SHIP FOR BUNKERING LIQUEFIED FUEL GAS TECHNICAL FIELD The present invention

. relates to a ship for bunkering liquefied fuel gas, and more particularly, to a ship for bunkering liquefied
fuel gas to a ship, which uses the liquefied fuel gas as fuel, on the sea. BACKGROUND ART until
now, a propulsion engine which uses oil as fuel has been generally used in a merchant ship such as a
container carrier or a passergIBHOROBE NI ERI&G il PEEEHIC IBAEE, Gatiever, more and more
ships are employing a propulsion engine which uses liquefied fuel gas, for example, liquefied natural
gas (LNG), liquefied petroleum gas (LPG), or dimethyl ether (DME) which is much cheaper than oil.
Furthermore, since the price of LNG in the summer season is 50% lower than in the winter season,
LNG may beﬁﬂ@ﬁ@%@éhrﬂ%&d in the summer season. Therefore, LNG has an advantage in terms
of price. A ship having a liquefied-fuel-gas propulsion engine mounted therein includes a fuel tank
which is filled with liERfeRES UM Sa RS FASSIIRG: %‘ﬁﬁré?ﬁl??%‘?ﬁé‘&e‘r‘fiﬁ?&%‘?a%h‘é?%& A9 arbors
provided withadigusfiedduekprsbiobagrctagiitiy fofi @kampiesan kNmEiewhionl ubdsrtheriaoedicd current
liquefied fuel ggs storage facility serves only to transfer liquefied fuel gas stored in a liquefied fuel gas
carrier to the %)%?i"aa.sl'—%?l gfé{geré%ons, the liquefied fuel gas storage facility is generally located in a
position remote from a harbor in which a merchant ship such as a container carrier is at anchor in
order for loagjRg-fgrMORFNYRTherefore, the container carrier should sail to the liquefied fuel gas
storage facility located in a position remote from the harbor in order to refuel. In general, a lot of

time and efforts areyggLed, 19 progheichshipinEheeiRig-RoNIAg fina Bhitteaasiity (gewie drom a
harbor for bunkering may be En unproductive operation which req#}i}rﬁs lot of fime and efforts and an

additional coRETENEE SHRIKE FECHINREAT PREBLEVPAT @R HoulRer? oF IR I5HELSH BV &RtSn is
directed to aisbipater bunketngribre and more ships are employing a propulsion engine which uses

liquefied fuel gas, for example, liquefied natural gas (LNG), liquefied petroleum gas
(LPG), or dimethyl ether (DME) which is much cheaper than oil. Furthermore, since the
price of LNG in the summer season is 50% lower than in the winter season, LNG may be
purchased and stored in the summer season, Tl_i:erefore, NG has an advantage in terms of

price.

A ship having a liquefied-fuel-gas profaulsion engine mounted therein includes a
fuel tank which is filled with liquefied fuel gas before sailing. Currently, however, there
are not so many harbors provided with a liqueﬁéd fuel gas storage facility, for example, an
LNG terminal. Furthermore, a current liquefied fuel gas storage facility serves only to
transfer liquefied fuel gas stored in a liquefied fuel gas carrier to the ground. For safety
reasons, the liquefied fuel gas storage facility is generally located in a position remote
from a harbor in which a merchant ship such as'a container carrier is at anchor in order for
loading and unloading. Therefore, the containér carrier should sail to the liquefied fuel

gas storage facility located in a position remote from the harbor in order to refuel.

In general, a lot of time and efforts are required to anchor a ship. Therefore,
moving the ship to a position remote from a harbor for bunkering may be an unproductive

operation which requires a lot of time and efforts and an additional cost.

DISCL.OSURE
TECHNICAL PROBLEM

An embodiment of the present invention is directed to a ship for bunkering
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liquefied fuel gas to a liquefied-fuel-gas propulsion ship on the sea.  Another embodiment of the

. present invention is directed to a ship for bunkering liquefied fuel gas, which includes a facility capable
of treating boil-off gas (BOG) produced while supplying liquefied fuel gas. ADVANTAGEOUS
EFFECTS According to the embodiment of the present invention, fuel may be bunkered to the
liquefied-fueligasipdoflsian tehipiguetivl sbal pashe ghupiter Mhipkerihg diguefied fuel gas. Therefore, a
time and effort required for refueling the liquefied-fuel-gas propulsion ship may be considerably
reduced, and a costretuirezhfordmsot i cthio pefiedtfusligaemaydereduced skyrtivermolersigce the

ship for bunkgring ligyglied fue INGlUAgRING BOGRIre: iSQSI‘%t e igpeliedsiieleas
propulsion sﬁé does not n%eed 'Ir(?ﬁ?gggle a facri]lﬁyﬁ%olr t?leat% g a large amlé%%t 0 BOGgprog%cec} during
the liquefiedftRslugad siipsuprirsssliqeiteddiec] igas. possible to save a cost of the liquefied-fuel-gas
propulsion ship. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a diagram explaining a

case in which a ship for bunkering liquefied fuel gas according to an embodiment of the present
invention sm%s %i,l t % ﬁ&%&lﬁgs propulsion ship on the sea. FIG. 2 is a flow chart
showing a é‘ ’ég“tﬁ) Tf% the liquefied-fuel-gas propulsion ship from the ship for
bunkering liquefied fuel according to the embediment of the present invention. FIG.3is a
dingram explaining S o e D e R B e A b olSied o e
gas accordirigediguefemibodigenpoite predeptinubation by phtiebiiglrefiatkesingdsquefied fuel

<DESCRIPTIQN Qe bR Sy MBOLw DAL RRE RPNASORJ e RRENUINGSZas propulsion

ship may be considerably reduced, and a cost required for bunkering liquefied fuel gas
may be reduced. Furthermore, since the ship for bunkering liquefied fuel gas includes the
BOG treatment facility, the liquefied-fuel-gas propulsion ship does not need to include a
facility for treating a large amount of BOG produced during the liquefied fuel gas supply

process. Therefore, it is possible to save a cost of the liquefied-fuel-gas propulsion ship.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram explaining a case in which a ship for bunkering liquefied fuel
gas according to an embodiment of the present invention supplies fuel to a liquefied-fuel-

gas propulsion ship on the sea.

FIG. 2 is a flow chart showing a method for supplying fuel to the liquefied-fuel-gas
propulsion ship from the ship for bunkering liquefied fuel gas according to the

embodiment of the present invention.

FIG. 3 is a diagram explaining a method for treating the BOG produced when the
ship for bunkering liquefied fuel gas according to the embodiment of the present invention

supplies liquefied fuel gas.

<DESCRIPTION OF THE SYMBOLS IN MAIN PORTIONS OF THE
DRAWINGS>

10: LNG supply ship

11: LNG storage tank



10: LNG supply ship 11: LNG storage tank 12: pump 13: fuel supply pipe 14: BOG collection pipe 15:
~ high-pressure compressor 16: storage tank 17: low-pressure compressor 18: reliquefaction unit

12: pump

13: fuel supply pipe

14: BOG collection pipe

15: high-pressure compressor
16: storage tank

17: low-pressure compressor
18: reliquefaction unit

19: energy consumer

30: LNG propulsion ship

31: LNG fuel tank

BEST MODE

According to an aspect of the present invention, a ship for bunkering liquefied fuel
gas to a liquefied-fuel-gas propulsion ship includes: a liquefied-fuel-gas storage tank
installed in the ship; a fuel supply pipe connected to the liqueﬁedwfuel-gas storage tank
and bunkering fuel to the liquefied-fuel-gas propulsion ship; and a BOG collection pipe
collecting BOG produced in a liquefied fuel gas tank of the liquefied-fuel-gas propulsion
ship.

The ship may further include a BOG treatment unit. The BOG collected through
the BOG collection pipe may be treated by the BOG treatment unit.

The BOG treatment unit may include a vent for discarding the BOG to the air or a
gas burner for burning the BOG.

The BOG treatment unit may include a propulsion engine, a boiler, a gas turbine,
or a generator of the ship, to which the BOG 1s supplied and consumed.

The BOG treatment unit may include a storage tank which compresses the BOG
collected through the BOG coliectid_n pipe at a high pressure and stores the compressed
BOG.

The BOG stored in the storage tank may be consumed in a propulsion engine, a
boiler, a gas turbine, or a generator of the ship.

The BOG stored in the storélge tank may be used as a pressure source which is

supplied to the liquefied-fuel-gas storage tank to supply the liquefied fuel gas of the
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19: energy consumer 30: LNG propulsion ship 31: LNG fuel tank BEST MODE According to an
. aspect of the present invention, a ship for bunkering liquefied fuel gas to a liquefied-fuel-gas
propulsion ship includes: a liquefied-fuel-gas storage tank installed in the ship; a fuel supply pipe
connected to the liquefied-fuel-gas storage tank and bunkering fuel to the liquefied-fuel-gas propulsion
ship; and a B(q&ﬁedléuﬁbgaaipteragﬂemﬁlagoaﬁ}ﬁi@ﬁeﬂmdeﬂngadigr@ﬁ@ﬁdnlehgﬁs tank of the
liquefied-fuel-gas p The, shi rther nclu e a BOG tr BOG
collected through thtﬂ%gg o‘?ﬁntp|lf)neﬁnl1]%1yy %{ efeadrl%} gﬁgpﬁ%@t}léléttm e un glque&—
treatment unB@Cawﬁchld@thmegh the dsHarchilgctihenB{PE to the air or a gas burner for burnlng the
BOG. The BO [ r |

Gifealf Bﬁ% W‘Eéﬂﬂ{%aa dlx c@ﬁsume deglg'g ff %9%& i A0R

generator of the ship, to w |s supplle G treatment unit may
include a stopag@mwnmﬁéw@mésgesmélm bellentetiatrivalisans @G teoNection pipe at a high

pressure and stores the compressed BOG. The BOG stored in the storage tank may be consumed
in a propulsion engine, a boiler, a gas turbine, or a generator of the ship.
MODE FOR INVENTION

Exemplary embodiments of the present invention will be described below in more
detail with reference to the accompanying drawings. The present invention may, however,
be embodied in different forms and should not be constructed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the present
invention to those skilled in the art. Throughout the disclosure, like reference numerals

refer to like parts throughout the various figures and embodiments of the present invention.

FIG. 1 is a diagram explaining a case in which a ship for bunkering liquefied fuel
gas according to an embodiment of the present invention supplies fuel to a liqueﬁed-iriuel~
gas propulsion ship on the sea. FIG. 2 is a flow chart showing a method for supplying fuel
to the liquefied-fuel-gas propulsion ship from the ship for bunkering liquefied fuel gas

according to the embodiment of the present invention,

The embodiment of the present invention proposes a method in which a ship 10 for
bunkering liquefied fuel gas is provided to directly supply fuel to a liquefied-fuel-gas
propulsion ship 30 on the sea. Here, the liquefied fuel gas may include fuel gas such as
NG, LPG, or DME which is liquefied and stored. "

LNG is obtained by liquefying natural gas taken from a gas field and is composed
mainly of methane. When the temperature of LNG is reduced or a pressure is applied to
liquefy LNG, the volume of LNG is reduced to about 1/600. Therefore, LNG has an
advantage in terms of spatial efficiency. However, since the boiling point of LNG is as
low as 162 degrees below zero, LNG should be contained in a tank or container, which is
thermally insulated in a special manner, such that the temperature thereof is maintained to

less than the boiling point, when LNG is stored.

LPG is obtained by applying a relatively low pressure (6-7 kg/em®) to heavy
hydrocarbon and liquefying the heavy hydrocarbon. The heavy hydrocarbon including

two or more carbon atoms may be obtamed when crude oil is taken from an oil field or
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The BOG stored in the storage tank may be used as a pressure source which is supplied to the

_ liquefied-fuel-gas storage tank to supply the liquefied fuel gas of the liquefied-fuel-gas storage tank to
the liquefied-fuel-gas propulsion ship. The BOG treatment unit may include a reliquefaction unit
which reliquefies the BOG collected through the BOG collection pipe. The ship may further include
a branch pipefihsergingviiammiiterdQ@Escollediton pigaaani Gnisetitpe fiodantiuppeiymortion Iaf¢hes
liquefied-fuel-gas storage t n? EFOR I NTION . emplary embodiments of the present
invention wil 0 Honb B bR m Lt b ehasie R R S S
present invebiish. maythomevarLB& embotipéd differonefopragansdast duithnet de! coastiodwts as

limited to thesﬁ%]?%%%@%?&h&ﬂ%ﬂp@ﬂ&ﬁ%%ﬂ se embodiments are provided so that this
et mpl ( r

disclosure wi orough and co e, and will fully convey the scope of the present invention to

those skilled in the gyisf hrouglioyt thedlisgleshrgaike iafarenas MRS eferateilike Rat®xic.

throughout the various figures and embodiments of the present invention. FIG. 1 is a diagram

explaining a $48 MMRICAYAYER 3 18FI5UPHERNGIROEAEYERTR H AR AL BN 85 STHUMBOBTRMGEDS the

present inveqiien sIVIP RS etd0 atiguriieddvaiues arepuisionehieanithegea. FIG. 2 is a flow chart
showing a method for supplying fuel to the liquefied-fuel-gas propulsion ship from the ship for

bunkering liquefied FietpadaccardiNg tprtheisinbodipevitioh theeprieSéhtinfiehtionong tFehabove-
embodiment of th sent-invention pro s.a,method in whigh a shi for bupkering liquefied fuel
gas is providctie)edS ﬁg%déigjé?il)l/eéﬁg?@e%ﬁgf% alilqu%}?é(gﬂﬁél%fsx %%%ﬁ Ilgo%gnegﬁ]}go%ngn%gn E%O.lllglere, the

liquefied fuel gas may,include fusl-Aas suehasbNGrHiEGs PV Whirlhladionetied andisiarey-

LNG is obtained by liquefying natural gas taken from a gas field and is composed mainly of methane.

When the tefapkraturesds NG shaagd csihor-Npeaferpsatingplide destithed abRNG, s ditiAd 8 LNG
is reduced to,ghRuhABOR. Phrkaiare kN Ghagan advaniagrinderms hanasial affiaipnamidawever,

since the boiling point of LNG is as low as 162 degrees elow zero, LNG should be cogained in a tank
or container, KWRRFTRKe Ay sRseR dSira. LPECialthastdrcuiénttha: BEPESmibEr &I HRmsst is
maintained tgalassthaniae dallingneidh véend Nems gaiwhere containers are unloaded from a

container carrier, for safety reasons. Therefore, the container carrier should move to the
ILLNG storage facility remote from the loading and unloading place, in order to refuel.
Furthermore, moving the ship to a position remote from the harbor to refuel the ship may

be an unproductive operation which requires a lot of time and efforts.

In this embodiment of the present invention, an LNG bunkering ship 10 provided
with an LNG storage tank 11 directly goes to a place where an LNG propulsion ship 30 is
positioned, and supplies LNG to the LNG propulsion ship 30 on the sea.

Referring to FIG. 2, the NG bunkering ship 10 is prepared (step S1). The LNG
bunkering ship 10 includes the LNG storage tank 11 and a fuel supply pipe 13 to supply
NG stored in the LNG storage tank 11 to the LNG propulsion ship 30.

Next, the LNG storage tank 11 of the LNG bunkering ship 10 is filled with LNG
from the LNG storage facility (step S2). The LNG storage facility may include a floating
LNG storage facility, an LNG carrier ship, or an LNG ground terminal. More specifically,
the LNG storage facility may include LNG-floating production storage offloading (FPSO),
an LNG carrier (LNGC), or an LNG shuttle regasification vessel (SRV).

Then, the LNG buhkering ship 10 approaches the LNG propulsion ship 30 on the
sea (step S3). '

Next, the LNG stored in the LNG storage tank 11 is supplied to the LNG fuel tank



LPG is obtained by applying a relatively low pressure (6-7 kg/cm2) to heavy hydrocarbon and

. liquefying the heavy hydrocarbon. The heavy hydrocarbon including two or more carbon atoms may be
obtained when crude oil is taken from an oil field or refined or when natural gas is taken. When LPG is
liquefied, the volume of LPG is reduced to about 1/250. Therefore, LPG is conveniently stored and
carried comred thath NS @Grdpuittherrsidpe] L RGpsSdomposed mainly of propane and butane, and may
include small amounts of ethane, propylene, and butylene. DME, a kind of ether, has a lower
inflammability than MA@ eathg ishonstoxipliSinceeDME contaips atddrgedidreedesiofoxiiet,) assmall

amount of sake fa proghisedbwhan BIMEs AuradeTberelare MEARSR BB G

Hereinafter, an LNG pt‘Oﬁu sion ship which uses LNG as fuel among t ove-described Ilquu?led fuel
gases will belhakerGais tesda miptd thaheNfolsanulyasdribidhiato thai/hén tuskepiagshind & (e@htainer

carrier uses kMG as propulsion fuel, a LNG fuel tank 31 needs to.be charged with LNG before sailing.
As described above, there are not so many harbors provided.with an LNG storage facility (for example,

LNG terminal). Furtta@m@nagadmqwlaﬁbeéei@@mwa@mag@f@mIi@mfaa;&@raw,mﬁéd\lalsﬁgaage
facility is locat ositio e fro la er contaln rs are unloaded from iner
cattior, or fEGPHERSERE! THoaTeter TN RATHR i EF SOy EP 8% NE Shof A5 ity
remote from plneplﬁaﬁlmg}apds(ﬂm’aa@dmgcmaﬁﬂ Eu;v/ dnelérNﬁi retmkbrng #hepnOren the\smg thBestligrdo a
position remgte from.the harber to refuel.the ship.m e an unproductiv hICh uires a
lot of time ané fPor%Sirg1 P é)llls?%ﬁ"l L% 1‘rﬂ]en a#? e%’gsrg U‘llﬁef/de)nEolrorrﬁJ'C,ft%E%al E{I)@ ‘blinkefing’ s |p110

provided witishin E(NG%;W@iank@Etdwe@ﬂy@ﬁeéwlﬁlplaémene)aﬁﬁtmﬁepropuIS|0n ship 30 is
positioned, and supplies LNG to the LNG propulsion ship 30 on the sea. Referring to FIG. 2, the

LNG bunkering shig16-i prépdinesagst g @ mthashifketienfisgip e B vdedusss D’P‘ll’@lékﬁrage

tank 11 and g fugshelvngiBeid 3 RHARM kNG alsthin g I Gralatage danbnldip e LNG
propulsion ship 30. Next, the LNG storage tank 11 of the LNG bunkering ship 10 is filled with LNG

from the LNG storagtéacity (sigkefig). difip L@ siatagentaciity mayanchide aIfIOt@Bn@xé;Mﬁﬁagtsalrage
facility, an LNG c ier or.an. LNG nd rminal cifically, the LNG stora ci ity
ey i PR o kg SRR o B3y 126 S B R e APRT DGR e L N
shuttle regasifisatipopessel (BiR\}) on thd bentakeppNG. Bihketheg $ipptOpayicaabivsithe LNG

propulsion ship 30 on the sea (step S3).
The LNG stored in the LNG storage tank 11 is supplied to the LNG fuel tank 31 of

the LNG propulsion ship 30 through the fuel supply pipe 13 from the LNG storage tank 11

by a pressure caused by a pump 12,

The liquefaction temperature of LNG is as very low as 163 degrees below zero at
an ambient pressure. Therefore, even when the temperature of LNG is slightly higher than
degrees below zero at an ambient pressure, the LNG is evaporated. The LNG storage tank
11 or the LNG fuel tank 31 is thermally insulated. However, since an éxternal heat is
continuously transmitted to the LNG, the LNG stored in the LNG storage tank 11 or the
LNG fuel tank 31 is continuously evaporated during the LNG supply process, and BOG is
thus produced. In general, the amount of BOG produced in the LNG storage tank 11
becomes much larger than the amount of BOG produced in the LNG fuel tank 31 to which
the LNG is supplied.

When the BOG is continuously generated, the pressure of the LNG étorage tank 11
or the LNG fuel tank 31 excessively increases. Therefore, the produced BOG is discharged

to the air or burmed away.

For example, a 14000 TEU (Twenty-foot Equivalent Unit) container carrier may
include an NG fuel tank 31 having a capacity of 15000 m®>. When LNG is supplied to the



Next, the LNG stored in the LNG storage tank 11 is supplied to the LNG fuel tank 31 of the LNG
propulsion ship 30 (step S4). While the LNG is supplied, the LNG is evaporated, and thus boil-off
gas (BOG) is generated. Therefore, the method may further include collecting the BOG generated
from the LNG fuel tank 31 of the LNG propulsion ship 30 into the LNG bunkering ship 10 (step S5).
According toftisbtadlgvecdesdehetmehod oVBBE arnine teatectondast exaaidelnlaadeofiacthe LNG
propulsion ship 30, fgr example, a container cartier, the LNG propulsion shig 30 may be refueled by
e LNG borDS e R T PR RO & FELaB RS ok & IV BF T St it
required for Efeling tinerchi@t pitop uisibraskip@0akiec ordingly, FutbstimeqeirebefotlsuBKERing idlG may
decrease. = is.a di lainj t r treating the B oduced w. he LNG
punkering s Se o B R o A N

bunkering shipddaasidds the LNG storage tank 11, the fuel supply pipe 13, a BOG collection pipe

14, and so on. The LNG bunkering ship 10 approaches the LNG propulsion ship 30 on the sea to
supply LNG to the ﬂ”rh@eé%whﬁ&g\%ib%?rmg Thie || R ersrsieg ot ERGosiBraefdhr Presedupplied

to the LNG fugldmin3hQtdbe 4 Mk BoeRylsienshine30drayen 1o fuehs uRPIYNUPErdguliasn thepl NG
storage tank 11 by a prefgbe\ﬁcau ed by a pump 12. The liquefaction temperature of LNG is as
I

very low as T85 BEGF8S Bt %7 ambient pressure. Therefore, even when the temperature of

LNG is slightly higher t egrees w zero.at.an.ambient pressure LNG is.evaporajed. The
LNG storage tank ﬁﬁgﬁﬁg Lﬁ%@?ﬁgﬁﬁwéﬁﬁsL?ﬁegrr%uél:l[&%ﬁguﬁtg%iﬁﬁol\‘/vf\zée‘?foéﬁcséogn e%&aéatrglzlaﬁ heat is
continuouslyctriesmittbob tghte NG cthiedtNG swrdd indadl¢dNG $tolaye tankdingr dmg LNGHue! tank

3lis CO”“““@FRg %Yl%?ﬁ&%tﬁpg ying %&&Jﬁ%ds%p&lyﬁ%%%%ggéﬂ%ﬁkdo?% i?w‘&%ﬂ:%{?f’ ofygeneral,
the amount of B & produced in the LNG storage tank 11 becomes much larger than the amount of
BOG produckd$nrrwuiyenflintdhk 31 to which the LNG is supplied.  When the BOG is
continuously generated, the pressure of the LNG stor%ggtank 11 or the LNG fuel tank 31 excessively

increases. Therefor®, RRE pfdbriE A Besderded dbrpirgl dhio BGafodesiipRairsiymay be supplied

to an upper portion of the LNG storage tank 11 through a branch pipe 14a. As the LNG
supply is perfdrmed, the pressure inside the LNG storage tank 11 continuously decreases,
and the pressd:re inside the LNG fuel tank 31 continuously increases. Therefore, unless
the pressure applied by the pump 12 is gradually increased, the LNG supply is not
performed sméothiy. The decrease of the pressure inside the LNG storage tank 11 is
compensated by the BOG supplied through the branch pipe 14a. Therefore, when the
branch pipe 14a diverging from the BOG collection pipe 14 is connected to the upper
portion of the LNG storage tank 11, the pressure inside the LNG storage tank 11 may be
supplemented to perform the LNG supply smoothly.

The BOG collected through the BOG collection pipe 14 is treated by a BOG
treatment unit.; The BOG treatment unit includes a variety of components capable of

treating BOG, which are well-known to those skilled in the art.

The BOG treatment unit may include a vent for discharging BOG to the air or a
gas burner for burning BOG. The gas burner may include a gas combustion unit (GCU) or
a flare tower. The reason that the BOG is collected into the LNG bunkering ship 10 and
discharged to the air or burned away is that it 1s not easy to install a BOG pipe in the LNG
propulsion ship 30 such as a container carrier because cargoes are loaded on the ENG
propulsion ship 30. Furthermore, since the BOG is an inflammable gas, an unexpected

fire or explosion may occur.

The BOG treatment unit may be an energy consumer 19 installed in the LNG



For example, a 14000 TEU (Twenty-foot Equivalent Unit) container carrier may include an LNG fuel
tank 31 having a capacity of 15000 m3. When LNG is supplied to the fuel tank, a considerable amount
of BOG may be produced. For example, 3 ton or more of BOG per hour is produced. Since the BOG is
inflammable gas, it is dangerous to treat the BOG in a merchant ship such as a container carrier.

Furthermorebiviteritp B Glishobrilinedias ROEGn@IY cAUTES bEh isheliBChargeitkteithepapcordurned
away, preci ener%g m%}é be walgted. Theregore tbe L G.bunther' hai loe%clgordsig ég the
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may be suppligd it ANHRRG[PAEAR Afdhed NG sipregedani dihdhreng e aranshRiRelfds@a the

LNG supply is performed, the pressure inside the LNG storage tank 11 continuously decreases, and

the pressuretRSidESrrPICRFBIFUEPREIRSSA! con ARt dbrily Uit eitsBs] PHaiirdrdl () Rrose e ragkise
applied by theypueimdR s o aliyvipereasechfnas Gysdpply-is-aahre domprdssneothh The

decrease of the pressure inside the LNG storage tank 11 is compensated by the BOG suppli

through the Bfﬁ’ﬁ&‘ﬁ‘bfﬁealﬁ%W%g?éfé?EPWﬁEﬁiﬂ?e%famf?e ii‘i‘?i B?Zi ‘S%’?bﬁ?ﬁﬂé’%@ﬁg féﬁection
pipe 14 is copgntesk tpahaitpengainmal thal:NEy stonage:taicl thinB@ieasur dinsigelibg NG
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art.  The g%fp}%%?&rm%% eé}iés%?}i W&%}%@Ed%maﬁseo@f J%@S

.51’1%2?%945‘ é%OG to the air or a gas burner for
burning BO e gas burner may include a gas combustion nlt%] CU) or a flare tower. The reason

that the BOG is Coll?ﬁ&eﬁcﬁmxtéﬁrh&%mggq&ﬁm A9:8pd disahagest QiR AROBBIGNER @vay is

that it is not easy to install a BOG pipe in the LNG propulsion ship 30 such as a container carrier

because cargbelsrébidenadiiRd N phspitsiaipship 80d pormrEste! SRR BEE Y B

inflammable gas. Res4HRXPSSHREiE 95 EXPIRSBNMaBRACH - (HOIREE: ERRITEHMANBINA¥DEAN

energy ConSl\J/grlie()rujsjgpil?rg[gleesq irllzig?eekal\ln%ﬂe, the BOG may be transferred to the LNG propulsion
engine and then used as fuel. In this case, the BOG may be decompressed while passing
through a valve 21, and then transferred to the energy consumer 19. Furthermore, the
BOG may be supplied to the LNG storage tank 11 and then used as a pressure source for
supplying the LNG of the LNG storage tank to the LNG propulsion ship. In this case, the
LNG in the storage tank 11 may be supplied to the LNG fuel tank 31 only by the pressure
of the BOG stored in the storage tank 16, without supplementing the pressure of the pump

12 or using the pump 12.

The BOG treatment unit may include a reliquefaction unit 18 for reliquefying the
BOG collected through the BOG collection pipe 14. The reliquefied LNG may be
retransferred to the LNG storage tank 11. In this case, the BOG may pass through the

low-pressure compressor 17,

As described above, when the NG bunkering ship 10 supplies LNG to the LNG
propulsion ship 30, BOG may be produced, and the produced BOG may be collected by
the BOG collection pipe 14. Then, the BOG treatment unit treats the collected BOG
through a variety of methods. This is because it is not easy to treat the BOG in the LNG

propulsion ship 30 and an unexpected situation may occur.



bunkering ship 10 to consume the BOG collected through the BOG collection pipe 14. The energy
consumer 19 is a component capable of using the BOG as an energy source. For example, the energy
consumer 19 may include an LNG propulsion engine, a boiler, a gas turbine, a generator and so on,
which are installed in the LNG bunkering ship 10. As a propulsion engine of the LNG bunkering ship

10, an engine usinguldGias Betmaydetsdalifd (Ryutvan sndisadpauinaudeadMELd egine. The
BOG may be corgglrgegqseg b;ga high-pressure compressor 15 and then used as fuel by the LNG

propulsion eRih PR BYFRSY B0 hBTESEBY 5y RITH2HrERNRS SURRHFESSIPS 7 and
then supplied MGaspouger iganéatipouphginebiandxsimpleaadiuat fuelfeies alesoie4Dibé gpegine or
gas turbine tp generate electricity. Furthermore, the BO e supplied.to, the boiler and then used
e heat soL Ca R FOBGEL LB 15 dIo ey Smborarad e Ry

_compressedvlikhéhbigN@isssyrdicdminessondfs ghthR(givame dsunecdampressog vl Sodaperfding on a

required pressure., G {re i i 1 éﬁr ring t G
which is collecte tﬁ%ﬁg efﬁeg) BC;% Cg]ggh(}#}ﬂ %%eééﬁg#g%ﬁn%%%%gﬁgﬁg ﬁ B%r%%sségl}%é%%y]% e
high-pressuré gonspressdan’s 1 FhanBoedsi@esd in the storage tank 16 may be used for various
purposes. For example, the BOG may be transferred to the LNG propulsion engine and then used as

fuel. In this case, theBOBERY BEcdueeiniraags thehili(phuukerteobigies s atveolsciad dateihe
transferred tQ the BRGENROSEPMEr-h. truaitierare BOGELG Ay RaSurpigdipibsulda sigrage
tank 11 andé@ig used as apressijrﬁ so#?ré? for suppl ingfghe LNG of the NG storage tank to the
LNG propulsidr8Rid anEie s e ¢ Wtﬁ%‘gﬁﬁé@% AR PF R BedssisnrddaonHede el fuel
tank 31 only B e pressune icthieyBRGraregpiviyeostotaga dantekiiveithauilb upplemeftipodhe
pressure of the.pump 12 or using the pu 2. The BOG treatment.ynit,may include .a
requuefaLctior‘l’V %lnl 13 1%8??8}%&?%?}#5 ?ﬁe%%&%&%%?&éﬁ?@&%%c? @o 8 r? %i‘ﬁ)see(iﬁ‘.s TRe
reliquefied LA@rayasobeear atsfal el tusthid NG stopage binto Efeetithily cageethe BOGyRay@ass
through the lgyy- sor 17. As described above, when the LNG bunkering ship 10
supplies LN&%%%?&% %%o%% siﬁo'n ship 30, BOG may be produced, and the produced BOG may be
collected by the BOGsRllegtiop.pipg: 1t ThEH, thesBREraalmaRbuNiiealsle foliectedRRE

through a variety of methods. This is because it is not easy to treat the BOG in the LNG propulsion

ship 30 and SR REREERed sithtisn FREYERCER. thoseagkdliedeiB At it dhalciatinty ehangricand

bunkering shipydffidhe-aokestast BlaG Wayde dipenided-tnthrcalpien Anined awahE Hiksimers, the

BOG may be %J %(ieedaho %l;jl LNG storage tank 11 through the branch pipe 14a diverging from the
BOG collectid lgl 1A ?ﬁﬂ?%ﬁ%ﬁ)‘@%ent the pressure inside the LNG storage tank 11 which is

reduced while the LNG is supplied. Furthermore, the BOG may be used as an energy source of the
energy consumer 19. In addition, the BOG may be compressed at a high pressure, stored in the
storage tank 16, and used later. As the BOG produced during the LNG bunkering process is
collected into the LNG bunkering ship 10 and treated by the BOG treatment unit, the LNG propulsion
ship 30 does not need to include a facility for treating BOG, or may be designed to include only a BOG
treatment facility having a capacity of treating a relatively small amount of BOG which is normally
produced. Furthermore, since the collected BOG may be used as an energy source or stored and
used later, it is possible to effectively utilize an energy source which may be discarded. While the
present invention has been described with respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications may be made without departing from the
spirit and scope of the invention as defined in the following claims. CLAIMS:



1. A ship for bunkering liquefied fuel gas to a liquefied-fuel-gas propulsion ship, the ship comprising: a
_ liquefied-fuel-gas storage tank installed in the ship; a fuel supply pipe connected to the
liquefied-fuel-gas storage tank and supplying fuel to the liquefied-fuel-gas propulsion ship; and a
boil-off gas (BOG) collection pipe collecting BOG produced in a liquefied fuel gas tank of the
liquefied-fuelegaagvspulsion ship. 2. The ship according to claim 1, further comprising a BOG
treatment unit, wherein the BOG collected through the BOG collection pipe is treated by the BOG
treatment unit. 8. The shshipdoerblimg dorcldiop2fiedhareingthed ® GqiiehtdEnt]ypit gooppiises a vent
for discardin%ﬁlhe Eg) .toct%a aljgigr,a gas burner for burning the BOG. 4. The ship according to
claim 2, Wheren[i”the G treatment unit comprises a propulsion engine, a boiler, a gas turbine, or a
generator of the ship JigeihidHithlegBO® isgsupplietstalidcontunsbip; 5. The ship according to claim

2, wherein the BOGJE‘E@%WB& %%Rﬁ&‘?édatétﬁ{é‘ﬂgééﬂg&%@%%@Bf&g@‘? BO%%Q%W!S ted

through the BOG collection pipe at a high pressure and stores the compresse 6. The ship
according to ialite thediserdigdiecBers prsliipniHEsteidge tank is consumed in a propulsion engine,

a boiler, a gas turbine, 1. grogRerBOGI e shik: pipe LolTRGSHIRAECPrIiNgde FlaiMauanbgnein the
BOG stored in the storaﬁg tank is supplied to the liquefied-fuel-gas storage tank and used as a
pressure soufed ReKuARe FiAyelird iishsas By SE IR liquefied-fuel-gas storage tank to the

liquefied-fuelgas propulsion ship.
2. The ship according to claim 1, further comprising a BOG treatment unit,
wherein the BOG collected through the BOG collection pipe is treated by the BOG
treatment unit.
3. The ship according to claim 2, wherein the BOG treatment unit comprises a

vent for discarding the BOG to the air or a gas burner .for burning the BOG.

4, The ship according to claim 2, wherein the BOG treatment unit comprises a
propulsion engine, a boiler, a gas turbine, or a generator of the ship, to which the BOG is

supplied and consumed.

5. The ship according to claim 2, wherein the BOG treatment unit comprises a
storage tank which compresses the BOG collected through the BOG collection pipe at a

high pressure and stores the compressed BOG.

6. The ship according to claim 5, Whereifl the BOG stored in the storage tank

is consumed in a propulsion engine, a boiler, a gas turbine, or a generator of the ship.
7. The ship according to claim 5, wherein the BOG stored in the storage tank
is supplied to the liquefied-fuel-gas storage tank and used as a pressure source for

bunkering the liquefied fuel gas of the liquefied-fuel-gas storage tank to the liquefied-fuel-

gas propulsion ship.

8. The ship according to claim 2, wherein the BOG treatment unit comprises a
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8.The ship according to claim 2, wherein the BOG treatment unit comprises a reliquefaction unit which
. reliquefies the BOG collected through the BOG collection pipe. 9. The ship according to claim 1,
further comprising a branch pipe diverging from the BOG collection pipe and connected to an upper
portion of the liquefied-fuel-gas storage tank.

reliquefaction unit which reliquefies the BOG collected through the BOG collection pipe.

0. The ship according to claim 1, further comprising a branch pipe diverging
from the BOG collection pipe and connected to an upper portion of the liquefied-fuel-gas
storage tank.
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