[ DESCRI PTION] [Invention Title] LNG REFUELI NG SYSTEM AND BO L- OFF GAS
TREAMENT METHOD [ Technical Field] 5[ 01] The present invention relates to an
LNG refueling systemwhich can deliver LNGto a liquefied nat.:Al a:l gas
(LNG -fnel ed ship and an LNGCerefuel ed,ship or can introduce the LNG from an
LNG carrier, and nore particularly, to an refueling system which separately
has a | ow-tenperature 10 LNG tank and a hi gh-tenperature LNG tank such that
both a | omtenperature LNG and a hi gh-tenperature LNG can be handl ed,

prevents i lg;flf&" n pressure in the loweuTerature LNG tank, and has a
boi | - of f Sﬁﬁé‘fﬁa manl systemto effectively treat the boil-oft gas

generatedy 15 durin he. refueling, and a boil-off gas treatnent method for
t he boil -{)ﬁrfv%%ltsl?r?egjt%f system [ Background. Art] FO021The use of

| i quefi eﬂyﬁgﬁzgggkggﬁg égyﬁthﬁDbggﬁL—O%?‘nahg.eli'ﬁgA%ﬁEﬁTpg@l&aO%i on fuel of

a. ship, esel “fuel “di'schargi ng a consi I'e quantity of

pol lutants. FO031The L,% i/vhi ch is liquefied natural gas obtai ned by
l'i quefyi n&%%%%b‘i%ln%% & gas, has a volunme reduced to 1/600 over that of
t he gaseous_natural gas, such that a 25 Iartge gquantity_ of LNCE‘ miy be
effe ivép}]carﬂQﬁLpresent invention relates to an "LNG refueling

system which can deliver LNG to a liquefied natural gas
(LNG) -fueled ship and an LNG-refueled ship or can introduce
the LNG from an LNG carrier, and more particularly, to an
LNG refueling system which separately has a low-temperature
10 LNG tank and a high-temperature LNG tank such that both a
low-temperature LNG and a high-temperature LNG can be
handled, prevents an increase in pressure in the low-
temperature LNG tank, and has a boil-off gas treatment
system to effectively treat the boil-off gas generated
15 during the refueling, and a boil-off gas treatment method
for the boil-off gas treatment system.
[Background Art]
[02] The use of liquefied natural gas (LNG) has been
considered as a propulsion fuel of a ship, instead of a
20 diesel fuel discharging a considerable quantity of
pollutants.
[03] The LNG, which is liquefied natural gas obtained by
liquefying gaseous natural gas, has a volume reduced to
1/600 over that of the gaseous natural gas, such that a

25 large quantity of LNG may be effectively carried.



[4] In general, a refueling facility of a ship or a refueling facility on a
| and has been used to refuel the LNGto a ship. [5] As the above-nenti ohed
systemthere are a ship 5(hereinafter, referred to as an 'LNG -efuel O
ship') which is refueled with the LNGyand stores the LNG and then refuels
the LNG to another ship a. d a refueling facility (hereinafter, referred to
as an 'LNG refueling termnal') which stores the LNG carried froman LNG
production base 10 and then refuels the LNGto an LNG fueled ship or. an

LNG - refyehed shi pgeMbBi-gh, is, coblgetivgl yr£allad, anrLNG sefigel dhgasyst em
Further, as the refueling system there’is a snip (hereinafter, referred to

as an ' LNG-gartjer o, Whii¢h, supplies1he ING, oL Gulies & 4i agram  the

£
illustratinga graph repregéntlng a change in pressure depending on a
t enper at yye QL 5h§%i%g7)Referring. to FIG 1, the above-nentioned LNG has a
| ower pressure as tenperature reduces and a. higher pressure 20 as

emmerat g L1CTEASER L Nog R PLESRULS MR 2 ALTRSBDEL ¢ Piggqure, 2
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is refueled with the LNG and stores the LNG and then
refuels the LNG to another ship and a refueling facility
(hereinafter, referred to as an ‘LNG refueling terminal’)
which stores the LNG carried from an LNG production base

10  and then refuels the LNG to an LNG-fueled ship or an LNG-
refueled ship, which 1is <collectively called an LNG
refueling system. Further, as the refueling system, there
is a ship (hereinafter, referred to as an ‘LNG carrier’)
which supplies the LNG.

15 [06] FIG. 1 is a diagram illustrating a graph
representing a <change in ©pressure depending on a
temperature of LNG.

[07] Referring to FIG. 1, the above-mentioned LNG has a
lower pressure as temperature reduces and a higher pressure

20 as temperature increases and has a pressure within 2
atmospheric pressure at -155 °C. A pressure unit of the
graph illustrated in FIG. 1 is a bar, in which 1 bar is
1000 hectopascal and 1 atmospheric pressure is 1013.25
hectopascal.

25 [08] Meanwhile, the LNG-fueled ship or the LNG-refueled



ship may request. LNG | ower than -155 "C which nmay stably store the LNG or
request the LNG equal to or higher than - 155 "C at which the fuel

ef ficiency increases, [09i However, since tanks storing the LUG which are 5
included in a general LNG refueling system are operated between 1,05 and
2,00 atnospheric pressure, there are problens in that. tanks which may be
opbrated at 2 atnospheric pressure or nore are further required so as to
store the LNG equal to or higher than -155 'C and when the 10 tanks storing

the LNG Lgss %nger;%r%iﬁerétc ke ilweqdu@ﬁéinv\@—%% heat,firombhe qupshde to

increase the te e of LNGto or nore and to increasSe the

pressure eri.c r n Fe g Nolo] e LNG may
be danagzggr%5F%%8%ggrFﬁéﬁ?g he Lﬁ%f%éﬂ$%??€%%§é%§m??hﬁ%gg%gfFg%1the

out si de ?ggiqgé;he ﬁrcnsfer Pfefgg%gven when, t he %%nk and the tube suffer

whi the i iclency.iricredses.
from heat > nsulti‘on, 't he boi 150 gas cont i Tiues he generated. The

boi |l - of f means_the stat.e change,fromthe liquefi NG.i.nto t gaseous
éﬁsgas.%$ﬁ§?§¥8reflnce ?%nks g%orl ? qghe %ﬁﬂ¥quj§5 a@%

20 natur even ough a"snalF quantity i S vapori zed

to the boil-off gas, the vol i . the boil -of f is relativel
| ar oot tPa PRaE oF LRGIVREN | e Bor S i1 g RATIRG 1 s SPACAVELy | gor

vol unme than that of LNG continues to be generated, a pressure in a 25 ship
fuel tanReTHeFRasks?and®ih thed word"ESHEE T the PR W iuel i€ méy “be

expl oded, [lij Therefore, when the pressure of the storage tank is
problems in that tanks which may be operated at

atmospheric pressure or more are further required so as to
store the LNG equal to or higher than -155 °C and when the

10 tanks storing the LNG less than -155 °C are introduced with
heat from the outside to increase the temperature of LNG to
-155 °C or more and to 1increase the pressure to 2
atmospheric pressure or more, the tanks storing the LNG may
be damaged.

15 [10] Further, the LNG is introduced with heat from the
outside during the transfer of LNG even when the tank and
the tube suffer from heat insulation, the boil-off gas
continues to be generated. The boil-off gas means the
state change from the liquefied LNG into the gaseous

20 natural gas. Therefore, even though a small quantity of
LNG 1is vaporized to the boil-off gas, the volume occupied
by the boil-off gas is relatively larger than that of LNG.
When the boil-off gas having the relatively larger volume
than that of LNG continues to be generated, a pressure in a

25 ship fuel tank increases and in the worst case, the ship



| arger than a set safety pressure due to the generation of the boil-off

gas, the boll-oft oasis discharged to the 5 outside of the ship fuel tank.
The di scharged boil ....offgas as described above is discharged to the air,
and otherwise, is used as a propul siop fuel of a ship or re-liquefied and
then is again transferred to the LNG tank, such that the boll-off gas may
be used like the LNGin the LNG tank. To 10 use the boil-off gas discharged
as descri bed above, there is a need to collect the generated boil-off gas,

and t hussgeneegdngxhsl spbobxaNo&LNG refueling systemincluding a system
capabl e of adsorbing and desorbing the boil-off gas. [12] in the case of

the rel ateqd, art’Thtgri‘aerf%rieS, gt hot | b-ofsinstaf | {Rg acbeaghi auekyiing

apparatus 1 n a tube connecting the LNG refueling systemto the LNG refuel ed

ship or igﬁ%éyg?nﬂgﬁgfs%oi B0 o A the e cddpeti gdnbhatgnt Be LNG

refueling's wever, pacity ere-liquefying 20 apparatus
A s hy
Capati o GYEBLSF of BeFPRg LK a7 ing -Pénpel At up o ahd BresSare Pequetted by.
b0i | - of 12Ba4S AhG>SAvFHGY EncF oy S6HSGASY FBr "AHsair GROARA GELSFRLi on,
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is used as a propulsion fuel of a ship or re-liquefied and
then is again transferred to the LNG tank, such that the
boil-off gas may be used like the LNG in the LNG tank. To
10 use the boil-off gas discharged as described above, there
is a need to collect the generated boil-off gas, and thus a
need exists for an LNG refueling system including a system
capable of adsorbing and desorbing the boil-off gas.
[12] In the case of the related art, there is a method
15 of installing a re-liquefying apparatus in a tube
connecting the LNG refueling system to the LNG-refueled
ship or the LNG-fueled ship to withdraw the re-liquefied
LNG to the LNG refueling system.
[13] However, the capacity of the re-liquefying
20 apparatus is limited, which causes a problem in that there
is a need to discharge the boil-off gas, which 1is not re-
liquefied, to the air.
[14] Therefore, a need exists for an ILNG refueling

system and a boil-off gas treatment method capable of

25 refueling LNG having temperature and pressure requested by



[ 151The present. invention proposes to solve the above probl ens, and an
obgeet of the present invention is to provide an LNG refuelina system
capabl e of handling both a | owtenperature LNG and a hi gh-tenperature LNG
preventing 10 an increase in pressuresin a |owtenperature LNG tank,
increasing stability, and effectively treating boil-off gas by allow nu the
LNG refueling systemwhich can deliver LNG to an LNG fuel ed sh-.4p and an
LNG refuel ed ship or can introduce the LNG froman LNG carrier to
separatehy bave,a s rkowitvenger aldyerdiNG t ankd ange @ohb ghg t eapetatrtyee LNG
tank, and a boil-off gas treatnent nethod. [Technical Solution] r16]Ilnane

general gspeetiyt her epds1psovi dad, anddNGaef gl i@ rsyst € shmed udorg: at
| east one |l owtenperature 20 LNG tank 100 delivering or introducing LNG

froma shijpofyet ohapky990s8n thensea; at |east one pressure vessel type
hi gh-tenperature LNG tank 208 connected to the | ow tenperature LNG tank
100; and ﬁbins%tfgsadreq,as conpr essi on
5 [Technical Problem]
[15] The present invention proposes to solve the above
problems, and an object of the present invention is to
provide an LNG refueling system capable of handling both a
low-temperature LNG and a high-temperature LNG, preventing
10 an increase 1in pressure 1in a low-temperature LNG tank,
increasing stability, and effectively treating boil-off gas
by allowing the LNG refueling system which can deliver LNG
to an LNG-fueled ship and an LNG-refueled ship or can
introduce the LNG from an LNG carrier to separately have a
15 low-temperature LNG tank and a high-temperature LNG tank,
and a boil-off gas treatment method.
[Technical Solution]
[16] In one general aspect, there 1s provided an LNG
refueling system, including: at least one low-temperature
20 LNG tank 100 delivering or introducing LNG from a ship fuel
tank 900 on the sea; at least one pressure vessel type
high-temperature ILNG tank 200 connected to the low-
temperature LNG tank 100; and a natural gas compression
system 310 compressing natural gas generated from the low-

25 temperature LNG tank 100 due to heat introduced from the



system 310 conpressing natural gas generated fromthe |ow 25 tenperature
LNG tank 100 due to heat introduced from the outside and transferring the
conpressed natural gas to the high-tenperature LNG tank 200. 17] Furt her,
the LNG refueling system 1000 may furEner include: a seventh transfer tube
470 transferring the LNGin the | owtenperature LNG tank 100 to the

hi gh-tenperature LNG tank 200. Further, an inside of the

| ow-tenperature LNG tank 100 nay be provided with a first injection

appar at usutifdandnan tirasisde rafi nighe-Hd gleriengpesed unet biNGL t gak 200 tmay be 10
provided with a second injection apparatus. [19] Further, the LNG

refuel|nglgust@ﬂﬁéggeuggyLﬁgrtagk ppol.ude: a natural gas |iquefying system
320 liquefying the natural gas conpresseby the natural gas conpression.

system 31071 [ 20]prurdder, tﬁ@emélGrre%qum@g saz@tte@fmﬂ@@@ nay further
i ncl ude: mhen the te irature of LNG of the high-
include: a seventh transfer tube 470 transferring the LNG

5 1in the low-temperature LNG tank 100 to the high-temperature
LNG tank 200.

[18] Further, an inside of the low-temperature LNG tank
100 may be provided with a first injection apparatus 110
and an inside of the high-temperature LNG tank 200 may be

10 provided with a second injection apparatus.

[19] Further, the LNG refueling system 1000 may further
include: a natural gas liquefying system 320 liquefying the
natural gas compressed by the natural gas compression
system 310.

15 [20] Further, the LNG refueling system 1000 may further
include: when the temperature of the ILNG of the high-
temperature ILNG tank 200 is lower than that of the LNG
requested from a ship, an LNG heating system 330 heating
the LNG of the high-temperature LNG tank 200.

20 [21] Further, the ILNG refueling system 1000 may further
include: when a quantity of the LNG of the low-temperature
LNG tank 100 is lower than that of the LNG requested from
the ship, an LNG flashing system 340 flashing the LNG in
the high-temperature LNG tank 200.

25 [22] Further, the LNG refueling system 1000 may further



tenperature LNG tank 200 is |lower than that of the LNG requested froma
ship, an LNG heating system 330 heating the LNG of the high-tenperature LNG
tank 200. 20[ 21] Further, the LNG refueling system 1000 may further include:
when a quantity of the LNG of the | owtenperature LNG tank 100 is | ower
than that of the LNG requested fromthe snip, an LNG flashing system 340
flashing the LNG in thehigh-tenperature LNG tank 200. 25[22] Further, the
LNG refueling system 1000 may further include: an inert gas producing

syst emanginabudaer targasandat uals gascsepatat ispgteyst @m0 360 dcoanmedhedtt o t he
ship fuel tank 900. [23] Further, the LNG refueling system 1000 may

further haslugdeural pgwersppeducing system 3¢0 eonneeted te the ship
| ow-tenperature LNG tank 100 to conbust the natu al gas generated fromthe

| ow-tenmpgrat g LBEpt ank 100 so as to convert the conbusted natural gas
into electricity. [24] Further, the LNG refueling system 1000 may

further ;1%’31 ncl ydg:a 4 fé}%e t PQ@SE%EuE‘?EI?Lﬁg‘l%sttre%psf(%d i Iag%ﬂ;] ggmthta,% LNG

carrier tank 800 to t owt enperat are "tank 100 and

high1§enpgéfﬁgé? ghg%&ggkpggguégggasystem 370 connected to the low-

temperature LNG tank 100 to combust the natural gas
generated from the low-temperature LNG tank 100 so as to
convert the combusted natural gas into electricity.
[24] Further, the LNG refueling system 1000 may further
10 include: a fifth transfer tube 450 transferring the LNG
from the LNG carrier fuel tank 800 to the low-temperature
LNG tank 100 and the high-temperature LNG tank 200 and a
sixth transfer tube 460 transferring the natural gas from
the LNG carrier fuel tank 800 to the low-temperature LNG
15 tank 100 and the high-temperature LNG tank 200.
[25] Further, the LNG refueling system 1000 may further
include: a boil-off gas treatment system 500 treating boil-
off gas generated when the LNG is transferred from the low-
temperature LNG tank 100 or the high-temperature LNG tank
20 200 to the ship fuel tank 900.
[26] Further, the boil-off gas treatment system 500 may
include: a first boil-off gas transfer tube 510 connected
between the low-temperature LNG tank 100 of the high-
temperature LNG tank 200 and the ship fuel tank 900 to

25 transfer the boil-off gas generated from the ship fuel tank



transfer tube 460 transferring the natural gas from the LNG carrier
fuel tank 800 to the low-tenperature LNG 15 tank 100 and the hMaTh-tem
rature LNG ank 200. [25] Further, the LNG refueling system 1000 rmay
further include: a. boil-gas treatneng system 500 treating boil - of f gas
generated when the LNGis transferred fromthe | owtenper Lure LNG tank 100
or the high-tenperature LNG tank 20 200 to the ship fuel tank 900. [26]
Further, the boil-off gas treatnent system 500 may include,-s boil-off gas

transfergpobec 510 reonnegt-edpeiraeend hentow herper @ ure: LNGe ank gho0 of the
hi gh- tenperature LNG tank 200 and the ship fuel tank 900 to 25 transfer

the bol | ¢ ofifc9asugenenat edadr oppbhe shi pnfueti6ankini?00520 thdecing
| ow-tenperature LNG tank 100 or the high-tenperature LNG tank 200; an

inj ectiop,unit320,Eeducing die Jemerat ufes ofnt BEcbOL=0bhpaas tiict he
| owt enper at ure LNG t ank. 1000rthe|ngh-temmrmureLNGF%nkzom a

second erigitagkl gasoLr ansf gt ohube, 330 canacelgd LAyt Dol ow Lempgeature

LNG t ank or the hi enperature ank. to transfer the

t t = |1ed boll-off ) i Ng: ' 0
conngbt GOt b Shtentor LHE BConcLBaT | ~bTT GRe L angt or t ubd B30 and.

i ncl udi ng an
gemperature LNG tank 100 or the high-temperature LNG tank

200 to transfer the temperature-controlled boil-off gas; an
adsorbing-desorbing apparatus 540 connected to an end of
the second boil-off gas transfer tube 530 and including an
10 adsorbent to selectively adsorb and desorb the boil-off
gas; and a third boil-off gas transfer tube 550
transferring the boil-off gas desorbed from the adsorbing-
desorbing apparatus 540.
[27] Further, the injection wunit 520 may include an
15 injection transfer tube 521 of which the one side 1is
connected to bypass to the low-temperature LNG tank 100 or
the high-temperature LNG tank 200 to transfer the LNG in
the low-temperature LNG tank 100 or the high-temperature
LNG tank 200 and the other side is connected to the first
20 injection apparatus 110 and an injection pump 522 included
in the injection transfer tube 521.
[28] Further, the boil-off gas treatment system 500 may
include a second compressor 531 disposed on a second boil-
off gas transfer tube 530 to control a pressure of the

25 boil-off gas transferred to the adsorbing-desorbing



10 adsorbent to selectively adsorb and desorb the boil-off gas; and a.

third boil-off gas transfer tube 550 transferring the boll-off gas descrbed
from the adsorbi ngdesorbi ng apparatus 540. [271Further, the injection unit
520 may include an 15 injection transfer tube 521 of which the one side is
connected to bypass to the |owtenperature LNG tank 100 or the

hi gh-tenperature LNG tank 200 to transfer the the | owtenperature LNG tank
100 or the high-tenperature LNG tank 200 and the other side is connected to
the firstpg@rhbjecbiuon apparatus 110 and an injection punp 522 included in
the injection transfer tube 521 rFurther, the boil-off gas treatnent system

500 may i pghude @ second €OaPHESSObE F53b sditspesedcn &y seeondoboinzy of f gas
transfer tube 530 to ontrol a pressure of the boil-off gas transferred. to

the adsorhipgerdesihidy -apparatusiddlsbid? 9k Bwdtrer, theeboddr offf gas
treatment system 500 may further include a first deserting transfer tube

541 of whi ¢hy,beifrends,ar &,connget £d: o § 0 lher RdorbispanrdesotRIsRG bing
5 apparatus 540 to circulate the boil-off gas and a heating
apparatus 542 disposed on the first desorbing transfer tube
541.
[30] Further, the boil-off gas treatment system 500 may
include: a cooling apparatus 551 disposed on the third
10 boil-off gas transfer tube 550; and a liquefying apparatus
552 provided at a rear side of the cooling apparatus 551 to
liquefy the cooled boil-off gas.
[31] Further, the boil-off gas treatment system 500 may
include a vacuum pump 543 disposed in the first desorbing
15 transfer tube 541 to control the pressure in the adsorbing-
desorbing apparatus 540 so as to desorb a portion of the
boil-off gas adsorbed into the adsorbing-desorbing
apparatus 540.
[32] Further, the boil-off gas treatment system 500 may
20 include a second desorbing transfer tube 544 having one
side branched from the first desorbing transfer tube 541
and the other side connected to the low-temperature LNG
tank 100 or the high-temperature LNG tank 200 and
transferring the LNG injected from the injection unit 100

25 to the heating apparatus 542.



5 apparatus 540 to circulate the boll-off as and a. heating apparetus 542
di sposed on the first desorbing transfer tube 541, [30] Further, the
boil -of f gas treatnent system 500 may include: a cooling apparatus 551
di sposed on the third 40 boil-off gasjdransfer tube 550; and a |iquefying
apparatus 552 provided at a rear side of the cooling apparatus 551 to
liquefy the cooled boil-off gas. LFurther, the boil-off gas treatnent
system 500 may include a vacuum_ punp 543 di sposed in the first desorbing
15 transfeB]tubebdhdrg comt robilhefpr easurerdatntdre adgordnngodesent i ng
apparatus 540 so as to desorb a portion of the boil-off gas adsorbed into
t he adsoihkngdgdesaebitmy @appaxat ust b4§as| 32hurdrersutdes boi brahi-hgas
treatment system 500 nay 20 include a. second desorbing transfer tube 544

hayi ng opersi-de thranshed £ gogpba%aftu@stssdlesggb diransfes tubesF4l and the

ot her side connected to the |owtenperature L tank 100 or the
hi gh- tenmpgratyge; LNG t 200 and,e 4 1 ansfer kg taa%olfbl@n md%%e_»@lfn@omthe
|nject|on unit 100 to the heating apparatus 542. Further, the
boi | - t t,syst 5 u d boi | -of f gas
Crane er ?ﬁ%gééﬁgngﬁgdtg §t§OL50Q. My pekuds the Ehab

[34] Further, the boil-off gas treatment system 500 may

further include a temporary storage tank 560 disposed on
the first boil-off gas transfer tube.
[35] Meanwhile, In another general aspect, there 1is
10 provided a boil-off gas treatment method using a boil-off
gas treatment system 500, including: controlling (S10) a
temperature of boil-off gas by injecting LNG 1in a low-
temperature LNG tank 100 or a high-temperature LNG tank
200; adsorbing (S20) the boil-off gas heated 1in the
15 controlling of the temperature of the boil-off gas (S10) by
an adsorbent of an adsorbing-desorbing apparatus 540;
preparing desorption (S30) desorbing a portion of the boil-
off gas by controlling temperature and pressure of the
boil-off gas adsorbed in the adsorbing (S20); and desorbing
20 (S40) the remaining boil-off gas adsorbed by transferring a
portion of the desorbed boil-off gas through a second
desorption transfer tube 544 and re-introducing the boil-
off gas heated by a heating apparatus 542 into the
adsorbing-desorbing apparatus 540.

25 [36] Further, the preparing desorption (S30) may be



before the cooling apparatus 551 is provided to transfer the boil-off gas
desorbed fromthe agsorbi ng-desorbing apparatus 540 to a gas Mel source in
t he ship. Further, the boil-off gas treatnent system 500 may
further include a tenporary storage tgnk 560 di sposed on the first boil-off
gas transfer tube. Meanwhil e, anoTher general aspect, there is 10 provided a
boil off gas treatnment nethod using a boil off gas treatnent system 500,

i ncluding: controlling (310) tenperature of boil-off gas by injecting L:,G
in a lowtenpenatiung, LNontank 110G otha hirglssterpesat wee bBNSotrankg200;
adsorbing (320) the boil-off gas heated In the 15 controlling of the

tenperatyegopbitheapphlaelit caas hbtgbya araagsnr pend efi3adlisposed
adsor bi ng- desor bi ng appar atus 540; preparing desorption (330) desorbing a

portion of the;boil 0kf gasohyreantEak! tnget eaperature and pressure of the
boi | -of f gas adsorbed in the adsorbing (S20); and desorbin 20 (540) the

remai ni ng;ho f gtqisrtggsrqr becq]ebyé:terfée?észfi%rg” NG <R Rertdon @f3 ot heng@sorblged

boi | -of f "gas t hrough a second rption transfer tube 544 an

re-intro I e,.boil -off eat ed : i1 0g.,.appar into the
adso?iin@ggggg?%gnagagﬁggggﬁgﬁgfg gg%@é?ﬁ%?%£§€%£€% P rggagﬁﬁ§c§§§8rp(530)
may be 11, perfarned, by controlli t he_pressure of .the or_bi sor bi ng
appar at us"5 05%ﬁr6ﬂﬁﬁ ge9ggﬂu%%nﬁﬁk555a rSHosEd R & i?g? %&gﬁﬁﬁﬁcm
transfer tube 541. . Further, th reparing desorption (330) may be
ber T or ot by Serands PPPRGELAE FREPRPSCEERCLy T aH, CORFoR AP 298 and
heat ed by the heating a garatus 542 t hrough. the second de%grption transfer
t ube 544 %mHeE%EFF%IP?ng EhedPerBePLT HPECHP PR 2RASEFBI ig-ddsor bi ng
appar at us 540. 38] Further, the boil-off gas treatnent nmethod nay 10

further &8l udefuafthar t hdhdesHBilngiB40RS r é1CiRGIENYi n§S(550) R cool ed
boil oi I f gas by passing the cooled boil off g cl through the I|iquefying
appalCat usussRer afiner uglepora § s oehehelagtrsiaref  { el Heseebed B6iflvingf f gas
passes through a cooling apparatus 551.

(S50) the cooled boil-off gas by passing the cooled boil-

off gas through the liquefying apparatus 552, after a
portion or the whole of the desorbed boil-off gas passes
through a cooling apparatus 551.

15 [39] Further, the boil-off gas treatment method may
further include: cooling (S60) the adsorbing-desorbing
apparatus 540 by moving the LNG injected through the
injection unit 520 to the adsorbing-desorbing apparatus 540.
[40] Further, the boil-off gas treatment method may

20 further include: after the desorbing (S40), using a gas
fuel source (S70) by transferring a portion or the whole of
the desorbed boil-off gas to the gas fuel source.

[41] Further, the boil-off gas treatment method may
further include: after the adsorbing (S20), separating

25 apparatus (S80) separating the ship fuel tank 900 from a



[39] Further, the boil-off gas treatnment nmethod may further include:
cool i ng (36t he adsor bi ng-desor bi ng apparatus 540 by noving the LNG injected
through the injection unit 520 to the adsorbi ng-desorbi ng apparatus 540.
[40] Further, the boil-off gas treatment method may 20 further include:
after the desorbing (540), using c gas fuel source (S70) by transferring a
portion or the whole of thu esorbed boil-off gas to the gas fuel source.
[41] Further, the boil-off gas treatnment method may further include: after
t he adsopbingofB820)casepatatiypgeml20oborlirofitrt tealnenhgsystempos@@yf urt her
including a tenporary storage tank 560. [ Advantageous Effects]

[ 42] Accosdbpgagtorthe preseht invention, the LNG refueling system can
deliver the f&G to the LNG fuel ed ship and the LNG refuel ed ship or

i nt roduc A A@gi %Fn fgﬁ#@g%carrier to supply. the LNG having the
tenperature requested by t ip, prevent the increase in pressure of the
lowtenpeg af ure L NG tank, apd ingreasg the,stabilih¥ion, the 1NG

5 refueling system can deliver the LNG to the LNG-fueled ship
and the LNG-refueled ship or introduce the LNG from the LNG
carrier to supply the LNG having the temperature requested
by the ship, prevent the increase in pressure of the low-
temperature LNG tank, and increase the stability.

10 [43] Further, the LNG refueling system according to the
present invention can easily use the LNG as the fuel
without controlling the pressure of LNG in the ship and
control the pressure of LNG before the LNG is introduced to
the inside of the ship to remove a need to separately

15 include the pressure control apparatus in the ship, thereby
simplifying the apparatus.

[44] In addition, the ILNG refueling system according to
the present invention includes the boil-off gas treatment
system to effectively carry out the adsorption and

20 desorption of the boil-off gas, thereby increasing the
reuse efficiency of the boil-off gas.

[45] Moreover, the LNG refueling system according to the
present invention includes a temporary storage tank which
temporarily stores the boil-off gas in the first boil-off

25 gas transfer tube to remove the need to manufacture the



10[ 43] Further, the LNG refueling syetem according to the present invention
can easily use the LNG as the fuel without controlling the pressure of LNG
in. the ship and control the pressure of LNG before the LNGis introduced
to the inside of the ship to renove ajyieed to separately 15 include the
pressure control apparatus in the ship, thereby sinplifying the apparatus.
|.44] 1 n addition, the LNG refueling system according to the present
invention includes the boil-off gas treatnment system to effectively carry

out the adsorptdron amd 20 des@inti onieé tihe hoigraffugasstidher ebype,
increasing the reuse efficiency of the boil-off gas. [45] Moreover, the LNG

refuelingigystem-aecemndilRg 3o 1t-her Presentahdvenstparyackudesoa itemgbrary
storage tank ich tenporarily stores the boil-off gas in the first
boi | - of f 4 25. it c9asd ransf eenbubgyt A ranRe tihg need teonBRuUEact uethe 13
friendly LNG refueling system.
5 [Description of Drawings]

The above and other objects, features and advantages
of the present invention will become apparent from the
following description of preferred embodiments given in
conjunction with the accompanying drawings, in which:

10 [46] FIG. 1 is a graph illustrating a change in pressure
depending on a temperature of LNG;
[47] FIG. 2 1s a schematic diagram illustrating a path
transferring natural gas 1in a low-temperature LNG tank,
which is compressed by a natural gas compression system, to
15 a high-temperature LNG tank, in the LNG refueling system
according to the present invention;
[48] FIG. 3 1s a schematic diagram illustrating a path
transferring a low-temperature LNG of the low-temperature
LNG tank or an LNG flashing system to the high-temperature
200 LNG tank through a first transfer tube, 1in the LNG
refueling system according to the present invention;
[49] FIG. 4 1is a schematic diagram illustrating a path
in which the natural gas generated from the low-temperature
LNG tank of the LNG refueling system according to the

25 present invention is liquefied by the natural gas



fuel tack of the supply line in a pressurization type, liquefy the whole
boi |l -off gas, and di scharge the boil-off gas to the air, thereby

i npl enenting the econom cal, ecofriendly LNG refueling system [Description
of Draw ngs] The above and ot hgr objects, features and advant ages of
the present invention will becone apparent fromthe foll ow ng description
of ireferred enbodinents given in cc unction with the acconpanying
drawings, in which: 10 FIG | is a araph illustrating a change in pressure
dependi ngooprast espesatuer ohdLNGat[14Z)] EbS 12qusfaisghegatin;di agram
illustrating a path transferring natural gas in a |ow enperature LNG tank,

which is[gonpressed by asnat usahe@as: €0APLESSMON ISYsteMtitey 19 @ath
hi gh- tenperature LNG tank, in the LNG refueling system according to the

pr ese”t'&é!fﬂ%?ﬂng LAB] nELB-t3mbe ratschemmid o diagsm i Hiyst eahikngna path
transferring a | owtemmrmure NG of the lowtenperature LNG tank or an

LNG f1 ashjng §X§§e %E?n |9@y%%@ﬂpra$c89r %@?taQ% thﬂgyghp%eébh%t

transfer tube, fueling system ac ding to the
presqptlnv?gﬁ£9g 49rTr|s a schematic dlagran1|IIustrat|ngpath in which
the natur gaM/generated fromthe |l owtenperat LNG tank of the LNG

f uel di d
[ quet 'y:r‘ﬂafii ?&?C"é 139 O e P AT e o g [ Fubefh Pog a
t [ t LNG shi h LNG
Fot vel | i LYKE BHAcEOr Ot A LaMPRE=EPESOHICI AgenbRoRl P Tuet tank'S

the LNG refueling system according to the present
invention;

10 [52] FIG. 7 1is a schematic diagram illustrating a path
refueling inert gas, natural gas, and LNG to the ship fuel
tank filled with air immediately after being dried and
maintained and repaired in the LNG refueling system
according to the present invention;

15 [53] FIG. 8 is a schematic diagram illustrating a path
producing power with vapor generated from the LNG refueling
system according to the present invention;

[54] FIG. 9 is a schematic diagram illustrating a path
introducing the LNG from the ILNG carrier in the LNG

20 refueling system according to the present invention;

[55] FIG. 10 is a schematic diagram illustrating a path
transferring an exhaust gas generated when a pressure of
the tank and the system abnormally increases due to heat
introduced from the outside in the LNG refueling system

256 ~according to the present invention;



[51]FIG 6 is a schematic diagramillustrating a path delivering the

| ow-tenperature LNG to the ship fuel tank in the LNG refueling system
according to the present invention; 10[52]FIG 7 is a schematic di agram
illustrating a path refueling inert gas, natural gas, and LNG to the ship
fuel tank. filled with air imediately after being dried and nmai ntai ned and
repaired in the LNG refueling systemaccording to the present invention;

i S[5 3]FIG 8 is a schematic diagramillustratingpath produci ng power with
vapor genesat ed Frmmihei ENG refhuelaitng syisiemmaccordsngat ong he present

i nvention; [54] FIG 9 is a schematic diagramillustrating a path

i ntroduct agntherkNf neuthe LNG gaheirgtetinathenkNGiz8 bef pebidngisyst em
according to the present invention; [55] FIG 10 is a schematic diagram

illUStraEh@Ql@wp@éﬁpéE§E§E6rLN@gb9rF§§B§H§ttﬁéshggﬂe&éh drwhencarpessure

of the tank and the system abnornally increases due to heat introduced from

the OUtS£H§o%gpt9ﬁeLﬁﬁbrfnghEHQ §%§E@H!§ﬁ aceor fsng ko tihe gprresent,

i nvention; :557FIG 11 1s a“schematic diagramillustrating a path

trsnsferiop Qafhyral gas geosLAted, gL thgnti me of producing

[57] FIG. 12 1is a schematic diagram illustrating an
embodiment of the LNG flashing system in the LNG refueling
system according to the present invention;

[58] FIG. 13 is a schematic diagram illustrating a boil-

10 off gas treatment system of the LNG refueling system
according to the present invention;

[59] FIG. 14 1is a schematic diagram illustrating an
apparatus used during an adsorption process in the boil-off
gas treatment system of the LNG refueling system according

15 to the present invention;

[60] FIG. 15 is a schematic diagram illustrating an
apparatus used during a desorption process in the boil-off
gas treatment system of the LNG refueling system according
to the present invention:

20 [61] FIG. 16 is a schematic diagram illustrating that a
second desorption transfer tube is further included in the
boil-off gas treatment system of the LNG refueling system
according to the present invention;

[62] FIG. 17 is a schematic diagram illustrating that a

25 cooling apparatus and a liquefying apparatus are further



the | owtenperature LNG by passing. the high-tenperature LNG through. the
LNG fl ashing systemin the LNG refueling system5 according to the present
i nvention; FIG 12 is a schematic diagramillustrating an

enbodi ment of the LNG flashing systemgn the INC refueling system
according to the present invention; 158]FIG 13 is a schematic diagram
illustrating a boil- 10 off pas treatnent system of the LNG refueling
system according to the present invention.; [59]FIG 14 is a schematic

di agram i htustieat iing e boapparat us susetegdunemnyg agsadsorgt i oheproicess in
the boil-off gas treatnent: systemof. the netrefueling systemaccording 15

to the presestihgveptten; ab66LEi &y 45 tseapsehenst iavdhagobam il lustrating
an apparatus used during a desorption process in the boil -off gas

treat meng 6§}2'st emmef, the LNGirefuehing Systemaccor disgrioikhernpesant
invention; 20[61]FIG 16 is a schematic diagramillustrating that a second

oot POk PIRIS Ul St LIEre oty ol uf e ool gas o et

5 gas treatment system of the LNG refueling system according
to the present invention;

[64] FIG. 19 is a process diagram illustrating a boil-
off gas treatment method according to the present
invention;

10 [65] FIG. 20 is a process diagram illustrating that a
re-liquefying process is carried out after the desorption
process in the boil-off gas treatment method according to
the present invention;

[66] FIG. 21 is a process diagram illustrating that an

15 apparatus <cooling process 1is carried out after the
desorption process in the boil-off gas treatment method
according to the present invention;

[67] FIG. 22 is a process diagram illustrating that a
process of using a gas fuel source is carried out after the

20 desorption process in the boil-off gas treatment method
according to the present invention; and
[68] FIG. 23 is a process diagram illustrating that an
apparatus separation process 1is carried out after the

desorption process in the boil-off gas treatment method

25 ~according to the present invention.



[62] FIG 17 is a schematic diagramillustrating that a 25 cooling apparatus
and a liquefying apparatus are further included in the boil-off gas
treatment system of the LNG refueling systemaccording to the present

i nvention; FIG 18 is a schematic diagramillustrating that a
tenporary storage tank is rbrther included in the boil-off gss treatnent
system of the LNG refueling system according to the present invention;
[64FIG 19 is a process diagramillustrating a. boil- off gas treatnent

met hod acpeydgi nghd<} the present. invention; 10[65]FIG 20 is a process
diagramillustrating that a re-liquefying process is carried out after the

desor pti pgo pr ocess-dimddte hoid -wfdhgasa 1 reat rent o rebhodrnaceerdiengniyo t he
present inventioh; [66]FIG 21 is a prbeess diagramillustrating that an 15

appar at us, 600hi RY-PrQeL§Sthbstrar predeaut 1 altar ibheydesoppt HeBCPHBEESS N
the boil-off gas treatnent nmethod according to the present invention;

e o A ZRpks PLORSRE, POEPLbUpLr ehLIcLb g PoRRIREL Ui o
boi | - 07T 985 treal /et met bad acgordhfgny,i0gt heyPLLREHL 1 nueNti gy yand

examples shown in order to describe the technical idea of
the present invention in more detail. Therefore, the
technical idea of the present invention 1is not limited to
shapes of the accompanying drawings.

10 [71]
[72] The present invention relates to an LNG refueling
system which may deliver LNG to an LNG-fueled ship using
the LNG as a fuel and an LNG-refueled ship supplied with
the LNG and storing the LNG and then refueling the LNG to

15 another ship or introduce the ILNG from an LNG carrier
carrying and supplying the LNG of the LNG production base.
An LNG refueling system 1000 separately has a low-
temperature LNG tank 100 storing a low-temperature LNG and
a high-temperature LNG tank 200 storing a high-temperature

20 LNG to be able to handle both the low-temperature and the
high-temperature LNG, prevent the increase in pressure of
the low-temperature LNG tank 100, and increase stability.
In this case, the low-temperature LNG is LNG less than -155

°C and the high-temperature LNG is LNG equal to or higher

25 than -155 °C,.



[6B]FIG 23 is a process diagramillustrating that. an appar at us
separation process is carried, out after the desorption process in. the
boil -of f gas treatnent nmethod 25 according to the present inventioh. 17

[ Best Mbde] Hereinafter, a typohnical spirit of an LNG refueling
system according to the present i Lion will be described. in nore detail
with reference to the acconpanying drawi ngs. [70] However, the acconpanying
drawi ngs are only exanples shown in order to describe the technical idea of
the presemtjinvenid.on bn nose detaididdhenef orig,l ddredteichni cal i geahof the
present invention is not limted to shapes of the aoconpanyi ng draw ngs.

10[ 71] [¢24Thecpresgnthathvent i @asrehatese t Qoan tbiNcer-atuell ngvsystem which
may deliver LNG to an LNG fuel ed ship using the LNG as a fuel and an

LNG refughgd ship.sunpl i edwithsthe LNG and,stiordnggatshe cbiNgrand ibhen

refueling the LNG to another ship introduce the LNG froman LNG carri er

Carryingsﬁggeﬁun??yiqg)tpﬁeLN@gﬁtt%%$eE§%uﬂ%pqﬂ@§iQQnQa%RX)Anianﬁe

refueling syste 000 separatél’y has a | owtenperat nrc LNG'tank 100 storing

alowte rature LNG and hi_gh- . t tarl

hi gh\-,gt en]gig(?at tI#éfuf I'RG tsgasnteelngbl ieg%eilg%glggdgg?h t he Izg}\?\ftse liflgrggtntﬂa're and
t he hi gh-t t NG, t the i i f.th

| ove 1 eopL ST BT NG FaRk A0 Yehiet 17 cBeaCER a0 Mttt sthadee . o

]perature LNG is LNGless than -155 'C and the h_gh-tenperatu.re LNG is LNG
equal to°BPORIHRRF °fs Fiw EFEﬁeBFaglrIE’rﬁr}qll%tY’é%?né’eang%?(ﬁrl & In

more detail with reference to FIG. 2.
[74] The ING refueling system 1000 according to the
10 present invention includes at least one low-temperature LNG
tank 100 and at least one pressure vessel type high-
temperature LNG tank 200 which deliver the LNG to a ship
fuel tank 900 of the LNG-fueled ship and the LNG-refueled
ship on the sea or introduce the LNG from an LNG carrier
15 fuel tank 800 of the LNG carrier and may include a system
and a main tube capable of increasing the LNG delivery, the
introduction efficiency, and the stability.
[75] In general, as a storage tank of LNG, a low-
pressure tank operated between 1.05 and 2.00 atmospheric
20 pressure is used and the low-temperature LNG tank 100 is a
low-pressure tank. FIG. 1 is a graph illustrating a change
in pressure depending on a temperature of LNG and referring
to FIG. 1, the LNG has a pressure within 2.00 atmospheric
pressure at temperature less than -155 °C. The LNG-fueled

25 ship and the LNG-refueled ship may request the low-



transferring natural gas in the lowtenp rature LNG tank 100, which is
conpressed by a natural gas conpression system 310, to the high-tenperature
LNG tank 200, in the LNG refueling system 1000 according to the present

i nvention. The LNG refueling system 100 according to one enbodi nent of the
present invention will be described in nore detail with reference to FIG 2.
[ 74] The LNG refueling system 1000 according t.o the 10 present invention

i ncludes at. | east one |lowtenperature LNG tank. 1.00 and at |east one
pressur ecy@ssehttiype Lnd enpes atHpg LNGH amk 200cmhinglr del i yesréhe kNG to a
ship fuel tank 900 of the LNG fuel ed ship and the LNG refuel ed ship on the
sea or ipteoduggkt hepkNGthmommpan NG carrier 48d4fuel obankt80@pekrtike LNG
carrier and may include a systemand a main tube capable of increasing the
LNG del i yeLys,tBe shat rr%{@é@nt}?éfhﬁFﬁDE¥mp@@ch?@ shabidddyr tb78k In
general ,” as a storage tank5 LNG a. low pressure tank operated between.
1.05 and_2.00 _a pher. e.ils.u a he. t r re LNG
t ank 100h‘iL%}£‘)?](:)wlic g[rgzlssﬁlrégticﬂ%ﬁﬁ&?shgaar gﬁ%ll Irl%jfufslthcfla%r?% ‘gﬂgﬁa%% in
pressure pendi n n te t.ur f LNG an r ef i he, L S a
pr es%r eLl\Q/I\ngt hjisg 21%8% a??ms%ﬁgu%é %38t en‘per%t Scrhée Lﬁlg&l gkgasét%anw%’% C whi ch
may be stored in the tank operated bet weenal 05 %nld h2'r00 {%ﬁg&ﬁge%isc
pressur ePARTSPFEGUESt YHEHT Gh LT erSerStar & TNG eqitd o BF R gher “than - 155
"C. snowi ng high fuel, effici ency when g_?ile? LNG i s uied as a_ fuel and since
the LNG hZEPErFbWET pred&ise Sastt emparafiaré Féduces SRaTAChGHEr L5 essur e
as tenperature increases in consideration of = characterjistics cii LNG the
LNG r ef uefi AgiGsystietn 1060 FRERaEERY t R SIEGH: t ERper aRGrEIERG tahk 120 whi ch
may store the LNG | ess than 10 -155 C and cithin 2,00 atnospheric pressure
and the pressurkeuyesslf typ& Hi0gh-thermiersuret NG tanklP80 1 fAEch PRy stare
the LNG hi gher than -155 00 and equal to or higher than 2.00 atnospheric

pr eskur e-1Fur t er ,artche wiNG imef 2elliing agystsemel(00 peedsure bensealtéd t o
prevent the naturalgas frombeing mxed with air at the tine of delivering
or introduessgréheasN@l type high-temperature LNG tank 200 which

may store the ILNG higher than -155 °C and equal to or
higher than 2.00 atmospheric pressure. Further, the LNG
refueling system 1000 needs to be sealed to prevent the
15 natural gas from being mixed with air at the time of
delivering or introducing the LNG.
[76] Since the low-temperature LNG tank 100 as described
above has the difference in pressure depending on the
temperature under a composition condition of LNG, the low-
20 temperature LNG tank is preferably set to have a design
pressure of 2.50 atmospheric pressure higher than 2.00
atmospheric pressure. In this case, the pressure 1is an
absolute pressure.
[77] Referring to FIG. 2, the LNG refueling system 1000

25 may include a natural gas compression system 310, a natural



[76] Since the | owtenperature LNG tank 100 as descri bed above has the
difference in pressure depending on the tenperature under a conposition
condition of LNG ow 20 tenperature LNG tank is preferably set to have a
desi gn pressure of 2,50 atnospheric pressure higher than 2.00 atnospheric
pressure. In this case, the pressure is an absolute pressure, [ 77]
Referring to FIG 2, the LNG refueling system 1000 25 May incl ude a.

nat ural gas conpression system 310, a natural 20 gas |iquefying system
320, an N6 heatuedyisystepm3a0, 3a0, LNG flreshhegtsyst ems340; am0j nent gas
produci ng system 350, an inert gas-natural gas separating. system 360, a.

power proddcingssysyesy3¥em 3nd, aAnLhNeebei bhe phbdsyshgms38@emandoa
boil -of f gas treatnent system 500, 181The natural gas conpression system

310 may gQNPreSS thesbabunaklgag UskBgadall ahh-PFLSSUr 8609NMPL epsRer t he
nat uri guefying system 320 may |1 quefied the natural gas by exchangi ng heat

several L} Dgs-using. A Txeg;d0 5%”%5@%,10%&,(115@%{@6 atdng 3gyst em 330

may i ncrease the tenperature of LNG exchangi ng "heat . e LNG fl ashi ng

system 340411 asbes_ (¢ Mghbod,of - ADhAI 0i00.A Sew. temperature 1iquid after
g a pressure ahrgh-tenperature saturated liquid through a val ve

or a nOZ%%g] The natural gas compression system 310 may compress
the natural gas using a high-pressure compressor, the
natural gas liquefying system 320 may liquefied the natural

gas by exchanging heat several times wusing a mixed

10 refrigerant, and the LNG heating system 330 may increase
the temperature of LNG by exchanging heat. The LNG
flashing system 340 flashes (a method of obtaining a low-
temperature liquid after reducing a pressure of a high-
temperature saturated liquid through a valve or a nozzle

15 and generating vapor during a flashing process) the high-
temperature LNG to be able to produce the low-temperature

LNG, the inert gas producing system 350 may use an inert

gas generator (IGG) producing the inert gas, and the inert
gas-natural gas separating system 360 may use a nature of

20 first liquefying gas having high boiling point by cooling
the inert gas and the natural gas or may separate the inert

gas from the natural gas by sorting and distilling the
inert gas and the natural gas after liquefying the inert

gas and the natural gas. In this case, the LNG flashing

25 system 340 flashes the high-temperature LNG to produce the



15 and generating vapor during a flashing process) the high-tenperature LNG
to be able to produce the |owtenperature LNG th inert gas producing
system 350 may use an inert gas generator (1G5 producing the inert gas,
and the inert. gas-natural gas separatji ng system 360 may use a nature of 20
first liquefying gas having high boiling point by cooling the inert gas and
the natural gas or may separate the inert gas fromthe natural gas by
sorting and distilling the inert gas and the natural gas after |iquefying
t he inertogascapdribersatinal aad ngthesacase;hd hendiNG1 aghisng 25hsyst em
340 flashes the high-tenperature LNG to produce the |owtenperature LNG
and genepalert he-dmidnal a3scEhe PovwemPy oduebigrsyshemiQirmy gembust the
nat ural gas obtained by vaporizing the LNG due to the increase in pressure
and tenp%@ayﬁ@dt%hyr Né%?ci@@?@ apd thes LNGDokbi ngnof fi riyisdam 386, may

heat and oil-off the LNG to produce the natural gas. Further, the boil-off

gas {1 eabe0L, YS! S 00 Ry fotise Lhe BobloL! gagegensial ahsuriag the

r ef uel | mai n 00 1 ncl ude irst transfer tube 10 410, a

second téé‘?fiﬁ%—&'?e s‘allzs @f"%@ﬁ Orﬁé;ﬂe%ntd“b@of'?—oofﬁ fRur thgranster

t ube 440; "a second trans

.ransfer_tube 460,, a seventh. transfer tube, 470, and an ei.ghth_tr fer tube
280, [SOTOMESTi FRE (PARSFAF ¢ 4B 410 Eﬁ{}t{i%ﬁver@g?hebﬁé\% o?éfrrp%g:sture LNG
to tne shig fuel tank 900 of the LNG fueled ig#@_an the LNG refueled ship
and the sk %Fﬁe?Faﬁgﬁéﬁmtd%g)4§ﬁynﬁ§uaglFE%? Hi'gh- Y8np&Fafafe *ENG to
the ship fuel tank 900 of the LNG fueled ship and the ENG refuel ed ship.

The thirgufianste ¥abec4309may transfer only the | ow 20 pressure natural
gas and the fourth transfer tube 440 may tr sfer only the high-pressure
natural §a8] Th&hsecondnt rawst et09 ub@c4zoleand t hé Tefi rer3p &h¥ el WPdbe 460
are a tube which introduces the LNG fromthe LNG carrier fuel tank 800 and
may el i 4&0, t hesmavudatrgasfeo theel K&lcapr tbirgstiaal feankuBe04o t he LNG
carrier through the third transfer

a fourth transfer tube 440, a second transfer tube 450, a

third transfer tube 460, a seventh transfer tube 470, and
an eighth transfer tube 480.
[80] The first transfer tube 410 may deliver the low-
15 temperature LNG to the ship fuel tank 900 of the LNG-fueled
ship and the LNG-refueled ship and the second transfer tube
420 may deliver the high-temperature LNG to the ship fuel
tank 900 of the LNG-fueled ship and the LNG-refueled ship.
The third transfer tube 430 may transfer only the low-
20 pressure natural gas and the fourth transfer tube 440 may
transfer only the high-pressure natural gas. The second
transfer tube 450 and the third transfer tube 460 are a
tube which introduces the LNG from the LNG carrier fuel
tank 800 and may deliver the natural gas to the LNG carrier

25 fuel tank 800 of the LNG carrier through the third transfer



92 tube 460 as nuch as a volune of the introduced LNG whil e introducing the
LNG fromthe LNG carrier fuel tank 800 into the second transfer tube 450.
Further, the seventh transfer tube 470 and the second t- hsfer tube have a
first ection apparatus 1.10 and assecond injection apparatus disposed
at the respective ends thereof to inject the i r.roduced LNG and the eighth
transfer tube 480 may deliver the exhaust gas generated when the pressure
of the tanks NO and 200 and the systens 310, 320, 340, 360, and 380 10

i ncreasesygdle 460 heatmidi r educed;drom t he euksiidesrdduddd sLk@sehiflke ei ghth
transfer tube 480 may be provided with a conbustion apparatus 481 which
combust si fheogxbadst tgasrdel E¥enednhér onct Bertank andithans som [8ipSi nce
the LNG fueled ship or the LNGrefueled ship nay reouest the | ow

_temperatyse LBGoaR regugstetheclbah- uemmer atpnechdl, thecl NGevehuel ing
system 1000 i ncludes the | owtenperature LNG tank. 100 and the

high-tempelalile LGtank 200 cibesLBthuetyghbag,syabem4980,a2 idascr i bed

above increases e pressure and tenperature of the |ow 20 tenperature LNG

t ank 100 due 0 the tr o fr e e
nat ural ¢ ga |%l?%quﬁmtengErg?§r§gL tS%E%T§ fﬂf%?%%egng %tggs
generated.fromthe | owtenperature LNG t 00 is transferre a

conpr esseH® P%%eﬁaﬁﬂiaﬂﬂﬁh2988R6F§§¥FoneE &t %?%ﬁ% £ ?herﬂaéﬂltggperature
LNG t ank, 200 t hrough _t he fou th tr fer tuhe 420 above- ntloned

st ruct ur &N pF eVERE %NGlﬁE?e % ?ﬁgEnggﬁﬁﬁngr EEbP agpeW8¥r SEdrd ENG t ank
100, thereby preventlng the I owtenperature LNG tank 100 from5 L

damaged. th§ 82KhPHE CLNG P BREF AGSSy $H6Mm 168D Hﬁ?sﬁHEFudEft%%eplﬁpgllty of
1.ow tenperat e LNG tank 100 and the pluralit of pressure vessel type

hi gh- t enpe? atiife ANG eRAKSTEO0S BB S t 6 1Pef A0t hd2DNG I it Pl df&l ity of

LNG fuel ed ships 10 or LNG refuel ed shipsa snort period of tine.
10 increases due to heat introduced from the outside. 1In this

case, the eighth transfer tube 480 may be provided with a
combustion apparatus 481 which combusts the exhaust gas
delivered from the tank and the system.
[81] Since the LNG-fueled ship or the LNG-refueled ship
15 may request the low-temperature LNG or request the high-
temperature LNG, the LNG refueling system 1000 includes the
low-temperature LNG tank 100 and the high-temperature LNG
tank 200. The LNG refueling system 1000 as described above
increases the pressure and temperature of the low-
20 temperature LNG tank 100 due to the heat introduced from
the outside to generate the natural gas in the low-
temperature LNG tank 100 and the natural gas generated from
the low-temperature LNG tank 100 is transferred and
compressed to the natural gas compression system 310

25 through the third transfer tube 410 and then is transferred



[83] The LG refueling termnal nmay be a botttmnmou type which is fixed to a
ground or a floating type and the L.?.1G refueling system 1000 is applied
to the LNG refueling termnal and the LNG refueled ship. t5[84]FIG 3 is a
schematic diagramillustrating a pathpg njecting th | owtenperature LNG of
the | owtenperature tank 100 or an LNG fl ashing system 340 to the

hi gh-tenperature LNG tank 200 t hrough the seventh transfer tube 470, in the
LNG refueling system 1000 according to the present invention, and e process
of produebngHrchenhyght éeppesatvee IhNG wehk beowesarbbed wid reherence to
FIG 3. [@®B] The LNG refueling system 1000 may transfer the LNG of the

| owt enperat ster LG tank 0100 e the,sevenitt dhansEeruttubee 4p0et/Bheegh t he
second transfer tube 420 and inject 25 the LNG of the |lowt.enperature LNG

tank 100,405 fhe-hie’ 1n26ré§EB§éGBEV@hé“@bwtéeﬁp899thBéOEgh EaﬁkSQW@nth
transfer tube 470. To prevent the increase in pressure of

| ow t enpey at ufelp’}l%‘ée%Qﬁﬁfboothéhqole@e (%%utrranﬁt@rt% ghéé‘efrom

hi gh- tenpera Since the in uce rca o LNG into the
hi gh era d§m tank 200 increases by injecting the LNG t hrough the
seven ransfer ?%%e 470 the LNG has the reduced pressure by being

i ntroduc nt o | - rature L 00, _such_that thb, LNG nay
be effecf?%L §%§brgg% |EF &énﬁigﬁ Ng. rg%gﬁ ['RE t &Rk 106 gth this
case, the LNG of | owtenperature LNG tan shed in the LNG
f|ash|ngP%Wt%%+§ﬁoO§ht%%ghenﬁ%rgEEBﬁdLNPaﬁénF iﬁﬁ a&ﬁotgﬁdp HERLMEY be

i njected to the high-tenperature LNG Lank 200 through the seventh transfer
t ube 4700t 1BF86FFFG vesse la GEtenat PR BPRERART HFPustCat i aypat AP nS®hi ch the
natural gas generated fromthe |lowtenperature , - LNG tank 100 of the

L. T. G r ed®iefPngedyistleral 00N @ckor dhArg Ao aHd pr exentNEnfent #8n s PEi quefi ed

by the natural gas
10 or LNG-refueled ships for a short period of time.

[83] The LNG refueling terminal may be a bottom-mounted
type which is fixed to a ground or a floating type and the
ING refueling system 1000 is applied to the LNG refueling
terminal and the LNG-refueled ship.

15 [84] FIG. 3 is a schematic diagram illustrating a path
injecting the low-temperature LNG of the low-temperature
tank 100 or an LNG flashing system 340 to the high-
temperature LNG tank 200 through the seventh transfer tube
470, in the LNG refueling system 1000 according to the

20 present invention, and the process of producing the high-
temperature LNG will be described with reference to FIG. 3.
[85] The LNG refueling system 1000 may transfer the LNG
of the low-temperature LNG tank 100 to the seventh transfer
tube 470 through the second transfer tube 420 and inject

25 the LNG of the low-temperature LNG tank 100 to the high-



conpressi on system 310 and the natural gas |iquefying 20 system 320 and
referring to FIG 4, the pressure and tenperature of the | owtenperature
LNG tank 100 increase due to the heat introduced fromthe outside, such
that the natural Gas generated fromtdye | ow tenberature LNG tank 100 may be
conpressed by the natural as conpression system 310 natural gas |iquefying
system 320, and then transferred to theLNG | owtenperaturetank 100 through
the seventh transfer tube 470. The LNG refueling system 1000 havi ng the
above- nenthpaedt steuckur e afgy coonpitessudrhecat seabngastobnklier tube

| ow-tenperature LNG tank 100 and then |iquefy the conpressed natural gas,

thereby indirecthy gedusingthbe pressyee ofn t Beckewrbenper atny e 1ILNG tank

100. FIG 5 is a schematic diagramillustrating a path delivering
the highetepperatuLer kG LQKa18hi Pche the KNG 1@ E%EH%Eb@QeSY%be%héOOO
according to the present invention and referring to 5, in the LNG

el s e oot o B enpo o ot o e
to pﬁgvegﬁetﬂﬁGi9ﬁ£8a§ﬁelﬂlgh—temperature LNG tank 200 increases by
injecting the LNG through the seventh transfer tube 470,
the LNG has the reduced pressure by being introduced into
the high-temperature LNG tank 200, such that the LNG may be
effectively adsorbed into the high-temperature LNG tank 200.
10 In this case, the LNG of the low-temperature LNG tank 100
is flashed in the LNG flashing system 340 through the
second transfer tube 420 and then may be injected to the
high-temperature LNG tank 200 through the seventh transfer
tube 470.
15 [86] FIG. 4 is a schematic diagram illustrating a path
in which the natural gas generated from the low-temperature
LNG tank 100 of the LNG refueling system 1000 according to
the present invention is liquefied by the natural gas
compression system 310 and the natural gas liquefying
20 system 320 and referring to FIG. 4, the pressure and
temperature of the low-temperature LNG tank 100 increase
due to the heat introduced from the outside, such that the
natural gas generated from the low-temperature LNG tank 100
may be compressed by the natural gas compression system 310

25 through the third transfer tube 430, 1liquefied by the



'O pressure of the |owtenperature LNG tank 100 when the high-tenperature
LNG is delivered to the LNG fueled ship, and thus the LNG of the

hi gh-tenperature LNG tank 200 is delivered through the-second transfer tube
420 as it is when the high-tenperaturges LNG satisfies the tenperature 20
condition of the high-tenperature LNG In this case, when the LNG of the

hi gh-tenperature LNG tank 200 does not satisfy the tenperature condition of
the high-tenperature LNG the LNG of the high-tenperature LNG tahk 200 may
be heat edabyrthegbNGlHeatifyg nsy styerne33031 el ardédthant heasecemnded5 tior ansf er
tube 420 and then delivered. The LNG refueling 26 system 1000 as descri bed

above mayhdel iyertthpehhghrtenprcat urakLNGODO theokye f weked sehiepth
requesting the high-tenperature LNG by neeting the tenperattre condition of

the hi ghttenpecat urgd NG @venThougis t herLNGi af thethinght § @openativge LNG
tank 200 does not satisfy the tenperature condition or the high-tenperature

LNG, -, 88¢ bk GapBvkSp@ns ¢ RERR! Ist diaghamyd) usihatdng @h@ahatd%hvgfaisn the
| ow-tenperature LNGto the ship in the L refiuel i ng system 1000 according

to the presepl, ifyentign 10.8nd EREENIING 100 FLG: Gndil 1hg,LAG fefuel i ng

system 1000, when the l'ow-tenperature elivered to't fuel ed
ship, if e rature LNG of , the, | ow r ld#%l k 0is
sufficieﬁ%gégég%%% ggﬁﬁ“&banﬁﬁﬁy réaﬁggpgd b%g?ﬁgéﬁig}ﬁﬁhe édﬁghfé% t he
IOMFtenperagureeL ﬁé t?e LEMFteng%ratuhﬁ LgG kagﬁﬂloo is delivered
t hrough theSFrFEtPranhsfer Y ube™ 2o FAct 'S E48E, WHen the t, tenperature
LNG of t?g ow-tenperatuyre LNG tank 100 i s not sufficient, as nuch _as a
quantitylféquestidd by’ t he ENESFRURTRH SnFP29ERE HilgHisemder s uf e PENG of the
hi gh-tenperature LNG tank is 20 transferred to the LNG fl ashi ng s%sten1340
t hrough thel%eE6RA tP&ndt e Theranot il tHis the? | 6 Perder Betr &NENG i s
pr oduced bé passi ng through the flashing process. As described above, the
| owtdenpes At et eNENGYPrEeaucedl by a58esidiE at hieo hitgh- tppee il ur-e VERGICRr ough
the flashing 25 process in the LUG fl ashing system 340 may be supplied to
and referring to FIG. 5, in the LNG refueling system 1000,
the LNG of the high-temperature LNG tank 200 adsorbs a
large quantity of natural gas generated from the low-
temperature LNG tank 100 to prevent the increase in
15 pressure of the low-temperature LNG tank 100 when the high-
temperature LNG is delivered to the LNG-fueled ship, and
thus the LNG of the high-temperature LNG tank 200 1is
delivered through the second transfer tube 420 as it 1is
when the high-temperature LNG satisfies the temperature
20 condition of the high-temperature LNG. In this case, when
the ILNG of the high-temperature LNG tank 200 does not
satisfy the temperature condition of the high-temperature
LNG, the LNG of the high-temperature LNG tank 200 may be
heated by the LNG heating system 330 included in the second

25 transfer tube 420 and then delivered. The LNG refueling



the LNG 4.ueled sfl.ip through the first transfer tube 410. The LNG
refueling system 1000 as descri bed above may supply the |lowtenperature LNG
as nmuch as the quantity requested by the LNG fuel ed ship even though the
gquantity of the Iowenperatitre LNG sgpred in the | owtenperature LNG tank
100 is not sufficient as much as the quantity of the | owtenperature LNG
requested by the LNG fueled ship [89] As described above, in the LNG
refueling system 1000, when the LNGis delivered to the LNG fuel ed ship or
10 the Lbh@Estehueledoshap, ddecnabed alalgase ofmdahe deNG-farel ethe high- ay be
introduced into the LNG refueling system 1000 through the third transfer

t ube 430taspaugbuas the veol une oficthecdeli varnedrkNGest[i90] tRBeGhigh-s a
schematic diagramillustrating a path 15 refueling inert gas, natural. gas,
and LNG tempheaship fuel btanke99Qgf Lhkedewmbthadif-c oRdiiatehy of tele bei ng
dried and maintained and repaired in the LNG refueling system 1000

accordi ng; tQ_tBe Present imyentd, and el eEhengr i@ RE the the NG
refueling Ssystem 1000 may i nclude the inert gas 20 produci ng system 350 and

refu t i no | ip fuel
Lank 000 610 Che ENG 161 o ohi b or "Re, ING 1ot el o Shi p SR8 ChG TG

fl ashi 4 I LNG | h - 160
Cor i CROT S EUPR 61 TUer Bt FRBSSR B =28 Fank 00 of Che LG fueied ship

or the L efu I?ﬂ hip i.s about to be.dried or, suffers. fromlarge
repairs Tshi %I el 8t é%k agof)gtil%m‘ﬁﬁ egl\?ngtrﬁma.l%l}%%tt%e?apﬁrt and
nor mal - pr eisur e.air. V\h(—;jlr})rt he natural gas is. del ihver dto a t§'8ac%Nf' I'led
with t hedfot RaF I Eemberat e TP SIS W @sktr &% S ithel Mat(ifal égas is
coupled with air, Therefore, the LNG refueli n% system 1. 000 i ncl udes the
i nert gaSeproduey ngYsisent 880 6O % uEC ak Eper B T DRC of "WEPILAC NG t he
air of the "-Cfueled ship or the LNG 10 refueled ship fuel tank 900 with
t he itherangasehhrehnps tRotff Ioul ed i thte oblfer refeakhts aHdtrEplL&i0ng t he
inert gas with the natural gas. To carry out the above-nentioned process,
an oper athen thealbont ehecraerregaGpioddeilagesyst ém 356 LoGploduee t he
inert gas, supply the generated inert gas to the ship fuel tank 900 of the
LNG- f uel €dishi pf othé heotNGmeéuetedeshNf, oantdhehénwréphaeeathee nét gas
with the natural cas is carried out. In this case, the natural gas
i ntroduceslaki n00 tilke shifp Jikelt tankm@08 afs tehegudNG fuel edgshEspedr bivhe
LNG refuel ed ship nay be natural gas
the LNG-fueled ship, the low-temperature LNG of the low-
15 temperature LNG tank 100 is delivered through the first
transfer tube 410. In this case, when the low-temperature
LNG of the low-temperature LNG tank 100 is not sufficient
as much as a quantity requested by the LNG-fueled ship, the
high-temperature LNG of the high-temperature ILNG tank is
20 transferred to the LNG flashing system 340 through the
second transfer tube 420 and thus the low-temperature LNG
is produced by passing through the flashing process. As
described above, the low-temperature LNG produced by

passing the high-temperature LNG through the flashing

25 process in the LNG flashing system 340 may be supplied to



20 obtained by allowng the INC flashing system 340 to flash. the I NC of
the lowtenperature INC tank 100 or high-tenperature INC tank 200 passing

t hrough the second transfer tube 420 and then the I NC boil systemto

boil -of f the flashed INC and the natwrmal gas is separated 25 fromthe inert
gas of the ship fuel tank 900 of the LNG 29 fueled ship or the

LNG refuel ed ship by using the inert gas-natural gas separating system 360.
By the above-nentioned process, when the operation to replace the inert gas
of the shhp fuel-faikd0hnl theollN& ftued efliship tamntsiferd5 LN r éfldel ed ship
with the natural gas is conpleted, the ship fuel tank 900 of the LNG fueled

ship or the LNG refuel edgshiptemyibeocasl edsbyideti uebiragmbie subbial ow
tenperature LNG Il ess than -160 Cin the | owtenperature LNG produced from

the LNG fhashiongtsypter:34@ trd hes shiiphl@sf uele t @nkn 000y heekNestuel ed ship
or the LNGref-eled [91] In general, the storage tank of LNG keeps -163

*C. Thergfofge Eﬁ@ﬂfﬁgfe&e§9§$aé95§ Qﬁo&Qﬁ shipqfigt i £ank £90Q 01 cishe
LNG fuel ed ship or the LNG refueled ship’is equal to or higher than -163 C,

the t?“@%xﬁ%&ﬁt&ietﬂﬁ ship fe‘de&nbac'}!‘e ZP&”%L erfie-ANGd ueygde shicp10p the

LNG ref ue |p may e reduce y usi ng e uitraiow tenperature LNG | ess

han 160, et Lban e | v Lormer gL INGLGCAGS 6 i) gyt ng i

above process ura gas i ng thg
G Tl egtonp and e Elcretuel el o pm b gellvares o Lhe 1irg
o on S Eh Y Rerafiom Lhs LG [l ashing, pystap 340 40 Lhe, Sip.iyel Lank
a path 1000, when the LNG is delivered to the LNG-fueled ship or
10 the LNG-refueled ship, the natural gas of the LNG-fueled
ship may be introduced into the LNG refueling system 1000
through the third transfer tube 430 as much as the volume
of the delivered LNG.
[90] FIG. 7 is a schematic diagram illustrating a path
15 refueling inert gas, natural gas, and LNG to the ship fuel
tank 900 filled with air immediately after being dried and
maintained and repaired in the LNG refueling system 1000
according to the present invention, and referring to FIG. 7,
the LNG refueling system 1000 may include the inert gas
20 producing system 350 and the inert gas—-natural gas
separating system 360 connected to the ship fuel tank 900
of the LNG-fueled ship or the LNG-refueled ship and the LNG
flashing system 340 may produce an ultralow temperature LNG
less than -160 °C, which is in turn delivered to the ship

25 fuel tank 900 of the LNG-fueled ship. When the ship fuel



30 produci ng power with vapor generated fromthe LNG refueling system 1000
according to the present invention, and referring to FIG 8, the natural
gas generated fromthe | owtenperature LNG tank 100 is transferred to and
conbusted in the power producing systgm 370 through the fourth transfer
tube 440 and is converted into electricity, which nmay be turn transmtted
to an inernal power consunption source 710 and an external power
consunption source 720. The above-nentioned str c¢ uses the vapor 10 of the
| owt enpesakupeo LG taskit00rthe1prodHep pewehe therebyupleveshipgikhe
increase in pressure of the lowtenperature LNG tank 100 and produci ng and
suppl yi ngLpowek o Burthersg the abeversentianad sid uedgh£rd s ahsosused as a
pressure rising prevention apparatus of the |owtenperature 15 LNG tank 100
and is ppouided i prePonrti op;t 9-fihe, nuber of, how tempenatiune LNadt anks
100 and may reduce the nunber of high-tenperature LNG tanks 200, which is
formed i S el .type u r on.t - f

equi pnen C.)PLFIL%E g%%?/%g?r%n%ll%hed‘/qg%&eﬁtﬁgr %%l%r%gli S ste{nl1S 3%1%8%%9 Gge t he
natural gas_intro dinto.the fourth tr f 44Q fro

hi gh-sflen%erséfauc?ee %ul{lgaelteadnkwiah a%lagrrari/ora as%rlctsjesnggef%e Hat u%adggls?&ggrlrpr essed

by the natural gas conpression stem 310 when the essure, of the fourth
t)r/ansferp¥%f’)§uﬁ%0 f"érggt %zﬁffi ' q‘and;atshe Tat u?%ﬂlgg%é 2§lE§WpF‘el§gi on

system 310 i s_operated and wh%n ihe pressure ﬁfo 31 ihghi gfghte erature
natural GASTHEPASt ubRS440C| §RBE L LUPT P¥FERT 4RAOt RBChEEGPal "Gas 85%pr essi on
system 310 is not. operated, the |lowtenperature LNG flashed by the LNG
fi ashi ngI3§stBABUONSE BOIEILEE ofPOby=q hEANE bBRFi nif? - SFFE B &t eMt380 and
may be supplied to the power produci ng system 370, in this case, the
| ow pr esseipbapandr alngast igenetat 68ewhbRCt heeLRG bdh ik ngriof fLhsysEdm=380
boils ff the LNG nay be transferred to the third transfer tube 430 or may
be dél i veetdetodt heibNGi¢letedkshAPP withheheNGreefuekedwh@cOFLE 9oits a
schematic diagramillustrating a path introducing tne LNG fromthe LNG
carrier touphed NGtrefaehéng eslysteernsl 080daccarldiignd othhe presengas
invention, and referring to FIG 9, n the LNG refueling system 1000
with the natural gas. To carry out the above-mentioned
process, an operation to allow the inert gas producing
system 350 to produce the inert gas, supply the generated
15 inert gas to the ship fuel tank 900 of the LNG-fueled ship
or the LNG-refueled ship, and then replace the inert gas
with the natural gas 1s carried out. In this case, the
natural gas introduced into the ship fuel tank 900 of the
LNG-fueled ship or the LNG-refueled ship may be natural gas
20 obtained by allowing the LNG flashing system 340 to flash
the LNG of the low-temperature LNG tank 100 or the high-
temperature LNG tank 200 passing through the second
transfer tube 420 and then the LNG boiling-off system to
boil-off the flashed LNG and the natural gas 1s separated

25 from the inert gas of the ship fuel tank 900 of the LNG-



15 the second transfer tube 450 and the third transfer tube 460 installed
to introduce the LNG fromthe LNG carrier fuel tank 800 of 1-7,7r carrier
may be connected only the | owtenperature LNG tank 100 and t he

hi gh-tenperature LNG tank 200. The abpve-nentioned structure renoves 20
factors of increasing the pressure of the ship fuel tank 900 of the

LNG refuel ed ship since the ship fuel tank 900 of the LNGrefueled shipi.s
a |l ow pressure tank, thereby increasing the stability. [95]FIG 10 is a
schemadi age amii Isthust raz n thepatinGtransdé eed i ppiheonatsiakh gase generat ed when
the pressure of the tanks 100 aid 200 and the systens 310, 320, 340, 360

380, andg590nknergasesaabnorgmtdni e shyetide Beat i nteyoduted Bbomsthe
outside 1n the LNG refueling system 1000 according to the present

i nventi ofen@nén&&f gEbEBIst Oukhke thQ dde-exhalsto gaspueser ahedifeem the 1
w-tenpe ature LNG tank 100, the high-tenperature LNG tank 200, the natural

gas compegsshen: fYsLem 3i0e1! benRabypabroahe L Astamn da0ent e okNenti achi ng
system 3420, the inert gas-natural gas separating system 360, and the LNG 10

boi | ihg- é_§g§&g%%3§(ﬂi§]t he, L%Ig?r q{%ﬂ&ggggx%g@ 1000 as: described above

is transferred to the ei transter tube 4 t he exhaust gas of the

ei ghth transf t.ub 0 C ust.ed t ustio p tus 481
wi t hout %@%ﬁge@n@l]ttgaﬁ?o (IST(?% gﬁt s?gg. %f\gfél%}/ells&g %@h maélkcnC I agf%g]%
illustrati n.enmhodi nent of the flashing. systew 340 in,the LNG

ref uel | nﬁeg'g%?%?n g%tﬁ? at'cer gt?%g c[oéjljt Eyes%%?l‘(%:\rﬂerﬁ?i ﬁlean l%é: &Fing to
PIG 11, the natural asogenerat ed during the process of allowi ng the LNG
f1 ashi ngteYREEAT 340 LO/2009%F f 6PANt hel 44 ashi Ag prittesSohcfReratire

hi gh-tenperature . L. to produce the | owtenperature LNG

W7, , may be .
transfert®d PEOdHACEOMBESSE i ¢ helAakurdl Syasefomiress? oﬁhéy§géﬁl 310
10 fuel tank 900 of the LNG-fueled ship or the LNG-refueled

ship.
[91] In general, the storage tank of LNG keeps -163 °C.
Therefore, when the temperature of the ship fuel tank 900
of the LNG-fueled ship or the LNG-refueled ship is equal to
15 or higher than -163 °C, the temperature of the ship fuel
tank 900 of the LNG-fueled ship or the LNG-refueled ship
may be reduced by using the ultralow temperature LNG less
than -160 °C lower than the low-temperature LNG of -163 °C.
[92] During the above process, the natural gas filling
20 the ship fuel tank 900 of the LNG-fueled ship and the LNG-
refueled ship may be delivered to the third transfer tube
430 as much as the volume of the ultralow temperature LNG
which is delivered from the LNG flashing system 340 to the
ship fuel tank 900 of the LNG-fueled ship.

25 [93] FIG. 8 is a schematic diagram illustrating a path



Hereinafter, referring to FIG 12, the enbodi nent the LNG fl ashing system
340 included in the LNG 25refueling system 1000 will be described in
detail. 33 [96]ReferrFIG 12, the LNG flashing system 340 which may store
the _,wtenperature LNG includes a fl@shing drug 341 which is supplied with
the hi h-tenperature LNG fromthe second transfer tube 420. When the hiah 5
tenperature LNG is flashed to produce the |lowtenperature LNG the
lowtenpera re LNGis transferred to the first transfer tube 410 through a
| owt enperatiuceniNcosapphythgvBpop 342corntes framsteer @Gt oetfhe ILNG f uel ed
ship or the seventh transfer tube 470 through the flash LNG punp 343. 10

Furt her, sy beemaponodur izrgotrie nfyl ashi ng-1pF ocesssamy benaksoivnanstedred to
the natural gas conpression system 310. In this case, each channel nay be

provi ded ¥kt hrvahves, 3d4cso gt hathd heakNSafl agdhd ngesysbe®d346r smy teent r ol
the transfer of the LNG and the natural gas. In this case, the exhaust 10

gas genei%egelﬁ%&gguwe phecess;of flashing thedOftrred to and
-tenperature L of the flashing drum 341 nay be transferred to the eighth

t aﬂ%ier?éﬂgﬁségg'j%p EHESQ§E§%“FESdEB§H elsystem gho“Wﬁ%bﬁﬁgcsﬁggz;t gas

is transferred nmay he provi a pressure control valve

b CT e RRGPLR PEERILLE LnBRa2h: SROCPRUEE,QE LD, BRESSHISCricy, Pod ™

be provide ressare safety valve € pressuré to

prevent the LNG flashing system 340 fram,bej ng damaged when th xhaust gas
reaches %56¢ ﬁaeyss%lee g? note’ 25 & OJNGgPef?J%I ilﬁlécesrynsatlem%f§86 as

descri bed above .
consumption source 710 and an external power consumption

source 720. The above-mentioned structure uses the vapor
10 of the low-temperature LNG tank 100 to produce power,
thereby preventing the increase in pressure of the low-
temperature LNG tank 100 and producing and supplying power.
Further, the above-mentioned structure is also used as a
pressure rising prevention apparatus of the low-temperature
15 LNG tank 100 and is provided in proportion to the number of
low-temperature LNG tanks 100 and may reduce the number of
high-temperature ING tanks 200, which 1is formed in a
pressure vessel type, to reduce a burden on the cost of
equipment. The above-mentioned power producing system 370
20 may use the natural gas introduced into the fourth transfer
tube 440 from the high-temperature LNG tank 200 and may
also use the natural gas compressed by the natural gas
compression system 310 when the pressure of the fourth
transfer tube 440 is not sufficient and the natural gas

25 compression system 310 is operated and when the pressure of



34 may deliver the LNG to the ship fuel tank 900 of the LNG fuel ed ship and
the LNG efueled ship or introduce the LNG fromthe LNG carrier fuel tank
800 of the ENG car, nandie both the -tenperature LNG and the high - b
tenperature LNG prevent the.in pressyire of the | owtenperature LNG tank
100, and increase the stability. [100] As illustrated in FIG 2, the

| ow-tenperature LNG stored in the |owtenperature LNG tank 100 is refuel ed
to the ship fuel tank 900 through the first transfer tube 400 10 and the
bol | - of f tgas hisglgeneanst ed dreomridieixsti p ghyel mbank ©@0e durd g itshenvef uel i ng.
[ 101] The boil-off gas treatnment system 500 is a which treats the boil-off

gas genegatedcieom the sty huelrbkankDD0cangdrébei boi lsyeftfergasior eat ment
system 500 of the 15 LNG refueling system 1000 according to the enbodi nent

of ndf eseRt-atRventdin wWhl,ltBepbirestirdesard bedawhtd 1sf efeacento FI G
13. [102] The boil-off gas treatnent system 500 according to the

embodi mest , 0fs Lhe LSRNt IVeRt i 1 N | gyr efhet 01RO EBehudeaeki Tt

boi |l -of f gas transfer tube 510 whi transfers the boil-off gas generated

f romgt heg “?% | %%LoNtGﬁH‘a ﬁxﬂgg %d h%.uk)?w_ite%lnpg[)a?ﬂ'gﬁzg:'}ﬁetranEr%ggc%’lgt he

hi gh-tenp ure tan 0, an injéection unit which injects the
uItranmg§§€g%r%H%te Lﬂgtéhﬂfdgggeth%he low-pressure natural gas

generated when the LNG boiling-off system 380 boils-off the
LNG may be transferred to the third transfer tube 430 or
may be delivered to the LNG-fueled ship or the LNG-refueled
10 ship.
[94] FIG. 9 is a schematic diagram illustrating a path
introducing the ILNG from the LNG carrier in the LNG
refueling system 1000 according to the present invention,
and referring to FIG. 9, in the LNG refueling system 1000
15 the second transfer tube 450 and the third transfer tube
460 installed to introduce the LNG from the LNG carrier
fuel tank 800 of the LNG carrier may be connected only to
the low-temperature LNG tank 100 and the high-temperature
LNG tank 200. The above-mentioned structure removes
20 factors of increasing the pressure of the ship fuel tank
900 of the LNG-refueled ship since the ship fuel tank 900
of the LNG-refueled ship is a low-pressure tank, thereby
increasing the stability.
[95] FIG. 10 is a schematic diagram illustrating a path

25 transferring the natural gas generated when the pressure of



25 tenmperature of the transferred boil-off gas, a second boil -

transfer tube 530 which transfers the boll-off gas with the reduced
tenperature to an adsorbi ng--des orbing apparatus 540, and an

adsor hi n. g-cleaor bjnqg apparatus 54.0 ashi ch sel ectively adsorbs and desorbs
the boil-off gas depending on the tenperature, and a third boil-off gas
transfer tube 550 which transfers the boil-off as desorhed. fromthe
adsor bi ng-descrt' apparatus 540 [103] Thef the Loi.A c gas by the operation
of the itheutahkn amMiot HRD 2N 4he adsoshdesorst i310,0 Hpparatts 540, wi |l | be
described with reference to FIG 14. As illustrated in FIG 14, the first
boi | - of f3g@as twaasf e ubendddh sonnegbsobetneen the | aw t enper aheee LNG
tank 100 or the high-tenperature LNG tank 200 and the ship ruel tank 900

and transhersdtbedbaidondf fheasduritdre shi prHuet ntank 156806 d ost/Beem
| ow--te:nmuerature LNG tank 100. In this case, the first boil-off

gas transhes LuberalQyl nel udes ﬁrébéﬁ’c iCQupReSSOr 2kl tor&educe the vol ume
boi | -off gas and increase the pressure so as to effectively

tran fernthe | f t 0 to th
o fsenpeiﬁt A e e T he R R cmpaf ot E e PN P AR R 5662 2L 105) The

el ot halyg T £ L Al i LS LR UG R N LTPOR, Ur ehe! | - of !
natural gas compression system 310, the natural gas
liquefying system 320, the ING flashing system 340, the
inert gas-natural gas separating system 360, and the LNG

10 boiling-off system 380 of the LNG refueling system 1000 as
described above is transferred to the eighth transfer tube
480 and the exhaust gas of the eighth transfer tube 480 may
be combusted by the combustion apparatus 481 without being
emitted to the outside.

15 [96] FIG. 11 1is a schematic diagram illustrating an
embodiment of the LNG flashing system 340 in the LNG
refueling system 1000 according to the present invention
and referring to FIG. 11, the natural gas generated during
the process of allowing the LNG flashing system 340 to

20 perform the flashing process on the high-temperature LNG to
produce the low-temperature LNG may be transferred to and
compressed in the natural gas compression system 310.

[97] Hereinafter, referring to FIG. 12, the embodiment

of the ILNG flashing system 340 included in the LNG

25 refueling system 1000 will be described in detail.



36 gas transfer tube 510 and as illustrated in FIG 14, the ultral ow
tenperature LNG stored in the lowtenperature LNG tank 100 is injected into
the | owtenperature LNG tank 100 or the hih-tenoerabure LNG tank 200 by
nsi ,e Lion transfer tube 521 which ig a separate bypass channel to m x the
transferred boil-off gas with the injected LNGin the | owtenperature LNG
tank 100 or the high-tenperature LNG tank 200, thereby reducing the
tenperature of the boil-off gas. In this case, the liquid-state LNGin the

low 10 tespperatryfedNGd ank 00 .or1a hethé ghntemperatine N ¢@ank4200 has a
tenperature | ower than that of the boil-off gas which is a gas state, and

t her ef or gnwhenmbhestdcei snai xed-wehpetheubei Lrof finaasdekhe treapenature of
the boil-off gas may be reduced. 1506] The boil-off gas m xed with the LNG

i nj ect edyipko 3uhe |ovel erperaiine d NGt ank +10 191 oit heehth @ha t @pperaiure LNG
tank 200 is transferred. to the adsoorbing apparatus 540 through the second

oo e8| DS SEchil ¢ ggSsarD pguammanalus Sl 10FLITR econ:

5 temperature LNG is flashed to produce the low-temperature
LNG, the low-temperature LNG is transferred to the first
transfer tube 410 through a low-temperature LNG supplying
pump 342 or is transferred to the LNG-fueled ship or the
seventh transfer tube 470 through the flash LNG pump 343.

10 Further, the vapor during the flashing process may be also
transferred to the natural gas compression system 310. In
this case, each channel may be provided with valves 344 so
that the LNG flashing system 340 may control the transfer
of the LNG and the natural gas. In this case, the exhaust

15 gas generated during the process of flashing the high-
temperature LNG of the flashing drum 341 may be transferred
to the eighth transfer tube 480. 1In this case, the channel
through which the exhaust gas 1is transferred may be
provided with a pressure control valve (PCV) 345 which

20 controls pressure 1in an oil pressure or alr pressure
circuit and may be provided with a pressure safety valve
346 to divide the pressure to prevent the LNG flashing
system 340 from being damaged when the exhaust gas reaches
a set pressure or more.

25 [99] The LNG refueling system 1000 as described above



a second conpressor 531, such that the pressure of the transferred boil-off
gas- having the tenperature controlled 25 by the injection unit 320 is
controlled by the second 37 conpressor 531, [108] The adsoi bi ng-desorbi nd
apparatus 540 includes an adsorbent why ch adsorbs and desorbs the boil -off
gas dependi ng on tenperature and pressure and further includes a
tenperature control apparatus 545 which controls tenperature at the tine of
adsor bi ng and desorbing, [109] Further, the adsorbing-desorbing apparatus
540 effemtiyvekyipetf ahes IN® adsonpt sampatfuledw tizeripet @i us £ ahd hiNgh
pressure and effectively perfornms the desorption at 10 high tenperature and
|0M/preSEUé$ean§hﬁp RAECeSIA LL.NG reffedlidd ofh slsor bi ngrdesoebihg appar at uses
may be connected wth each other.
from the LNG carrier fuel tank 800 of the LNG carrier,
handle both the low-temperature LNG and the high-
5 temperature LNG, prevent the increase in pressure of the
low-temperature LNG tank 100, and increase the stability.
[100] As illustrated in FIG. 2, the low-temperature LNG
stored in the low-temperature LNG tank 100 is refueled to
the ship fuel tank 900 through the first transfer tube 400
10 and the boil-off gas is generated from the ship fuel tank
900 during the refueling.
[101] The boil-off gas treatment system 500 is a system
which treats the boil-off gas generated from the ship fuel
tank 900 and the boil-off gas treatment system 500 of the
15 LNG refueling system 1000 according to the embodiment of
the present invention will be first described with
reference to FIG. 13.
[102] The boil-off gas treatment system 500 according to
the embodiment of the present invention is configured to
20 include a first boil-off gas transfer tube 510 which
transfers the boil-off gas generated from the ship fuel
tank 900 to the low-temperature LNG tank 100 or the high-
temperature LNG tank 200, an injection wunit 520 which

injects the ultralow temperature LNG to reduce the

25  temperature of the transferred boil-off gas, a second boil-



[110] In orderall ow the adsorbi ng-desorbing apparatus 540 to effectively
performthe desorption, the boll-off gas 15 treatnent system 500 includes a
first desorption transfer tube 541 and a heating apparatus 542. The first
desorption transfer tube 541 transferg; a portion of the boil-off gas

desor bed by the adsorbi ng-desorbi ng apparatus 540 and transfers the

boil -off gas to the heating apparatus 542 20 included in the first
desorption transfer tubel2. In this case, a portion of the desorbed boi

gas is retnt gedueednisiee tthecadswr bimg-rdesodbs igrappasabus154@fi natshe state
whi ch the tenperature of the boil-off gas inhreases by passing through the

heating apparatms SALi @k t husnddeidb-d erj niaRg adserbedgbaikoebiingas is
desorbed by the 38 adsorhincndeso.chi.ng apparatus 540.In order to descrb

a Portion,gf Lhgsboilgof hgasant hegcontigurad i on, ohgt hekoidrof f saas _
treatnment system500 is not limted to one nethod and therefore a plurality

of enbodj fent s 1my. bey presentyo SLLILLIhe boibrLl G35 tSaLmBNt syt em 500

wi |l descrice e configuration esorbing a portion of 'the

Pﬁ;l B%T {g%ﬁgné‘%{} roer{ ert%récetérgpgllfgtu%é, a[n]cil‘z]a %hik&u%glalt—ecgff ngEtISG’ 15,
transfer tube 550 which transfers the boil-off gas desorbed
from the adsorbing-desorbing apparatus 540.

[103] The adsorption of the boil-off gas by the operation
of the injection wunit 520 and the adsorbing-desorbing
10 apparatus 540 will be described with reference to FIG. 14.
As illustrated in FIG. 14, the first boil-off gas transfer
tube 510 connects between the low-temperature LNG tank 100
or the high-temperature LNG tank 200 and the ship fuel tank
900 and transfers the boil-off gas in the ship fuel tank
15 900 to the low-temperature LNG tank 100.
[104] In this case, the first boil-off gas transfer tube
510 includes a first compressor 511 to reduce the volume of
the Dboil-off gas and increase the pressure so as to
effectively transfer the boil-off gas generated from the
20 ship fuel tank 900 to the low-temperature LNG tank 100 or
the high-temperature LNG tank 200.
[105] The injection unit 520 is an apparatus which may
effectively reduce the temperature of the boil-off gas
transferred into the low-temperature LNG tank 100 or the

25 high-temperature LNG tank 200 through the first boil-off



treatnment ystea 500 may include a vacuum punp 543 in the 10 first desorbing
transfer tube 541 and the vacuum punp 543 reduces the pressure in the
adsor hi ng- desor bi ng apparatus 540 to desorb a portion of the boil-off gas.
[113] As illustrated in FIG 15, a pogdion of the desorbed boil-off gas is
transferred to the heating 15 apparatus 542 and thus has the increased
tenperature and the boil-off gas having the increased tenperature is
reintroduced into the adsorbi ng-desorbi ng apparat.us540 to i ncrease the

t enper at gae itrahniseE cadsorids ngidesorbiay appasatase84Qn tHET eby4 perther m ng

t he desorption. 20[114] The vacuum punp 543 desorbs a portion of the boil -
s adsor bedtiratowt hempdsarbirag-1oes oty g appatiaé usoh40enapdrhbereemaiani ng
adsorbed boil -of f increases the tenperature in the ad rrhing-desorbing

appar at usah#01by repeatiedineCiieid atidgl sher desorbedrboiksotbngas opl ural 25
times, thereby per formng the desc btion, :39 [115] FIG 16 is a

schemati g -diagr anyhlhusbeati-nghaiNe afdnigasod reat nenhgsyat emyeQ 18f, the LNG
refueling system I000 accordi ng to anot her enbodi nent “of the present

i ”Ve(rj!%i OE'ré‘Hgf%EetQBia' 591 f 088yt FLEaé”EBE?%%eEyP%gFagﬁ%ﬂieﬂg tgomgr;{ot her

enbodi ment o e present 1 nvention nmay further ude a second desorption
Lt e gk Skl L g R st SO, aeotdne
ranstor bDeASCIRYLDN 0P EON 10SEmect s e ane Shder hutde g
el 0 SO0 BETTSR Nt L ak deeot I ontranster Lube ek comenting
and as iéégétra&gd {ﬁagq(%aég% the liquid-state LNG in the low-
10 temperature LNG tank 100 or the high-temperature LNG tank
200 has a temperature lower than that of the boil-off gas
which is a gas state, and therefore when the LNG is mixed
with the boil-off gas, the temperature of the boil-off gas
may be reduced.
15 [106] The boil-off gas mixed with the LNG injected into
the low-temperature LNG tank 100 or the high-temperature
LNG tank 200 is transferred to the adsorbing-desorbing
apparatus 540 through the second boil-off gas transfer tube
530 and the boil-off gas having the reduced temperature due
20 to the mixing is effectively adsorbed by the adsorbing-
desorbing apparatus 540.
[107] The second boil-off gas transfer tube 530 includes
a second compressor 531, such that the pressure of the

transferred boil-off gas having the temperature controlled

25 by the 1injection unit 520 1is controlled by the second



15 the ultralow tenperature LNG injected fromthe injection unit 520 and
transferred through the second desorption transfer tube 544 is transferred
to the heating apparatus 542, The LNG transferred to the heating apparatus
542 ough the second desorption. transfer tube 544 20 introduced into the
adsor bi ng- desor bi ng apparatus 540 in the state in which the tenperature of
LNG i ncreases and the LNG having the tenperature increasing by passing

t hrough the heating apparatus 542 increases the tenperature in the

adsor bi ngodesesbbngsapparatus 540 to desorb a. portion of the boll-off gas
adsorbed into the adsorbi ng-desorbing 40 apparatus 540. [117] A

portiont hepgesored Besbroffggassbspl ghntaducadd nbeot hitvcludes an
adsor bi ng- desor bi ng apparatus 540 and the tenperature thereof increasesas

to alIOméaggrﬁgﬁgrb&ﬂiégesaHQBPESaPQﬁHatHéféﬂgstOtge 0Bt heriremgikRi ng

adsorbed boil-off gas and the desorbed boil--off gas having tenperature

i ncreasi S i r.h- r .54t r reused.
] e B R, R s e L E e ot *lhe

T o8 LIRS O BEER L A opaOdIL ool tepceen
emboct et OF e Lh B esenh o nYent Lo LUCLRSE o nehudesopaphing apparatus 551
[109] Further, the adsorbing-desorbing apparatus 540
effectively performs the adsorption at low temperature and
high pressure and effectively performs the desorption at

10 high temperature and low pressure and if necessary, a
plurality of adsorbing-desorbing apparatuses may be
connected with each other.

[110] In order to allow the adsorbing-desorbing apparatus
540 to effectively perform the desorption, the boil-off gas

15 treatment system 500 includes a first desorption transfer
tube 541 and a heating apparatus 542. The first desorption
transfer tube 541 transfers a portion of the boil-off gas
desorbed by the adsorbing-desorbing apparatus 540 and
transfers the boil-off gas to the heating apparatus 542

20 included in the first desorption transfer tubel2. In this
case, a portion of the desorbed boil gas is reintroduced
into the adsorbing-desorbing apparatus 540 in the state
which the temperature of the boil-off gas increases by

passing through the heating apparatus 542 and thus the

25 remaining adsorbed Dboil-off gas 1s desorbed Dby the



15 desorbed boil-off gas and a |iquefying apparatus 552 |iquefying the
desorbed and cool ed. boil-off gas which are disposed on the third boil-off
gas transfer tube 550. [119] The cooling apparatus 551 and the |iquefying
apparatus 552 are sequentially dispossd in the third boil- 20 off gas
transfer tube 550 and one end of the third boil--off gas transfer tube 550
is connected to the lowtenperature LNG tank 100 o the high enperature LNG
tank 200 to-transfer the LNG re-liquefied by passing through the cooling
appar at usd55tband-tiaeotrbfuef yippg rapper ab46. 552t co2&%et hécovdes@nperat ur e
LNG tank 100. The re Liquefied LNGis wused |like the LNGin the

| owt enpepatui énlLNG thaskod00-orft heshi ghet eopétgtinaeibhGofanke200,i1-[ 120]
FIG 18 is a schematic diagramillustrating the boil-off gas treatnent

system 586fofjathe reenefruel jdrgsyst @m 1000 taccatididty t® anet herheabodi ment
of the present invention and the boil-off gas treatnent system 500

accordinsnaOtHQQébéfeeﬂbgﬂhﬂsmityOBfteﬁbeagﬁéﬂtsiﬂg9n5505régéhkudes a
tenporary storage tank 560. Wen the boil-off gas 1s transferred fromthe

shipfguekligpk }0Q t i%léﬂE%éégﬁéfiﬁfﬁfﬁﬁ”§&é@£ﬁL9@5 #9910He5B8 i e

hi dh-tenperature LNG tank 20 _ e first boil-off gas transfer tube
et o hETRALAY 207 0B L TE0ql 2l gR0SSH 9Rob0ELNLT St phokkall ome
emporanygoLeLade; o0k 13, 800,13 dLseosss beLupen e, Low Lomerature LG
{ho redused Yol WIe, b ReLig, compresso i Lhe, 1 ol copmt pesg SEL.lo, The
accordingrégtment system 500 may include a vacuum pump 543 in the

10 first desorbing transfer tube 541 and the vacuum pump 543
reduces the pressure in the adsorbing-desorbing apparatus
540 to desorb a portion of the boil-off gas.

[113] As illustrated in FIG. 15, a portion of the
desorbed boil-off gas 1is transferred to the heating

15 apparatus 542 and thus has the increased temperature and
the boil-off gas having the increased temperature is
reintroduced into the adsorbing-desorbing apparatus540 to
increase the temperature in the adsorbing-desorbing
apparatus 540, thereby performing the desorption.

20 [114] The vacuum pump 543 desorbs a portion of the boil-
off gas adsorbed into the adsorbing-desorbing apparatus 540
and the remaining adsorbed boil-off gas increases the
temperature in the adsorbing-desorbing apparatus 540 by

repeatedly circulating the desorbed boil-off gas plural

25 times, thereby performing the desorption.



20 anot her enbodi ment of the present invention includes the tenporar],
storage tank 560 between the ship fuel tank 900 and the | owtenperature LNG
tank. 100 or the high-tenperature LNG tank 200 and thus nmay w thdraw t he
boi | -of f gas even after the ship fuelggank 900 fromthe | owtenperature LNG
tank 100. Therefore, the boil-off gas 42 treatnment nmay be perforned

sinmul taneously with the refueling to the ship fuel tank 900. [122]
Meanwhi l e, in the LNG refueling system 1000 according to the present

i nventionibeil - offfc .gase5 iseat nephemethod digadmowiing: dtheathioid ehk gas
generated during the refueling to be treated in the boil-off gas treatnent

syst em 500; Wbk rbeydesericbedcnef eseaeant o0t G 10né0 13% rE¥23) ikke

boil -of f gas treathent. method According to the present: invention

i1 Tustrated:th Fheo %%&%d&%&f QigTed, dh d ,ncliudh Do A # ObEi pEet Beckenper at ur e
of the boil-off gas (S10), adsorbing (S20), preparing the desorption (330),

and desol bl g £ 540) ?gil([)]'%ﬁ]e Th sqontdzol 1409, of el SPELaLULR OFoo

t heboi | - gas ) is a step of cing t tenperature of the hi-
o o ALRBR gL D Le IStk 000, Wi slLle asigRigh
hi gh-tenperature bgil of f .gas the g't el ow t enpe atur% % 'g{ected from
t he |njgﬁ?¥oﬁuﬁﬁv? 520° uF%Z%]S?ﬁ8 dad5rBiR lgEngaPE & 2%%% of adsor bi ng
the bOi|E?{g]ga%ﬁgtggfffzggdgggd@%gg%%g%ti%;gy%m 500 according to
another embodiment of the present invention includes a
second desorption transfer tube 544 having one end
10 connected to one side of the low-temperature LNG tank or
the high-temperature LNG tank 200 and the remaining end
connected to the first desorption transfer tube 541
connecting between the adsorbing-desorbing apparatus 540
and the heating apparatus 542 and as illustrated in FIG. 16,
15 the ultralow temperature LNG injected from the injection
unit 520 and transferred through the second desorption
transfer tube 544 is transferred to the heating apparatus
542. The LNG transferred to the heating apparatus 542
through the second desorption transfer tube 544 is
20 introduced into the adsorbing-desorbing apparatus 540 in
the state in which the temperature of LNG increases and the
LNG having the temperature increasing by passing through
the heating apparatus 542 increases the temperature in the

adsorbing-desorbing apparatus 540 to desorb a portion of

25 the boil-off gas adsorbed into the adsorbing-desorbing



controlling of the tenperature (510) into the adsorbing-. desorbing
apparatus 540, which is a step of transferring 25 and adsorh4ng the

boil -off gas with the reduced. tenperature 43 to and into the

adsor bi ng- desor bi ng apparatus 540 Thraugh the second boil -off gas transfer
tube 530. [126] The preparing desorption(530)is a F-P) of desorb ng a
portion of the boil-off gas by controlling tenperature and the pressure of
t he adsorbed boil-off gas and the desorption nethod nay be changed

accor di ngpperéhesabole- menti oned enbodi nent and is perfornmed using the
boil -off das treatnent system 500 of each enbodi nent descri bed above.
1011271Thel1descibi got846) | A step ofdatesdrddl ngbbtheé-péffai niaxy adsor bed
boi |l -of f gas by using a portion of the boil-off gas adsorbed in the
prepari ngedesosptbon (8588) thwhhaebokBiagstiepoebihpt kpguerndsaspor than of the
desorbed boil- ff gas into the adsorbing-desorbing apparatus 540 to 15

i ncreasetthe tepperatwre iinhdhe,adspibidgsdesadi ng appar atiusw540hso as to

desorb tne remaining adsorbed boil-off gas. Further, another
embody mentis 9k Agh ééé%inga% Heeatnent s et hgd Rccondi g t 9ckhegsapt
invention 1s 20 I'llustrate |ﬁ FI G 20. The enbodinent illustrated’in FIG

ol TSI RS T R IR aron Lk pokeat punorl & 19,

temperature increasing by the adsorbing-desorbing apparatus
540 is transferred to be reused.
[118] FIG. 17 illustrates the boil-off gas treatment

10 system 500 of the LNG refueling system 1000 according to
another embodiment of the present invention and the boil-
off gas treatment system 500 according to another
embodiment of the present invention further includes a
cooling apparatus 551 reducing the temperature of the

15 desorbed boil-off gas and a liquefying apparatus 552 re-
liquefying the desorbed and cooled boil-off gas which are
disposed on the third boil-off gas transfer tube 550.
[119] The cooling apparatus 551 and the 1liquefying
apparatus 552 are sequentially disposed in the third boil-

20 off gas transfer tube 550 and one end of the third boil-off
gas transfer tube 550 is connected to the low-temperature
LNG tank 100 or the high-temperature LNG tank 200 to
transfer the LNG re-liquefied by passing through the
cooling apparatus 551 and the liquefying apparatus 552 to

25 the low-temperature LNG tank 100. The re-liquefied LNG 1is



The re-liquefying (350) is a step of re-liquefying 25 the boil-off gas
desorbed in the desorbingwhich is 44 a step of making the desorbed

boil -of f gas be 1 the LNG state again by passing through the cooling
apparatus 551 and the |iquefyingparatys 552 asstrated in FIG and
transferring Lhe desorbed boil-off gas to the low 5 tenperature LNG tank
100 through the third boll-off gas transfer tube 550. [130] Further,

anot her enbodi nent of the boil--off gas treatnent nethod according to the
present hayenties ithd llust iat ethd nldl-GeRderThere anpl edrdd ustdabed in
FIG 21 10 is the sane as the boff gas treatnent nethod according to the

enbodinE@ﬁeoﬁiénetgﬁﬁég@tuggvgn@i@ankl2gstrated in FIG 19, but further
performs cooling an apparatus tC rn,
[120] FIG. 18 is a schematic diagram illustrating the
boil-off gas treatment system 500 of the LNG refueling
5 system 1000 according to another embodiment of the present
invention and the Dboil-off gas treatment system 500
according to another embodiment of the present invention
further includes a temporary storage tank 560. When the
boil-off gas is transferred from the ship fuel tank 900 to
10 the low-temperature LNG tank 100 or the high-temperature
LNG tank 200 through the first boil-off gas transfer tube
510, the temporary storage tank 560 1is disposed on the
first boil-off gas transfer tube 510 to temporarily store
the boil-off gas. 1In this case, the temporary storage tank
15 560 is disposed between the low-temperature LNG tank 100
and the first compressor 521 to transfer the boil-off gas
having the reduced volume by being compressed by the first
compressor 521 to the temporary storage tank 560.
[121] The boil-off gas treatment system 500 according to
20 another embodiment of the present invention includes the
temporary storage tank 560 between the ship fuel tank 900
and the low-temperature LNG tank 100 or the high-
temperature LNG tank 200 and thus may withdraw the boil-off

gas even after the ship fuel tank 900 from the low-

256 temperature LNG tank 100. Therefore, the boil-off gas



1,00y) after the desorbing ($S40). [131] The cooling apparatus (560) is a
step of cooling |u the adsorbi ng-desorbi ng apparatus 540 after all the
steps are perforned, which is a step of transferring the ultral ow LNG
injected fromthe injection unit 520 4shrough the second boil-off gas
transfer tube 530 to cool the adsorbi ngdesorbing apparatus 540. 202Further,
anot her enbodi nent of the boil-off gas treatnent nethod according to the
present invention is illustrated in FIG 22. The exanple illustrated in
FIG 22 tsethmesane mas t heeboiderdfdrigas t semtieatenethyd acicdr di hgeto t he
enbodi ment of the present invention illustrated in 25 FIG 19, but further
perfor msrési@ginag tasthaekhspurcel (S40k 946.
[122] Meanwhile, in the ING refueling system 1000
according to the present invention, a boil-off gas
5 treatment method for allowing the boil-off gas generated
during the refueling to be treated in the boil-off gas
treatment system 500 will be described with reference to
FIGS. 19 to 23.
[123] The boil-off gas treatment method according to the
10 present invention illustrated in FIG. 19 1is performed by
including controlling the temperature of the boil-off gas
(S10), adsorbing (S20), preparing the desorption (S30), and
desorbing (S40).
[124] The controlling of the temperature of the boil-off
15 gas (S10) is a step of reducing the temperature of the
boil-off gas transferred from the ship fuel tank 900, which
is a step of reducing the temperature of the high-
temperature boil-off gas by mixing the high-temperature
boil off gas with the ultralow temperature LNG injected
20 from the injection unit 520.
[125] The adsorbing (S20) is a step of adsorbing the
boil-off gas with the reduced temperature in the
controlling of the temperature (S10) into the adsorbing-

desorbing apparatus 540, which is a step of transferring

25 and adsorbing the boil-off gas with the reduced temperature



ter the desorbing (340), The using of the gas fuel source(370) is a step of
transferring and using the boil-off gas de.dorbed n the desorbing 0) to a
gas fuel source 910, [133] Further, another enbodi nent of the boil-off gas
treatment nethod according to the pregent invention is illustrated in FIG
23. The exanple illustrated in FIG 23 is the sane as the boil--off gas
treatnent nmethod according to the enbodi nent of the present invention
illustrated in 10FIG 19, but further perforns separating an apparatus
(580) af ter ahkie iadsor bhagad32@pihe-separatingg apparatws § 590k hirsughst ep of
separating the ship fuel tank 900 fromthe | owtenperature LNG tank 100 or

t he hi ghthenperahdr oL NG-tanka200rahprthi supase3othe boil -of f gas treat ment
system 15 500 nay preferably further include the tenporary storage tank

560. [134pefccandi ngot&pdhendoi beobtpgasnt r egbopnt et hod ttepti vg the
boil -off gas ge erated during the refueling in the LNG refueling system

1000 accgedhpgihg Ehg)os}rt%%mofmcﬂenwi%@sgéi@sg?i bed:aboyengt hecboil - of f
gas can be efficiently reused and the energy used to treat the boil-off gas

can be sa¥fferatubd33hd™M&PrE5E0LLIOVERL LR | ditpdd ML ed-Lert Bgsabove-

and the desorption method may be changed according to the
above-mentioned embodiment and is performed using the boil-
off gas treatment system 500 of each embodiment described
above.

10 [127] The desorbing (S40) 1s a step of desorbing the
remaining adsorbed boil-off gas by using a portion of the
boil-off gas adsorbed in the preparing desorption (S30),
which is a step of introducing a portion of the desorbed
boil-off gas into the adsorbing-desorbing apparatus 540 to

15 increase the temperature 1n the adsorbing-desorbing
apparatus 540 so as to desorb the remaining adsorbed boil-
off gas.

[128] Further, another embodiment of the boil-off gas
treatment method according to the present invention is

20 illustrated in FIG. 20. The embodiment illustrated in FIG.
20 1is the same as the boil-off gas treatment method
illustrated in FIG. 19, but further performs re-liquefying
(S50) after the desorbing (S40).

[129] The re-liquefying (S50) is a step of re-liquefying

25 the boil-off gas desorbed in the desorbing (S40), which is



menti oned exenpl ary enbodi nents, and may he variously 25 applied, and may
be variously nodified wthout departing 46 fromthe gist of the present
invention clained in the clains. [136] [137] 1000: LNG refueling system
[138] 100: Lowtenperature LNG tank 1440: First injection apparatus [139]
200: Hi gh-tenperature LNG tankSecond injection apparatus [140] 310: Natural
gas conpression system 10[ 141] 320: Natural gas |iquefyingsystem [142] 330:
LNG heati ng system [143] 340; LNG flashing system 341: Fiashing drum

a step of making the desorbed boil-off gas be in the LNG

state again by passing through the cooling apparatus 551

and the liquefying apparatus 552 as illustrated in FIG. 17

and transferring the desorbed boil-off gas to the low-

5 temperature LNG tank 100 through the third boil-off gas

transfer tube 550.

[130] Further, another embodiment of the boil-off gas

treatment method according to the present invention 1is

illustrated in FIG. 21. The example illustrated in FIG. 21

10 1is the same as the boil-off gas treatment method according
to the embodiment of the present invention illustrated in
FIG. 19, but further performs cooling an apparatus (S60)
after the desorbing (S40).

[131] The cooling apparatus (S60) is a step of cooling

15 the adsorbing-desorbing apparatus 540 after all the steps
are performed, which is a step of transferring the ultralow
LNG injected from the injection unit 520 through the second
boil-off gas transfer tube 530 to cool the adsorbing-
desorbing apparatus 540.

20 [132] Further, another embodiment of the boil-off gas
treatment method according to the present invention 1is
illustrated in FIG. 22. The example illustrated in FIG. 22
is the same as the boil-off gas treatment method according

to the embodiment of the present invention illustrated in

25 FIG. 19, but further performs using a gas fuel source (S70)



[ 144] 342: Low -tenperature LNG supplying punp 343: Fl ashing LNG punp
15[ 145] 344: Val ve 345: Pressure control valve [146346: Pressure safety
val ve [147] 350: Inert gas producing system|[148] 360: Inert: eas-natural
gas separating system[149] 370: Powers produci ng system 20[ 150] 380; LNG
boi |l -of f system [151] 410; First transfer tube 420; Second transfer tube
r152;430: Third transfer tube 440: Fourth transfer tube 450 Fifth transfer
tube 460: Sixth transfer tube 470; Seventh transfer tube 480: Exhaust gas
mai n [ 15651 e481lthConfeustricdmaappad at us [ 156] 50019 Boifl - oh¢ gess t featlnent
system 510: First boll -

source (8S70) is a step of transferring and using the boil-

off gas desorbed in the desorbing (S40) to a gas fuel

source 910.

5 [133] Further, another embodiment of the boil-off gas
treatment method according to the present invention is
illustrated in FIG. 23. The example illustrated in FIG. 23
is the same as the boil-off gas treatment method according
to the embodiment of the present invention illustrated in

10 FIG. 19, but further performs separating an apparatus (S80)
after the adsorbing (S20). The separating apparatus (S80)
is a step of separating the ship fuel tank 900 from the
low-temperature LNG tank 100 or the high-temperature LNG
tank 200. 1In this case, the boil-off gas treatment system

15 500 may preferably further include the temporary storage
tank 560.

[134] According to the boil-off gas treatment method

treating the boil-off gas generated during the refueling in

the LNG refueling system 1000 according to the present
20 invention as described above, the boil-off gas can be

efficiently reused and the energy used to treat the boil-

off gas can be saved.

[135] The present invention is not limited to the above-

mentioned exemplary embodiments, and may be variously

25 applied, and may be variously modified without departing



of f.; transfer tube [157] 511: First conpressor 520: Injection unit
5[ 158] 521: Injection transfer tube 522: Injection punp [159] 530: Second
boi |l -off gas transfer tube 531: Second conpressor [160]
540: Adsor bi ng- desor bi ng apparatus541:f/ rs, desorption transfer tube
10[ 161] 542: Heating. apparatus 543: Vacuum punp [162]
544: Seconddesor pti ontransfertube545: Tenperature control apparatus [163]
550: Third boil-off gas transfer tube 551: cooling apparatus 15[ 164]552:
Li quefyi agoappaiat s s5600 £ Terpor ame ssinar agaveankon[ 165dimed in the
710: I nt er nal power consunpti onsour ce720:
claims.
[136]
[137] 1000: LNG refueling system
5 [138] 100: Low-temperature LNG tank 110: First injection
apparatus
[139] 200: High-temperature ILNG tank 210: Second
injection apparatus
[140] 310: Natural gas compression system
10 [141] 320: Natural gas liquefyingsystem
[142] 330: LNG heating system
[143] 340: LNG flashing system 341: Flashing drum
[144] 342; Low-temperature LNG supplying pump 343:
Flashing LNG pump
15 [145] 344: Valve 345: Pressure control valve
[146] 346: Pressure safety valve
[147] 350: Inert gas producing system
[148] 360: Inert gas-natural gas separating system
[149] 370: Power producing system
20 [150] 380: LNG boil-off system
[151] 410: First transfer tube 420: Second transfer tube
[152] 430: Third transfer tube 440: Fourth transfer tube
[153] 450: Fifth transfer tube 460: Sixth transfer tube

[154] 470: Seventh transfer tube 480: Exhaust gas main

25 tube



Ext ernal power consunption source [166] 800: LNG carrier fuel tank. 900:
Ship fuel tank 20[167]910: Gas fuel source [168] S10 - 580: Each step of
boi |l of f gas treatnment nethod according to the present invention [CLAI M5
[Claim1l] An LNG refueling systemcomgrising at | east oner-tenperature LNG
tank 100 delivering or introducing LNG froma ship fuel tank 900 on the
sea; at | east one pressure vessel type nigh-tenperature LNG tank 200
connected to the |l owtenperature LNG tank 100; and a natural gas
conpr essi 0B5] sysitsam Ithaoprees sipra raltisnat ural gas generated fromthe
| ow-tenperature LNG tank 100

[156] 500: Boil-off gas treatment system 510: First boil-

off gas transfer tube
[157] 511: First compressor 520: Injection unit

5 [158] 521: Injection transfer tube 522: Injection pump
[159] 530: Second boil-off gas transfer tube 531: Second
compressor
[160] 540: Adsorbing-desorbing apparatus 541; First
desorption transfer tube

10 [161] 542: Heating apparatus 543: Vacuum pump
[162] 544; Second desorption transfer tube 545
Temperature control apparatus
[163] 550: Third boil-off gas transfer tube 551: Cooling
apparatus

15 [164] 552: Liquefying apparatus 560: Temporary storage
tank
[165] 710: Internal power consumption source 720:
External power consumption source
[166] 800: LNG carrier fuel tank 900: Ship fuel tank

20 [167] 910: Gas fuel source
[168] S10 ~ S80: Each step of boil-off gas treatment

method according to the present invention



due to heat introduced fromthe outside and transferring conpressed natural
gas to thetenperature LNG tank [claim 21 The LNG refueling system of
claim1, further conprising; a seventh transfer tube 470
transferring the LNG in the | owtenpergature LNG tank 100 to the

hi gh-tenperature 20 LNG tank 200. [C aim 31 The LNG refueling4-eof claiml,
wherein an inside of the lowtenperature LNG tank 100 is provided with 4.9
tenperature LNG tank 200 is provided with a second injection apparatus.
[Aaim4][craMs]The LNG refueling systemof claim1, further conprising:

[cilaim 1]
An LNG refueling system, comprising:
at least one low-temperature LNG tank 100 delivering
5 or introducing LNG from a ship fuel tank 900 on the sea;
at least one pressure vessel type high-temperature
LNG tank 200 connected to the low-temperature LNG tank 100;
and
a natural gas compression system 310 compressing
10 natural gas generated from the low-temperature LNG tank 100
due to heat introduced from the outside and transferring
the compressed natural gas to the high-temperature LNG tank

200.

15 [claim 2]

The LNG refueling system of claim 1, further
comprising:

a seventh transfer tube 470 transferring the LNG in
the low-temperature LNG tank 100 to the high-temperature

20 LNG tank 200.

[claim 3]

The ILNG refueling system of claim 1, wherein an
inside of the low-temperature LNG tank 100 is provided with

25 a first injection apparatus 110 and an inside of the high-



a natural gas |liquefying system 320 |iquefying the natural gas conpressed
by the natural gas conpression system 310. 10 [C aim 5] The LNG
refueling systemof claim1, further conprising: when the tenperature of
the LNG of the high- 15 tenperature NG tank 200 is |ower than that f- the
LNG requested froma ship, an LNG heating system 330 heating the LNG of the
hi gh-tenperature LNG tank 200. [ aim 6] 20The LNG refueling system of
claim1l1, further conprising: when a quantity of the LNG of the

| owt, npeeaparet NG t ank 1@@nks 120er itdhanptdratided thethNGar egeested from
the ship, an LNG fl ashing system 340 flashing the LNGin the CZ

hi gh- t enpesattienLNeptanku200. 50

[claim 4]

5 The LNG refueling system of <claim 1, further
comprising:

a natural gas liquefying system 320 liquefying the
natural gas compressed by the natural gas compression
system 310.

10
[Claim 5]

The LNG refueling system of claim 1, further
comprising:

when the temperature of the ING of the high-

15 temperature LNG tank 200 is lower than that of the LNG
requested from a ship, an LNG heating system 330 heating

the LNG of the high-temperature LNG tank 200.

[Claim 6]
20 The LNG refueling system of claim 1, further
comprising:
when a quantity of the LNG of the low-temperature LNG
tank 100 is lower than that of the LNG requested from the
ship, an LNG flashing system 340 flashing the LNG in the

25 high-temperature LNG tank 200.



[Aaim7] The LNG refueling systemof claim1, further conprising:
an inert gas producing system 350 and an inert. gas natural gas separating
system 360 connected to the ship fuel tank 900. [Claim 81 10The LNG
refueling systemof clainfurther conpgsing: a power producing system
370 connected to the | ow tenperature LNG tank 100 to conbust the natural
gas generated fromthe |lowtenperature LNG tank 100 so as to convert the
conbusted natural gas into electricity. [Caim9] The LNG refueling
systemof -"aim1l, further conprising: 20a fifth transfer tube 450
transferring the LNG fromthe LNG carrier fuel tank 800 to the

| owt enpgratyge 74NG t ank. 100 and the high-tenperature LNG tank 200 and a
sixth transfer tube 460 transferring the natural v._ fromthe LNG carrier

fuel tank 800t t heyd owrbenperatur e NGt ankr10Q 128 rand) f hefurther
hi gh-t enperature LNG tank 200.

comprising:
5 an inert gas producing system 350 and an inert gas-
natural gas separating system 360 connected to the ship

fuel tank 900.

[Claim 8]
10 The ING refueling system of «claim 1, further
comprising:
a power producing system 370 connected to the low-
temperature LNG tank 100 to combust the natural gas
generated from the low-temperature LNG tank 100 so as to

15 convert the combusted natural gas into electricity.

[Claim 9]
The ILNG refueling system of claim 1, further
comprising:

20 a fifth transfer tube 450 transferring the LNG from
the LNG carrier fuel tank 800 to the low-temperature LNG
tank 100 and the high-temperature LNG tank 200 and a sixth
transfer tube 460 transferring the natural gas from the LNG
carrier fuel tank 800 to the low-temperature LNG tank 100

25 and the high-temperature LNG tank 200.



[Claim 101 The LNG refueling systemof claimlfurther conprising: a
boil -off gas treatnent system 500 treating boil-off gas generated when the
LNG is transferred fromthe | owtenperature LNG tank 100 to the ship fuel
tank 900, EC aim 117 10The LNG refuelding system of claim 10, wherein the
boil -of f gas treatnent system 500 incl udes: a first boil-off gas
transfer tube 510 connected between the | ow -tenperature LNG tank 100 and
the ship fuel tank 900 to transfer the boil s fromthe ship fuel tank 900
to the lowtenperature LNG tank 100 or the high-tenperature LNG tank 200;
an injection unit 520 reducing the tenperature of the boil-off gas in the
| ow t enpqratuke 1)G t ank 100; a second boil-off gas transfer tube
530 connected to 20 the lowtenperature LNG tank 100 to transfer the

t enper at ure- canfd ol 1,ed boilrehfingas;system apradsarinng-desorbirh@eappar at us
540 connected to an end of the sécond boil-off gas transfer tube 530 and
includingoﬁ§r§g§95pent to selectively adsorb and desorb the 25 boil-off

gas; and
5 a boil-off gas treatment system 500 treating boil-off

gas generated when the LNG is transferred from the low-

temperature LNG tank 100 to the ship fuel tank 900.

[Claim 11]
10 The LNG refueling system of claim 10, wherein the
boil-off gas treatment system 500 includes:

a first boil-off gas transfer tube 510 connected
between the low-temperature LNG tank 100 and the ship fuel
tank 900 to transfer the boil-off gas generated from the

15 ship fuel tank 900 to the low-temperature LNG tank 100 or
the high-temperature LNG tank 200;

an injection unit 520 reducing the temperature of the
boil-off gas in the low-temperature LNG tank 100;

a second boil-off gas transfer tube 530 connected to

20 the low-temperature LNG tank 100 to transfer the
temperature-controlled boil-off gas;

an adsorbing-desorbing apparatus 540 connected to an
end of the second boil-off gas transfer tube 530 and
including an adsorbent to selectively adsorb and desorb the

25 boil-off gas; and



athird bi' off gas transfer tube 550 transferring the boil-off gas
desorbed fromthe adsorbi ng-desa bind apparatus 540. 5[ C aim 127 The LNG
refueling systemof claim1l, wherein the injection unit 520 includes an
injection transfer tube 521 of which gohe one side is connected to bypass to
the law tenperature LNG tank 100 or the high-tenperature LNG tank 10 200
to transfer the LNGin the lowtenperature LNG tank 100 or the

hi gh-tenperature LNG tank 200 and the other side is connected to the first

i njection appar atlusrd1Boandodd iggyectieonspanp to22 ifed udednshetrhéngnj ecti on
transfer tube 1Caim131 The LNG refueling systemof claim 11,

wherein the hedirofffr gagd r erismesystrem 500 nebivdesiagsedesndbeagpr essor
531 di sposed on a second bail-o0 gas transfer 20 tube 530 to control a

pressure;ghsthe,boshpgoft gas transferred to the adsorbi ng-desorbi ng
appar at us 540.

5 [Claim 12]

The LNG refueling system of claim 11, wherein the
injection unit 520 includes an injection transfer tube 521
of which the one side is connected to bypass to the low-
temperature LNG tank 100 or the high-temperature LNG tank

10 200 to transfer the LNG in the low-temperature LNG tank 100
or the high-temperature LNG tank 200 and the other side is
connected to the first injection apparatus 110 and an
injection pump 522 included in the injection transfer tube
521.

15
[Claim 13]

The LNG refueling system of claim 11, wherein the
boil-off gas treatment system 500 includes a second
compressor 531 disposed on a second boil-off gas transfer

20 tube 530 to control a pressure of the boil-off gas

transferred to the adsorbing-desorbing apparatus 540.

[Claim 14]
The LNG refueling system of claim 11, wherein the

25 boil-off gas treatment system 500 further includes a first



[ A ai m 14] The LNG refueling systemof claim 11, wherein the 25
bail off gas treatnment system 500 further includes a first desorbing
transfer tube 541 of which both ends are connected to the

adsor bi ng- desor bi ng apparatus 540 to g rcul ate the boi off gas and a
heati ng apparatus 542 di sposed on the first desorbing transfer tube 541. 5
(A aim1l51 The LNC, refueling systemof claim1ll, wherein the

boil -off gas treatnent system 500 inclu e a cool i ng appar at us
551 di spasedremnghetthhedeboi lbub@ off4laasof r isiet tibeh556ndandare a

I i quefying apparatus 552 provided at a rear side of the cooling apparatus

551 to | bgugtyrthe €80l edeboblsetbifgsdesorbingThepbhbarakuekbiung syst em of
claim 14, wherein the boil-off gas treatnent system 500 includes a vacuum

punp 543.disppsed ithd h%o&ilt%tffdeggébiar}gjtaanlsé&fiﬁ%b%plpat&wt sak the
pressure in the adsorbi ng-desorbing apparatus 20 540 so as to desorb a

port! ’a gliﬁeggfa%h-%é gassadgorbed: hyt e-LheradserBingadesorbing apparat us
5
[Claim 15]
The LNG refueling system of claim 11, wherein the
boil-off gas treatment system 500 includes:
a cooling apparatus 551 disposed on the third boil-
10 off gas transfer tube 550; and
a liquefying apparatus 552 provided at a rear side of

the cooling apparatus 551 to liquefy the cooled boil-off

gas.

15 [Claim 16]
The LNG refueling system of claim 14, wherein the
boil-off gas treatment system 500 includes a vacuum pump
543 disposed in the first desorbing transfer tube 541 to
control the pressure in the adsorbing-desorbing apparatus
20 540 so as to desorb a portion of the boil-off gas adsorbed

into the adsorbing-desorbing apparatus 540.

[Claim 17]
The LNG refueling system of claim 14, wherein the

25 Dboil-off gas treatment system 500 includes a second



The LNG refueling systemof claim1l 4 wherein the 25 boil-off gas treatnent
system 500 includes a second 54 desorbing t ransfer tube 544 hav:Lng one
side branched fromthe first desorbing transfer tube 541 and the other side
connected to the lowtenperature LNG44nk 100 or the high-tenperature LNG
tank 200 and transferring the LNGinjected fromthe injection unit 100 to
the heating apparatus 542. [Claim The LNG refueling 5y stem of

claim 15 wherein the boil-off gas treatnment system 500 includes thd boil -
10 of f gassbransfer ruube x50 diraanthédhbet ane onkke <iotd | hgaappadatfusm551 i s
provided to transfer the boil-off gas desorbed fromthe adsorbi ng-desorbi ng

appar at ushd4@itrgta gasofielg seurgeren ttheshipl 2bHCHIaN dBher side The LNG
refueling systemof claim1l, wherein the boil-off- gas treatnment system

500 furthehntpebydes %hbem—%rema%fr%rtﬁﬁ% trank &60« di sposedtpa hhehti r st
boi |l -of f gas transfer tube aim 201 A boil -of f gas treatnent

met hod Uﬁéxﬂﬁei‘a@@ké 1REf t9a% DIRAlIRIt: 55 £M P00y EREPENSI RGjected |
controlling (S10) a tenperature of boil-off gas by 26 injecting LNGin a

IOMF%?npffgﬁufﬁeLQE%E@@EOAOQnQE ?OB'QB the heating apparatus 542.

[Claim 18]
The LNG refueling system of claim 15, wherein the
boil-off gas treatment system 500 includes the third boil-
10 off gas transfer tube 550 branched before the cooling
apparatus 551 1is provided to transfer the boil-off gas
desorbed from the adsorbing-desorbing apparatus 540 to a

gas fuel source in the ship.

15 [Claim 19]
The LNG refueling system of claim 11, wherein the
boil-off gas treatment system 500 further includes a
temporary storage tank 560 disposed on the first boil-off
gas transfer tube.
20
[Claim 20]
A boil-off gas treatment method using a boil-off gas
treatment system 500, comprising:
controlling (S10) a temperature of boil-off gas by

25 injecting LNG in a low-temperature LNG tank 100 or a high-



tenperature LNG tank 200; adsorbing (320) the boil-off gas heated in
the controlling of the tenperature of the boil off gas (310) by an

adsor bent of an adsorbl . ng-desorbi ng apparatus 540; prepari ng
desorption (330) desorbing a portion mf the boil-off gas by controlling
tenperature and pressure of the boil-off gas adsorbed in adsorbing (320);
and desorbing (340) the remaining boil-atf gas adsorbed by
transferring a portion of the desorbed 11-off gas through a second

desor pti oampeaastiee LNDet544 and;rei ntroducing the oil-off gas heated by a
heati ng apparatus 542 into the adsorbing-desorbing apparatus 540, [Caim
21] Thexdhaidbiofd gesd)r eatimentbael hoflf of gebai he20edwhenei nhiehe
preparing desorption (330) is perforned by controlling the pressure of the

adsor bi ncgesesbl pagappatatusehAOrhbtougbratuacuymipyip 543 dissposeq in
first desorption transfer tube 541. [Cd aim 221 The boil -of f gas

treat ment, neyhodnefic chai Ah204suWhel ghngtBerpr epakbpardesar pubgn ( 0) is
performed by transferring. the LNG injected by an injection unit 520 and

ranster tubcAR GO ol TG T onber ot w0l | e, S0S0F b ha. Geer b1 g
apparatugo§fgoff gas by controlling temperature and pressure of the
boil-off gas adsorbed in the adsorbing (S20); and
desorbing (S40) the remaining boil-off gas adsorbed
by transferring a portion of the desorbed boil-off gas
10 through a second desorption transfer tube 544 and re-

introducing the boil-off gas heated by a heating apparatus

542 into the adsorbing-desorbing apparatus 540.

[Claim 21]

15 The boil-off gas treatment method of claim 20,
wherein the preparing desorption (S30) is performed by
controlling the pressure of the adsorbing-desorbing
apparatus 540 through a vacuum pump 543 disposed in a first
desorption transfer tube 541.

20

[Claim 22]

The boil-off gas treatment method of claim 20,
wherein the preparing desorption (S30) is performed by
transferring the LNG injected by an injection unit 520 and

25 heated by the heating apparatus 542 through the second



[ C ai m 23] The boil-off gas treatnment nmethod of claim20, further
conpri si ng: after the desorbing (340), re-liquefying (35) the cool ed
boi |l -of f gas by passing the cool ed boil-off gas through a |iquefying
apparatus 552, after a portion or theglO whole of the desorbed boil. off
gas passes through a cooling apparatus 551. (C aim 24] The boil-off gas
treatnent nmethodclaim 20, 15 further conpri sing: cooling (360) the
adsor bi ng- desor bi na apparatus 540 by noving a LNG i njected through the

i nj ecti ofetifipbt 52N t ot thesagsor biuge dessrdi ngrapparahits 834A.nd A aihe

The boil-of f gas treatnent nethod of claim 20, further conprising:

after thecggspsbhng 6840he H8bPYbangagebyebisgUEELa3¥Qs Byotransferring a
portion or the whole of the 25 desorbed boil-off gas to the gas fuel

sour ce. 57

[Claim 23]
5 The boil-off gas treatment method of claim 20,
further comprising:
after the desorbing (S40), re-liquefying (S5) the
cooled boil-off gas by passing the cooled boil-off gas
through a liquefying apparatus 552, after a portion or the
10 whole of the desorbed boil-off gas passes through a cooling

apparatus 551.

[Claim 24]
The boil-off gas treatment method of claim 20,
15 further comprising:
cooling (S60) the adsorbing-desorbing apparatus 540
by moving a LNG injected through the injection unit 520 to

the adsorbing-desorbing apparatus 540.

20 [Claim 25]
The boil-off gas treatment method of claim 20,
further comprising:
after the desorbing (S40), using a gas fuel source
(S70) by transferring a portion or the whole of the

25 desorbed boil-off gas to the gas fuel source.



FCl ai m 2n] The b, 1-off gas treatnent nmethod of claim 20, further
conpri _L. . after the adsorbing (S20), separating apparatus (980)
separating the ship fuel tank 900 froma boil-off treatnment system 500
further including a tenporary storagetanf, 560.

[Claim 26]

The boil-off gas treatment method of claim 20,

further comprising:
5 after the adsorbing (S20), separating apparatus (S80)
separating the ship fuel tank 900 from a boil-off treatment

system 500 further including a temporary storage tank 560.



