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SHIP FOR TRANSPORTING A LIQUEFIED NATURAL GAS STORAGE
CONTAINER
BACKGROUND OFTHE INVERTION

Field of the Invention

The present invention relates to a liquefied nataral gas (LNG) storage containe
carrier, and more particularly, to an LNG storage container carrier, which is capable of
cHficiently and stably transporting LNG storage containers and capable of reducing

manufacturing costs and thme.

Deseription of the Related Axt

In peneral, liquetied natural gas (LNG) is a cryogenic liquid produced by cooling
natural gas {predominantly methane) to a cryogenic state of -162°C at atmospheric
pressure.  [he LNG takes up about 1/600th the volome of natural gas.  The LNG is
colorless and transparent, It has been known that the LHNG is cost-etficient in terms of
a Jong-distance fransportation because of high transportation efficiency as compared to a
gascons state,

Since a large amount of cost 18 spent in the constroction of production plants and
the building of carriers, the LNG hag been applied to a large-scale long-distance
transporiation in order for cost reduction.  On the other hand, it has been known that a
pipeline or compressed natural gas {ONG) is cost-efficient in terms of small-seale short-
digtance transportation.  However, the tansportation using the pipeline raay have
geographical restrictions and cause covironmental pollution, and the ONG has Jow
transporiation efficiency.

A cenventional method for distributing LNG to consamption places requires high
costs and has difficulty in flexibly responding o various demands of consumption places.
Also, since it 1s necessary to provide separate storage tanks at the consuraption places,

high infrastructure costy are needed and a lot of time and effort to unload LNG are
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needed.

In addition, natural gas has a liquefaction point of -163°C at atmospheric pressure. Ifa
predetermined pressure is applied, the liquefaction point of the natural gas further increases
than at the atmospheric pressure. This characteristic may reduce processing steps in a
liquefaction process, such as acid gas removal and natural gas liquid (NGL) fractionation.
This leads to a reduction in facilities and facility capacity. Therefore, the LNG production
costs may be reduced.

However, a conventional LNG storage tank installed in a vessel having a gasification
facility or an LNG terminal has a limitation in size. In addition, it is unsuitable for cost-
efficient storage of LNG while reflecting the above-described LNG characteristic. 1t is
difficult to easily transport LNG fo consumption places according to consumer’s various
demands.

To solve the above problems, a storage container for storing and carrying general LNG
or PLNG pressurized at a predetermined pressure has been developed.

Such LNG storage containers are difficult to transport by a conventional LNG carrier or cargo
ship. Therefore, there is a need for developing a carrier that can efficiently and stably

transport an LNG storage container and can reduce manufacturing costs and time.

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to an LNG storage container carrier,
which may be capable of efficiently and stably transporting a storage container for storing
general LNG or PLNG pressurized at a predetermined pressure.

Embodiments of the present invention seck to reduce time and cost for manufacturing
an LNG storage container carrier, improving economic feasibility.

According to an aspect of the present invention, an LNG storage container carrier
includes: one or more cargo holds provided on a hull such that upper portions thereof are

opened; a plurality of first and second upper supports installed on the cargo
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holds in a width direction and a length direction to partition the upper portions of the
cargo holds into a plurality of openings, wherein storage containers are vertically
inserted into the openings such that upper portions of the storage containers over the
openings are exposed to an external environment when the storage containers are carried
using the LNG storage container; and a lower support installed under the cargo holds
and supporting the bottoms of the storage containers mnserted into the openings, wherein
the LNG is a pressurized LNG liquefied at a pressure of 13 to 25 bar and a temperature
of -120 to -95-C, the storage container has a dual structure, and a connection passage is
provided between the dual structure of the storage container and the inside of the storage
container in order for pressure balance between an internal pressure of the dual structure
of the storage container and an internal pressure of the storage container.

The LNG storage container carrter may further include a plurality of support
blocks installed to support sides of the storage containers in some or entire portions of
the inner surfaces of the cargo holds and the first and second upper supports.

The support blocks may be provided to support the front and rear and the left and
right of the storage containers, and the support blocks may have support planes with a
curvatare corresponding to a curvature of the outer surfaces of the storage containers.

The lower support may be provide in plurality, the plarality of lower supports may
be vertically installed upwardly on the bottom of the cargoe holds, and reinforcement
members may be installed to maintain the gaps between the lower supports.

A container loading table may be provided to carry container boxes together with

the storage containers.
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According to another embodiment of the present invention, an LNG storage
container carrier includes: a plurality of first and second upper supports installed on
cargo holds provided on a hull such that upper portions of the cargo holds are partitioned
into a plurality of openings, wherein storage containers inserted into the openings are

supported by the first and second upper supports.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a flow diagram showing a PLNG producing method according to the
present invention.

FIG. 2 is a configuration diagram showing a PLNG production system according
to the present invention,

FIG. 3 is a flow diagram showing a PLNG distributing method according to the
present invention.

FIG. 4 is a configuration diagram ecxplaining the PLNG distributing method
according to the present invention.

FIG. 5 is a side view showing a pressure container used for the PLNG disiributing
method according to the present invention.

FIG. 6 is a configuration diagram explaining another example of the PLNG
distributing method according to the present invention.

FIG. 7 is a perspective view showing an LNG storage tank according to the
present invention.

FIG. 8 is a perspective view showing various types of the LNG storage tank
according to the present invention.

FIG. 9 is a configuration diagram showing one example of the LNG storage tank
according to the present invention.

FIG. 10 is a configuration diagram showing another example of the LNG storage
tank according to the present invention.

FIG. 11 is a sectional view showing an LNG storage container according to a first

embodiment of the present invention.



FIG. 12 is a sectional view showing ancther exsmple of 2 connecting part of the

I~

LNG storage container according to the fivst embodimnent of the present tnvention.
FIG 15 is a sectional view explaining the operation of the LNG storage container
£

according to the first embodiment of the present invention.

r

5 FIG 14 is a partial sectional view showing an LNG storage container according to
a second embodiment of the present mvention.
FI: 15 is a partial sectional view showing an LNG storage container according to
a third embodiment of the present mvention.
FICGL 16 18 a sectional view showing an LNG storage container according 10 a
0 fourth embodiment of the present invention.

T 17 1g a sectional view taken alonz lne A-A7 of FUG 14,

Ny

FIG, 18 18 asectional view taken slong line B-B™ of P14 17,

FIG 19 1s a sectionad view showing an LNG storage container according to a Gith
embodinent of the present invention.
15 FIG 20 4s a sectional view showing an NG storage container asgording to a sixth

embodiment of the present inveniion.

=
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105 21 is a sectional view taken along ne C-C7 of FIG, 20
FIG 22 49 a sectional view showing an LNG storage container according to a

seventh embodiment of the present invention.

ey

24 PG 23 15 a configuwration diagram showing an LN storage contaner according

1

o an eighth embodiment of the present invention.

PIGL 24 is o configuration diagram showing an LNG

5

storage er aceording

to a ninth embodiment of the present invention
Fi( 25 18 a configuration diagram showing an i storage container according
25 o atenth embodiment of the present imvention.

FHG 26 is a sectional view showing an LMNG storage conisiner according to an
zleventh embodiment of the present invention.

FIG 27 is a sectional view showing another exsmple of a conneciing part of the

171
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ENG storage contamer according to the eleventh embodiment of the present invention.
FIG. 28 is u sectional view showing another exampie of a connecting part of the
NG storage container according to the sleventh embodiment of the present invention.
FIG. 29 15 a sectional view showing another example of a connecting part of the
LG storage container according to the eleventh embodinent of the present invention.
FICL 30 is an enfarged view showing a main part of an LING storage container
according to a twelflh embodiment of the present invention.
FIG 31 is a perspective view showing a buller parl provided in the LNG storage
container according vo the twelfth embodiment of the present invention.

FIG 32 18 a perspective view showing another exampie of the bulter part provided
in the LNG storage container according fo the twelfth embodiment of the present
imvention.

FIG 33 s & configuration diagram showing an LNG production apparatus
according to the present invention.

FH3 34 ig a side view showing a {lloating structure having a storage tank carrying
apparains according to the present invention.

FIG. 35 is o front view showing the tloating structure having the siorage tank
carrying apparaius sccording to the present tovention.

FIG 36 15 a side view explaining the operation of the floating structure having the
storage tank carrying apparadss zecording to the present invention.

PIG 37 1s a confipuration diagram showing a system for maintzinng high
pressure of a PLNG storage container according to the present invention.

FIZ 38 is a configuration diagram showing a liguefaction apparatus having s

t exchanger according to a thivteenth embodiment of the present nvention,

FIG 39 45 a configuration diagram showing a Lguelaction apparatus having a
separable heat exchanger according o a second embodiment of the present invention.
FIG 40 is a front sectional view showing an LMNG storage container carrier

according to the present invention.
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FIG. 41 13 a side sectional view showing the LNG storage container carrier
according to the present invention.

FIG 42 is a plan view showing a main part of the LNG storage container carrier
according to the present invention.

FIG 43 s a configuration diagram showing a solidified carbon-dioxide removal
system aceording to the present wvention,
FiGh 44 18 a configuration diagram showing the operation of a solidified carbon-
dioxide removal system acoording to the prosent invention,

FIG 45 is a sectional view showing the conpection structure of the LNG storage

container according 1o the present mvention.

HIG 46 ig a perspective view showing the connection structure of the LNG storage

contsiner according o the present mvention.
FIGL 47 is a sectional view explaining the operation of the connection siructure of

the LNG storage container according to the present invention,

<Description of Reference Numerals>

1 patural gas field 2 1 vessel

3 1 place of consumption Ja: consuwmer

4 valve 5 quay

6 @ storage tank 7 loading tine

Ta :vabve 8 updoading line

Ba 1 valve Sa ; external iniection part
1O PLNG production system 110 dehvdration facility
12 : hyguetaction facility i3 1 carbon-dioxide removal facility
14 storage facility 21 1 storage container

2ila . nozzie 22 1 container assembly
224 integral nozzle 23 regasification system
30 0 NG storage tank 31 main body

-]



31a: spacer 31h @ support

32 : storage container 33 leading/unioading line
332,33h ; leading/unloading valve 34 : BOG line
34a,34b : BOG valves 35 [ pressure sensing unié
5 36 : controlling unit 36a manipulating unit
37 ¢ displaying unit 38 ¢ heating unit
380 ; heat exchanger ABb : eleetric heale
39 heating value adjusting anit 41 1 bypass line
4la 1 bypass valve 472 temperature sensing unit
10 50 @ storage container 51 @ inner shell
Sla:inistfoutiet port 52 @ outer shell
53 @ heat nsulation layer part 54 conmeclion passages
55 ¢ connecting part 56 1 external heat insulation layer
537 heating member 60,70 © storage container
i5 61 : womer shell 62 outer shell
63 1 saoport 63 fivet flange
630 @ second tlange 63¢  first web
64 : heat insulation layer part 65 : heat insulation member
66 - lower support 80,90 : storage container
20 81 :immer sheil 82 : outer shell
83 metal core 83a : support point
84 : heat msulation layer part 86 ¢ lower sapport
100 © storage container 95 1 inner sheil
120 : outer shell 139 : heat inguiation layer part
5 140,150,160,170 - connecting part 141,151,161, ¢ injection pari
142,152,162,177 « first flange 143 ¢ extension part
144,174 second flange 163 coupling member
163a 1 coupling part FBL,1E2 bolt
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182 nut

210 1 coolant supply untt

220 ¢ supply line

230 heat exchanger

241 s recyeled liguid supply part
243 Girst valve

250 sensing unit

270 - third valve

200 PLNG production apparatus
211 coolant line

221 first branch line

240« recyeling unit

242 s vecyeled ligquid hne

244 1 second valve

260 controlling unit

300 : floating structure having storage tank carrying apparatus

310 storage tank carrying apparatns

311a : loading table

312 raud

owheel

[
et
i

320 dloating stucture

311 elevating unit
311h : movable foothold

3114 : anxibiary rail

Ll

13 cart
313b : tank protection pad

330« storage tank

AG0 1+ system for maintainiag high pressure of PLNG sforage container

¥
.

410 s unloading hine

420 : pressure compensation jine
440 BOG line

510 storage container

512 outer shell

514 ¢ equalizing ne

5140 second exhaust valve

first exhaust valve
S16a : first connecting part
517 1 support

520 @ storage containgr

52%a 0 injection port

411 storage container

430 : evaporator

430 1 compressor

511 inner shell

513 heat insulation layer part
g onfof valve

- : second exhanst valve
5184 first exhanst valve

s seceond connecting part
518« lower suppoit

521 :inner shell

5272 ¢ outer shell

N
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5224 : extension part
524 : connecting part
525a,526a,527a : loop

610,64

620.650 « Hguetaction heat exchanger

622 second passage
624 on/oif valve
631,632,601 : coolant heat exchanger
63150,6320,661h 1 sccond passage
633,663 @ compressor

635 1 separator

6365 second I-T valve

637 : coolant supply Line

638a 1 gaseous line

0638 : connecting line

664« flow distribution valve

710 bull

720 ¢ cargo hold

730 1 first upper support

7530 lower support

760 : support block

770 container eading part

192 container box

810 : solidi
211 : supply Bine

813 : solidified carbon-dioxide fikier

b

815 second on/off valve

%162 - heat medium line

10

523 : heat insulation layer part
525,526,527 » bulfer part

5256 ¢ joint part

s natural gas Hguefaction apparatus having separable heat exchanger

621 1 first passage

623 hguefaction line
630,660 © coolant cooling part
631a,6322,661a : first passage
63 1c : third passage

634,664 1 after-cooler

636a ¢ first J-T valve

636¢ @ third 1T valve

638 : coolant circolation line
638 Homd line

665 @ expander

TO0 : LMNG storage container camer
7l deck

721 . opening

740 : second upper support
751 @ remnforcement member
761 : support plane

791 1 storage container

fied carbon-dioxide removal system

812 expangion valve

¥

T4 fizst on/otf valve
816 1 heating unit

816b : regenerative heat exchangey
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8160 fourth onfoff valve 2164 : fifth on/off valve
817 - third onfoff valv 817a ; exhanst ina

820 : connection shructure of LNG storage tank

821 @ sliding connecting part 827 1 connecting part

823 1 connecting J:eért 824 extension part

830 1 LNG storage container 531 ¢ inner shell

83 1a injection port 832 1 outer shell

833 heat insulation laver part 8440 ¢ extornal Injection part

DETAILED DESCRPTION OF EXEMPL

TBODIMENTS
Exemplary embodiments of the present invention will be described below in detai
with reference 1o the accompanving drawings.  Throughout the disclosure, like

refer

rence numerals refer fo Hke parts dhrovghout the drawings and embodiments of the

present vention.

fow disgram showmg a PLNG producing method according to the
present tgvention.

Asg shown in FIG 1, the PLNG produsing method according to the present

invention produces PLNG by removing water from natural g

s, without a process of

rexnoving acid pas from natural gas sapplied from a2 natural gas field 1, and liguefying

Ee

T natural gas by pressurizetion and cooling, withont a process of fractionating the

iy

;

nataral gas into natural gas guad (NGLY To this end, the PLNG producing methed
may include 2 debydration step 511 and a biquelaetion step 512,
I the debydration step 511, water such as water vapor is removed from nataral

eas by a dehydration srocess, withowt a process of removing acid gas from natural gas

suppiied from o natural gas field 1. That is, the dehydration provess 18 performed on

the natural gas, without undergoing the acid g

removal process. The skip of the acid

gas removal process may simplify the producing process and redoce nvestment cosis

and maintenance expenses,  In addition, since water is sufficiently removed from the
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natoral gas in the dehvydration step 811, it is possible fo prevent the water freezing of the
natural gas at the operating temperature and pressure of the production system.

¥

in the Lguefaction step 312, PLNG is produced by liguefving the dehvdrated

natural gas at a pressure of 13 fo 23 bar and a temperature of ~120 to ~95°C, without an

o

3

vactionation process.  For example, the PLNG having a pressure of 17 bar and a

temperature of -115°C may be produced.  Since the process of fractionating the NGL,

I3

L diquid hydrocarbon, fom the natural gas 1s skipped, the LNG producing process

=

may be simplified and the power consumption for cooling and Uguefying the natural gas

to a eryvopenic temperature.  Therefore, investment costs and maintenance expenses are
reduced, lowering the production costs of LNGL

In the PLNG producing method according to the present tovention, the condition
of the natural gas feld T may be that the produced natural gas has carbon dioxide {COy)

of 10% or less.  In addifion, when an amount of carbon dioxide oxisti

ng in the natural

- the dehydration step S11 s 10% or less, a carbon dioxide removal step 513 of

freezing and removing carbon dioxide may be further incladed in the liguefaction step

The carbon dioxide removal step 513 niay be performed when an amount of
carbon dioxide existing in the natural pas afler the dehvdration step 511 is larger than
2% or equal to or smaller than 10%.  When an amount of carbon dioxide is 2% or lesy,
the natoral gas exists in g lguwd state vader PLNG temperature and pressure condifions
which will be described below.,  Therefore, even though the carbon dioxide removal
3 s not performed, the production and transportation of PLING are not affected.
When an amount of carbon dioxade 18 larger than 2% and equal to or smaller than 10%,
the natural gas is frozen ag a solid state.  Therefore, the carbon dioxide removal step

-

513 is carried out in order Tor Hgquefaction.

After the liguefaction step 5172, a storing step 514 may be performed to store the

PN

5, which s produced in the lauefaction step S12, in 2 storage container having a

dual strocture.  Hence, the PLNG is transported to a desired position.  To this end, 2

)

12
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trangportation step 515 may be performed to transport the PLNG through an individual
or packaged storage container by a vessel.  Also, the PLNG may be transported by a
vessel through an individual or packaged sicrage contamer having s reinforced tank

strength.

The storage container used m the transportation step S15 may be constructed and

made of o material such that it can withstand a pressure of 13 (o 25 bar and a
temperature of -120 to ~95°C.  In addition, the wvessel for transporting the storage
container may be an existing barge ov condainer ship, instead of g separafe vessel such as
an ENG carnier. Therefore, expenses for fransporfing the storage confainer may be
reduced,

In this case, the storage container may be loaded into and transported by the barg
or container ship that is not modified or minimally rocdified.  The storage container o
be transported by the vessel may be delivered on the basis of the individual storage
covtainer according to a request of a consumption place.

Meanwhile, the PLNG stored in the sforage container delivered to a consurner
after the transportation step S15 undergoes a regasification step 516 ab a final
consumption place and is supplied as a gaseous natural gas. A regasification fhcility
for performing the regasification step S16 may be configured with a high pressure pump
and a vaporizer, o the case of an individual consamption place such as a power plant

or a factory, a set ragasification facthity mav be installed.
3 fail o "

is a configuration diagram showing a PLNG production gystem accordin
to the present invention.
¥

An snown n FIG 2 2 PLNG production svstem 10 according to the present
; i 1A T

vention may include a dehydration facility 11 for dehvdrating natural gas supplied

from a patural gas field 1, and a lguefaction facibty 12 for Liguefying the dehydrated
natural gas to a pressure of 13 to 25 bar and 2 temperature of -120 to -03°C and
producing PLNG

The debydration facility 11 performs a dehvydration process to remove water such
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as water vapor from the natural gas supplied from the nafural gas field 1, thereby
preventing the freezing of the natoral gas at an operating temperature and pressure of the
production system. At this time, the natural gas supplisd from the natural gas field 1 to
the dehydration facility 11 does not underzo an acid gas removal process,  Therefore,
the LNG producing process may be simphified and the mvesiment costs and maintenance
expenses may be reducad.

The lignefaction facility 12 produces the PLNG by liguefyving the debydrated
agbural gas at a pressure of 13 10 25 bar and a temperature of -120 to 85°C. For
exaraple, the Hguefaction factlity 12 may produce PLNG having a pressure of 17 bar and
2 temperatuee of -115°C.  To this end, the lguefaction facility 12 may include a
compressor and a cocler for compressing and cooling o low-temperatire bguid,  The
natural gas supplied from the dehwdration faciity 11 is supplied fo the liguefaction
facility 12 and undergoss a liguefaction step, without an NOGL fractionation process.
Due to the skp of the NCGL (igquid hydrocarbon) fractionation process, the
mannfacturing costs and maintenance expenses of the system may be reduced, and thus,
the production costs of the LNG may be reduced.

When an amount of carbon dioxide contained in the nabaral gas supplied from the
dehydration facility 11 18 10% or less, the PLNG production system 10 according to the

P

pressnt invention may further inciude a carbon-dioxide removal facility 13 for freering
the carbon dioxide and removing the carbon dioxide from the natural gas.

The carbon-dicxide removal facility 13 may remove the carbon diokide from the
natural gas only when an amount of the carbon dicxide contained i {he natural gag
supplied from the dehydration facibity 11 18 larger than 2% or aqual fo or smaller than
0%, Thatis, when an amount of the carbon dioxide contained in the natural gas is 2%

2

o1 less, the natural gas exists in a liguid state at the temperature and pressure conditions

of the PLNG. Thus, it is unnecessary to remove the carboon dioxide.  When an amount

of the carbon dioxide confained in the natural gas is larper than 2% snd eoual to or

smaller than 10%, the natural gas is frozen as 2 solid state.  Thaus, it i3 necessary {0
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remove the carbon dioxide at the carbon-dioxide removal facility 13,

The PLNG produced from the hguefaction facility 12 is stored in the storage
container having a dual structure at a storage facility 14 and is transporied to a desired
consumption place by a storage contamer transportation,

FiG 3 is a flow diagram showing & PLNG distributing method according fo the

present imnvention.

Ag shown in FIG 3, the PLNG distributing method according o the present

wmvention pressurizes and cools natural gas to produce PLNG stores the PENG ina
storage container, loads the storage contailner, transports the storage container o a
consumphon place, unloads the storage container at the coasumplion place, and connects
the storage container to a regasification system at the consumption place.  To this end,
the PLNG distributing method according to the present invention may include a
trangporting step 521, an unloading step 822, and a connecting step 523,

As shown in FIG 4, in the ransporting step 521, PLNG produced by liguefving
natural gas at o pressure of 13 10 25 bar and a temperate of -120 to -95°C s stored in g
transportable storage container 21, is loaded into a vessel 2, and is trangported 1o a
consmmption place. The PLNG mayv be produced by the above-described PLNG
producing method.  The storage container 21 for storing the produced PLNG mav be
constructed and made ol a material such that it can withstand a pressure of 13 to 25 bar
and a temperature of -120 fo -95°C. The storage container 21 may bave a dual
structure. A phurality of storage containers 21 may be loaded into the vessel 2.

in the fansporting step 521, the storage container may be transported by a land
vehicle, sueh ag a tratler or a train, when the conswmption place 3 s located in an inland
TEEIOn.

In the unloading step 522, when the vessel 2 armvives at the consumption place 3,
the storage container 21 storing the PLNG is unloaded at the consumpiion place 3 by an

vundoading facility.  The storage container 21 may be unloaded on the basis of the

individual storage container.
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In the connecting step 8523, the storage container 21 is connected to the
regasification system 23 at the consumption place 3 so that the PLNG stored in the
storage container 21 can be vaporized. The natural gas generated by vaporizing the
PLMNG stored in the storage contamer 21 can be supplied to the consumer 3a
Meanwhile, as shown w FIG 5, the storage container 21is provided with a nozzle 21a
for inflow and outflow of the PLNG and conpection to a vaporization line of the
rogasification gystem 23, The nozzle 2la may be provided at varioss positions in
various structures, depending on 2 posture n which the storage container 21 is loaded

into the vessel 2 and & posture in which the nozzle 21a is connected to the re

L.-J

PLNG storage facility and a connector of the regasificanion system 27

The PLNG distributing method according to the present invention may further
mclude a collecting step S24 of collecting the empty storage containetr 21 from the
consumption place 3.

In the collecting step 524, the empty storage container 21 i3 collected 1o the place
where the PLNG production system 10 15 located, by vsing the land vehicle or a vessel 2.
This may contribuie o reduction in the distribofion costs and the najural gas supply costs.

As shown in FIG 6, in the transporting step 521, 4 container assembly 22 may be
transported.  The container assembly 22 1s provided by combining a plurality of storage
containers 21 as one package.  The container assembly 22 may be provided with an
ntegral nozzle 22a that is connected to wdegrate the pozzies (21a w FIG 5), which are
provided in the respective storage containers 21 in order for the inflow and outflow of
the PLNG. Therefore, by grounmng the storage containers 21 into the container
assembly 27 and using the storage containers 21 as & single container by the infegral
nozzle 22a, it s possible o reduce time and effort necessary for the loading in the
transporting step 521, the unloading in the unloading step 522, the connection to the
regasification system 23 in the congecting step 523, and the collection mn fhe collecting

step S24.

it



The container assembly 22 is constructed by a plurality of storage containers 21,

Thus, it is efficient to unload the container assembly 22 at a place where a Iarge amount
of natural gas is needed, like a gingle consumption place such as a power plant or an

industrial complex.

in addition, according to the PLNG distribnting method according to the present

\

invention, a separate stotage tanl is not needed at the consumption place.  Fuo

rtherrmore,

the regasification system stmply needs to be provided, and 1t 15 possible fo unload the

storage container 21 or the container assembly 22 and to collect the empty storage

container 21 or the container assembly 22, while making the rounds from the place,
where the PLNG production system is loceied, to the ndividoal consumption places 3 by
the vessel or the land vehicle paratisl with the vessel,  In particular, o the case of
Southeast Asia where a plorality of small and medivm consumption places are dispersed
in rany islands, i is possible fo minimize the construction of infrastructures, such
separate storage facilities and proelines, at the respective consumption places.

FIG 7 is a perspective view showing an LMNG storage fank according to the

present mveniion,

As shown n FIG 7, the LNG stor

s tank 30 according to the present invention

2.

inchides a plorality of storage containers 3% instailed inside a main body 31 fo store LNG)
kS b
The LNG storage tank 30 allows the LNG to be loaded into and unloaded from the

respective storage confatners 32 through an unloading/loading line 33,

i which the
respective storage containers 32 are connected and in which loading/unloading valves
33b are installed.

The main body 31 is instalied such that the plurality of sforage containers 32 are
arranged mpide.  The main body 31 may inclede spacers 31a nstalled between the
storage containers 32 such that the storage containers 32 maintain the amvangement state
while being kept spaced apart {rom one anothern

In addition, the main body 31 may include a heat insulation laver for blocking heat

trapsfer, or a dual gtrocture for heat insulation. The main body 31 may have varions

7
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structures, including a hexahedral strocture Bke in this cmboediment.  In addition, the
main body 31 may mclade a plurality of supports 31h, such that the man body 31 is
spaced apart from the ground to block heat transfer to the ground, and the main body 3

is installed on the ground in a stable posture.

Asn shown in FIGS. &a), 8(b) and &{c}, the main body 31 may have a small size, a
medium size, and a large sive.  Thus, the number and size of the storage containers 32
accommodated in the maln body 31 may be standardized.  However, the present
invention is not lmited the above examples.  The mam body 31 may be manufactured
to accommodate vaous nombers of the storage contamers 32 and may be manufactored
in VAous sizes.

The storage containers 32 may be constructed and made of a material such that it

can withstand a pressure of 13 w©

-

25 bar and a tempersture of -120 to -55°C, together
with the loading/unloading line 33, s0 as to store the LNG In order to withstand the
above pressure and temperature condition, a heat insulation member is installed i the

"’ .

storage containers 32 and the Joading/unloading line 33, and the storage containers 32
and the loadinpfunloading fine 33 have a Jual structure,  Therefore, it is possible to
store and transport the PLNG having a pressure of 13 to 25 bar and 2 temperatwe of -
120 1o -95°C, for example, a pressure of 17 bar and 2 temperature of -115°C,

As shown in FIG 9, the loading/unloading line 33 is connected to the respeciive
storage containers 32 and extends to the ouwtside of the main bedy 31, Ion the
loading/unloading Hne 33, the loading/unioading valves 33a and 33b are mstalled to
enable and disable the loading/onloading of the LNG into/fiom the storage containers 372
Therefore, after the wmain mqy 31 18 installed at the consgmption place and then the
loading/unloading line 23 is connected 1o the regasification system or the supply line of
the consumption place, the LNG or natural gas can be suppliied mumediately.

The loading/unloading valves 33a and 33b may tnclude first individual valves 332

and a first integral valve 335, The first individoal valves 332 are individually mstailed

to enable and disable the loadingfunioading of the LNG into/from the storage contamners
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2. The first imtegral valve 33b is installed to integrally enable and disable the

Noading/unloading of the LNG into/from the entre storage containers 32, if all the frst

individual valves 33a as the loading/unioading valves are opened, the respective storage
containers 32 may be packaged as a single container and used as a single tank. In
addition, only the first individual valves 33a or only the first Integral valve 33b may be
nstailed as the loadingfinloading valves.

The LNG storage tank 30 according to the present invention may further include a
boil-off gas (BOO) Hne 34 in order to exhaust BOG that is naturally generated from the
storage confainers 32, The BOG line 34 is connected w0 some or all of the storage
containers 32 and extends (o the cutside of the main body 31, The BOG line 34 i
provided with BOG valves 34a and 24b that are opened and closed to exhaust the BOG
generated within the storage containers 32, The BOG line 34 may be constructed and
made of a material such that it can withstand 2 pressure of 13 to 25 bar and 2
temperature of <120 1o -957C.

In gddition, the BOQG valves 34a and 34b maey melude sceond individual valves
3da and o second integral valve 34b. The second individual valves 34a are individually
installed fo enable and disable the exbanst of the BOG from the respective storage

~

containers 32, The second integral valve 34b is installed to integrally enable and
disable the exhaust of the BOG from the entive storage containers 32, Only the second
individual valves 34a or only the second integral valve 34b may be installed as the BOG
valves., As described zbove, if all the second ndividual valves 34a are opencd, the
respective storage containers 32 may be packaged as a single container and used as a
single tank. In sddition, only the second individual valves 34a or only the second
wntegral valve 34b may be installed.

The LNG storage tank 30 according to the present inventon may further mclude

35

yressure sensing units 35 and a conirolling vt 36, The pressure gensing units 35 sense
fai) o) N

an individual or enfire internal pressure of the storage contamers 37 and output a sens

fed

sigral. The controlling vnit 36 receives the sense signal output fron the pressure
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sensing units 35, and displays the mdividusl or entive internal pressure of the storage

containers 32 on a displaying unit 37 mstalied on the outside of the main body 31, In
order to measure the mdividual or entive internal pressure of the storage containers 32,
the pressure sensing units 353may be installed at the front ends of the storage containers

~
A
b

32 on the loading/unloading line 33, or may be installed on an integral path that is

T

1

¥

moving so as o load/unload the LNG through the loading/unloading line 3

E o
3

addition, the controlling usit 36 may control the loading/unloading valves 33a and 33b

1

and the BOG valves 34a and 34b according fo a manipulation signal output from a
manipuiating unit 36a, which 15 insfalled in the main body 31 or installed to enable a
wired/wireless communication at a remote place.

3 shown in FIG 10, the LNG storage fank 30 according to the present invention
may include a heating ueit 38 and a heating value adjusting unit 39 s0 as to vaporize the
LHG unboaded from the storage containers 32 and to adiust 2 heating value required at a
conguwoption place.  The heating umt 38 is installed to vaporize the LNG unloaded
from some or all of the storage contamers 32, The heating valpe adjusting unit 39 is

installed to adjust 2 heating value of the natural gas passing through the heating unit 38,

The heating vnit 38 and the heating value adjusting unyt 39 may be installed oo a line
where any one or a plurality of the storage confainers 32 are integrated in the

loading/unloading line 33, or may be installed on a separate line that is connected 0 the

storage containers 32 and the loading/imloading line 33 and passes the LNG by a valve.

The heating unit 38 may include a plate-fin type heat exchanger 38a and an
clectric heater 38b. The plate-{in type heat exchanger 385 is installed to primarily heat
the LNG by heat exchange with air. The eleciric heater 38D is instaliad fo secondarily

heat the TNG that v vaporized by passing the heat exchanger 38a.

fm',

A bypass valve 41 may be further provided 1n the Hne where the healing value

sy

adjusting unit 39 is installed, for example, the loading/unloading line 33, The bypass

line 41 is connected to bypass the heating value adiusting unit 39 by a bypass valve 41a.
Therefore, when it i3 necessary to adjust the heating value of the nataral gas, the nators!

24
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pas is supplied to the heating value adjusting unit 39 by the operation of the bypass valve

41a.  In this manner, the natural gas having the heating value rveguired at the

consumption place is supplied.  When # is unnecessary to adjust the heating value of

the natural gas, the natural gas bypasses the heating value adjusting unit 39 through the

bypass Hne 41 by the operation of the bypass valve 41a. The bypass valve 41a may be
three-way valve or a plurality of two-way valves.

n addiion, the LNG storage tank 30 according fo the present invention may
further include a ternperature sensing unit 42 and a controlling ot 36 so as to make the
unloaded natural gas have a temperature required ab the consomption place. The
temperature sensing unit 42 senses a teruperatiwe of the vnloaded natural gas. The
controlling unit 36 receives a signal from the temperature senging unit 42, and contvols
the electric hester 38b to make the natural gas reach 2 set temperature range. In
addition, the controlling unit 36 may display the teraperature of the unloaded natural gas
on the displaving unit 37 instalied on the cutside of the main body 31.

The temperature sensing wnil 42 may be installed at an outlet side of the
loading/unioading Une 33, In addition, the controlling unit 36 may control the bypass
valve 41a according to the manipulation signal output from the manfpulating unit 36a as
deseribed above.

As such, the LNG siorage tank 30 according to the present invention may be
divided into the stovage containers 32, which can store the LNG and progess the BOG
and the storage containers 32, which can store the LMNG, process the BOG, and adjust the
vaporization facility and the heating value, depending on functions. The LNG storage
iank 30 according to the present mvention can easily transpost the LNG or the natural
cas according to o consumer’s regquest at the congumption place.

FUG 11 15 o sectional view showing an LING storage container according to a first
embodiment of the present mvention,

As shown in FIG 11, the LNG storage container 50 according to the Hrst

embrodiment Of the present invention may include an inner shell 51, an outer shell 52,
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and a heat nsulation layer part 53. The inner shell 31 is made of a metal that
withstands a low temperature of LNG stored inside,  The outer shell 52 encloses the
outside of the inner shell 51 and is made of a steel that withstands an intemal pressure of
the inner shell 51, The heat insulation layver part 53 reduces a heat transfer between the
inner shell 51 and the outer shell 52,

The inner shell 51 forms an LNG gtorage spaee. The nner shell 51 may be made

of a metal that withstands a low temperature of the LNG For example, the inner siell

51 may be made of a metal having excellent low temperature characteristic, such as
aluminum, stainless steel, and 5-9% nickel steel.  Like in this cmbodiment, the inner

siell 51 may be formed n a twbuler type. Also, the inner shell 31 may have various
shapes, including a polybedron.

The outer shell 52 encloses the outside of the inner shell 51 such that a space is
formed between the outer shell 52 and the inner shell 51 The outer shet! 52 is made of
a steel that withstands the internal pressure of the inner shell 51, The outer shell 52
shares the internai pressure apphed to the inner shell 51, Therefore, an amount of 2
material used for the ioner shell 51 may be reduced, leading to a reduction n the
production casts of the LN storage container 50.

Due to a connection passage to be described bolow, the pressure of the inner shell
51 becomes equal or similar to the pressure of the heat imsulation layer part 53
Theretore, the outer shell 52 can withstand the pressure of the PLMNG. Even though the
inner shell 51 s manfactured to withstand a temperature of <120 to -95°C, the PING
having the above pressure (13 to 25 bar) and temperature condition, for example, a

1

pressure of 17 bar and a temperature of -115°C, can be stored by the inper ghell 51 and

the outer shell 32. The storage container 30 may be designed to satisfy the above

pressure and femperature condition in such a state that the outer shell 52 and the heat

insulation layer part 53 are assembled,
Meanwhile, the inner shell 51 may be made to have a thickness t1 smaller then a

thicknesy 2 of the outer shell 52, Therefore, when manufacturing the inner shell 51,



the use of cxpensive metal having excelient low temperature characteristic may be
reduced.

The heat fnsulation laver part 53 is installed in a space betwsen the foner shell 51
and the ouser shell 52 and is made of o heat insulator that reduces a heat fransfer.  In
addition, the heat insulation layer part 53 may be constructed or made of a material such
that a pressuce equal to the internal pressure of the inner snell 51 1s applied thereto.
The pregsure equal to the internal pressare of the loner shell 51 refers to not 2 strictly
equal pressure but a stmilar pressure,

The heat insulation laver oart 53 aud the inside of the ioper shell 51 may be

cormected together by the connection passage 54 in order for pressure bulance betwesn

the ingide and the outside of the nner shell 51, When the pressure is balanced between

¥ oy

the inside of the inner shell 51 and the outside of the inner shell 51 {the mside of the

auter shell 52) by the connection passage 54, r shell 52 supports a considerable

portion of the pressure, leading o a reduction in the thickness of the inner shell 51.

shown in FIG 12, the couneclion passage 54 may be formed at a side

contacting the heat insulabion layer in a comnecting part 55 provided at an

inlet/ontiet port Sia of the nner shell 51, Therefore, the intemal pressure of the inner

shell 51 is moved toward the heat msulation laver part 53 ihrough the connection

passage 54, and thus, the pressure between the inside and the ovtside of the inner shell
31 18 balanced.

As shown in FI0 13, the heat lnsulation layer part 53 18 mstalled with a thickness
to reduce & heat wansfer between the inner shell 51 made of ametal having excellent low

e and the outer shell 52 made of a siesl having excellant

wn aporopriate boil off rate (BOR).  Due to the installation of
the heat insuiation laver vart 53, the PLNG as well as the LNG can be stored. Due to
the pressure balance betwesn the inside and the outside of the inner shell 51, the
thickness t1 of the iner shell 51 is reduced. Therefore, the use of the expensive metal

having excellent low temperature chavacteristic may be reduoced. In addition, a

\
Lo



structural defect caused by the internal pressure of the inner shell 51 may be prevented,
and the storage container 50 having excellent durability may be provided.

Meanwhile, the connecting part 55 may be integrally connected fo the inlet/outist
port S1a of the inner shell 51 in order for the supply and exhaust of the LNG to/from the
inner shell 51, Thus, the connecting part 55 may protrude outside the outer shell 52,

An external member such as a valve may be connected to the connecting part 55,

As shown o FIG 14, an LNG storage contziner according to a second

edod

1t of the present invention may inchde an extemal heat insulation layer 56
installed in order for 2 heat insulation on the cuiside of the outer shell 52, The extemal
heat msulation layver 56 may be attached to the outer shell 32 such that it encloses the
outside of the cuter shell 52, Alse, the extemal heat insulation layer 56 may keep
enclosing the outer shell 52 by its molded or formed shape.  Hence, a heat transter from
the exterior 1s prevented.  Therefore, nnder a high femperatore enviromment sueh as
tropical repions, the gencration of BOG from the LIMNG or PLNG stored in the storage
containers is reduced.

As shown in FIG 15, an LNG storape container according o a third embodiment
of the present invention may include a heating member 57 fngtalled on the outside of tha
outer shell 532, The heating member 57 may be a heat medinum eiveulation line that
supplies heat to the outer shell 52 by the cireulating supply of heat medium.  The
heating member 57 may mclude a heater that generaies heat by power supphed from a
battery, an eleciric condenser or a power supply unit attached 1o the storage container 50,

The heating member

57 may include a flexible plate-type heating element or a heating

wire wound around the outer swriace of the outer shell 52 as in the case of this
embodiment.

Therefore, under a low temperature enviromment such as polar regions, the LNG
or PLNG stored in the storage container is not affected by external cold at. Hence, the

outer shell 32 £

may be made of a peneral steel sheet, reducing the manulacturing cosis

therent,

24
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FIG. 16 18 a sectional view showing an LNG storage container according to a
fourth embodiment of the present invention,  As shown in FIG 16, the LNG storage
container 60 according to the fourth ambodiment of the present invention roay inciude
an inner shell 61, an outer shell 62, a support 63, and a heat insulation laver part 64.
The inner shell 41 stores LNG inside, and the ovter shell 62 encloses the outside of the
inner shell 61, The support 63 is installed between the inner shell 61 and the outer shell

62 and supports the inner shell 61 and the outer shell 62, The heat insulation laver part

G4 reduces a heat transfer. Meanwhile, a connecting part (not shown) may be integrally
connected to an inlet/outlet port of the inner shell 61 in order for the supply and exhaunst
of the LNG to/from the inner shell 61, Thus, the connecting part may protrude outside

the outer shell 62.  An external member such as a valve may be comnected to the
connecting part.

The inner shell 61 forms an LNG slorage space.  The inner shell 61 may be made
of a metal that withstands a low temperature of the LNG For sxample, the inner shell
61 mmay be made of a metal having excellent low femperature characteristic, such as
ahuminnm, stapless steel, and 5-9% nickel steel.  Like in this embodiment, the mner
shell 61 may be formed in a mbular type.  Also, the inner shell 61 may have various
shapes, including a polyhedron.

The outer shell 62 encloses the outside of the inner shell 61 soch that a space s
formed between the cuter shell 62 and the inner shell 61, The outer shell 62 iz made of
a steel that withstands the internal pressure of the inoer shell 610 The ounter shell 62
sharves the inderaal pressure applied to the ioner shell 61, Therefore, an amount of a
material vsed for the inner shell 81 may be reduced, leading to a reduction in the
production costs of the LNG storage container 60,

Die to a connection passage, the pressure of the inner shell 61 becomes equal or
simitar to the pressure of the heat insulation layer part 64, Thersfore, the outer shell 62
can withstand the pressure of the PLNG  Bven though the inner shell 61 is

manufactured to withstand a temuperature of <120 to -95°C, the PLNG having the above
] i

[~
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pressure {13 to 25 bar) and temperatere condition, for example, a pressure of 17 bar and

a temperature of -115°C, can be stored by the inper shell 61 and the outer shell 62, The

storage container 60 may be designed to satisty the above pressure and temperature

condition in such a state that the outer shell 62, the support 63, and the heat insulation
5 layer part 64 are assembled.

The support 63 15 installed in a space between the inner shell 61 and the ouler shell

67 in order to support the inner shell 61 and the outer shell 62, The support 63
strmcturally reinforces the mner shell 61 and the outer shell 62, The support 63 may be
made of a metal {e.p., & low temperature steel) that withstands a low temperatare of the

10 LNG  As shown in FIG 17, a single support 63 may be jastalled aloug lateral
circumfarences of the nner shell 61 and the cuter shell 62, or a plurality of supports 63
may he instailed to be spaced apart in a vertical direction on the lateral sides of the inner

chell 41 and the outer ghell 62 as 1n the case of this embodiment,

As shown in FIG 18, the support 063 may include a first flange 634, a second

15 flange 63b, and a first web 63c. The first flange 63a and the second flange 63b are

supported on the outer surface of the inner shell 61 and the inner surface of the outer
shell 62, The first web 63c¢ is provided between the frst flange 03a and the second
flange 63b.  The first flange 638 and the second fange 63b may have a ring shape or
may melade curvatre members formed by dividing a ving shape into a plurality of parts,
20 In addition, the support 63 may be fixedly supporied by welding on the outer
surface of the inner shell 61 and the inner surface of the outer shell 62, without using
separzie members such as 2 fange.  In this case, a glass fiber may be ngeried info the

Lo

support 63 in order to prevent bewt from being fransferred to the exterior through ihe

L

1.

The first web 63¢ may be a plurality of gratings, both ends of which are fixed to

s i}

the first flange 63a snd the second flange 63b.  Some of the gratings may be fixed to
receives and apply & compressive force between the first flange 63a and the second

flange 63b, and the ofhers may be fixed to form a fruss strocture. The shape and th

S



fixing position of the gratings may be changed or adjusted.  This may be ecqually

-

applied to a case that the first web 63¢ is fixedly supported by welding on the mner shell
61 and the outer shell 62

~

A heat insnlation member 85 may be instablied between the inner surface of the

15

cuter shell 62 and the second flange 630 in ovder for blocking a heat transfer. The heat
fnsulafion member 65 may include a glass fiber and prevent the temperatire of the nner
shell 61 from being transforrad to the outer shell 62 by the support 63,

In addition. in the case 't'};:m’r the support 63 19 fixedly supported by welding, the
heat Insulation member 65 such a glass fiber may be disposed at an end portion of the
Iy support 63 contacting the outer shell 62 and be fixed by welding,  Aliematively, a
separate heat insulation member may be disposed between the outside of the support 63
and the inside of the outer shell 62, In this manner, it is possible to prevent the
temperature of the inner shell 61 from being transferred to the outer shell 62 by the

support 63,

The LMNG storage container 60 according to the present invention may further

in a lower

mehide a lower sapport 66 mstalled space between the inner sheil 61 and the
outer shell 62 in order to support the Inner shell 61 and the outer shell 62, The lower
support 66 may inclode a third flange, a fourth flange, and 2 second web,  The third
flange and the fourth flange are supported on the outer swrface of the inner shell 61 and
20 the inser surface of the outer shell 62, The sccond web is provided betwesn the third
flange and the fourth flange.  The second web may inclade 4 plurality of gratings, both

of which are fixed to the third fHange ana the fowth flange,  Detailed shapes of thes
components are just different according to the installation positions, and these
components of the lower support are substantially identical to those of the support 3.

1 k3

25 n addition, a heat msulation member {not shown) may be instalied betwoen the oner

surface of the outer shell 62 and the fourth fange in order for blocking a heat transfer,
The heat insulation member may be o glass fiber.

e

Fhe heat inswlation layer part 64 is installed in a space between the inner shell 6]
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and the outer shell 62 and is made of a heat insulator that reduces a ‘fmdr transfer. In
addition, the heat insulation layer part 64 may be constructed or made of a material such
that a pressure equal to the intemal pressure of the inner shell 61 is applied thereto.
The pressure eqnal to the internal pressure of the inner shell 61 refers o not a strictly
soual pressure but a similar pressure.  In addition, the heat tnsulation layer part 64 and
the inside of the inner shell 61 may be connected fogether by the connection passage (54
in PG 12) in order for pressure balance between the inside and the outside of the inner
shell 61, iike in the previous smbodiment showa in FIG 120 Sinee the connection
passage 54 has been described in detatl tn the provious embodiment, further description

thereol will be omitted.

fn addition, the heat msulation layer part 64 may be made of a grain-type insulator
(e.g., perlite) that can pass through the support 63, in particular, the web 63¢ having the

grating structure.  Therefore, the grain-type heat insulation laver part 64 can be frecly
mixed uniformiy and filled.  Since no gap is formed between the inper shell 61 and the
outer sheil 62, the heat ingulation performance may be improved.

Furthermore, wpon filling, grains of the heat insulation laver part 64 are freely

moved by the support 63 and the lower support 66 having the grating sapport structure,

-thersby preventing pon-untformity of the heat insulation layer part 64.

0

As shown i FIG 19, an LNG storage container 70 according to a fifih
embodiment of the present invention may be {nstalled in a fransverse direction.  In this
case, the lower support (66 in IFIG 16) in the previous embodiment may be omitted.

FIG 20 15 o sectional view showing an LNG storage container according to a sixth
embodimont of the present invention.

Ag shown in FIG 12, the LMG storage container 80 according to the sivth
embodiment of the present nvention may include an inner shell 81, an owter shell 872,
and a heat insuiation layer part 84, The fnner shell 81 stores LNG inside, and the oute

sieil 82 encloses the outside of the inner shell 81, The heat insulation layer part 84

reduces a heat transfer between the inner shell 81 and the outer shell 82, The outer
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surface of the inner shell 81 and the inner swface of the outer shell 82 are connected
together by a metal a‘:ﬁm 83, Meanwhile, a connecting part (not shown} may be
integrally connected to an inlet/outlet port of the inner shell 81 in order for the supply
and exhaust of the LNG (o/from the mner shell 81, Thus, the connecting past may
protrude outside the outer shell 82, An external member such as a valve may be
connectad to the connecting part.

The mner shell 81 forms an LNG storage space. The mner shell 81 may be made

of a metal that withstands a low femperature of the NG For example, the inner shell

i

81 may be made of 2 metal having excelient low femperature characteristic, such as
aluminum, stamnless steel, and 5-9% nickel steel.  Like in this embodiment, the inner
shell 81 may be formed in a twbular type.  Alse, the inner shell 81 may have various
shapes, including a polvhedron.

The outer shell 82 encloses the outside of the mner shelf 81 such that a space is
formed between the cuter shell 82 and the inner shell 81, The outer shell 82 s made of
a steel that withstands the interal pressure of the nper shell 81 The outer shell 82

shares the inferaal pressure ap

’"G

fled to the muer shell 81, Therefore, an amount of a

nate

ol used for the nner shell 81 may be reduced, leading to a reduction in the

production costs of the LNG storage contamer 80,

t 81 becomes equal or

Drue to a conpection passage, the pressure of the inner gshell 8

similar (o the pressure of the heat nsuiation layer part 84, Thersfore, the outer shell 82

hstand the pressure of the PLNG  Even fhough the iuner shell 81 s

fure of 120 to -95%C

factured to withstend a tompers

{5 having the above

pressure (13 to 25 bar) and temperatore condition, oy exammple, o pressure of 17 bar and

wil 81 and the outer shell 82, The

futay]

a temperature of <115°C, can be stored by the inner s
storage containgr 80 may be designed to satisfy the sbove pressure and temperature
condition in such a state that the cuter shell 82, the metal core 83, and the heat insulation

taver part 84 are assembled,

The metal core 83 may be connected 10 the outer surface of the {oner shell 81 and

29



the inner surface of the puter shell 82 such that the inner shell 81 and the outer shell 82
are supported each other.  The metal core 83 may be instalied along the lateral
clrcumfierences of the inner shell 81 and the outer shell 82, or a pluzality of supports 63

nmay be installed to be spaced apart in a vertical dirsction on the latera! sides of the inner
sheil 81 and the outer shell 82 as in the case of this embodiment. In addition, the metal
core 83 may be a wire such as a steel wire,  For example, the metal core 83 may be
connected to a plurality of rings provided on the oater surface of the nner shell 81 and
the nner surface of the outer shell 82, The metsl core 83 may be coupled or welded on
a ploratity of support points 83a.  Also, the metal core 83 may connect the inner shell

81 and the outer shetl 82 by various methods,

A shown in FIG 21, the metal core 83 may be instalied by repeatedly connect

one support point 83a (o two adjacent support points 83a of the outer shell 82 and
repeatedly connecting one support point 83a of the outer shell 82 to two adjucent support
poinis 832 of the imner shell 810 The metal core 82 may be amanged in a zigzag form
along the circumferences of the inner shell 81 and the outer shell 82, As shown i
FIGE. 8(a) and 8(b), the number of times of connections of the metal core 83 and the
number of the metal core 83 may be changed.

The LMG storage container 80 according to the present invention may further
include a lower support B6 installed n a lower space betwesn the inner shell 81 and the

t—}"‘

outer shell 82 in order to support the fnner shell 81 and the outer sheil 82, The lower

support 86 may include fanges and a web,  The flanges are av on the onler

surface of the inner shell 81 and the janer surface of the outer shell 820 The web is

provided be

The web may inchade a pluraiity of gratings, both of

i

which are fixed o the flanges.

ce these components are substuntially identical to
the lower support 66 of the LNG storage container 60 according to the fth embodiment
of the pressnt invention, a detailed description thereof will be omitted.

he heat insulation layer part 84 is installed 1n a space between the winer shell 81

be outer shell 282 and is made of a heat nsulator that reduces a heat transfer,  In

30



addition, the heat insulation layer part 84 may be constructed or made of a material such
hat a pressure equal fo the internal pressure of the inner shell Bl is applied thereto.
The pressurs equal to the internal pressuve of the inner shell 81 refers fo not a strictly
oqual pressure but a similar pressure.  The beat insulafion layer part 84 and the mner
shell 81 may be connected {ogether by the connection passage (54 in FIGL 12) 1 order
for pressure balance between the inside and the outside of the inner shell 81, like in the
previous exmbodiment shown m FIG 12, 3incs the connection passage 54 has been
deseribed in detail in the previous embodiment, further description thereof will b

omitted.

The heat insulation taver part 84 may be wmade of a grain-type insulator thal can
pass through the metal core 83, Thersfore, the grain-type heat insulation layer part 84
can be freely mixed uniformly and filled.  Since ne gap is formed between the fnner
shell 81 and the outer shell 82, the non-uniformity of the heat insulation layer part 84
may be provented and the heat insulation performance may be improved.

Ag shown in FIG 22, the LNG storage container 90 according to the present
invention may be installed W a transverse divection.  In this case, the lower support (86
in HIG 200 may be omitted.

FIG 23 is 3 configavation diagrar showing an LNG storage container according
to an sighth embodiment of the present invention,

Ag shown in FIG 23, the LNG storage container 510 sccording to the eighth
embodiment of the present invention may include an noer shell 511 and an outer shell
5120 The inner shell 511 stores LNG ingide, and the cuwter shell 317 encloges the
outside of the mner shell 512, An ioner space of the inner shell 511 and a space
betwesn the inner shell 511 and the outer shell 317 are counected together by an
cgualizing line 514, In addition, a heat insulaon layer part 513 wmay be nstalled
between the ner shell 511 and the outer shell 5172,

The mmner shell 511 forms an LNG storage space.  The inner shell 511 may be

made of 4 metal that withstands 2 low terperature of the LMNG For example, the inner
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shell 511 may be made of a metal having excellent low temperature characteristic, such
as aluminum, stainless steel, and 5-9% nickel steel.  Like in this embodiment, the inner
shell 511 may be formed in a tubalar type.  Also, the inner shell 311 may have various
1 o [ e L

shapes, melnding a polyhedron.

Due to a connection passage, the pressure of the inner shell 511 becomes equal or
similar {0 the pressure of the heat insulation layer part 513, Therefore, the outer shell
512 can withstand the pressure of the PLNG  Even fhough the inner shell 511 is
manufactured to withstand a temperature of -120 to -895°0, the PLNG having the ahove
pressure {13 to 25 bar) and femperatore condition, for example, a pressure of 17 bar and
a temperature of -115°C, can be stored by the fmmer shell 511 and the cuter shell 512,
The storage container 510 may be designed to satisty the above pressure and
temperature condition in such a state that the outer shell 512 and the heat insulation layer
part 513 are assembled.

A first exhaust line 515 may be connecied {0 the wpper mner space of the inner

shell 5171 and extend to the exterior. A Hrst exhaust valve 5152z 15 mstalled in the frst

exhaust line 515 to open/close a gas flow.  Therefore, the fivst exhaust line 515 may
exhaust gas rom the inner space of the inner shell 511 o the exterior by opening the

first exhauvst valve 31540,

In addition, first and second connecting parts 516a and 516b may be connected {o
the upper inner space and the lower inner space of the inoer shell 511, pass through the
cuter shell, and extend to the exterior.  Thersfore, LNG may be loaded into the inside
of the inner shelt 511 through 2 leading line 7 connected to the first connecting part 516a,
and NG may be unloaded from the tnside of the inner shell 511 throngh an unloading
line 8 conmected to the second connecting part 516b.  Meanwhile, valves 7a and §b
may be wnsialled in the loading line 7 and the unloading line 8, vespectively.

The outer shell 512 encloses the outside of the inner shell 511 such that a space is
formed between the outer shell 512 and the mmer shell 5110 The outer shell 512 is

made of a steel that withstands the nternal pressure of the inner shell 511 The outer

32
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shell 5172 shares the internal pressure applied to the ionner shell 511, Therefore, an
amount of a material ased for the inner shell 511 may be reduced, leading fo a reduction
in the production costs of the LNG storage container 510.

Meanwhile, the inner shell 511 may be formed to have a thickness smaller than
that of the outer shell 512, Hence, when manufactaring the storage container 5140, the

+

use of an metal having excellent low fermperature characteristic may be

reduced,

b
The heat o

ulation layer part 513 s installed in a space between the inner shell
511 and the ouaier shell 512 and is made of a heat ngulator that reduces a heat transfer,
In addition, the heat insulation layer part 513 may be constructed or made of a material
such that a pressure equal to the internal pressure of the inner shell 511 is applied thereto.

The egualizing line 514 connects the inner space of the inner shell 511 and the

space between the inner shell 511 and the outer shell 512, As a resulf, the inner space

and the outer space of the nner shell 511 are connected together.  Hence, a-difference
between the internal pressure of the inner shell 511 aond the pressure between the inner

shell 511 and the oufer shell 512 is minimized, thereby achieving the pressure balance.

By minimung the pre difference between the mside and the oufside of the inmer

511, the pressure imposed on the imner shell 511 is reduced.  Therefors, ihe

¥

ss of the inner shell 511 may be redoced, and the use of an expensive metal
having excellent low femperature characteristic may be reduced.  Also, a structural
defect cansed by the infernal pressure of the inner shell 517 may be prevented, and the
storage container 510 baving excellent durability may be provided.

A support 517 may be installed in a space between the mner shell 511 and the

outer shell 512 in order to support the inner shell 511 and the outer shell 512, The
support 517 stencturally reinforces the wmer shell 511 and the oufer shell 512, The
support 517 may be made of a metal that withstands a low temaperature of the LING, A
single suppert 517 may be installed along lateral circumferences of the inner shall 511

and the outer shell 512, or a plurality of supports 517 may be installed to be spaced apart

s
J
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in 2 vertical direction on the laferal sides of the inner shell 511 and the outer shell 512 as
in the case of this embodiment.

In addition, a lower support 518 may be installed 1n a h&wcr space between the
mmer shell 511 and the ounter shell 512 in order to support the inney shell 511 and the
outer shell 512,

Like the support 63 shown in FIGL 18, the support 517 and the lower support 518
may include flanges and a web.,  The Hlanges are supported on the outer surface of the
inner shell 311 and the inner swrface of the ouwter shell 512, The web 18 provided
between the flanges. The web may include a plurality of gratings, both of which are
fixed to the flanges. A heat insulation member such as a glass fiber may be installed
between the outer shell 512 and the flanges in order for blocking a heat transter.  In
addition, tilke the metal core 83 shown in FIG 20, the support 317 may be connected to
the outer surface of the inner shell 511 and the inner swrface of the cuter shell 512 such
that the inner shell 511 and the outer shell 512 aze supported each ofher

As shown in FIG. 24, an LNG storage container acoording 1o a ninth embodiment
of the present invention may include an on/oft valve 514a for opening/closing a flow of
a liguid, e.g., natoral gas or BOG, to the equalizing line 814, Therefore, the liquid How
through the equalizing line 314 may be blocked by the on/otl valve S14a, depending on
a change in the position or posture of the storage container

As shown in FIG 25, an LNG storage contalner according 1o a tenth embodiment
of the present invention may include a second exhaust line 514c connected fo the
equalizing line 514, A second exhaust valve 514b may be instalfed in the second
exhaust loe 514e. Thersfore, gas inside the inner shell 511 may be exhavsted 10 the

1

excterior throngh the egualizing line 314 and the second exhaust line 514c¢ by opening the
second exhaust valve S14b.  As a result, it is possible to avoid a complex process for
connecting the exhaust line to the inver shell 511, Also, the structural stability may be

mainiained, and the exhaust line may be easily mnstalled.

FIG 26 is a sectional view showing an LNG storage contalner according 0 an
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sleventh embodiment of the present invention.

Ag shown in FIG 26, the LNG storage container 100 according to the sleventh
erebodiment of the present mvention may nclude an inmer shell 110, an outer shell 120,
and 2 heat insulation layer part 130, The inner shell 110 may be made of a metal that
withstands a low temperature of the LNG. The outer shell 120 may enclose the outside

of the inner shell 110, The heat inswlation layer part 130 may be installed between the

T

inner shell 110 and the cuter shell 120 in order to reduce a Leat transfer. A connecting

st

sart 140 may be provided at the inner shell 710 and the owier shell 120, The

connecting part 140 may inctude a first flange 142 and a sscond flange 144, The st
flange 142 ig provided for flange connection in such a state that it is o contact with 2
i

valve 4 at an end of an injection part 141 extending outward from the inmer shell 110

The second Hange 144 is provided for flange connection to the valve 4 at a0 end of an

sitension part 14 ¢ from the cuter shell 120 to enclose the njestion part 141,

et

The inner shell 110 forms an LNG storage space. The inner shell 110 may be

made of a

tal that withstands a low temperature of the LNG For example, the inner
shelt 110 may be made of a metal having excellent low temperaturve characteristic, such

as alominum, stainless steel, and 5-9% nickel steel.  Like in this embodiment, the inner

shell 110 may be formed n a tubular type.  Also, the loner shell 110 may have various
shapes, including 2 polyhedron,

The cuier shell 120 encloses the outside of the inner shell 116 such that 2 space is
formed between the outer shell 120 and the inner shell 110, The outer shell 120 i3
made of a steel that withstands the internal pressure of the mner ghell 1100 The outer
! pressure applied to the inper shell 110, Therefore, an
amovnt of a materizl used for the inner shell 110 may be reduced, leading fo a reduction
in the production costs of the LNG storage contaier 10

Due to a connection passage, the pressure of the inner shell 110 becomes equal or
siniiar to the pressure of the heat insulation laver part 130, Therefore, the oufer sheli

4

120 can withstand the pressure of the PLNG. Even though the inner sheil 110 s
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manufactured to withstand a temperature of -128 to -95°C, the PLNG having the above
pressure (13 to 25 bar) and temperature condition, for example, a pressure of 17 bar and

temperature of -115°C, can be stored by the mmner shell 110 and the outer shell 120,
The storage contmner 100 may be designed to safisfy the above pressure and
temperature condition in such a state that the outer shell 120 and the heat insulation Iayver
part 130 are assemblad,

+1

Meanwhile, the inner shell 110 may be made to have a thickness smaller than that

of the outer shell 120, Therefore, when manufhctizing the nner shell 110, the use of
expensive metal having excellent low leroperatore characteristic may be reduced,

The heat insulation layer part 130 is installed in a space between the mner shell

=11 1200 and is made of a heat insulator that reduces a heat transfer

o

in addition, the heat insidation laver part 130 may be congtructed or made of o material

such rhat o pressure egoal 1o the internal pressure of the inoer shell 110 is apphied thereto.

The pressure egual to the internal pressure of the 1nner shell 110 refers to not g sirictly
equal pressure but a similar pressure.
The heat insulation layer part 130 and the inside of the wmmer shell 110 may be

conpected together by a connection passage (not shown) in order for pressure balance

between the inside and the outside of the inner shell 110, The conneciion passage may

pe. For

inelnde various embodiments that can provide a pessage, such as a hele or a pi
examyle, the connection passage may inchide a hole formed 1o the jection part 141 of

ihe connecting part 140, The wmtornal preszure of the inner shell 110 and the internsl
prossure of the heat nsulation layer part 130 we balanced while the internal pressue of
the mner shell 110 moves foward the heat msulation laver part 130 through the

CONNOCIIoT DAsksage.

When the first s

ge 147 directly contacts the valve 4, the connecting part 140 is

fd}

flange-connected by a bolt 181 and a nut 182, such that the injection part 141 i

Conneete ¢passage of the valve 4, Since the injection part 141 and the first flange
142 directly vontact the LNG, the connecting part 140 may be made of the same moaterial

36



10

as the inner shell 110, For example, the connecting part 140 may be made of a metal
having excellent low temperature characteristic, such as aluminum, stainless steel, or 5-
9% nickel steel.

In addition, like in this embodiment, the cormecting part 140 may encloze the
outside of the injection part 141, while being spaced apart.  The second flange 144 may
be flange-connected to the valve 4 by the bolt 181 and the put 182, with the first fange
142 being inferposed therebetween,  The extension part 143 and the second flange 144

may be made of g stecl,

Asg shown in FIG 27, since the First flange 152 iz screwed with the injection part
151, the connecting part 150 may form one body with the injection part 151

Az shown i FIG 28, the connecting part 160 may fix the first Hange 162 to the
mjection part 161 by a coupling member 163 such as a bolt or a screw. The coupling
member 163 may pass through the fivst Hange 162 and be coupled in plurality o a
coupling part 163a, which 1 fommed af an end of the injection part 161, aleng a
ciroumferential direction.

In the case that 8 bolt is used as the coupling member 163, g8 shown in FIG 28{a),
the coupling part 1632 and the first fange 162 are fomale threaded, and the frst flange

;_ g ool

162 and the injection part 101a are coupled by a separate male threaded bolt, At this

time, in order to avoid interference with adjacent members, a head of the male threaded
boll may be provessed such that the bolt head is recetved in the fivst flange 162.

If the bolt head is formed to protmde outward from the first Hangs 162, as shown
in FIG 28, the interference betwesn the bolt head and the adjscent members may be
aveided by processing the valve 4 1n 2 bolt head shape capable of receiving the bolt head
and then conpling the valve 4 1o the first Hanpge 162

As shown in FIG 29, the connecting part 170 may be flange-connected by the bolt
181 and the nut 182 in such a state that the second flange 174 is positioned ar an edge of
the first flange 172 and connected with the valve 4. In this case, the first flange 172

may be cormected to the valve 4 by only the bolt 183.
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FIG 30 is zu enlarged view showing a main part of ap LNG storage contatner
sccording to a tweltth embodiment of the present invention.

As shown in FIG. 30, the LNG storage container 520 according to the twelith

smbadiment of the present invendion may inchude an inmer shell 521, an outer shell 522,

a connecting part 524, a baffer part 525, avd a heat insulation layer part 523, The inner

shell 527 stores LNG inside, and the outer shell 522 encloses the outside of the inner

shell 521, The connecting part 522 is coonected to an exiernal injoction part 9a and

protrudes toward the heat insulation layer part 523, The bulfer part 524 buffers a

thermal confraction between the connsciing part 524 and the mer ghell 521, The heat

imsulation laver part 523 is installed in 2 space betweoen the fnner shell 521 and the outer

The inner shell 521 forms an LNG storage space,  The inner shell 321 may be
made of 4 metal that withstands a low temperature of the LNG For example, the inner
shell 521 may be made of @ motal having excellent low temperature characteristic, such
as aluminam, stainless steel, and 5-9% nickel steel.  Like in this embodiment, the inner
shell 521 may be formed in a tubular type.  Also, the inner shell 521 may have various
shapes, including a polvhedron.

The outer shell 522 encloses the outside of the lnner shell 521 such thal a space s
formed between the outer shell 5322 and the inner shell 521, The outer shell 522 18
made of a steel that withstands the internal pressure of the nner shell 521, The ounter
shell 522 shares the internal pressure applied to the inner shell 521, Therefore, an

amount of a material used for the inner shell 521 may be reduced, leading o a reduction

1 the production costs of the LNG storage containe

Due o a connection passage, the pressure of the tnner shell 521 becomes equal or
milar 1o the pressure of the hest inswlation layer part 523, Therefore, the outer shell

1
322 ean withstand the pressure of the PLNG Hven though the inner shell 5271 45

mannfactured to withstand a temperature of <120 1o -95°C, the PLNG having the above

pressure {13 to 25 bar) and temperature condition, for example, a pressure of 17 bar and

L
e
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a temperature of -1153°C, can be stored by the inner shell 521 and the outer shell 522
The storage container 320 may be designed to satisfy the above pressure and
temperature condifion in such a state that the outer ghell 522 and the heat insalation layer
part 523 are agsembled,

Mepnwhile, the inner shell 521 may be formed to have o thickness smaller than
that of the outer shell 522, Hence, when manufacturing the storage container 520, the
use of an expensive metsl having excellent low temperature charvacteristic may be
reduced.

The heat insulation layer part 523 is installed in a space between the inner shell
521 and the outer shell 522 and {s made of a heat insulator that reduces a heat fransfer,
In addition, the heat nsulation laver part 523 may be constructed or made of a material
such that a pressure equal {o the internal pressure of the inner shell 521 is applied thersto.

The connecting part 524 s provided to protrude from the inner shell 321, The

conmecting part 524 may be connected to an injection port 521a, through which fhe LING
is injected into the inner sheli 521, and protrude outward,  The connecting part 524 may

be comaected to an exfernal injection part 9a for infecting the LNG into the nner shell
521, The connecting part 524 may be connected to the inner shell 521 through the
buffer part 525, In this case, the cuter shell 522 may include an exiension part 5274
that is provided at one side and encloses the connecting part 524, For example, an end
of the extension part 5224 may be connected to the extemal injection part 9a together
with the connecting part 524,

The buffer part 525 is provided between the inner shell 521 and the connecting

part 524 1 in ovder fo buffer a themnal contraction.  The buffer part 5

o load

=)

thermal contraction caused by heat generated from the inner shell 521, preventn
concentration on the connecting part 524,

41

1 addition, like in this embodiment, the buffer part 525 may be provided in & pipe

shape that forms joint parts 5255, both ends of which are connected to the injection port
1a and the connecting part 524 by a flange jomt or the like,  Furthermore, the bufier
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unit 525 may be integrally formed between the inner shell 521 and the connecting part

2

LA
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As ghown in FIG 31, the buffer part 525 may have a loop 525a.  Like in this
embodiment, the buffer part 325 may have a single loop 525a whose plane shape 1s
polygonal, for example, rectanguiar,

As shown in FIG 32(a), the boffer part 526 may have a single loop 326a whose

plane shape is circolar. A shown in FIG 32(b), the buffer part 527 may have a coil

shape with a plurality of leops 5274, The coil may have a thombic shape whose width
i@ gradually reduced from the center toward both ends thereetf.  Therefore, the loops
5265 and 527 may reduce shocks caused by the thermal contraction of the inner shell

FIG 33 is a configuration diagram showing an LNG production apparatus
according to the present invention.

In the LNG production apparatus 200 according to the present invention, heat
exchangers 230 are installed in a plorality of first branch lines 221 brapched from a
dehydrated natural gas supply line 220, The heat exchangers 230 cools the dehydrated

atural ¢

supplied through the first branch tnes 221 by using a coolant sapplied from a

coolant supply vnit 210, A recycling unit 240 supplies a recycling liquid, instead of
natural gas, so 28 to remove carbon dioxide frozen at the heat exchangers 230,

Th

i

LMNG production apparatus 200 according fo the present invention may be
used to produce LNG and PLNG pressurized at a predetermined pressure, for example,
PLNG cooled at a pressure of 13 1o 25 bar and a temperature of -120 to -95°C,

The coclant supply unit 210 supplies the heat sxchangers 230 with a coolant for a
heat exchange with the natural pas, so that the pataral gas is Hguefied at the heat
exchangers 230.

The heat exchangers 230 are installed in the plurality of first branch lines 221
branched from the dehvdrated natural gas supply line 220 and are conpected in parallel,

The heat exchangers 230 cools the natural gas supplied from the sapply line 220 by a

40



heat exchange with the coolant supplied from the coolant supply unit 210, By making
the total capacity excsed the LNG production, one or more of the heat exchangers 230
may be kept in a standby state when producing the LMNG

The number and capacity of the heat exchanger may be determmed. considering
the NG production of the entive plants,  Por example, when the heat exchanger 230
A

s Z20% of the total LNG production, ten heat exchangers are provided.  In this

case, five heat exchangers may be driven and the others may be kept in a standby state.

This configuration may stop driving the heat exchangers where carbon dioxide 15 frozen,

3

and may drive the heat exchangers having been in the standby state during the removal
of the frozen carbon diokide.  Therefore, the total LNG production of the entire plants
miay be maintained constantly.

The recycling wait 240 selectively supplies the heat exchangers 230 with the
reeyeling liguid for removing the frozen carbon dioxide, instead of the natural gas. In

addition, the recyeling unit 240 may inchude a recycling Uguid supply part 241, recycling

liguid Hnes 242, fivst valves 243, and second valves 244, The recyveling Houwid saoply
{ ] o i) ] iE

part 241 supnlies the recveling lignid.  The recycling Hnes 242 extend Hom the

reoyeling Houid supply vnit 241 and are connected to front ends and rear ends of the heat

exchangers 230 on the first branch Hnes 227, The first valves 243 are instatled ar front

a

ends and rear ends of positions connected o the recyeling Hawd lines 242 on the first

branch Hnee 221, The second valves 744 are installed at front ends and rear ends of the

heat exchangers 230 on the recyeling Houid lines 242.

3

The resyeling Houid supply part 241 may use high femperature air as the reeycling

Hauid. By supplying the bigh temper: gt to the heat ewcha

230 using a

pressure oy puraping force, the frozen carbon dioxide may be changed o o lignid or

Faseons state and removed.
The LNG production apparatus 200 sceording o the present invention may forther
include sensing units 250 and a controlling unit 260, The sensing unils 250 are

installed o check the feering of carbon dioxide at the heat exchangers 230 so a5 to
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control the supply of the recyeling higuid to the heat exchangers 230, The control ot
240 receives sense signals from the sensing unity 250 and controls the first and second
valves 243 and 244 and the recycling liguid supply part 241,
The controlling unit 260 checks the heat exchangers 230 where the freezing of the
arbon diogide ooours, based on the sense signals output from the sensing units 250, In
order 1o supply the recyeling liguid to the heat exchangers 230, the controlling urat 260
closes the first valve 243 to oot off the supply of the natoral gas to the hoeat exchangers

o
2z

230, Then, fhe controlling unit 260 drives the recveling bguid supply part 241 and

opEns t%’ second valve 244 to sopply the reeveling Hguid to the heat exchangers 230

The aafmn dioide

zen at the heat exchangers 230 are liguefied oy vaporized by the

recyeling lguid and then removed.  Meanwhile, the controlling wnit 260 may supply

the reeveling lguid to the heat exchangers 230 unul a set Hme is up by a counting
operation of & tiner

Like in this embodiment, the sensing units 250 may include fow meters that are
installed at rear ends of the heat exchangers 238 on the first branch Hoes 221 and
measure a How rate of LNG Therefore, 11 a How vate value measured by the sensing

unit 250 18 egual to or less than a set value, it may be determined that the freezing of

7,

carbon dioxide oceurs 1o the corresponding heat exchangsr 230

in addition, the sensing units 250 may further include carbon dioxide meters
The carbon dioxide meters are installed on the first branch lines 221 and measwe
contents of carhon dioxide contained in gas af the font and rear ends of the heat

sxoha s 230, If a difference between the contents of carbon dioxide contained in

the gas, which are

sred ot the front and rear ends of the heat exchanger 2340,

equal to or la fhan a sel amount, it may be determined that the &

dioxide ocours 1n the heat exchanger 230,
The LNG production apparatus 200 according 0 the present inveniion may further
include third valves 270 fnstalled at front aod rear ends of the heat exchangers 230 on a

coolant Hine 211 through which the coolant is supplied from the coolant supply unit 210

Ja
2
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to the heat exchangers 230 so as 1o stop the operation of the heat exchangers 230 whers

the freezing of carbon dioxide occors. The third valves 270 may be conirolied by the
controliing unit 260, Por example, when it {5 deterinined through the sensing unit 260
that the freeang of carbon dioxide ocenrs in a cortain heat exchanper, the controlling
umit 260 stops the operation of the corresponding heat exchanger 230 by closing the third
vabves 270 disposed at the front and rear ends of the corresponding heat exchanger 2340,

FIGE. 34 and 35 are a gide view and a front view, respectively, showing a floating

structare hoving a storage tack carrying apparatus according to the present invention.

As shown in FIGE. 34 and 35, the foating structure 300 according to the present

4

invention inclades a stovage tank carcving apperatus 310 and  fioater 328, The floater

is instalied to float on the ser by buovancy.  The storage tank carrving apparatus 310 is
installed on the Goater 320, The floater 320 may be a barpe type strocture or a satf-

propelled vessal,

The storage tank camyving apparates 310 according to the pressnt invention

inclodes » loading table 311a and a rail 312, The loading table 331a is lifled up and

4 1

down by an elevating wmt 331 The rail 312 is provided on the loading table 331a

along a moving dirsction of a storage tank 330, e tank 230 15 foaded inlo 2

cart 313, The cart 313 iz mstalled o be movable along the rail 312

4

In thiz manner, shock applied fo the storage tanlk 330 may be reduced as compared
to a case of carcying the storage tank by using a crane.  In addition, if a plurality of

> tanks are connected, a large guantity of cargos may be transported over fong

Therefore, 1t may be more effictent n terms of costs than other transportation

poriation of a relatively

-

means.  Furthermore, it mav be more effective to the iy

eavy storage tank because it is not a method of Hifting and moving the storage tauk.

LEL

Although it is shown that the storape tank carrying apparatus 310 15 installed on
the floater 320, the present invention is not timited thereto.  The storage tank carrying
apparvatus 310 may be fixed on the ground or may be instalied on varions frassportation

apparatnses,

.
42
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The storage tank 330 may store LNG or PLING pressurized at 2 predetermined
pressure.  The storage tank 330 may also store various cargos,  Meanwhile, the PLNG
may be natural gas Hquelied at a pressurs of 13 ¢ bar and & temperature of <120 1o -

5°C,  In order to store such PLNG the storage tank 330 may have a strocture and be
formed of a material that sufficiently withstands a low temperature and a high pressure,

In addition, the storage tank 330 may be manufactured 1n a dual structure such that
it cap store LNG or PLNG As described above, 4 connection passage may be provided

-

petween the dusl stracture of the storage wnk and the inside of the storage tank in ovder

that the internal pressure of the dual struchwe is balanced with the internal pressure of

Ag shown in FIG 36, the clevating unit 311 elevates the loading table 31lain a
vertical divection.  For example, the clevating unit 311 may eolevate the loading table
31%a from the floater 320 ap to the top of a quay 5. A movable foothold 311b may be

Ta.  The movable foothold

a3
)
-

installed at one side or both sides of the loading table
311b provides a moving path of the cart 313 by being opened through the downward
rotation around 2 hinge coupling part 311e disposed vnder the wovable foothold 3116

‘é i

When the movable foothold 3110 is folded upward, it resiricts the movement of

the cart 313, When the loading table 311a is clevated to the same helght ag the guay 5
by the elevating unit 311, the movable foothold 311h assists the conneeiion between the

quay 5 and the loading table 311a. Therefore, the cart 313 may bhe sately moved to the
land.  In addition, an auwxiliary rail 311d connected to the rail 312 mav be mstalled on a
plane facing upward when the movable foothold 311 is unfolded downward.

In addition, the slevating wnit 311 may use varlous structures and actusators in
order for elevating the loading table 3110, For example, the loading table 311 may be
movable vertically by a phurality of vertically expandable connecting members, which
are shidably connected to a lower portion of the loading table 311a, or by a plurality of
link members, which are linked to a lower portion of the joading table 311a and are

vertically

wpandable according to a rotating divection.  Also, the loading table 511a

~y
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may be elevated by a motor, which provides a driving force for straight movement, or by
an actuator such as a evlinder which is operated by a hydraulic pressurg

The rail 312 is installed on the leading table 311a according to a moving direction

=

of the storage tank 330, A pair of rails 312 may be provided. The rails 312 may be

arranged in parallel such that they have the same widith as rails {(not shown) of a train

herefore, the cart 313 eevated up to the top of the gquay 5 by

e
L

placed on the quay 5.

the elevating unit 311 g moved along the rail 312 and is wansferred to the rail of the

guay 5. In thig manner, the cart 313 may be moved over long distance by a land
ransportation means such as a train,

A phurality of wheels 313a which are movable along the rail 312 may be provided
al the botiom of the cart 313, The storage tank 330 is loaded on the cart 313 In order
for connection to other carts, a connecting part may be provided at one side or both sides

7

of the cart 313, In addition, since the siorage tank 330 is mounied on the cart 313, a

tank protection pad 313b made of a steel may be installed on the top surface of the cart

313 in order to protect the storage tank 330 from corrosion and extermal shock.

For example, the cart 313 may be connected to a winch throngh a cable and be
raoved along the vail 312 by the driving of the winch,  Also, the cart 313 may be moved
atong the rail 312 for itself by a transfer duiving onit (not shown) that transmits »

rotational foree to some or all of the wheels 31 3a,

FIG 37 is a configuration disgram showmng a systern for maintaming hish
pressure of a PLNG storage container according to the present invention.  As shown in
FIGL 37, the systern 400 for rmoaintzining high pressure of a PLNG storage container

acoosrdi

1o the present invention may inciude s unicading line 410 that connects the

storage container 411 to g storage tank & of a consumption place to thereby enabling the

untoading of PLNG The system 400 may further include 4 pressure compens
420 and a vaporizer 430 1o order to vaponze some of the PLNG unloaded through the
untfoading line 410 and supply the vaporized PLNG to the storage container 411,

The unloading line 410 enables the unioading of the PLNG by connecting the
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storage container 411 to the storage fank 6 of the comsumption place.  Also, the
unloading line 410 enables the unloading of the PLING into the storage tank 6 by only
the pressure of the PLNG stored in the storage contamner 411, By extending the
onloading line 410 from the wpper portion to the lower portion of the storage tank 6, the
PLNG can be unloaded into the storage tank & by only the presgure of the PLMNG stored
n the storage container 41 Furthermore, the generation of BOG can be minimized.
It the unloading line 416 is connected fo the lower portion of the storage tank 6 in
order o further reduce an amount of BOG generated during the unloading, the PLNG s
accumulated fTom the lower porfion of the storage tank 6. o this case, the generation
of BOG may he further reduced.  However, the pressure may be insuflicient o siably
unload the PLNG into the storage tank 6 by only the pressure of the PLNG siored in the
storage container 411, Therefore, it 1s pecessary to additionally install & pump in the
unloading Hne 410.
The pressure compensation line 420 is branched from the unloading line 410 and

s connecied io the storage container 411, A vaporizer 430 is installed in the pressure

-

compensation line 420, In addition, the pressure consumption line 420 may be

copnected to the upper portion of the storage container 411, The reduction in the
pressure of the storage contaimer 411 1s lowered by minimizing the lguefaction of the
natural gas when the natural gas supplied to the storage container 411 through the
prossure compensation line 420 contacts the PLNG stored m the storage container 411,
The vaporizer 430 wvaporizes the PLNG  supplied through the pressure

compensation line 420 and supplies the vaponzed PLNG to the stovage container 411
Therefore, since the natural gas vaporized by the vaporizer 430 is sunplied to the storage
container 411 through the pressure compensation hine 420, the intemnal pressure of the
storage container 411 reduced during the initial unloading of the PLNG is ncreased.
Thersfore, the internal pressure of the storage container 417 is maintained at above 8
bubble point pressure of the LNG,

The system 400 for mamniaining high pressure of the PLNG storage container



according 1o the present invention may further include a BOG line 440 and a compressor
450 n orvder to collect BOG, which is generated in the storage tank of the consumption
place, in the form of LNG

The BOG Iine 440 ¢ instatled such that BOG generated from the storage tanlc 6 18

™

supplied to the storage container 411, By connecting the BOG line 440 w the lower

h

portion of the storage contatner 411, a temperature change is minimized and a collection
te of LNG is increased,
In addition, the compressor 450 is installed in the BOG boe 4400 The

sregsor 450 compresses the BOG supplied through the BOG hine 440, and stores the

-

16 compressed BOG in the storage container

411, Therefore, The BOG generated o the
storage tank & during the unloading of the PLNG is supplied to the compressor 450
through the BOG Hne 440 and is pressurized at the compressor 4500 Then, the

pressurized BOG is condensed by injecting through the lowsr portion of the storag

container 411, fo this manner, the PLNG fransporiation efficiency can be improved.

A

Farthermore, in the svsiem 400 for maintaining bigh pressure of the PLNG stovage
container according to the present invention, the vaporizer 430 and the compressor 45(
can be complementary o cach other.  Therefore, iF an aount of BOG generated io the

storage tank & is msufficient {0 maintain e pressure of the sforage containar 411, the

load of the vaporizer 430 ig fncreased. I an amount of BOG Tieient, the load of
20 the vaporizer 430 is decreased.

FIGL 38 18 a configuration diagram showing a lig s having a

separable heat exchanger according to a thisteenth embodiment o Cthe it invention.
£ ]

S

v shown in FIG 38, a natural gas Houelacton apparatus 6 rable

heat exchanger according to a thirteenth embodiment of the present invention liguefies

25 patoral gas through s heat exchange with a coolant by a liquefaction heat exchanger 620

made of a stainless steel, and cools a coolant by conlant heat exchangers 631 and 632
3 o)

and supplies the coolant to the liquefaction heat exchanger 620,
The Hyguefaction heat exchangar 620 is supplied with the natural gas through the
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hepetaction line 623 and liguefies the natural gas through 2 heat exchange with a coolant.
To this end, a Hguefaction line 623 is connected to a first passage 621, and a coolant

circulation iine 63% is connected to a second passage 622, The natural gas and the

coolant, which respectively pass through the [rst passage and the second passage,

i

exchange heat with cach other.  The entire portions of the liquefaction heat exchanger
6520 mav be made of 3 stainless steel; however, the present invention i not lmited
thersto.  Some parts or porfions of the hguefaction heat exchanger 620, which contact
the lHquefied natural gas, like the first passage, or nesd to withstand a cryogenic
temperature, may be made of a stainless steel.  In the liguefaction line 623, an on/ofl

valve 624 s iy

walled at a rear end of the first passage 621,
Like 1o this embodiment, the coolant hest exchangers 031 and 632 may melude ¢
phurality of coolant heat exchangers, for example, first and second coolant heat

exchangers 631 and 632, Also, the coolant heat oxchangers 631 and 632 may be

provided with a single coolunt heat exchanger. The entire portions of the coolant heat

exchangers 631 and 632 may be made of aluminum.  Also, some parts or portions of
the coolant heat oxchangers 631 and 032, which need a heat transfer due to the contact
vith the coolant, may be made of ahrmimum. I addition, the coolant heat exchangers
631 and 632 may be included in g conlant cooling unit 630,

The coelant cooling unit 630 cools the coolant through the first and second
coolant heat exchangers 631 and 632 and sapplies the cooled coolant (o the Hguelaction

i3

hoat exchanger To this end, for example, the coolant exhausted from the

Lguelaction heat exchanger 820 s compressed and cooled by a compressor 633 and an

b

alter-cooler 534, The coolant having passed through the after-coolor 634 ia sep

mite a gasecus coclant and & Hawld coolant by a separator 635, The gasecus coolant is

supplied fo 2 first passage 631a of the first coolant heat exchanger 631 and 2 frst

coolant heat exchanger 632 by the caseous line 638a  The
Hguid coolant i3 passed through a second passage 631b of the first coolant heat

cchanger 631 by the liguid line 638b and 15 expanded to a low pressure by a first Joule-

48
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Thomson (J-TY valve 636a along a connection {ine 838c.  Then, the liquid coolant is
supplied to the compressor 633 through a third passage 631c of the first coolant heat
exchanger 631, and is compressed by the compressor 633, Then, the subsequent
processes are repeated.

In addition, the cooling unit 630 expands the high pressure coolant, which has
passed through the first passage 632a of the second coolant heat exchanger 6372, to a low

-

pressure by a sscond I-T valve 036b, and supplies the coolant to the liquefaction heat

exchanger 620, - Also, the cooling tmit 630 expands the coolant to a low pressure by a
third J-T valve 036¢ through a coolant supply line 637, and sapplies the compressor 633

with the coolant through the second passage 6320 of the second coolant heat exchanger
632 and the third passage 631¢ of the frst coolant beat exchanger 631,

The after-cooler 634 removes a compression heat of the coolant compressed by
the compressor 633, and liguefies a part of the coclant.  In addition, the first coolant

heat cxchanger 631 cools the

cxpanded high-temperatore coolant, which 1 supplied

through the first and second passages 631a and 631b, by a heat exchange with the

expanded low-temperature coolant, which is supplied through the third passage 631c.

The second coolant heat exchanger 632 cools the unexpanded high-temperature cools

which is supphied through the fivst passage 032a, by a heat exchange with the expanded

low-temperature coolant, which is supplied through the second passage 632b,

Furthermors, the Hguefaetion heat exchanger 620 18 supplied with the low-
temperature coolant expanded through the fivst and second heat exchangers 631 and 632
and the second 12T valve 636b, and cools and liquefies the natural gas.

FIG 39 13 a configuration disgram showing a lguelaction apparsius having a
separabio heat exchanger secording to a fourteenth embodiment of the present invention.

As shown in FIG 39, like the natural gas Bouefaction apparatus 610 according to
the thirteenth embodiment of the present ipvention, a natural gas liguefaction apparatus
40 having a separable heat exchanger according to a fourteenth embodiment of the

present invention includes a hguefaction heat exchanger 650 and a coclant cooling vt
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660. The liguefaction heat exchanger 650 is supplied with nataral gas and liquefies the

rwatoral gas through a heat exchange with a coolant.  The liguefaction heat exchanger
650 is made of a stainless stesl,  The coclant cooling unit 660 cools the coolant by a
coolant heat exchanger 661 and supplies the cooled coolant to the lguefaction heat
exchanger 650, The coolant heat exchanger 661 is made of aluminum. Descriptions
of the same copfiguration and paris as the natural gas liguefaction apparatos 610
according to the thirteenth embodiment of the present invention will be omitted, and a
difference hetween the two Dguefaction facitities will be described below.

The coolant cooling unit 660 compresses and cools the coolant, which is
exhausted from the liguefaction heat exchanger 630, by a compressor 603 and an after-
cooler 664, and supvlies the coolant to a first passege 6612 of the coolant heat exchanger
661, The coolant cooling wnit 660 expands the coolant, which has passed through the
first passage 661a of the coclant heat exchanger 661, by an expander 665, and supplies
the coolant to the lguefaction heat exchanger 650 or suppliss the coclant to the
compressor 663 through the second passage 661b of the coolant heat exchanger 661,
according to the manipulation of a flow distribution valve 666, Like in this
embadiment, the flow distribution valve 666 may be a three-way valve,  Also, the flow
distribution valve 666 may be a pluratity of two-way valves.

The coolant heat exchanger 661 cools the unexpanded high-temperature coolant,
which is sapplied through the first passage 661a, by a heat exchange with the expanded
low-emperature coclant, which is supplied through the second passage 66la. In
addition, the low-temperature coolant s distributed to the coclant heat exchanger 661

and {he lguefaction heat exchanger 650 according to the manipulation of the flow

distribution valve 666. The liguefaction heat exchanger 650 cools and liguefies the
natural gas by the low-temperature coolant baving passed through the coolant heat
exchanger 661 and the expander 605,

FIGS. 40 and 41 are a front secfional view and a side seclional view, rcm,m:uivdy

showing an LNG storage tank carier according to the present invention.

L
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As shown in FIGS. 40 and 41, the LNG storage container carrier 700 according {o
the present invention is a vessel for transporting a storage container storing LNG. The
LNG storage confainer carrier 700 includes 2 plurality of first and second upper supports
730 and 740, The frst and second upper supports 730 and 740 are instalied 1 a widih

direction and a length direction on cargo holds 720 provided ina hull 710, and partition

the upper portions of the cargo holds 720 into a plurality of openings 721, Storage
containers 791 inserted info the respective openings 721 are supported by the first and

second supporis 730 and 740,

Meanwhile, the storage containers 791 may store general LNG and LNG
pregsurized al a predetermined pressure, for example, PLNG having a pressure of 15 {o
25 bar and a temperature of ~120 o -85°C. To this end, a dual siracture or & heat
insulation member may be installed.  The storage containers 791 may have various
shapes, for example, a tubular shape or a eylindrical shape.

The carge hold 720 may be provided in the hull 710 such that the upper portions
therenf are opened.  In this case, & hull of 2 container vessel may be vsed as the bull
710, Therefore, time snd costs necessary for building the LNG storage contamer
carrier 700 may be redaced.

As shown in FIG 42, the plurality of first and second upper sopports 730 and 740
are installed on the cargo holds 720 in a width direction and & length direction, and
partition the upper portions of the cargo holds 720 into the plurality of openings 721

The storage containers 791 are vertically inserted lito the respective openings 721 and

are supporied.  That is, the first upper supports 730 are instalied on the cargo holds 720

v

in the width direction of the hell 710, while being spaced apart along the length divection
5]

i

Fthe bull 710, In addition, the second upper supports 740 are mnstalled on the cargo

o~

holds 720 in the length direction of the hull 710, while heing spaced apart along the
width direction of the hull 710, Therefore, the first and second upper supports 730 and
740 form the plurality of openings 721 on the upper portions of the cargo holds 720 in a

horizontal direction and a vertical direction.  The first and second upper supports 730
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740 may be fixed to the upper portions of the cargo holds 720 by welding or a

Ea)
o

ooupling member such as a bolt,

I addition, & plurality of support blocks 760 for supporting the sides of the
storage containers 791 may be installed in some or entirs portions of the luner surfaces
of the cargo holds 720 and the first and second upper supports 730 and 740, The
support blocks 760 may be provided to support the foot and vear and {he left and right
of the storage confainers 791, The support biocks 760 may have sopport planes 761
with a cwvatore corresponding to & curvature of the ouler surfaces of the storage
containers 791, g0 as to stably support the storage contaimers 791,

A plurality of lower supports 750 may be instailed under the cargo holds 720,
The lower supports 750 support the bottoms of the storage containers 791 inserted into
the openings 721, The lower supports 750 are vertically installed vpwardly on the
tottoms of the cargo holds 720 einforcement members 751 may be further installed
to maintain the gaps between the lower supports 750, Meanwhile, the lower supports
750 and the reinforcement members 751 are paired at sach storage container 791, A
plurality of pairs of the lower supports 750 and the reinforcoment members 751 may be
installed on the bottoms of the cargo holds 728 and support the lower portions of the
storage contaimers 791,

In the case of & container vessel, the LMNG storage countainer carrier 700 according

to the nresent invention mmay use a stanchion or a lashing bridge, without modifications,

in order to support the storage containers 791, In this case, the first and second wpper
supports 730 and 740 may he fixed and supported to the stanchion and the lashing bridge.

Therefore, 1 the conventional container vessel iz modifisd slighfly, it may be

3 1

converted to enable the trapsportation of the storage containers 791, A container
toading part 770 may be additionalty provided on a deck 711 so as o transport container
boxes 792 together with the storage containers 791

FIG 43 18 a configuration diagram showing a solidified carbon-dioxide removal

o)

system aceording to the present invention.

52
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As shown in FIG 43, the solidified carbon-dioxide removal system according to
the present invention roay include an expansion valve 312, a solidified carbon-dioxide
filter 813, and a heating unit 816, The sxpansion valve 812 depressurizes high-

S5

pressure natural gas o a low pressure.  The solidified carbon-dioxide filter 8§13 18

instalied at a rear end of the sxpansion valve 812 and {ilters frozen solidified carbon

dioxide existing in the LNG.  The heating uait 816 vaporizes the solidified carbon

dioxide of the expansion valve 812 and the solldified carbon-dioxide filer 813, The

solidified carbon dioxide is filtered from the liguefied natiral gas by the solidified

o

carbon-dioxide fitter 813, Heat is supplied from the heating voit 816 in such a state

(%)
that the supply of the natoral gas fo the expansion valve 812 and the solidified carbon-
diowide filter 813 is mterropted.  Therefore, the solidified carbon dioxide may be
recyeled and removed.

The expansion valve 812 1s mstatled ina supply ling 811 through which the high-
pressure natural gas is supplied.  The expansion valve 812 Hquefies the high-pressure
natural gas by depressurizing the Mgh-pressare natural gas sapplied through the sunply

e

tine 811,

The solidified carbon-dioxide filter 813 i instailed at a rear end of the expansion
valve 812 in the supply lne 811, The solidified carbon-dioxide filter 813 filters the
frozen solidified carbon dioxide from the LNG supplicd from the esxpansion valve 3172
To this end, a {ilier member for filtering carbon dioxide solid may be instalied mside the
solicified carbon-dioxade filter 813,

Furthermors, in the expansion valve 812 and the solidified carbon-dioxide Giter

813, the supply of the high-pressiwre nafural ges and the exhaust of the low-pressure

LING are opensd sod closed by first and second on/ofl valves 814 and 815, To this end,
and second onfoff valves 814 and 815 are installed at a font end of the
expansion valve 812 and a rear end of the solidified carbon-dioxide filter 813 in the

-

supply line 811, and open and close the nataral gas flow.  The first on/ofl valve 814

opens and closes the supply of the high-pressure natural gas to the cxpansion valve 812,

1
El
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and the second on/off valve 815 opens and closes the exhanst of the lower-pressuare LNG
digcharged from the soldified carbon-dioxide filter 813

The heating unit 816 supplies heat o vaporize the solidifizd carbon dioxide of the
expansion valve 812 a:ui the sobidifisd carbon-diosude filter 813, For example, the
heating unit 816 may inchide a recycling heat exchanger 8160 and fourth and 68h on/off
alfed in o hest

valves 816c end 8164, The recycling heat exchanger 816b is

d

?.rA
mL

medinm line 816a through which a heat medium is circulated by a heat exchange with

the expansion valve 812 and the solidified carbon-dioxide filter 8 The fourth and
fifth on/off valves 8160 and 816d are installed at o front end and a rear end of the
recyeling sxchaneer 810 in the heat medium line §16a

A third on/off valve 817 18 installed in an exhanst line 8172 through which carbon

dioxide recycled by the beating vnil 816 35 exhaustad to the exterior

The thurd on/off valve 817 15 installed to open and close the exhaust of the carbon
dignide recyeled by the heasting unit 816 1o the exhaust hme 8173, which is hranched
from the suppiy line 811 between the first on/ofl valve 814 and the cxpansion valve 812

In addition, the solidified carboun-dioxide romoval systemn 810 according to the

present invention may be provided in plurality,.  While some of the carbon-diozide

removal facilites 810 porform the filtering of the carbon dioxide, others may perfornm

the recycling of the carbon dioxide, vonder the control of the first to third on/off valves

o

314, 81

[ 4

and 817 and the heating wnit 816, In this embodiment, two carbon-dioxide
removal facilitics B10 are provided.  In fhis case, the two cawbon-dioxide removal

fneilities 810 roay alfernately perform the fliering and recyeling of the carbon dioxide.

B

gty et S N . . P T
peration will be desonbed below with refl

ot .
bl

fhis o

nee 10 the sccompanying drawings.
~ vy

Ag shown in FIG 44, the following description will be focused on one of the

solidified carbon-dioxide removal systems 810 according to the present invention.

Firgt, if the first apd second on/off valves 814 aud 815 are opencd to supply high-
pressure nabural gas to the expangion valve 812 through the supply line 811 and expand

the natuesl gas o a low pressure, the natural gas is cooled and the low-pressure LNG is

o~



supplied to the solidified carbon-dioxide filter 813, The solidified carbon dioxide
ineluded in the LNG by the cooling is filtored by the carbon-dioxide filter 813, If the

solidified carbon diexide 18 continuonsly accumulated in the solidified carbon-dioxide

filter 813, the first and second on/off valves 814 and 813 are closed to stop supplying the
hgh-pressure natural gas through the supply lne 811, Then, the fourth and fifth on/off

valves 316c and 816d are opaned to cireulate the heat medium to the recycling heat
gxohanger 816b.  Therefors, heat is supplied to the oxpansion wvalve 812 and the
solidified carbon-dioxide flter 813, and the solidified carbon dioxide is vaporized and
recyelsd.

The third on/off valve 817 is opened to exhaust the recveled carbon dicxide to the
exterior through the exhaust line 817a.  Thus, the recyeled carbon dioxide 1s removed.

I addition, in the case that the solidificd carbon-dioxide removal system 810
according o the present invention is provided in plurality, for example, two carbon-
dioxide removal faciliies 810 are provided, one carbon-dioxide removal facility |
performs the filtering of the solidified carbon dioxide from the natural gas, and the other
1 performs an opposite operation, under the control of the first to fifth on/olf valves 814,
B15, 817, Bl6c and 8164, In this manner, the solidified carbon dioxide is vaporized and
recyeled.

The soliditied carbon-dioxide removal system 810 according fo the present
mvention emplove a low temperature method, among carbon dioxide removal methods,
which solidifies carbon dhoxide by freezing it and separates the carbon dioxide.  Hence,

it is possible to combine with a natural gas lgquefaction process.  In this case, a process

of removing a pre-provessed carbon oxide Is not needed, leading to a redoction of
facilities. o addition. in the case that carbon oxide is solidified when the natoral gas

rapidly supplied at high pressure is Bouefied and it is expanded and depressurized to a
low pressure by the expansion valve 81Z; the solidified carbon dioxide is filtered by a
£

mechanical Hlter, that s, the zelidified carbon-dioxide flter 813, In the cage that

solidified carbon dioxide is continuousiy accumulated in the solidificd carbon-dioxide

LA
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filter 813, the solidified carbon-dioxide filters 813 are alternately used to recycle the
carbon dioxide,

FIG. 45 is a sectional view showing the commection structare of the LING storage
comtainer according to the present invention.

As shown in FIG 45, the connection sivucture 820 of the LNG storage container
sccording to the present nvention is configured to conpect the inner shell §31 of the
LNG storage container 830 having a dual structure and the extemnal injection 840, The
inner shell 831 and the external injection part 840 are shidin gly conpected.  To this end,
a sliding connecting part 821 may be included in the connection structure 820,

The sliding connecting part 821 is provided at a connecting portion of the external
injection part 840 and the inner shell 831, In order to buffer a thermal contraction or
thermal expansion of the inner shell 831 or the outer shell 832, the sliding connecting
part 821 may be provided such that the connscting portion of the external injection pazt
8440 and the inner shell 831 ave shidable along o direction 1n which a displacement occurs
due to the thermal contraction or the thermal expansion.

Meanwhile, in the storage container 830, the inner shell 831 stores LNG inside,
and the outer shell 832 encloses the outside of the inner shell 831, A heat insulation
layer part 833 for reducing temperature influence may be instelled in a space between
the inner shell 831 and the outer shell 832,

The imner shell 831 may be made of a mefal that withstands a low temperature of
general LNG For example, the inner shell 831 may be made of a metal having
excellent low temperature characteristic, such as aluminom, sfainless steel, and 5-9%
mickel steel,

Like the previous embodiments, the outer shell 832 of the storage container 830

e

may be made of a stee! that withstands the internal pressure of the inner shell 831, The
outer shell 832 may be constructed such that the same pressure 18 applied to the inside of
the fnner shell 831 and the space where the heat nsulation layer part 833 is instailed

For example, the imtemal pressure of the inner shell 831 and the pressure of the heat

LA
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msulation laver part 833 may be egual or similer 1o each other by a connection passage
connecting the foner shell 831 and the heat insulation layer part 833.
Therefore, the outer shell 832 can withstand the pressure of the PLNG stored in
the inner shell 831, Pven though the inner shell 831 is manufactured to withstand a
temperature of <120 to -93°C, the PLNG having the above pressure (13 to 25 bar) and
temperature condition, for example, & pressure of 17 bar and a temyperatyre of ~115°C,
2

can be stored by the nper shell 831 and the outer sheil §32.

In addition, the storage container 830 way be designed to satisy the above

pressure and temperatire condition in such a state that the cuter shell 832 and the heat
ingulation layer part 833 are assembled.

In the sliding connecting part 821, the connecting part 822 extending outward
from the injection port 83 1a formed for the injection and exhaust of LNG may be fitted
and shidingly comnected to the connecting part 823 protruding from the external injection
part 840

Ag shown in FIG 46, the connecting part 822 and the connecting part 823 are
Tormed in a clroular pipe.  Oune of the two comecting parts 822 and 823 is inserted info
and shidingly connected to the other; however, the present nvention is not Hmiled
thereto.  The connecting parts 822 and 823 may be slidingly connected by forming their
cross-sectional shapes corresponding to each other.  The connecting parts 822 and 823
may have various cross-sectional shapes, for example, a rectanpular shape.

The connection structure 820 of the LNG storage contsiner according to the
present invention may further include an extension part 824 cxtending from the oufer
shell 832 to enclose the shiding connecting part 821, Therefore, the extension part 824
may prevent the influence of the extemal enviromment, which has been caused by the
external exposure of the sliding connecting part 821, In addition, sinee a flange is
formed al an end of the extension part 824, the oxtension part 824 may be flange-
commected to the extornal injection part 840, Therefore, the storage container 830 may

be stably connected fo the external Injection part 844,

Ao
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Meanwhile, like in this c-:zi-ab@cliimern‘;‘, the conmecting. part 823 provided in the
external injection part 340 may be integrally formed with the cxmma‘i injection part 840.
Unlike this case, the connecting part 823 may be provided wt;am*eiv from the exiernal
injection part 840 and be fixed to the exiension part 824, At this time, the comnecting
part 823 may be {lange-connected to the extemal injection part 840 or may be connected
in VATIQUS MManners.

As shown in FIG 47, in the conpection structure 820 of the T.NG storvage container
according to the prosent invention, the connecting part 822 and the connecting part 843
are shidably moved, even though the load 1s concentrated on the commesting portion

between the inner shell 831 and the extemal injection part 840 by the thermal

contraciion or the thermal expansion.  Therefore, the thermal condraction or the thermal
expansion 1s reduced, thereby preventing the load concentration on the inner shell 831
and the external imjection part 840. As a result, damage caused by the thermel
contraction or the thermal expansion may be prevented.

Farthermore, the natural gas inside the storage container 830 may be moved to the

heat insulation layer part 833 through the gap (tolerance) of the sliding connecting part
821, Therefore, the pressure of the heat fnsulation layer part 833 may become equal or

similar to the pressure of the inner shell 831, As shown m FIGS. 23 fo 25, this can

vhtgin an effect of substituting for the equalizing line for mamtaining the equivaient
pressure of the heat insulation layer part 833 and the mper shell 831
According to the present invention, it is possible to elficiently and stably transport

the storage containers storing LN or PLNG pressurized at a predetermined pressure.

Also, such storage containers may be transported through simple modification of the
existing container carrier.  In particular, structores such as stanchion and lashing bridge

{or supporting the upper container boxes may be utilized in the container camrier, thereby
minimizing time and cost for mannfactuning the storage container carricr. Since a spare
space is provided under the storage container, various pipes and eguipments may be

easily installed. It is possible to prevent the loaded storage containers from obstructing

[
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the stght necessary for navigation of the carrier.

While the embodiments of the present nvention has been described with reference
to the specific embodiments, it will be apparent to those skilled in the art that vadous
changes and modifications may be made without departing from the spint and scope of

the invention as defined in the following claims.
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WHAT IS CLAIMED [S:

1. Aliquefied natural gas (LNG) storage container carrier comprising:

one or more cargo holds provided on a hull such that upper portions thereof are
opened;

a plurality of first and second upper supports instailed on the cargo holds in a
width direction and a length direction to partition the upper portions of the cargo holds
into a plurality of openings, wherein storage contatners are vertically inserted into the
openings such that upper portions of the storage containers over the openings are
exposed to an external environment when the storage containers are carried using the
LNG storage container carrier; and

a lower support instailed under the cargo holds and supporting the bottoms of the

storage containers inserted into the openings,

wherein the LNG is a pressurized LNG liquefied at a pressure of 13 to 25

bar and a temperature of —120 to ~95°C,

the storage container has a dual structure, and

a connection passage is provided between the dual structure of the storage
container and the inside of the storage container in order for pressure balance between an
internal pressure of the dual structure of the storage container and an internal pressure of

the storage container.

2, The NG storage container carrier according to claim 1, further comprising
a plurality of support blocks installed to support sides of the storage containers in some
or entire portions of the inner surfaces of the cargo holds and the first and second upper

supports.

3. The LNG storage container carrier according to claim 2, wherein the

support blocks are provided to support the front and rear and the left and right of the
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storage containers, and the support blocks have support planes with a curvature

corresponding to a curvature of the outer surfaces of the storage containers.

4. The I.NG storage container carrier according to claim I, wherein the lower
support is provided in plurality, and the plurality of lower supports are vertically
installed upwardly on the bottom of the cargo holds, and reinforcement members are

installed to maintain the gaps between the lower supports.

5. The LNG storage container carrier according to claim 1, further comprising

G0a



container loading table to carry container boxes together with the storage containers.

61



DEHYDRATION STEP R

LIQUEFACTION 3TEP NS

CARBON-DIOXIDE o aqe
SEMOVAL STEP ~318

STORING STEP ST A

TRANGPORTATION STEP T eB1R

HEGASIFICATION STEP 516

T r}»
i } ;;Li [t

13
1 11 12 / 14
/ { { CAREOR= ] [
NATURAL | [DEHYDRATION| UGUEFACTION] | DioXIDE [ STORAGE |
GAS T

SIELD FACILITY | | FACIITY 77 REMOVAL | | FACIITY |
[ FACILITY J




CTING 5TEF

NE

H

N

N
Ll

TRANSPORTATION
(

SV

Y |

&Y T

21732



R




e

A




32

7
.

e

i
i
[

o

5
[

&0



., % | e
Pk 40 o —.
b, TR TWOL 33
g !

R b
E:’a\."%") \\ - 37
™ 2o .
I 36a
SRR

rﬂi &

-~
A

5132



;
!
o]
i
i
o
=
K
e iy
- N
& N B
R gl
T3 o
ooy .
oo —
To g S
oo
O e :
[t o e
QU.M b
i t
o j i
s R o : i
W L R ;
P i H
o i
& 29 I . —
00 “ 3 H
[ e I g H
et T B H
T i |
or P
K H
< <l
& i
[ !
O de
an] R
- o
r..-.iAws« JW\\ —
s W om
RPN S |
.

G



g. 11

Fi

|
\\‘“w
\\“ . ..

,

Rt

s, P

e

Bia

]

\\

,

&/32



/32

N iy
LY ST
! B e M_ x//,a{//
i i
i I
\.\_ \\ § ,//
I kY
2
TS ~ oy
L
|
Y
gr]
O [ap] -
L LY ' B
i i y Jou £
H L ? AE3
Y. / J 2
\\ i w\lu\.
I I o . Lo
4 s
T —— S
© »
3 i
e ol S S SO &
2] o
b i
o S
mn o
“- . oy 7]
e jEe]
i
— - — / )
|2 N— S / ;
- o e / /
\\. e !
7 i
J L
/
e o . . /
o .
.
o s
.
fetr




o~
o3

oy
p

o fj o

Lau




-

el

;‘L«lﬂ

e,
e
e

jfs.:e.;ilalr{!«{...!,

- .

o -

et i e
i et

oy

Py

117



8

o —

.
.,
A

i ot
Pl M 5
&l W u B — 2 -
H s
3 i VLI
| A T

,.w«-"'*‘“’w S N

e
J'/d‘ﬂ

Ba,.ww.,_“,..v,n
B

a2
12132

i

ﬂ//f[..?.,%

T

[m]
12




e
o

L
L etk
2 gd
I

Jodend

el el
Sl st -

=

3

&

& )

Pkt

13732



510

14 732



TE

ot

514a,

Ly

i T £
— — B
LY s 0 o
y z/L ! 4
H i H
/ ; s
; 4 /
S /
i
»v-\a!w
s
m\
/
f
f
{
_
3
\
!
) o
ST o
il @

{
H

i

s

A

e )
L7

S S—



y

e ama s e e vty

P

0
7
T

4D









19732



Fig. 29
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