizing the VOC without discharge.
[0129] FIG. 9 is a conceptual view of a ship including VOC treatment systems in accordance with seventh to eleventh
embodiments of the present invention. FIG. 10 is a conceptual view of the VOC treatment system in accordance with
the seventh embodiment of the present invention. FIG. 11 is a conceptual view of the VOC treatment system in accordance
with the eighth embodiment of the present invention.
[0130] FIG. 12 is a conceptual view of the VOC treatment system in accordance with the ninth embodiment of the
present invention. FIG. 13 is a conceptual view of the VOC treatment system in accordance with the tenth embodiment
of the present invention. FIG. 14 is a conceptual view of the VOC treatment system in accordance with the eleventh
embodiment of the present invention.
[0131] Before a VOC treatment system 1 in accordance with an embodiment of the present invention is described in
detail, a ship S having the VOC treatment system 1 in accordance with the embodiment of the present invention will be
first described with reference to FIG. 9.
[0132] Referring to FIG. 9, the ship S having the VOC treatment system 1 in accordance with the embodiment of the
present invention includes an oil storage tank OT, a VOC storage tank 15, a gas fuel storage tank GT, a VOC treatment
unit 10, a source ME, GE, and DE of demand, and a seawater pump 40.
[0133] The oil storage tank OT may be provided in the ship S, and a plurality of oil storage tanks OT may be disposed
in a length direction in a hull. Oil such as crude oil, which is store in the oil storage tank OT, may have a liquid phase,
and be stored in a room temperature state.
[0134] However, a VOC (propane, butane, etc.) of which the boiling point is higher than room temperature is mixed
in the crude oil stored in the oil storage tank OT. The VOC is evaporated in the oil storage tank OT. The evaporated
VOC may be treated by the VOC treatment unit 10 to be transferred to the VOC storage tank 15.
[0135] The VOC storage tank 15 stores the VOC generated from the oil storage tank OT provided in the ship S. The
VOC storage tank 15 may store the VOC in a liquid state, which is discharged in the gaseous state in the oil storage
tank OT and then liquefied in the VOC liquefier 14. The VOC storage tank 15 may be heat-insulated to suppress re-
evaporation of the VOC or have the shape of a high-pressure container so as to increase the boiling point.
[0136] The VOC storage tank 15 may be provided at the outside of the ship S. In an example, the VOC storage tank
15 may be provided on the top of an upper deck. Alternatively, the VOC storage tank 15 may be provided in a place
except that in which the oil storage tank OT is disposed in the ship S. In an example, the VOC storage tank 15 may be
provided in an engine room, between the engine room and a side plating, or the like.
[0137] The VOC discharged from the oil storage tank OT and then stored in the VOC storage tank 15 may be used
as fuel of a main engine ME or a generator engine GE, which is provided in the ship S. However, since the methane
number of the VOC itself is low, efficiency may be lowered. Therefore, in the present invention, in order to improve the
operation efficiency of the main engine ME or the generator engine GE by ensuring the methane number, a separate
reformer (reformer 12) may be provided to set the methane number and then supply the VOC to the main engine ME
or the generator engine GE, or liquefied gas may be mixed with the VOD to be supplied to the main engine ME or the
generator engine GE.
[0138] The gas fuel storage tank GT stores the liquefied gas. When the ship S is a crude oil carrier having the oil
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storage tank OT as a cargo tank, the gas fuel storage tank GT is of type C, and may be mounted on the upper deck.
[0139] That is, the gas fuel storage tank GT may be a high-pressure storage container mounted on the upper deck,
be placed at the front of a cabin on the upper deck, and be provided at a portside and/or a starboard.
[0140] The liquefied gas stored in the gas fuel storage tank GT may be supplied to the VOC treatment unit 10 to be
used in cooling the VOC. Also, the liquefied gas may be mixed with the VOC of the VOC storage tank 15 to be supplied
to the main engine ME or the generator engine GE.
[0141] The VOC treatment unit 10 liquefies the VOC generated from the oil storage tank OT and transfers the liquefied
VOC to the VOC storage tank 15 or the source ME, GE, and DE of demand. When the VOC is evaporated from the
crude oil of the oil storage tank OT, the VOC increases the pressure of the oil storage tank OT, which may be problematic.
Therefore, the VOC may be discharged to the outside for the purpose of the durability of the oil storage tank OT.
[0142] To this end, a VOC discharge line 13 is provided in the oil storage tank OT. The VOC discharge line 13 is
connected to the VOC treatment unit 10. The VOC treatment unit 10 may cool the VOC in a gaseous state, which is
transferred thereto, and the cooled VOC may be liquefied such that the volume of the VOC is remarkably reduced.
[0143] Embodiments of a configuration of the VOC treatment unit 10 will be described in detail later with reference to
FIGS. 10 to 14.
[0144] The source ME, GE, and DE of demand may consume the liquefied gas, evaporation gas, or the VOC, and
include the main engine ME, the generator engine GE, and the other source DE of demand.
[0145] The main engine ME generates power required to propel the ship S, and may be, for example, a low-speed
two-stroke low-pressure gas injection engine (X-DF) having a required pressure of 10 to 50 bar (e.g., about 16 bar).
[0146] The generator engine GE generates electric power necessary for the ship S, and may be, for example, a dual
fuel engine (DFDE) having a required pressure of 1 to 10 bar (e.g., about 6 bar).
[0147] The other source DE of demand consumes a gaseous component of the VOC, and may be, for example, a
boiler or a gas combustion unit. The gaseous component may be discharged in the air, or be stored in an arbitrary
storage medium in a state in which the gaseous component is compressed. However, hereinafter, the other source DE
of demand may be substituted for the main engine ME, the generator engine GE, or the like.
[0148] The seawater pump 40 may supply seawater to the VOC treatment unit 10 such that the seawater can cool
the VOC. The seawater pump 40 may apply a certain pressure to the seawater so as to compensate for a height head
which may occur due to a difference in height between the VOC treatment unit 10 and the seawater pump 40 when the
VOC treatment unit 10 is disposed on the upper deck.
[0149] FIG. 10 is a conceptual view of the VOC treatment system in accordance with the seventh embodiment of the
present invention.
[0150] Referring to FIG. 10, the VOC treatment system 1 in accordance with the seventh embodiment of the present
invention includes a first VOC compressor 11a, a second VOC compressor 11b, a first heat exchanger 16a, a second
heat exchanger 16B, a gas-liquid separator 17, and the like, which correspond to the VOC treatment unit 10, and further
includes a gas fuel treatment unit 10 and a control unit 30.
[0151] Before individual components of the VOC treatment system 1 in accordance with the seventh embodiment of
the present invention are described, basic flow paths organically connecting the individual components will be described.
The flow path may be a line as a path through which fluid flows. However, the present invention is not limited thereto,
and any flow path is available as long as it is a component through which fluid flows.
[0152] The VOC treatment system 1 in accordance with the seventh embodiment of the present invention may further
include a first VOC discharge line 13a and a second VOC discharge line 13b.
[0153] A valve (not shown) capable of regulating an opening may be installed in each line, and the supply amount of
evaporation gas or liquefied gas may be controlled according to the opening regulation of each valve.
[0154] The first VOC discharge line 13a may be connected to the VOC discharge line 13 connected from the oil storage
tank OT to connect the gas-liquid separator 17. The first VOC discharge line 13a may be formed in parallel to the second
VOC discharge line 13b, and have the first VOC compressor 11a and the first heat exchanger 16a.
[0155] The second VOC discharge line 13b may be connected to the VOC discharge line 13 connected from the oil
storage tank OT to connect the gas-liquid separator 17. The second VOC discharge line 13b may be formed in parallel
to the first VOC discharge line 13a, and have the second VOC compressor 11b and the second heat exchanger 16b.
[0156] A three-way valve (not shown) may be disposed at a position at which the first and second VOC discharge
lines 13a and 13b branch off from the VOC discharge line 13, and where the VOC is to be supplied to the first VOC
discharge line 13a or the second VOC discharge line 13b may be controlled according to opening control of the three-
way valve.
[0157] Hereinafter, individual components which are organically formed by each of the described-above lines 13a and
13b to implement the VOC treatment system 1 will be described.
[0158] The first VOC compressor 11a may compress the VOC generated from the oil storage tank OT provided in the
ship S, and be disposed in parallel to the second VOC compressor 11b. The first VOC compressor 11a may have a
treatment capacity greater than that of the second VOC compressor 11b, and be operated at a time at which crude oil
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is loaded into the oil storage tank OT.
[0159] Specifically, the first VOC compressor 11a may be provided at an upstream of the first heat exchanger 16a on
the first VOC discharge line 13a, to be supplied with and compress the VOC generated from the oil storage tank OT
and then supply the compressed VOC to the first heat exchanger 16a.
[0160] The second VOC compressor 11b may compress the VOC generated from the oil storage tank OT provided
in the ship S, and be disposed in parallel to the first VOC compressor 11a. The second VOC compressor 11b may have
a treatment capacity smaller than that of the first VOC compressor 11a, and be operated at a time at which the crude
oil is transferred after the crude oil is completely loaded into the oil storage tank OT.
[0161] Specifically, the second VOC compressor 11b may be provided at an upstream of the second heat exchanger
16b on the second VOC discharge line 13b, to be supplied with and compress the VOC generated from the oil storage
tank OT and then supply the compressed VOC to the second heat exchanger 16b.
[0162] The first heat exchanger 16a cools the VOC compressed by the first VOC compressor 11a through seawater
supplied from the seawater pump 40. The first heat exchanger 16a may supply a large amount of cold heat as compared
with the second heat exchanger 16b, and be operated at a time at which the crude oil is loaded into the oil storage tank OT.
[0163] The first heat exchanger 16a may heat-exchange the VOC compressed from the first VOC compressor 11a
and the seawater with each other, and supply the heat-exchanged VOC to the gas-liquid separator 17. The heat-
exchanged seawater may be discharged to sea Sea.
[0164] The second heat exchanger 16b cools the VOC compressed by the second VOC compressor 11b through
liquefied gas or evaporation gas, supplied from the gas fuel storage tank GT. The second heat exchanger 16b may
supply a small amount of cold heat as compared with the first heat exchanger 16a, and be operated at a time at which
the crude oil is transferred after the crude oil is completely loaded into the oil storage tank OT.
[0165] The second heat exchanger 16b may heat-exchange the VOC compressed from the second VOC compressor
11b and the liquefied gas or evaporation gas with each other, and supply the heat-exchanged VOC to the gas-liquid
separator 17. The heat-exchanged liquefied gas or evaporation gas may be supplied to the gas fuel treatment unit 20
to be used as fuel of the main engine ME or the generator engine GE.
[0166] The gas-liquid separator 17 may be supplied with the VOC which is cooled from the first and second heat
exchangers 16a and 16b such as at least a portion of the VOC is reliquefied, to separate the VOC into a gas phase and
a liquid phase.
[0167] The gas-liquid separator 17 may supply the separated VOC in the gas phase to the other source DE of demand,
and supply the separated VOC in the liquid phase to the VOC storage tank 15.
[0168] The gas fuel treatment unit 20 may be supplied with the VOC stored in the VOC storage tank 15 and the liquefied
gas or evaporation gas heat-exchanged with the VOC in the second heat exchanger 16b, to be treated as fuel available
in the main engine ME or the generator engine GE.
[0169] To this end, the gas fuel treatment unit 20 may include a gas fuel pump 21, a gas fuel evaporator 22, and the
like, which treat the liquefied gas or evaporation gas.
[0170] The gas fuel pump 21 may be supplied with the liquefied gas heat-exchanged from the second heat exchanger
16b to compress the liquefied gas to be suitable for a pressure which the main engine ME or the generator engine GE
require. When gas heat-exchanged from the second heat exchanger 16b is the evaporation gas, the evaporation gas
may be compressed by an evaporation gas compressor (not shown) separately provided to be suitable for the pressure
which the main engine ME or the generator engine GE require.
[0171] The gas fuel evaporator 22 may evaporate the liquefied gas supplied from the gas fuel pump 21, and heat the
liquefied gas to be suitable for a temperature which the main engine ME or the generator engine GE require.
[0172] The gas fuel treatment unit 20 may further include a VOC compressor 11 and a reformer 12, which are some
components of the VOC treatment unit 10.
[0173] The VOC compressor 11 may be supplied with the VOC from the VOC storage tank 15 to compress the VOC
at a required pressure of the main engine ME or the generator engine GE. In an example, the VOC compressor 11 may
compress the VOC at about 10 to 50 bar.
[0174] The VOC compressor 11 may be provided in multiple stages, and a middle cooler may be provided between
the VOC compressors 11 provided in the multiple stages. Also, the VOC compressors 11 may be provided in parallel
to back up each other.
[0175] The reformer 12 may reform the compressed VOC and supply the reformed to the main engine ME or the
generator engine GE. The reformer 12 may chemically treat the VOC including propane, butane, etc., thereby performing
methanation. Chemical reaction caused by the reformer 12 has already been known in the art, and therefore, a detailed
description will be omitted.
[0176] Also, a mixer 27 may be additionally installed in the gas fuel treatment unit 20. The mixer 27 may branch off
at a downstream of the reformer 12 and branch off at a downstream of the evaporator. The mixer 27 may mix the VOC
reformed by the reformer 12 with the liquefied gas evaporated by the evaporator or the evaporation gas compressed by
the evaporation compressor and then supply the mixture to the main engine ME or the generator engine GE.
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[0177] The control unit 30 may control the first and second VOC compressors 11a and 11b and the first and second
heat exchangers 16a and 16b to be operated or not to be operated according to whether the crude oil is to be loaded
into the oil storage tank OT or whether the crude oil is to be transferred after the crude oil is loaded.
[0178] The control unit 30 may be connected by wire or wireless to the first and second VOC compressors 11a and
11b and the first and second heat exchangers 16a and 16b to control the first and second VOC compressors 11a and
11b and the first and second heat exchangers 16a and 16b. The control unit 30 may be connected by wire or wireless
to the three-way valve formed at the position at which the first and the second VOC discharge lines 13a and 13b branch
off from the VOC discharge line 13, to control the three-way valve.
[0179] Specifically, when the crude oil is loaded into the oil storage tank OT, the control unit 30 may control the three-
way valve such that a large amount of VOC generate in the oil storage tank is supplied from the VOC discharge line 13
to the first VOC discharge line 13a, and control at least a portion of the VOC to be reliquefied by compressing the large
amount of VOC through the first VOC compressor 11a and then cooling the VOC through heat exchange with seawater
in the first heat exchanger 16a.
[0180] Also, when the crude oil is transferred after the crude oil is loaded into the oil storage tank OT, the control unit
30 may control the three-way valve such that a small amount of VOC generated in the oil storage tank OT is supplied
from the VOC discharge line 13 to the second VOC discharge line 13b, and control at least a portion of the VOC to be
reliquefied by compressing the small amount of VOC through the second VOC compressor 11b and then cooling the
VOC through heat exchange with the liequfied gas or evaporation gas in the second heat exchanger 16b. The VOC of
which at least a portion is reliquefied may be supplied to the gas-liquid separator 17.
[0181] Driving according to organic coupling of the components of the VOC treatment system 1 in accordance with
the seventh embodiment of the present invention will be described below with reference to FIGS. (a) and (b) of FIG. 10.
[0182] (a) of FIG. 10 is a flowchart of the VOC in the VOC treatment system in accordance with the seventh embodiment
of the present invention when the crude oil is loaded into the oil storage tank, and (b) of FIG. 10 is a flowchart of the
VOC in the VOC treatment system in accordance with the seventh embodiment of the present invention when the crude
oil is transferred after the crude oil is loaded into the oil storage tank.
[0183] In a period in which the crude oil is loaded in the oil storage tank OT, a larger amount of VOC is generated
than that of VOC generated in a process of transferring the crude oil after the crude oil is completely loaded into the oil
storage tank OT. Therefore, a compressor and a heat exchanger (cooling unit), which can treat a large amount of VOC,
are required.
[0184] On the contrary, in a period in which the crude oil is transferred after the crude oil is completely loaded in the
oil storage tank OT, a considerably smaller amount of VOC is generated than that of VOC generated in a process of
loading the crude oil into the oil storage tank OT. Therefore, a compressor and a heat exchanger (cooling unit), which
can treat a small amount of VOC, are required.
[0185] However, the period in which the crude oil is transferred after the crude oil is completely loaded in the oil storage
tank OT is maintained longer than that in which the crude oil is loaded in the oil storage tank OT. Therefore, when only
a compressor and a heat exchanger, which can treat the VOC generated in the period in which the crude oil is loaded
in the oil storage tank OT are provided, waste of energy may become considerably serious, driving of the compressor
may be inefficiently performed, and driving energy of the heat exchanger may be wasted.
[0186] Accordingly, in the present invention, the VOC compressor 11 for compressing the VOC and the heat exchanger
16 for cooling the VOC are divided for each treatment capacity, and kinds of compressors and heat exchangers, which
are driven according to an amount of VOC generated, are differentiated, so that loss of power consumed can be prevented
and optimized energy can be consumed.
[0187] That is, in the embodiment of the present invention, the first VOC compressor 11a and the first heat exchanger
16a using seawater having a large amount of cold heat are driven in the period in which the crude oil is loaded into the
oil storage tank OT, and the second VOC compressor 11b and the second heat exchanger 16b using liquefied gas or
evaporation gas having a small amount of cold heat are driven in the period in which the crude oil is transferred after
the crude oil is completely loaded into the oil storage tank OT, so that loss of power consumed can be prevented and
optimized energy can be consumed.
[0188] Specifically, the flow of a solid line in (a) of FIG. 10 will be described. A large amount of VOC is generated in
the oil storage tank OT when the crude oil is loaded into the oil storage tank OT. The oil storage tank OT supplies the
VOC to the first VOC discharge line 13a through the VOC discharge line 13.
[0189] The VOC supplied to the first VOC discharge line 13a is supplied to the first VOC compressor 11a to be
compressed, and then supplied to the first heat exchanger 16a to be supplied with cold heat from the seawater, so that
at least a portion of the VOC is reliquefied.
[0190] The VOC of which at least a portion is reliquefied is supplied to the gas-liquid separator 17 to be separated
into a gas phase and a liquid phase. The VOC in the gas phase is supplied and consumed in the other source DE of
demand, and the VOC in the liquid phase is supplied and stored in the VOC storage tank 15.
[0191] The seawater heat-exchanged with the VOC may be again discharged to the sea Sea.
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[0192] As described above, the large amount of VOC generated when the crude oil is loaded into the oil storage tank
OT can be treated through the first VOC compressor 11a and the first heat exchanger 16a, and thus the stability of the
system can be improved.
[0193] The flow of a solid line in (b) of FIG. 10 will be described. A small amount of VOC is generated in the oil storage
tank OT when the crude oil is transferred after the crude oil is loaded into the oil storage tank OT. The oil storage tank
OT supplies the VOC to the second VOC discharge line 13b through the VOC discharge line 13.
[0194] The VOC supplied to the second VOC discharge line 13b is supplied to the second VOC compressor 11b to
be compressed, and then supplied to the second heat exchanger 16 to be supplied with cold heat from seawater, so
that at least a portion of the VOC is reliquefied.
[0195] The VOC of which at least a portion is reliquefied is supplied to the gas-liquid separator 17 to be separated
into a gas phase and a liquid phase. The VOC in the gas phase is supplied and consumed in the other source DE of
demand, and the VOC in the liquid phase is supplied and stored in the VOC storage tank 15.
[0196] As described above, the small amount of VOC generated when the crude oil is transferred after the crude oil
is loaded into the oil storage tank OT can be treated through the second VOC compressor 11b and the second heat
exchanger 16b, which have a small-amount treatment ability, instead of the first VOC compressor 11a and the first heat
exchanger 16a, which have a large-amount treatment ability, so that the power consumption of the system can be
optimized and the waste of energy can be reduced.
[0197] The liquefied gas or evaporation gas, heat-exchanged with the VOC, may be supplied to the gas fuel treatment
unit 20 to be treated and then be used as fuel of the main engine ME or the generator engine GE, or be mixed with the
VOC supplied from the VOC storage tank 15 to be used as fuel of the main engine ME or the generator engine GE.
[0198] FIG. 11 is a conceptual view of the VOC treatment system in accordance with the eighth embodiment of the
present invention.
[0199] Referring to FIG. 11, the VOC treatment system 1 in accordance with the eighth embodiment of the present
invention may be provided with a gas fuel liquefier 28 in replacement of the gas fuel treatment unit 20, as compared
with the above-described seventh embodiment.
[0200] Hereinafter, in this embodiment, portions different from those of the above-described embodiment will be mainly
described, and omitted descriptions will be derived from the foregoing embodiment. It is noted that this is the same as
the following embodiments.
[0201] The gas fuel liquefier 28 may reliquefy liquefied gas or evaporation gas through a refrigerant such as nitrogen,
liquefied gas, R134a or propane. The liquefied gas refers to liquefied gas which is heated and then liquefied.
[0202] The gas fuel liquefier 28 may be supplied with evaporation gas heated or liquefied gas evaporated by being
heat-exchanged with the VOC compressed through the second heat exchanger 16b, to reliquefy the evaporation gas
or the liquefied gas through the refrigerant such as nitrogen, liquefied gas, R134a or propane.
[0203] The reliquefaction configuration and reliquefaction operation of the gas fuel liquefier 28 have already been
known in the art, and therefore, a detailed description will be omitted.
[0204] Driving according to organic coupling of the components of the VOC treatment system 1 in accordance with
the eighth embodiment of the present invention through the above-described gas fuel liquefier 28 will be described below
with reference to FIGS. (a) and (b) of FIG. 11.
[0205] (a) of FIG. 11 is a flowchart of the VOC in the VOC treatment system in accordance with the eighth embodiment
of the present invention when the crude oil is loaded into the oil storage tank, and (b) of FIG. 11 is a flowchart of the
VOC in the VOC treatment system in accordance with the eighth embodiment of the present invention when the crude
oil is transferred after the crude oil is loaded into the oil storage tank.
[0206] In the eighth embodiment of the present invention, a flow of the VOC in each of (a) and (b) of FIG. 11, i.e., a
flow of the VOC when the crude oil is loaded into the oil storage tank or when the crude oil is transferred after the crude
oil is loaded into the oil storage tank is the same as the above-described seventh embodiment, and therefore, omitted
descriptions will be derived from the foregoing embodiment.
[0207] However, the evaporation gas heated or the liquefied gas evaporated by being heat-exchanged with the VOC
compressed through the second heat exchanger 16b is supplied and consumed in the gas fuel liquefier 28, which is
different from the above-described embodiment.
[0208] Due to this difference, in the embodiment of the present invention, the evaporation gas heated or the liquefied
gas evaporated by being heat-exchanged with the VOC compressed through the second heat exchanger 16b can be
reliquefied through the gas fuel liquefier 28, so that waste of the evaporation gas or the liquefied gas can be prevented,
thereby optimizing the use efficiency of the system.
[0209] FIG. 12 is a conceptual view of the VOC treatment system in accordance with the ninth embodiment of the
present invention.
[0210] Referring to FIG. 12, in the VOC treatment system 1 in accordance with the ninth embodiment of the present
invention, the flow of the VOC is differently changed since the arrangement of the first and second VOC discharge lines
13a and 13b is different from the above-described seventh embodiment and the period in which the second heat exchanger
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16b is driven is different from the above-described seventh embodiment. Therefore, this will be mainly described.
[0211] It is noted that a third VOC discharge line 13c which is newly designated herein may be a line included in the
first and second VOC discharge lines 13a and 13b in the above-described embodiment, or a line newly designated to
easily describe differences from the first and second VOC discharge lines 13a and 13b.
[0212] The first VOC discharge line 13a may have the first VOC compressor 11a and the first heat exchanger 16a to
be connected to the second heat exchanger 16b.
[0213] The first VOC discharge line 13a may be connected to the VOC discharge line 13 connected from the oil storage
tank OT, and be supplied with the VOC through the VOC discharge line 13 when the crude oil is loaded into the oil
storage tank OT, so that a large amount of VOC flows.
[0214] The second VOC discharge line 13b may have the second VOC compressor 11b to be connected to the second
heat exchanger 16b.
[0215] The second VOC discharge line 13b may be connected to the VOC discharge line 13 connected from the oil
storage tank OT, and be supplied with the VOC through the VOC discharge line 13 when the crude oil is transferred
after the crude oil is loaded into the oil storage tank OT, so that a small amount of VOC flows.
[0216] The third VOC discharge line 13c may connect the second heat exchanger 16b and the gas-liquid separator
17, and supply, to the gas-liquid separator 17, the VOC of which at least a portion is reliquefied by being heat-exchanged
in the second heat exchanger 16b.
[0217] In an embodiment of the present invention, the second heat exchanger 16b may be operated both when the
crude oil is loaded into the oil storage tank OT and when the crude oil is transferred after the crude oil is loaded into the
oil storage tank OT.
[0218] As described above, in the ninth embodiment of the present invention, the second heat exchanger 16b can be
additionally used to cool a large number of VOC when the crude oil is loaded into the oil storage tank OT, and thus a
cooling medium can be sufficiently supplied. Accordingly, the reliability of reliquefaction can be improved, and the first
heat exchanger 16a can be backed up.
[0219] Although it is difficult to completely back up the first heat exchanger 16a due to a limitation of treatment capacity,
the first heat exchanger 16a can be sufficiently backed up during a maintenance and repair period of the first heat
exchanger 16a.
[0220] Driving according to organic coupling of the components of the VOC treatment system 1 in accordance with
the ninth embodiment of the present invention through the above-described first to third VOC discharge lines 13a, 13b,
and 13c will be described below with reference to FIGS. (a) and (b) of FIG. 12.
[0221] (a) of FIG. 12 is a flowchart of the VOC in the VOC treatment system in accordance with the ninth embodiment
of the present invention when the crude oil is loaded into the oil storage tank, and (b) of FIG. 12 is a flowchart of the
VOC in the VOC treatment system in accordance with the ninth embodiment of the present invention when the crude
oil is transferred after the crude oil is loaded into the oil storage tank.
[0222] The flow of a solid line in (a) of FIG. 12 will be described. A large amount of VOC is generated in the oil storage
tank OT when the crude oil is loaded into the oil storage tank OT. The oil storage tank OT supplies the VOC to the first
VOC discharge line 13a through the VOC discharge line 13.
[0223] The VOC supplied to the first VOC discharge line 13a is supplied to the first VOC compressor 11a to be
compressed and then supplied to the first heat exchanger 16a to be supplied with cold heat from seawater, so that at
least a portion of the VOC is reliquefied.
[0224] The VOC of which at least a portion is reliquefied may be additionally supplied to the second heat exchanger
16b to be additionally cooled. Accordingly, the VOC may be completely reliquefied.
[0225] The VOC reliquefied in the second heat exchanger 16b is supplied to the gas-liquid separator 17 through the
third VOC discharge line 13c to be separated into a gas phase and a liquid phase. The VOC in the gas phase is supplied
and consumed in the other source DE of demand, and the VOC in the liquid phase is supplied and stored in the VOC
storage tank 15.
[0226] The seawater heat-exchanged with the VOC may be again discharged to the sea Sea.
[0227] As described above, the large amount of VOC generated when the crude oil is loaded into the oil storage tank
OT can be treated in quantity through the first VOC compressor 11a and the first heat exchanger 16a, and thus the
stability of the system can be improved. Further, the large amount of VOC can be additionally cooled through the second
heat exchanger 16b. Thus, the reliquefaction performance of the VOC can be maximized, and the reliability of relique-
faction can be improved.
[0228] The flow of a solid line in (b) of FIG. 12 will be described. A small amount of VOC is generated in the oil storage
tank OT when the crude oil is transferred after the crude oil is loaded into the oil storage tank OT. The oil storage tank
OT supplies the VOC to the second VOC discharge line 13b through the VOC discharge line 13.
[0229] The VOC supplied to the second VOC discharge line 13b is supplied to the second VOC compressor 11b to
be compressed, and then supplied to the second heat exchanger 16b to be supplied with cold heat from seawater, so
that at least a portion of the VOC is reliquefied.
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[0230] The VOC of which at least a portion is reliquefied is supplied to the gas-liquid separator 17 through the third
VOC discharge line 13c to be separated into a gas phase and a liquid phase. The VOC in the gas phase is supplied
and consumed in the other source DE of demand, and the VOC in the liquid phase is supplied and stored in the VOC
storage tank 15.
[0231] As described above, the small amount of VOC generated when the crude oil is transferred after the crude oil
is loaded into the oil storage tank OT can be treated through the second VOC compressor 11b and the second heat
exchanger 16b, which have a small-amount treatment ability. Thus, the power consumption of the system can be opti-
mized, and the waste of energy can be reduced.
[0232] The liquefied gas or evaporation gas, heat-exchanged with the VOC, may be supplied to the gas fuel treatment
unit 20 to be treated and then be used as fuel of the main engine ME or the generator engine GE, or be mixed with the
VOC supplied from the VOC storage tank 15 to be used as fuel of the main engine ME or the generator engine GE.
[0233] FIG. 13 is a conceptual view of the VOC treatment system in accordance with the tenth embodiment of the
present invention.
[0234] Referring to FIG. 13, the VOC treatment system 1 in accordance with the tenth embodiment of the present
invention may be provided with the gas fuel liquefier 28 in replacement of the gas fuel treatment unit 20, as compared
with the above-described ninth embodiment.
[0235] However, since such a difference is the same as that of the above-described eighth embodiment from the
above-described seventh embodiment, the configuration and effect caused thereby in this embodiment is sufficiently
understandable through the eighth embodiment, and therefore, descriptions of this embodiment will be omitted.
[0236] FIG. 14 is a conceptual view of the VOC treatment system in accordance with the eleventh embodiment of the
present invention.
[0237] Referring to FIG. 14, the VOC treatment system 1 in accordance with the eleventh embodiment of the present
invention is different from the above-described ninth and tenth embodiments, in that a gas-liquid separator (first gas-
liquid separator 17a) is additionally provided, and therefore, this will be mainly described.
[0238] The first VOC discharge line 13a may have the first VOC compressor 11a, the first heat exchanger 16a, and
the first gas-liquid separator 17a, and be connected to the second heat exchanger 16b.
[0239] The first VOC discharge line 13a may be connected to the VOC discharge line 13 connected from the oil storage
tank OT, and be supplied with the VOC through the VOC discharge line 13 when the crude oil is loaded into the oil
storage tank OT, so that a large amount of VOC flows.
[0240] The first gas-liquid separator 17a may be provided on the first VOC discharge line 13a to temporarily store the
VOC of which at least a portion is reliquefied. Also, the first gas-liquid separator 17a may separate the VOC of which at
least a portion is reliquefied into a gas phase and a liquid phase. The VOC in the gas phase may be again supplied to
the second heat exchanger 16b, and the VOC in the liquid phase may be supplied to the VOC storage tank 15.
[0241] The first gas-liquid separator 17a may be used when the crude oil is loaded into the oil storage tank OT, and
temporarily store a large amount of VOC as described above, to serve as a flow buffer.
[0242] A second gas-liquid separator 17b is the same as the gas-liquid separator 17 described in the above-described
embodiment, and therefore, a detailed description will be omitted.
[0243] As described above, in the eleventh embodiment of the present invention, the first gas-liquid separator 17a is
additionally provided to reliquefy a large amount of VOC when the crude oil is loaded into the oil storage tank OT. Thus,
the first gas-liquid separator 17a can serve as a flow buffer required to treat a large amount of VOC, so that the reliability
of treatment of the VOC can be improved.
[0244] Driving according to organic coupling of the components of the VOC treatment system 1 in accordance with
the eleventh embodiment of the present invention through the above-described configuration will be described below
with reference to FIGS. (a) and (b) of FIG. 14.
[0245] (a) of FIG. 14 is a flowchart of the VOC in the VOC treatment system in accordance with the eleventh embodiment
of the present invention when the crude oil is loaded into the oil storage tank, and (b) of FIG. 14 is a flowchart of the
VOC in the VOC treatment system in accordance with the eleventh embodiment of the present invention when the crude
oil is transferred after the crude oil is loaded into the oil storage tank.
[0246] The flow of a solid line in (a) of FIG. 14 will be described. A large amount of VOC is generated in the oil storage
tank OT when the crude oil is loaded into the oil storage tank OT. The oil storage tank OT supplies the VOC to the first
VOC discharge line 13a through the VOC discharge line 13.
[0247] The VOC supplied to the first VOC discharge line 13a is supplied to the first VOC compressor 11a to be
compressed and then supplied to the first heat exchanger 16a to be supplied with cold heat from seawater, so that at
least a portion of the VOC is reliquefied.
[0248] The VOC of which at least a portion is reliquefied may be supplied to the first gas-liquid separator 17a to be
temporarily stored. The VOC of which at least a portion is reliquefied may be separated into a gas phase and a liquid phase.
[0249] The VOC in the liquid phase, which is separated from the first gas-liquid separator 17a, may be supplied to the
VOC storage tank 15, and the VOC in the gas phase, which is separated from the first gas-liquid separator 17a, may
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be supplied to the second heat exchanger 16b to be additionally cooled and then reliquefied.
[0250] The VOC reliquefied in the second heat exchanger 16b is supplied to the second gas-liquid separator 17b
through the third VOC discharge line 13c to be again separated into a gas phase and a liquid phase. The VOC in the
gas phase is supplied and consumed in the other source DE of demand, and the VOC in the liquid phase is supplied
and stored in the VOC storage tank 15.
[0251] The seawater heat-exchanged with the VOC may be again discharged to the sea Sea. The liquefied gas or
evaporation gas, heat-exchanged with the VOC, may be supplied to the gas fuel treatment unit 20 to be used as fuel of
the main engine ME or the generator engine GE.
[0252] As described above, the large amount of VOC generated when the crude oil is loaded into the oil storage tank
OT can be treated in quantity through the first VOC compressor 11a and the first heat exchanger 16a, and simultaneously,
a certain amount of VOC can be temporarily stored through the first gas-liquid separator 17a, so that an overload of
each driving unit can be prevented. Further, the stability of the system can be improved. Additionally, the VOC can be
cooled through the second heat exchanger 16b. Thus, the reliquefaction performance of the VOC can be maximized,
and the reliability of reliquefaction can be improved.
[0253] The flow of a solid line in (b) of FIG. 14 will be described. A small amount of VOC is generated in the oil storage
tank OT when the crude oil is transferred after the crude oil is loaded into the oil storage tank OT. The oil storage tank
OT supplies the VOC to the second VOC discharge line 13b through the VOC discharge line 13.
[0254] The VOC supplied to the second VOC discharge line 13b is supplied to the second VOC compressor 11b to
be compressed, and then supplied to the second heat exchanger 16b to be supplied with cold heat from seawater, so
that at least a portion of the VOC is reliquefied.
[0255] The VOC of which at least a portion is reliquefied is supplied to the second gas-liquid separator 17b through
the third VOC discharge line 13c to be separated into a gas phase and a liquid phase. The VOC in the gas phase is
supplied and consumed in the other source DE of demand, and the VOC in the liquid phase is supplied and stored in
the VOC storage tank 15.
[0256] As described above, the small amount of VOC generated when the crude oil is transferred after the crude oil
is loaded into the oil storage tank OT can be treated through only the second VOC compressor 11b and the second heat
exchanger 16b, which have a small-amount treatment ability. Thus, the power consumption of the system can be opti-
mized, and the waste of energy can be reduced.
[0257] The liquefied gas or evaporation gas, heat-exchanged with the VOC, may be supplied to the gas fuel treatment
unit 20 to be treated and then be used as fuel of the main engine ME or the generator engine GE, or be mixed with the
VOC supplied from the VOC storage tank 15 to be used as fuel of the main engine ME or the generator engine GE.
[0258] As described above, in the VOC treatment system 1 and the ship S in accordance with the present invention,
the configuration for treating the VOC according to a period in which the VOC is generated is changed, so that the
treatment efficient of the VOC and the consumption efficiency of energy can be maximized.
[0259] FIG. 15 is a conceptual view of a VOC treatment system in accordance with a twelfth embodiment of the present
invention.
[0260] Referring to FIG. 15, the VOC treatment system 1 in accordance with the twelfth embodiment of the present
invention includes an oil storage tank OT, a gas fuel tank GT, a VOC treatment unit 10, and a gas fuel treatment unit
20. Hereinafter, in this embodiment, portions different from those of the above-described embodiment will be mainly
described.
[0261] The VOC treatment unit 10 treats VOC generated in the oil storage tank in which oil such as crude oil is stored
and supply the treated VOC to the main engine ME or the generator engine GE. To this end, the VOC treatment unit 10
includes a VOC compressor 11, a gas-liquid separator 17, and the like.
[0262] The VOC compressor 11 compresses the VOC. The VOC compressor 11 may compress the VOC to be suitable
for a pressure required in the engine ME, GE, and DE, etc. The pressure of the VOC output from the VOC compressor
11 may be 10 bar to 600 bar according to kinds of the engine ME, GE, and DE.
[0263] The VOC compressor 11 may be a variable compressor, and a compression ratio may vary according to a load
of the engine ME, GE, and DE. That is, the load of the engine ME, GE, and DE may be differently determined according
to a speed at which the ship S is to speed up, and therefore, the VOC compressor 11 may regulate the pressure of the
VOC by considering a required speed.
[0264] Alternatively, in an example, when the main engine ME is an XDF, a required pressure of the main engine ME
may be about 18 bar, a required pressure of the generator engine GE may be 10 bar, and a required pressure of a boiler
or the like as the other source DE of demand. Therefore, the VOC compressor 11 may regulate the pressure of the
VOC, corresponding to the required pressure of the engine ME, GE, and DE, etc.
[0265] Unlike the drawing, in the case of a system in which a mixer 27 is respectively provided at an upstream of the
main engine ME and an upstream of the generator engine GE such that the main engine ME, the generator engine GE,
and the like are basically operated with gas fuel, and the supply of a mixture of the VOC to each engine ME, GE or DE
is on/off, the compression ratio of the VOC compressor 11 may be changed according to whether the engine ME, GE,
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and DE to which the VOC is transferred is the main engine ME or the generator engine GE.
[0266] Unlike as described above, the VOC compressor 11 may be a fixed compressor. The VOC compressor 11 may
compress the VOC at a pressure (e.g., 7 to 10 bar) lower than the required pressure (e.g., 18 bar) of the main engine ME.
[0267] Referring to a real sailing example, since the main engine ME was not operated with a maximum load, fuel
was compressed and consumed at a pressure which did not reach a maximum required pressure. Nevertheless, there
was no problem in satisfying Maximum Continuous Rating (MCR).
[0268] Therefore, in the present invention, based on data of the real sailing example, the VOC is compressed and
supplied to be suitable for the required pressure of the generator engine GE, which is lower than that of the main engine
ME, so that sailing is not interrupted while saving power.
[0269] The gas-liquid separator 17 separates the VOC into a gas phase and a liquid phase. Although the VOC is
generally volatilized in the oil storage tank OT to be discharged in the gas phase, VOC in the liquid phase may be mixed
with the VOC in the gas phase since a phase change occurs due to an increase in pressure as the VOC is compressed
in the VOC compressor 11. Therefore, the gas-liquid separator 17 filters the VOC in the liquid phase, which is included
in the VOC, and supplies only the VOC in the gas phase to the engine ME, GE, and DE, etc., so that the efficiency of
the engine ME, GE, and DE can be ensured.
[0270] For reference, liquid may be mixed with the VOC at an upstream of the VOC compressor 11. However, a knock-
out drum may be disposed at a front end of the VOC compressor 11 such that the VOC in the liquid phase is separated
from the VOC. Thus, only the VOC in the gas phase can be introduced to the VOC compressor 11.
[0271] However, when oil is loaded into the oil storage tank OT, the ship S is not propelled, and hence the main engine
ME for propulsion is not operated. Therefore, the VOC in the gas phase, which is separated from the gas-liquid separator
17, may return to the oil storage tank OT, etc., like the VOC in the liquid phase, which will be described later.
[0272] A VOC discharge line 13 may be connected from the oil storage tank OT to the gas-liquid separator 17. The
VOC discharge line 13 may permit and control the flow of the VOC, based on the internal pressure of the oil storage
tank OT, etc.
[0273] A VOC return line 171 may be provided in the gas-liquid separator 17. The VOC return line 171 may return the
VOC in the liquid phase, which is separated from the gas-liquid separator 17, to the oil storage tank OT. The VOC
compressor 11 may compress the VOC at, for example, 10 bar. The VOC in the liquid phase (LVOC) may be generated
to become about 6% in the gas-liquid separator 17.
[0274] The VOC return line 17 may extend to an upper end and/or a lower end at the inside of the oil storage tank
OT. The pressure of VOC compressed by the VOC compressor 11 is lowered while the VOC is introduced to an internal
space of the oil storage tank OT, so that the VOC can be cooled by the Joule-Thomson effect.
[0275] Thus, the internal temperature of the oil storage tank OT may be slightly lowered due to return of the LVOC,
and accordingly, generation of the VOC can be suppressed. However, it is necessary for the oil storage tank OT to
prevent viscosity from being increased. When considering a route temperature (30 °C or more in the case of an equator
route) of the ship S storing oil, an amount (a maximum of 98%) of oil filled in the oil storage tank OT, etc., separate
heating is not required in spite of the return of the LVOC.
[0276] A CO2 adsorber 133 may be provided at the upstream of the VOC compressor 11 on the VOC discharge line
13. The CO2 adsorber 133 removes CO2 from the VOC and transfer the VOC having the CO2 removed therefrom to
the mixer 27 which will be described later. That is, the VOC compressor 11 may compress the VOC from which the CO2
is removed by the CO2 adsorber 133.
[0277] The VOC is a component volatilized from oil such as crude oil, and the main component of the VOC is heavy
carbon (heavier hydrocarbon) such as propane or butane as described above. However, in the present invention, the
VOC is supplied together with gas fuel such as LNG to the engine ME, GE, and DE. Since the efficiency of the engine
ME, GE, and DE driven with gas fuel is regulated by a methane number, the operation efficiency of the engine ME, GE,
and DE may be deteriorated when a large amount of VOC having a low methane number is introduced.
[0278] In addition, the VOC is heat-exchanged and/or mixed with gas fuel to be supplied to the engine ME, GE, and
DE. In this case, low-temperature corrosion may occur due to CO2 included in the VOC.
[0279] Thus, in the present invention, CO2 is adsorbed and removed from the VOC before compression, so that the
methane number of the VOC mixed with the gas fuel can be slightly increased. Further, the low-temperature corrosion
in the heat exchanger 16 or the mixer 27 can be solved.
[0280] The CO2 adsorber 133 can remove CO2 from the VOC by using various methods currently known in the art,
and therefore, a detailed configuration of the CO2 adsorber 133 is not particularly limited. Also, it will be apparent that
the CO2 adsorber 133 may be a component for removing CO2 by using a method except adsorption in spite of its
terminological expression.
[0281] The gas fuel treatment unit 20 supplies gas fuel such as LNG to the engine ME, GE, and DE. In the present
invention, the VOC may be mixed with the gas fuel to be supplied to the engine ME, GE, and DE. To this end, the gas
fuel treatment unit 20 includes the mixer 27.
[0282] The mixer 27 may mix the VOC with the gas fuel, and supply the mixture to the engine ME, GE, and DE mounted
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in the ship S. The VOC transferred to the mixer 27 may be the VOC in the gas phase (SVOC), which is separated in the
above-described gas-liquid separator 17.
[0283] The VOC in the gas phase, which is introduced to the mixer 27, is compressed by the VOC compressor 11
and then separated into a gas phase and a liquid phase. After the VOC is mixed with the gas fuel, the state of the VOC
may be regulated to have a temperature and a pressure, which are suitable for the engine ME, GE, and DE, if necessary.
Then the VOC may be supplied to the engine ME, GE, and DE, etc.
[0284] To this end, the gas fuel treatment unit 20 may include a gas fuel pump 21, a gas fuel evaporator 22, or the
like. The above components may be properly disposed at an upstream and/or a downstream of the mixer 27.
[0285] The gas fuel treatment unit 20 may include a gas fuel supply line 23 connected to the mixer 27 in the gas fuel
storage tank GT. In the present invention, when considering that the engine ME, GE, and DE is of a type in which the
engine ME, GE, and DE is basically operated with gas fuel, a line from the mixer 27 to the engine ME, GE, and DE may
be designated as the gas fuel supply line 23.
[0286] A line connected from the gas fuel storage tank GT to the mixer 27 may include an evaporation gas supply line
26 through which evaporation gas as gas fuel in a gas phase flows together with the gas fuel supply line 23 through
which gas fuel in a liquid phase flows or in replacement of the gas fuel supply line 23.
[0287] By considering that methane numbers of the gas fuel in the liquid phase and the gas fuel in the gas phase are
different from each other, the mixture ratio of the liquid phase and the gas phase in the gas fuel in addition to the mixture
ratio of the VOC may also be regulated according to a load of the engine ME, GE, and DE. Thus, the methane number
of fuel introduced to the engine ME, GE, and DE can be appropriately maintained.
[0288] As described above, in this embodiment, the SVOC after the VOC is compressed is mixed with the gas fuel to
be supplied to the engine ME, GE, and DE, and the LVOC is returned to the oil storage tank OT. Thus, discharge of the
VOC in the air can be suppressed, and the amount of the gas fuel used can be reduced.
[0289] FIG. 16 is a conceptual view of a VOC treatment system in accordance with a thirteenth embodiment of the
present invention.
[0290] Referring to FIG. 16, in the VOC treatment system 1 in accordance with a thirteenth embodiment of the present
invention, a configuration of the VOC treatment unit 10 may be different from the above-described twelfth embodiment.
[0291] In this embodiment, the VOC treatment unit 10 further included a heat exchanger 16 and a VOC storage tank
15. The heat exchanger 16 cools a VOC generated in the oil storage tank OT. A refrigerant used for the heat exchanger
16 to cool the VOC may be gas fuel, a heat medium (glycol water, seawater, clear water, etc.) used to evaporate the
gas fuel, and/or clear water for cooling, which is used in the ship S, but the present invention is not particularly limited.
However, hereinafter, in this embodiment, a case where the heat exchanger 16 cools the VOC as the gas fuel will be
limitedly described for convenience.
[0292] The heat exchanger 16 cools the VOC generated in the oil storage tank OT by heat-exchanging the VOC with
the gas fuel. To this end, the gas fuel supply line 23 may branch off from the gas fuel storage tank GT to be respectively
connected to the heat exchanger 16 and the mixer 27.
[0293] Alternatively, unlike the drawing, gas fuel in a liquid phase, which is discharged from the gas fuel storage tank
GT, may be transferred to the mixer 27 through the gas fuel supply line 23 to be mixed with the VOC, and then supplied
to the engine ME, GE, and DE. Gas fuel in a gas phase, which is evaporated in the gas fuel storage tank GT, may be
transferred to the heat exchanger 16 through the evaporation gas supply line 26 to be heat-exchanged with the VOC,
and then burned by a gas combustion unit (GCU) (not shown), etc.
[0294] That is, the gas fuel supply line 23 may be connected from the gas fuel storage tank GT to the mixer 27, and
the evaporation gas supply line 26 may be connected from the gas fuel storage tank GT to the heat exchanger 16.
[0295] The heat exchanger 16 may be provided at a downstream of the VOC compressor 11 to cool, as the gas fuel,
the VOC compressed at about 10 bar, and the temperature of the cooled VOC may be about - 20 °C. It will be apparent
that the temperature and pressure numerical values of the VOC are not limited to the above.
[0296] The gas-liquid separator 1 may be provided at a downstream of the heat exchanger 16 to separate the cooled
VOC into a gas phase and a liquid phase. After the boiling point of the VOC is increased by compression, the VOC is
cooled and then transferred to the gas-liquid separator 17. Therefore, in this embodiment, the liquefaction rate of the
VOC can be increased. The gas-liquid separator 17 may return LVOC to the oil storage tank OT and/or transfer the
LVOC to the VOC storage tank 15.
[0297] The VOC storage tank 15 stores LVOC as the VOC in the liquid phase, which is cooled in the heat exchanger
16 and then separated in the gas-liquid separator 17. It will be apparent that, in loading of oil, the VOC storage tank 16
may also store SVOC as the VOC in the gas phase, which is separated in the gas-liquid separator 17.
[0298] The oil storage tank OT may accommodate other crude oil components in addition to the VOC to be volatilized,
but the VOC storage tank 15 stores only a heavier hydrocarbon component volatilized in the oil. Hence, when the VOC
is mixed with the gas fuel by using the VOC storage tank 15, the supply to the engine ME, GE, and DE can be more
easily controlled.
[0299] A VOC storage line 151 may be connected from the gas-liquid separator 17 to the VOC storage tank 15, and
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a VOC supply line 152 may be connected from the VOC storage tank 15 to the mixer 27. The VOC storage tank 15 may
store the VOC in the liquid phase, and the VOC in the liquid phase may be naturally evaporated due to a factor such as
heat penetration from the outside.
[0300] The VOC evaporated in the VOC storage tank 15 may flow through the VOC supply line 152. The VOC in the
liquid phase may remain in the VOC storage tank 15 and then returned to the oil storage tank OT or evaporated through
a separate heating source to be transferred to the mixer 27, if necessary.
[0301] The VOC storage tank 15 may store the VOC in the liquid phase, which is overcooled in the heat exchanger
16 and then separated in the gas-liquid separator 17. Additional evaporation in the VOC storage tank 15 is suppressed,
so that an increase in internal pressure of the VOC storage tank 15 can be minimized.
[0302] In this embodiment, the gas fuel is transferred to the mixer 17 or is supplied to the heat exchanger 16. When
the amount of the gas fuel supplied to the heat exchanger 16 is decreased, the cooling of the VOC is insufficiently made,
and therefore, the amount of the SVOC supplied to the mixer 27 from the gas-liquid separator 17 or the VOC storage
tank 15 may be increased.
[0303] On the contrary, when the amount of the gas fuel supplied to the heat exchanger 16 is increased, the cooling
of the VOC is sufficiently made, and therefore, the amount of the SVOC supplied to the mixer 27 may be decreased.
[0304] That is, in this embodiment, the amount of the gas fuel supplied to the heat exchanger 16 may be used to
determine an amount of the VOC introduced to the mixer 27. Hence, the flow of the gas fuel toward the heat exchanger
16 may be controlled according to an amount of the VOC generated in the oils storage tank OT, a load of the VOC
compressor 11, a level and an internal pressure of the VOC storage tank 15, etc.
[0305] FIG. 17 is a conceptual view of a VOC treatment system in accordance with a fourteenth embodiment of the
present invention.
[0306] Referring to FIG. 17, unlike the above-described thirteenth embodiment, in this embodiment, the gas fuel heated
by the VOC in the heat exchanger 16 may be transferred to the mixer 27. To this end, the gas fuel supply line 23 is
connected to the mixer 27 via the heat exchanger 16.
[0307] The heat exchanger 16 may cool the VOC by using the gas fuel in a liquid phase. In particular, the heat
exchanger 16 may overcool the VOC by using the gas fuel and transfer the overcooled VOC to the VOC storage tank
15 which will be described later. The heat exchanger 16 may overcool the VOC to about -40 °C.
[0308] When the VOC is overcooled, hydrate may be generated due to CO2 included in the VOC. However, this may
be solved as the CO2 in the VOC is removed by the above-described CO2 adsorber 133.
[0309] In this embodiment, the gas fuel in the liquid phase may be used to perform cooling (overcooling) of the heat
exchanger 16, and the gas fuel in a gas phase, which is evaporated in the gas fuel storage tank GT, may be supplied
to the other source DE of demand such as an auxiliary boiler or IGG through the evaporation gas supply line 26.
[0310] That is, the gas fuel in the gas phase, of which temperature is slightly higher than that of the gas fuel in the
liquid phase, is not heat-exchanged with the VOC but may be consumed, and the VOC may cool only the gas fuel in
the liquid phase.
[0311] As described above, in this embodiment, the low-temperature gas fuel discharged from the gas fuel storage
tank GT can be heated through the VOC, and thus energy used in evaporation of the gas fuel can be reduced.
[0312] Also, in this embodiment, the VOC is stored as the LVOC while being cooled (overcooled). Thus, a methane
number is set by effectively regulating a mixture flow rate of the VOC, so that the operation efficiency of the engine ME,
GE, and DE can be ensured.
[0313] FIG. 18 is a conceptual view of a VOC treatment system in accordance with a fifteenth embodiment of the
present invention.
[0314] Referring to FIG. 18, in the VOC treatment system 1 in accordance with the fifteenth embodiment of the present
invention, the engine ME, GE, and DE to which the VOC is supplied may be restricted. As shown in the drawing, the
engine ME, GE, and DE supplied with the VOC and the gas fuel from the mixer 27 may be the generator engine GE,
etc., and the main engine ME provided to propel the ship S may be supplied with the gas fuel without mixture of the VOC.
[0315] When the main engine ME is XDF, a required methane number of the main engine ME may be 60 MN or more.
However, the methane number of the VOC is 20 MN or so. Therefore, when the VOC is mixed with the gas fuel, the
methane number of fuel introduced to the main engine ME is not sufficient, which may be problematic.
[0316] In the above-described embodiment, the methane number may be regulated through, the CO2 adsorber 133,
the supply of the evaporation gas as the gas fuel in the gas phase, which has a high methane number, etc. However,
when considering that the amount of the VOC supplied is not uniform, the methane number of the fuel introduced to the
main engine ME may be changed.
[0317] Therefore, in this embodiment, the main engine ME is operated with only the gas fuel without mixture of the
VOC so as to prevent the output of the main engine ME from being fluctuated since the mixture amount of the VOC is
changed due to a variable such as an amount of oil stored in the oil storage tank OT or a sailing temperature.
[0318] To this end, the gas fuel supply line 23 and/or the evaporation gas supply line 26 may branch off at an upstream
of the mixer 27 to be respectively connected to the main engine ME and the generator engine GE. That is, the main
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engine ME is not provided at a downstream of the mixer 27, but the generator engine GE, the other source DE of demand,
and the like may be disposed at the downstream of the mixer 27.
[0319] As described above, in this embodiment, the VOC is not mixed with the gas fuel transferred to the main engine
ME but supplied to only the generator engine GE and/or the other source DE of demand, so that the fluctuation of the
output of the main engine ME can be suppressed, thereby ensuring the sailing stability of the ship S.
[0320] FIG. 19 is a conceptual view of a VOC treatment system in accordance with a sixteenth embodiment of the
present invention.
[0321] Referring to FIG. 19, in the VOC treatment system 1 in accordance with the sixteenth embodiment of the present
invention, the VOC compressor 11 may be provided in multiple stages, and an intercooler 111 may be placed between
the VOC compressors 11 provided in the multiple stages.
[0322] A plurality of VOC compressors 11 may be provided to compress the VOC in multiple stages, and a pressure
of the VOC introduced to the gas-liquid separator 17 may be higher than that in the above-described embodiment. Thus,
in this embodiment, a larger amount of LVOC can be generated by increasing the boiling point of the VOC through
additional compression of the VOC.
[0323] The intercooler 11 is provided between the plurality of VOC compressors 11 to cool the VOC. A refrigerant
used for the intercooler 11 to cool the VOC is not limited, and the gas fuel may be used as the refrigerant in the intercooler
111 as described in the heat exchanger 16 of the above-described embodiment.
[0324] The gas fuel supply line 23 and/or the evaporation gas supply line 26 may be provided via the intercooler 111
from the gas fuel storage tank GT, and then connected to the mixer 27.
[0325] The intercooler 111 may cool the VOC primarily compressed by the VOC compressor 11 through the gas fuel,
etc., and return at least a portion of the cooled VOC to the VOC storage tank 15. The VOC returned to the VOC storage
tank 15 may be LVOC, and the intercooler 111 may have a structure capable of performing functions of a cooler and a
gas-liquid separator.
[0326] A VOC storage line 151 may be connected from the intercooler 111 to the VOC storage tank 15. The intercooler
111 may cool the VOC by heat-exchanging the gas fuel, etc. through the VOC, and return the VOC in a liquid phase in
the cooled VOC to the VOC storage tank 15.
[0327] As described in the above-described heat exchanger 16, the intercooler 11 returns the VOC in an overcooling
state to the VOC storage tank 15 by overcooling the VOC through the gas fuel, so that the generation of SOVC can be
suppressed.
[0328] Also, the intercooler 111 may return the LVOC, etc. as at least a portion of the cooled VOC to the oil storage
tank OT in addition to the VOC storage tank 15. To this end, a VOC return line 171 may be connected from the intercooler
111 to the oil storage tank OT.
[0329] As described above, in this embodiment, the VOC compressor 11 is provided in multiple stages, so that the
return rate of the LVOC in the gas-liquid separator 17 can be further increased. Further, the LVOC can be returned from
the intercooler 111 provided between the VOC compressors 11, and thus the return efficiency of the VOC can be
sufficiently improved even when a component for liquefying the VOC is not separately provided.
[0330] FIG. 20 is a conceptual view of a VOC treatment system in accordance with a seventeenth embodiment of the
present invention.
[0331] Referring to FIG. 20, in the VOC treatment system 1 in accordance with the seventeenth embodiment of the
present invention, the gas fuel treatment unit 20 may be provided with a gas fuel evaporator 22, and a heat exchanger
16 and the gas fuel evaporator 22 may be indirectly connected to each other.
[0332] The gas fuel evaporator 22 is provided on the gas fuel supply line 23 connected from the gas fuel storage tank
GT to the mixer 27, and heats gas fuel through a heat medium. The gas fuel evaporator 22 may heat the gas fuel in a
liquid phase (or gas phase), which is discharged from the gas fuel storage tank GT) by using various kinds of heat media
which are not limited. In an example, the heat medium may be seawater, steam, glycol water, etc.
[0333] To this end, a heat medium supply unit 221 for supplying the heat medium may be provided in the gas fuel
evaporator 22. The heat medium supply unit 221 may include components such as a line (not indicated by a reference
numeral) for circulating the heat medium, a heat medium pump (not shown) for pumping the heat medium, and a heat
medium heater (not shown).
[0334] The heat exchanger 16 for cooling the VOC compressed by the VOC compressor 11 may use the heat medium
of the gas fuel evaporator 22. That is, a heat medium circulation line has one side connected to the gas fuel evaporator
22 and the other side connected to the heat exchanger 16.
[0335] The heat medium may be cooled while the gas fuel is being heated in the gas fuel evaporator 22, and then
introduced to the heat exchanger 16, to cool the VOC. Thus, in this embodiment, the heat medium cooled by the gas
fuel can be heated by heat-exchange with the VOC, and accordingly, the heat medium heater can be omitted or minimized.
[0336] It will be apparent that the heat medium supply unit 221 may appropriately regulate a load of the heat medium
heater and/or a flow rate of the heat medium which is introduced to the heat medium heater on the heat medium circulation
line or detours the heat medium heater according to a flow rate of the heat medium supplied to the heat exchanger 16.
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[0337] As described above, in this embodiment, the heat medium used for evaporation of the gas fuel is utilized when
the VOC is cooled, so that energy saving can be implemented.
[0338] FIG. 21 is a conceptual view of a ship including a VOC treatment system in accordance with an eighteenth
embodiment of the present invention.
[0339] Referring to FIG. 21, in the VOC treatment system 1 in accordance with the eighteenth embodiment of the
present invention, a VOC treatment unit 10 includes a VOC pump 154 and a VOC injector 1572.
[0340] The VOC pump 154 compresses a VOC generated in the oil storage tank OT. A VOC discharge line 13 may
be connected from the oil storage tank OT to the VOC pump 154, and the VOC pump 154 compresses the VOC in a
gas phase or liquid phase, which is discharged along the VOC discharge line 13, at an appropriate pressure.
[0341] Alternatively, in this embodiment, a VOC compressor 11 may be used in replacement of the VOC pump 154.
That is, the VOC may be volatilized in the gas phase in the oil storage tank OT to be discharged through the VOC
discharge line 13, and therefore, all components capable of increasing the pressure of the VOC may be provided in the
VOC discharge line 13 by considering a state of the VOC.
[0342] That is, the VOC pump 154 and the VOC compressor may be provided together. In an example, a gas-liquid
separator 17 may be disposed in the VOC discharge line 13, and the VOC pump 154 and the VOC compressor 11 may
be provided in parallel at a downstream of the gas-liquid separator 17. Therefore, LVOC separated in the gas-liquid
separator 17 may be transferred to the VOC pump 154, and SVOC separated in the gas-liquid separator 17 may be
transferred to the VOC compressor 11. For reference, the VOC pump 154 described herein may be replaced with the
VOC compressor 11 or be replaced with a set of the VOC pump 154 and the VOC compressor 11.
[0343] The VOC injector 1572 returns the pressurized/compressed VOC into the oil storage tank OT. The pressure
of the pressurized VOC may be 2 to 10 bar (e.g., about 3 bar), and the VOC injector 1572 returns the pressurized VOC
into the oil storage tank OT, to implement decompression of the VOC.
[0344] In particular, the VOC injector 1572 may inject the VOC in an injection form into the oil storage tank OT, so
that the injected VOC is cooled by decompression to lower the temperature of oil in the oil storage tank OT.
[0345] That is, the VOC injector 1572 is a spray for spraying the VOC pressurized by the VOC pump 154, etc. into
the oil storage tank OT. The injected VOC may be cooled by the Joule-Thomson effect while the VOC is decompressed
as the pressure of the VOC converges on the internal pressure of the oil storage tank OT. Thus, an amount of the VOC
generated in the oil storage tank OT can be suppressed by the VOC which is returned and simultaneously cooled.
[0346] A VOC return line 157 may be connected from the VOC pump 154, etc. to the VOC injector 1572, and a VOC
return valve 1571 may be provided on the VOC return line 157. The opening of the VOC return valve 1571 may be
regulated according to a temperature and/or a pressure of the oil stored in the oil storage tank OT.
[0347] In an example, when it is determined that it is necessary to suppress the amount of the VOC generated in the
oil storage tank OT, the VOC return valve 1571 may be sufficiently opened such that the VOC is pressurized via the
VOC pump 154 and then injected into the oil storage tank OT by the VOC injector 1572.
[0348] The above-described VOC discharge line 13 may branch off at an upstream of the VOC pump 154 to be
connected to a source of demand, which is mounted in the ship S. The source of demand may be a boiler, IGG, etc.,
and the VOC discharge line 13 may transfer the VOC generated in the oil storage tank OT to the boiler, etc. without
pressurization.
[0349] To this end, the oil storage tank OT may increase the internal pressure thereof up to a required pressure of the
boiler by accumulating the VOC generated therein. That is, the VOC return valve 1571 may maintain in a state in which
the VOC return valve 1571 is not opened until the internal pressure of the oil storage tank OT reaches the required
pressure of the boiler, etc.
[0350] In an example, the oil storage tank OT may increase the internal pressure to 2 bar to 3 bar or more by accu-
mulating the VOC generated therein. It will be apparent that the internal pressure of the oil storage tank OT in which the
VOC is accumulated may be changed according to the required pressure of the boiler, etc.
[0351] As described above, in this embodiment, the VOC generated in the oil storage tank OT is pressurized and then
injected into the oil storage tank OT, so that the generation of the VOC in the oil storage tank OT can be suppressed.
[0352] In this embodiment, the VOC is supplied and consumed in the boiler, etc. through free flow without compression
by increasing the pressure of the oil storage tank OT up to about 3 bar, so that a configuration for treating the VOC can
be simplified.
[0353] FIGS. 22 to 24 are conceptual views of a ship including a VOC treatment system in accordance with a nineteenth
embodiment of the present invention. FIG. 25 is a conceptual view of the VOC treatment system in accordance with the
nineteenth embodiment of the present invention.
[0354] In FIGS. 22 to 24, a dotted line means a VOC discharge line 13, a solid line means a VOC return line 157, and
an alternated long and short dash line means a bunkering line BL. A portion indicated by a thick line means a portion at
which a flow rate exists.
[0355] In the VOC treatment system 1 in accordance with this embodiment, bunkering through the bunkering line BL
and VOC returning are simultaneously performed on a plurality of oil storage tanks OT, so that VOC discharge can be
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completely blocked. In addition, it is unnecessary to separately provide an apparatus for VOC removal. Hereinafter, this
will be described in detail.
[0356] In this embodiment, the VOC compressor 11 (it will be apparent that the VOC compressor 11 may be replaced
with the VOC pump 154) pressurizes a VOC generated when oil is loaded into the oil storage tank OT. In the above-
described embodiment, the VOC compressor 11 compresses the VOC generated from the oil storage tank OT into which
the oil has already been loaded. On the other hand, in this embodiment, VOC compression may be performed simulta-
neously with bunkering.
[0357] Specifically, as shown in FIG. 22, the VOC compressor 11 compresses a VOC generated in a first oil storage
tank OT under loading and transfers the compressed VOC to a second oil storage tank OT before loading. Hereinafter,
the terms "first" and "second" are given according to a bunkering order, but the present invention is not limited thereto.
In addition, the second oil storage tank OT may mean a third or more oil storage tank instead of the second oil storage tank.
[0358] In a conventional case, a large amount of VOC generated in bunkering was burned away or unnecessarily
consumed. However, in this embodiment, the VOC is returned, so that combustion of the VOC, or the like is unnecessary.
[0359] In this embodiment, the VOC generated in the oil storage tank OT under loading is transferred to the oil storage
tank OT empty before loading. Since the VOC is compressed by the VOC compressor 11 and then transferred to the
oil storage tank OT which is in an empty state, the VOC is supplied at a pressure higher than the internal pressure of
the oil storage tank OT. However, since the oil storage tank OT to which the VOC is introduced is empty, the VOC may
be decompressed due to volume expansion even when the VOC having a high pressure is introduced, which is not
problematic.
[0360] As shown in FIG. 23, the VOC compressor 11 compresses the VOC generated in the second oil storage tank
and returns the compressed VOC to the first oil storage tank OT, in loading of the second oil storage tank OT to which
the VOC has already been introduced.
[0361] That is, the VOC generated in the oil storage tank under loading is transferred to an empty oil storage tank OT.
When loading is performed on the oil storage tank OT to which the VOC is transferred, the VOC generated in the loading
process may be returned to an oil storage tank OT in which loading is completed to a certain level (50 to 80% as a
degree to which the VOC can be sufficiently absorbed in the oil while being returned) and/or another empty oil storage tank.
[0362] Unlike in the loading of the first oil storage tank OT, the second oil storage tank OT has already been filled with
the VOC, and the VOC is mixed in the oil while the oil is being loaded. Therefore, an amount of VOC generated in the
loading of the second oil storage tank OT may be smaller than that of VOC generated in the loading of the first oil storage
tank OT.
[0363] Therefore, the amount of VOC to be treated by the VOC compressor 11 when oil is loaded in the oil storage
tank after the second oil storage tank is changed as compared with when the oil is loaded into the oil storage tank OT
for the first time, and hence a load or a number of oil storage tanks to be operated may be reduced.
[0364] The VOC generated in the second oil storage tank OT is compressed in the VOC compressor 11, is cooled by
using the intercooler 111, the VOC liquefier 14, etc., if necessary, and is returned into the oil in the first oil storage tank OT.
[0365] That is, the VOC return line 157 connected from the VOC compressor 11 to the inside of the oil storage tank
OT may extend down to an inner lower side of the oil storage tank OT, to enable the returned VOC to be introduced into
the oil. Accordingly, the VOC is not again discharged after the VOC is returned.
[0366] However, in this embodiment, unlike the drawing, the VOC return line 157 may be extend to only an inner upper
side of the oil storage tank OT as described in the above-described embodiment shown in FIG. 21, and a VOC transfer
line (not shown) may be provided from the VOC discharge line 13 to the bunkering line BL so as to utilize the bunkering
line BL extending down to the inner lower side of the oil storage tank OT.
[0367] The VOC compressor 11 may be provided even in the VOC transfer line so as to efficiently regulate pressures,
flow rates, etc. in the VOC transfer line, the VOC discharge line 13, and the VOC return line 157. However, data of the
VOC compressor 11 in the VOC transfer line may be different from that of the VOC compressor 11 provided in the VOC
discharge line 13.
[0368] Unlike the above, the VOC transfer line may be provided to branch off from the VOC return line 157 at a
downstream of the VOC compressor 11 to which the VOC discharge line 13 is connected, to share the VOC compressor
11. However, the present invention is not limited thereto.
[0369] Since a portion of the bunkering line BL is used to return the VOC, an oil storage tank OT in which the VOC is
returned into the oil may be limited to that bunkering has been completely performed on the oil storage tank OT.
[0370] In this embodiment, a VOC generated in an oil storage tank into which the oil is lastly loaded may be divided
and returned to at least some oil storage tanks OT among the other oil storage tanks OT as shown in FIG. 24.
[0371] A VOC is filled in the last oil storage tank OT and then absorbed by oil while the oil is being loaded. A portion
of the VOC is returned/absorbed into the oil loaded into another oil storage tank OT.
[0372] When oil is loaded into a new oil storage tank OT (loading of a third oil storage tank OT) in a situation in which
a number of oil storage tanks OT in which the oil is filled to a certain level or higher, even if not loading of the last oil
storage tank, the VOC may be compressed/cooled and then distributed and returned.
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[0373] As described above, in this embodiment, any process of discharging the VOC to the outside does not exist
even when the load of all the oil storage tanks OT has been finally completed, and oil and LVOC mainly exist in the oil
storage tank OT.
[0374] In this embodiment, as shown in FIG. 25, a pressure gauge (not indicated by a reference numeral), a flowmeter
(not indicated by a reference numeral), a thermometer (not indicated by a reference numeral), and the like may be
provided in the VOC discharge line 13 and the VOC return line 157, in which the VOC compressor 11 is provided, and
various types of valves (not indicated by reference numerals) may be controlled by the sensors.
[0375] That is, in this embodiment, a VOC continuously generated in loading is pressurized by the VOC pump 154 or
the VOC compressor, cooled to an appropriate temperature, and then divided and transferred to an empty oil storage
tank on which loading has not yet been performed. The transferred VOC is injected at a low portion of an oil storage
tank into which an appropriate amount of oil is loaded, to be reabsorbed into the oil.
[0376] In this embodiment, the entire VOC generated between loadings when the loading is finally ended can be
absorbed into the oil by repeating this process. Hence, the discharge of the VOC is completely blocked. Accordingly,
environmental regulation can be handled, and OPEX can be decreased.
[0377] FIG. 26 is a conceptual view of a ship including a VOC treatment system in accordance with a twentieth
embodiment of the present invention.
[0378] Referring to FIG. 26, in the VOC treatment system in accordance with the twentieth embodiment of the present
invention, exhaust of an engine ME and GE may be used so as to prepare for a case where the methane number of a
VOC does not accord with a required condition of the engine ME and GE, when the VOC is supplied to the engine ME
and GE.
[0379] In this embodiment, a turbo charger 50 is provided in the engine ME and GE. The turbo charger 50 has a
configuration in which a compression unit 50a and a turbine unit 50b are connected through a common shaft, to compress
predetermined gas while the compression unit 50a is rotated when the turbine unit 50b is rotated by the exhaust.
[0380] A predetermined gas supply line 51 may be connected to an intake manifold of the engine ME and GE via the
compression unit 50a. On the contrary, an exhaust discharge line 52 may be provided via the turbine unit 50b at an
exhaust manifold of the engine ME and GE.
[0381] As for the engine ME and GE in which the turbo charger 50 is provided as described above, an exhaust gas
recirculation (EGR) system for recirculating exhaust in a cylinder has recently been used to lower a ratio of nitrogen
oxide included in the exhaust due to environmental regulation.
[0382] The EGR system has a configuration in which exhaust including inert gas (carbon dioxide) is supplied together
with predetermined gas into the cylinder to lower a combustion temperature in the cylinder, thereby suppressing the
occurrence of nitrogen oxide.
[0383] The EGR system may be applied to this embodiment. In this embodiment, the EGR system may be designated
as an exhaust circulation unit 53.
[0384] In this embodiment, the exhaust circulation unit 53 may supply exhaust to the front and the rear of the com-
pression unit 50a at the front and the rear of the turbine unit 50b and allow the exhaust to be mixed with the predetermined
gas. In an example, high-pressure exhaust circulation (HP EGR) for supplying high-pressure exhaust at an upstream
of the turbine unit 50b to an upstream or downstream of the compression unit 50a or low-pressure exhaust circulation
(LP EGR) for supplying low-pressure exhaust at a downstream of the turbine unit 50b to the upstream of the compression
unit 50a is possible.
[0385] To this end, a low-pressure exhaust circulation line 531 may be connected to the upstream or downstream of
the compression unit 50a at the downstream of the turbine unit 50b. On the other hand, a high-pressure exhaust circulation
line 532 may be connected to the upstream or downstream of the compression unit 50a at the upstream of the turbine
unit 50b. A cooler (not shown), a filter (not shown), an exhaust recirculation valve (EGR valve) 54, and the like are
provided in each of the exhaust circulation lines 531 and 532.
[0386] A portion of the exhaust circulated through the exhaust circulation unit 53 may be joined with a VOC through
exhaust transfer lines 531a and 532a. This will be described later.
[0387] In this embodiment, a VOC discharge line 13 may be provided from an oil storage tank OT to the engine ME
and GE so as to supply the VOC generated in the oil storage tank OT to the engine ME and GE, and a VOC compressor
11, a mixer 56, and the like are provided in the VOC discharge line 13.
[0388] Since the VOC generated in the oil storage tank OT has a caloric value, the VOC may be used as fuel of the
engine ME and GE. However, a state of the fuel, which the engine ME and GE requires, may be changed according to
a kind of the engine ME and GE (e.g., a main engine ME, a generator engine GE, etc.), a load of the engine ME and
GE, an operation condition, etc. In particular, when the fuel is gas, a methane number has great influence on an operation
of the engine ME and GE.
[0389] The methane number is to be secured to a certain degree or more so as to maintain a stable operation while
operating the engine ME and GE in a gas mode. When only the VOC is supplied, regulation of the methane number is
impossible, and therefore, liquefied gas or the like is mixed in the above-described embodiment.
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[0390] However, in this embodiment, inert gas (carbon dioxide) may be used to efficiently regulate the methane number,
instead of that the liquefied gas is separately mixed or in addition to that the liquefied gas is mixed. In particular, by
considering that a large amount of carbon dioxide is contained in the exhaust, the exhaust may be mixed with the VOC,
to set the methane number of the VOC supplied to the engine ME and GE.
[0391] To this end, the mixer 56 is provided between the oil storage tank OT and the engine ME and GE (e.g., between
the VOC compressor 11 and the engine ME and GE), and the exhaust transfer lines 531a and 532a are to the mixer 56
on the exhaust circulation lines 531 and 532. Since an exhaust transfer valve 55 is provided in the exhaust transfer lines
531a and 532a, the mixer 56 may mix at least a portion of the exhaust circulated in the exhaust circulation unit 53 with
the VOC to regulate the methane number of the VOC, and supply the mixture to the engine ME and GE.
[0392] Specifically, the exhaust transfer lines 531a and 532a may be provided with a low-pressure exhaust transfer
line 531a branching off from the low-pressure exhaust circulation line 531 or a high-pressure exhaust transfer line 532
branching off from the high-pressure circulation line 532. The exhaust transfer valve 55 provided in the exhaust transfer
lines 531a and 532a may regulate a mixture flow rate of the exhaust according to the state of the engine ME and GE
and the methane number of the VOC.
[0393] That is, the exhaust transfer valve 55 may regulate a flow rate of the exhaust transferred such that the methane
number accords with a required condition of the engine ME and GE as the exhaust containing the carbon dioxide is
mixed with the VOC. To this end, a sensor for sensing a temperature or flow rate of the exhaust, a component for
receiving information on the methane number of the VOC, the required condition of the engine ME and GE, and the like
may be added, if necessary.
[0394] As described above, in this embodiment, the VOC is compressed and then supplied to the engine ME and GE,
and the methane number is regulated by mixing at least a portion of the exhaust (carbon dioxide) circulated as prede-
termined gas with the VOC, when a methane number to a certain degree or more is required to operate the engine ME
and GE in the gas mode. Thus, the methane number can be regulated even when the liquefied gas is not mixed with
the VOC, and accordingly, the system can be simply and efficiently established.
[0395] FIG. 27 is a conceptual view of a ship including VOC treatment systems in accordance with twenty-first and
twenty-second embodiments of the present invention.
[0396] Referring to FIG. 27, the VOC treatment system 1 in accordance with the twenty-first embodiment of the present
invention includes a fuel treatment unit 10 and 20 for mixing a VOC and liquefied gas, which are respectively stored in
a VOC storage tank 15 and a gas fuel storage tank GT, and supplying the mixture as fuel of an engine ME, GE, and
DE, a gas analyzer 232, and a control unit 30. Hereinafter, in this embodiment, portions different from those of the above-
described fifth embodiment will be mainly described, and omitted descriptions will be derived from the foregoing em-
bodiment.
[0397] The fuel treatment unit 10 and 20 may satisfy a methane number required for each load in the engine ME, GE,
and DE by mixing the VOC and the liquefied gas at an appropriate ratio so as to achieve smoothing combustion and to
prevent a knocking phenomenon.
[0398] To this end, the fuel treatment unit 10 and 20 may include a VOC treatment unit 10 including components used
to treat the VOC and a gas fuel treatment unit 20 including components used to treat the gas fuel.
[0399] The VOC treatment unit 10 supplies a VOC generated from an oil storage tank OT as fuel of the engine ME,
GE, and DE mounted in the ship S. To this end, the VOC treatment unit 10 may include a VOC compressor 11, a third
heat exchanger 16c, a gas-liquid separator 17, and the like.
[0400] The third heat exchanger 16c may cool the VOC supplied through the VOC supply line 152 at a rear end of the
VOC compressor 11 through seawater supplied through a seawater pump 40, and supply the heat-exchanged VOC to
the gas-liquid separator 17. The seawater stored may be supplied through a seawater supply line by using the seawater
pump 40, and be discharged to sea after the seawater is used. A thermometer for verifying whether the temperature of
the heated-exchanged VOC corresponds to a temperature required in the engine ME, GE, and DE may be provided in
the VOC supply line 152 at a rear end of the third heat exchanger 16c.
[0401] The gas-liquid separator 17 may supply a portion of the VOC liquefied through heat exchange in the third heat
exchanger 16c to the oil storage tank OT through a VOC return line 171, and supply the other VOC to the engine ME,
GE, and DE through the VOC supply line 152. A filter (not shown) at an upstream of a spot at which the VOC and the
liquefied gas are mixed may be disposed at a rear end of the gas-liquid separator 17 connected to the engine ME, GE,
and DE, to remove an impurity contained in the VOC. A portion of the VOC may be supplied to the oil storage tank OT
through the VOC return line 171 at an upstream of the filter.
[0402] The gas fuel treatment unit 20 may mix the liquefied gas of the gas fuel storage tank GT with the VOC supplied
to the engine ME, GE, and DE through the VOC supply line 152. A substance obtained by mixing the VOC and the
liquefied gas in the gas fuel treatment unit 20 may be designated as fuel in this specification.
[0403] A gas fuel supply line 23 may be provided from the gas fuel treatment unit 20 to the engine ME, GE, and DE,
and a pressure gauge 233 for verifying whether the pressure of the fuel corresponds to a pressure required in the engine
ME, GE, and DE may be provided in the gas fuel supply line 23.
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[0404] The gas analyzer 232 measures each of a methane number of the VOC supplied to the engine ME, GE, and
DE through the VOC treatment unit 10 and a methane number of the VOC before the VOC and the liquefied gas are
mixed through the gas fuel treatment unit 20. As described above, in this specification, the methane number may mean
a methane number including all data of the fuel, such as a component, calorie, or the like of the fuel, in addition to the
methane number.
[0405] The control unit 30 controls a flow rate of the VOC and/or the liquefied gas, transferred to the spot at which the
VOC and the liquefied gas are mixed according to a methane number measured by the gas analyzer in the gas fuel
treatment unit 20. Therefore, a ratio of the VOC and the liquefied gas, which are included in the fuel generated in the
gas fuel treatment unit 20, may be controlled by the control unit 30.
[0406] The control unit 30 may control a flow rate of the VOC and/or the liquefied gas, transferred to the gas fuel
treatment unit 20 in various methods using a pump, a valve, etc. In an example, a transfer valve for regulating the flow
rate of the VOC and the liquefied gas may be provided in at least one of the VOC treatment unit 10 and the gas fuel
treatment unit 20. The control unit 30 may control a flow rate of the transfer valve. Preferentially, a pressure control valve
234a may be provided on the VOC supply line 152 of the VOC treatment unit 10 and/or the gas fuel supply line 23 of
the gas fuel treatment unit 20. The control unit 30 may control a pressure of the pressure control valve 234a.
[0407] The control unit 30 may set the methane number of the fuel generated in the gas fuel treatment unit 20 to a
level required in the engine ME, GE, and DE by controlling the transfer valve, preferentially, the pressure control valve
234a according to a measurement value of the gas analyzer 232.
[0408] A VOC return line (not shown) for returning at least a portion of the VOC to the VOC storage tank 15 may be
provided at an upstream of the spot at which the VOC and the liquefied gas are mixed. A VOC return valve (not shown)
as a return valve may be provided on the VOC return line (not shown).
[0409] Identically/similarly, a gas fuel return line (not shown) for returning at least a portion of the liquefied gas dis-
charged from the gas fuel storage tank GT may be provided at the upstream of the spot at which the VOC and the
liquefied gas are mixed in the gas fuel supply line 23, and a gas fuel return valve (not shown) as a return valve may be
provided on the gas fuel return line (not shown).
[0410] The control unit 30 may allow the flow rate of the VOC transferred to the engine ME, GE, and DE by the VOC
return valve (not shown) and/or the flow rate of the liquefied gas transferred to the engine ME, GE, and DE by the gas
fuel return valve (not shown) to be regulated by controlling the VOC return valve (not shown) and/or the gas fuel return
valve (not shown) according to the measurement value of the gas analyzer 232, so that the methane number of the fuel
can be set to that required in the engine ME, GE, and DE.
[0411] Therefore, the control unit 30 may actively control a flow rate at which the VOC and the liquefied gas are mixed
by measuring methane number of the VOC and the liquefied gas before the VOC and the liquefied gas are mixed.
[0412] As described above, in this embodiment, the VOC discharged in the air is used as the fuel of the engine ME,
GE, and DE, the liquefied gas and the VOC are mixed and then supplied to the engine ME, GE, and DE so as to satisfy
data (a methane number, a calorie, a component, etc.) of the fuel, required in the engine ME, GE, and DE. Thus, the
VOC can be recycled, and the operation efficiency of the engine ME, GE, and DE can be ensured.
[0413] Referring to FIG. 27, the VOC treatment system 1 in accordance with the twenty-second embodiment of the
present invention and a VOC treatment method using the same provide a detailed structure for measuring methane
numbers of the VOC and the liquefied gas and a control method of the control unit 30, using the structure, in the VOC
treatment system 1 in accordance with the above-described twenty-first embodiment. Hereinafter, in this embodiment,
portions different from those of the above-described twenty-first embodiment will be mainly described, and omitted
descriptions will be derived from the foregoing embodiment.
[0414] The control unit 30 controls a flow rate of the VOC and/or the liquefied gas, transferred to the spot at which the
VOC and the liquefied gas are mixed according to a methane number measured by the gas analyzer 232 in the gas fuel
treatment unit 20. That is, the control unit 30 controls a mixture ratio of the VOC and the liquefied gas.
[0415] The gas analyzer 232 may measure each of methane numbers of the VOC and the liquefied gas by using gas
chromatography, but a measurement time is required. Therefore, when an environmental change of the system such
as a rapid change in load of the engine ME, GE, and DE is accompanied, a delay may occur when the mixture ratio of
the VOC and the liquefied gas is controlled through methane number measurement. Accordingly, a method for reducing
or preventing the delay is required.
[0416] In this embodiment, the methane number of each of the VOC and the liquefied gas before the VOC and the
liquefied gas are mixed is stored and used as a reference value, so that a delay which may occur when the mixture ratio
of the VOC and the liquefied gas is controlled can be reduced or prevented.
[0417] A reference value is set by measuring a methane number of each of the VOC and the liquefied gas before the
VOC and the liquefied gas are mixed. When a methane number of each of the VOC and the liquefied gas is measured,
the methane number of the VOC is measured at a downstream of the gas-liquid separator 17 as an upstream of the
spot at which the VOC and the liquefied gas are mixed, and the methane number of the liquefied gas is measured at
the upstream of the spot at which the VOC and the liquefied gas are mixed.
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[0418] The methane number of each of the VOC and the liquefied gas is measured periodically, preferentially, at an
interval of a few minutes to a few hours, and is stored in the control unit 30 as a reference value of each of the VOC and
the liquefied gas.
[0419] The control unit 30 calculates a mixture ratio of the VOC and the liquefied gas, which is used to satisfy data of
the fuel, required in the engine ME, GE, and DE, by calculating a change in methane number of each of the VOC and
the liquefied gas according to an environmental change of the system, based on the stored reference value. Accordingly,
the control unit 30 controls the flow rate of the VOC and/or the liquefied gas, transferred to the spot at which the VOC
and the liquefied gas are mixed.
[0420] As described above, in this embodiment, a methane number of the VOC is measured at a downstream of the
gas-liquid separator 17 as an upstream of the spot at which the VOC and the liquefied gas are mixed, and a methane
number of the liquefied gas is measured at the upstream of the spot at which the VOC and the liquefied gas are mixed.
Then, the methane number of each of the VOC and the liquefied gas is stored as a reference value. A mixture ratio of
the VOC and the liquefied gas, which is used to satisfy data of the fuel, required in the engine ME, GE, and DE, is
calculated by comparing variations of the methane numbers of the VOC and the liquefied gas. Thus, the mixture ratio
can be rapidly calculated. Accordingly, a delay which may occur when the mixture ratio of the VOC and the liquefied
gas is controlled can be reduced or prevented.
[0421] The present invention is not limited to the embodiments described above, and it will be apparent that a com-
bination of the embodiments or a combination of at least one of the embodiments and prior art may be included as still
another embodiment.
[0422] As described above, the present invention has been described based on the embodiments, which are merely
exemplary and are not intended to limit the present invention, and those skilled in the art to which the present invention
pertains do not depart from the essential technical details of the present embodiment. It will be appreciated that various
combinations or modifications and applications not illustrated in the embodiments are possible.
[0423] Simple modifications and changes of the present invention belong to the scope of the present invention, and
the specific scope of the present invention will be clearly defined by the appended claims.

[Reference numerals]
S: ship OT: oil storage tank
GT: gas fuel tank ME: main engine
GE: generator engine, DFDE DE: demand
1: VOC treatment system 10: VOC treatment unit
11: VOC compressor 11a: first VOC compressor
11b: second VOC compressor 111: intercooler
12: reformer 13: VOC discharge line
13a: first VOC discharge line
13b: second VOC discharge line
13c: third VOC discharge line 131: flowmeter
132: pressure gauge 133: CO2 adsorber
14: VOC liquefier 15: VOC storage tank
151: VOC storage line 152: VOC supply line
153: pressure gauge 154: VOC pump
155: auxiliary tank 156: flowmeter
157: VOC return line 1571: VOC return valve
1572: VOC injector 158: VOC high-pressure pump
159: VOC evaporator 16: heat exchanger
16a: first heat exchanger 16b: second heat exchanger
16c: third heat exchanger 17: gas-liquid separator
17a: first gas-liquid separator
17b: second gas-liquid separator
171: VOC return line 20: gas fuel treatment unit
21: gas fuel pump 22: gas fuel evaporator
221: heat medium supply unit 23: gas fuel supply line
231: flowmeter 232: gas analyzer
233: pressure gauge
234a, 234b: pressure regulating valve
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Claims

1. A VOC treatment system comprising:

a plurality of oil storage tanks having oil loaded thereinto; and
a VOC compressor pressurizing a VOC generated when oil is loaded into the oil storage tank,
wherein the VOC compressor compresses a VOC generated in a first oil storage tank under loading and transfers
the compressed VOC to a second oil storage tank before loading, and compresses a VOC generated in the
second oil storage tank in loading of the second oil storage tank and returns the compressed VOC to the first
oil storage tank.

2. The VOC treatment system of claim 1, wherein the VOC compressor compresses a VOC and returns the compressed
VOC to the inside of oil loaded into the first oil storage tank.

3. The VOC treatment system of claim 1, comprising:

a VOC discharge line connected from the oil storage tank to the VOC compressor; and
a VOC return line connected from the VOC compressor to the inside of the oil storage tank.

4. The VOC treatment system of claim 3, wherein the VOC return line extends down to an inner lower side of the oil
storage tank.

5. The VOC treatment system of claim 1, wherein the VOC compressor compresses a VOC generated in the oil storage
tank into which the oil is lastly loaded, and divides and returns the compressed VOC to the other oil storage tanks.

6. A ship having the VOC treatment system of any one of claims 1 to 5.

(continued)

235: gas fuel return line 236: gas fuel return valve
24: gas fuel high-pressure pump 25: gas fuel branch-off line
251: gas fuel heater
252: pressure regulating valve
26: evaporation gas supply line 27: mixer
28: gas fuel liquefier 30: control unit
40: seawater pump 50: turbo charger
50a: compression unit 50b: turbine unit
51: gas supply line 52: exhaust discharge line
53: exhaust circulation unit
531: low-pressure exhaust circulation line
531a: low-pressure exhaust transfer line
532: high-pressure exhaust circulation line
532a: high-pressure exhaust transfer line
54: exhaust recirculation valve
55: exhaust transfer valve 56: mixer
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