EP 4 265 955 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 265 955 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
25.10.2023 Bulletin 2023/43

(21) Application number: 22731044.8

(22) Date of filing: 31.01.2022

(51) International Patent Classification (IPC):
F17C 1/00(2006.07) F17C 13/00 (2006.01)
B65D 88/12(2006.01)

(52) Cooperative Patent Classification (CPC):
B65D 88/12; F17C 1/00; F17C 13/00

(86) International application number:
PCT/JP2022/003509

(87) International publication number:
WO 2022/131381 (23.06.2022 Gazette 2022/25)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 15.12.2020 JP 2020207583
15.12.2020 JP 2020207584

(71) Applicant: JTSS Ltd.
Tokyo 108-0075 (JP)

(72) Inventor: MATSUMIYA, Akira
Tokyo 108-0075 (JP)

(74) Representative: Zimmermann & Partner
Patentanwilte mbB
Postfach 330 920
80069 Miinchen (DE)

(54)

CARBON DIOXIDE TRANSPORT CONTAINER, CARBON DIOXIDE TRANSPORT METHOD,

AND CARBON DIOXIDE DISCHARGE METHOD

(567)  ltisintended to provide a carbon dioxide trans-
port reservoir having good loading space utilization effi-
ciency when it does not contain ant carbon dioxide. Pro-
vided is a carbon dioxide transport reservoir (2) which
comprises a reservoir body (4) configured to be disposed
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comprises a rigid hollow-cylindrical tank part (6), and a
balloon-shaped flexible inner tube (8) for containing car-
bon dioxide, the flexible inner tube being provided with
a blowing port (32), and disposed inside the tank part in
an expandable and contractible manner in a state in
which the blowing port is connected to one end of the
tank part, wherein the tank part is configured to be dis-
assemblable.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a carbon diox-
ide transport reservoir, a carbon dioxide transport meth-
od and a carbon dioxide discharge method, and more
specifically to a carbon dioxide transport reservoir having
a relatively small capacity and an overall size placeable
in the internal space of an existing freight transport con-
tainer, a method of transporting carbon dioxide d using
such a reservoir, and a method of discharging carbon
dioxide from such a reservoir.

BACKGROUND ART

[0002] From the perspective of preventing global
warming, the emission of carbon dioxide into the atmos-
phere has become seen as aproblem. In order to address
this problem, there has been proposed a technique of
collecting carbon dioxide produced at a thermal power
plant or other facility, and storing the collected carbon
dioxide in a storage facility provided under the ground,
etc.

[0003] In general, it is often the case that a storage
area where such a storage facility is constructed is far
from the carbon dioxide source facility such as a thermal
power plant. Thus, itis necessary to transport the carbon
dioxide collected at the carbon dioxide source facility
such as a thermal power plantto the remote storage area,
and in some cases, this transport can include marine
transport by a freight vessel.

[0004] From the standpoint of transport efficiency, it is
desirable that such carbon dioxide transport is performed
in a state in which the carbon dioxide is contained in a
large capacity reservoir or tank.

[0005] However, there is a situation where the carbon
dioxide source facility or the carbon dioxide storage area
is located in a place where it is difficult to carry in a large
capacity reservoir or tank. In this situation, it is necessary,
e.g., to prepare a large number of small-capacity reser-
voirs or tanks like containers used for freight transport,
as carbon dioxide transport reservoirs, and perform car-
bon dioxide transport in a state in which carbon dioxide
is contained in the small-capacity reservoirs or tanks.
[0006] Further, since carbon dioxide is transported un-
der high pressure from the viewpoint of transport efficien-
cy, each of the carbon dioxide transport reservoirs or
tanks used for the carbon dioxide transport needs to have
a pressure-resistant reservoir body made of metal or the
like.

SUMMARY OF INVENTION
[Technical Problem]

[0007] The carbon dioxide transport reservoir or tank
having the pressure-resistant reservoir body made of
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metal orthe like is transported to transport carbon dioxide
from a carbon dioxide source facility such as a thermal
power plant to a storage area in an outward traveling,
and then transported back to the carbon dioxide source
facility for the next carbon dioxide transport.

[0008] Inthisreturn traveling, when there is no suitable
freight to be transported to the carbon dioxide source
facility using the carbon dioxide transport reservoir or
tank, the carbon dioxide transport reservoir or tank com-
prising the pressure-resistant reservoir body made of
metal or the like will be transported from the storage fa-
cility to the source facility in an empty state.

[0009] However,due tobulkiness ofthe carbon dioxide
transport reservoir or tank comprising the pressure-re-
sistant reservoir body made of metal or the like, the trans-
portforreturning the empty reservoir or tank to the carbon
dioxide source facility becomes extremely poor in terms
of utilization efficiency of the loading space of a freight
vessel, etc.

[0010] Further, in a conventional reservoir or tank,
when the pressure of carbon dioxide in the reservoir or
tank is greater than atmospheric pressure, at the initial
stage of a process of discharging carbon dioxide from
the reservoir or tank in a storage area, the carbon dioxide
blows out from the reservoir or tank. However, when the
discharge continues and the pressure of carbon dioxide
in the reservoir or tank becomes approximately equal to
atmospheric pressure, the blowout of the carbon dioxide
from the reservoir or tank undesirably stops.

[0011] Here, from the viewpoint of preventing global
warming, it is desired that the carbon dioxide contained
in the reservoir or tank is almost completely discharged
from the reservoir or tank without remaining in the res-
ervoir or tank and stored. This requires additional work
such as purging the reservoir or tank with a fluid such as
water to completely discharge the carbon dioxide from
the reservoir or tank.

[0012] Thus, it is necessary to inject a fluid such as
water into each of the large number of reservoirs or tanks
to completely discharge the carbon dioxide therefrom,
and then discharge the fluid from each of the reservoirs
or tanks. As a result, there is a problem that it takes a
longer period of time required to discharge the carbon
dioxide.

[0013] The present invention has been made in view
of the above circumstance, and an obj ect thereof is to
provide a carbon dioxide transport reservoir having good
loading space utilization efficiency when it does not con-
tain any carbon dioxide.

[0014] It is an another object of the present invention
to provide a method of transporting carbon dioxide using
acarbon dioxide transport reservoir which has good load-
ing space utilization efficiency when it does not contain
any carbon dioxide.

[0015] Further, the present invention has been made
in view of the above circumstance, and a yet another
object thereof is to provide a carbon dioxide transport
reservoir capable of discharging carbon dioxide con-



3 EP 4 265 955 A1 4

tained therein almost completely in a short time.

[0016] Itis astillanother object of the presentinvention
to provide a method of transporting carbon dioxide using
a carbon dioxide transport reservoir which is easy to dis-
charge carbon dioxide contained therein almost com-
pletely in a short time.

[0017] Itis yet still another object of the presentinven-
tion to provide a method capable of discharging carbon
dioxide from a carbon dioxide transport reservoir in a
short time.

[Solution to Technical Problem]

[0018] According to a first aspect of the presentinven-
tion, there is provided a carbon dioxide transport reser-
voir comprising a reservoir body configured to be dis-
posed inside a rigid outer support, wherein the reservoir
body comprises: a rigid hollow-cylindrical tank part; and
aballoon-shaped flexible inner tube for containing carbon
dioxide, the flexible inner tube being provided with a blow-
ing port and disposed inside the tank part in an expand-
able and contractible manner in a state in which the blow-
ing port is connected to one end of the tank part, wherein
the tank part is configured to be disassemblable

[0019] Accordingtothisfeature, the innertube can pre-
vent leakage of the carbon dioxide as a fluid, and the
rigid tank part located outside the inner tube can receive
a pressure from the carbon dioxide contained in the inner
tube in a pressurized state, so that it is possible to safely
contain the pressurized carbon dioxide.

[0020] Further, the tank part receiving the pressure is
configured to be disassemblable, so that after transport-
ing the carbon dioxide to a storage facility, the rigid tank
part can be disassembled to reduce an occupied space,
and loaded onto a freight vessel or the like for transport
to a carbon dioxide source facility. This makes it possible
to improve utilization efficiency of the loading space of
transport means in return traveling.

[0021] In addition, since the tank part configured to be
disassemblable makes it possible to reduce an occupied
space, itis also possible toreduce a storage space during
non-use of the carbon dioxide transport reservoir, there-
by improving storage space utilization efficiency.
[0022] In a first preferred embodiment of the first as-
pect of the present invention, the tank part comprises: a
hollow-semicylindrical upper half segment, a hollow-
semicylindrical lower half segment, a first end-side cap
for closing a first one of opposite ends of the tank part,
and a second end-side cap for closing a second one of
the opposite ends of the tank part, and wherein the upper
half segment, the lower half segment, the first end-side
cap and the second end-side cap are detachably con-
nected together.

[0023] According to this feature, the tank part can be
disassembled into smaller components, so that it is pos-
sible to more improve utilization efficiency of the loading
space of transport means in return traveling.

[0024] In a second preferred embodiment of the first
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aspect of the present invention, the upper half segment
has a flange extending radially outwardly from each of
opposite edges of a circumferential opening thereof, and
the lower half segment has a flange extending radially
outwardly from each of opposite edges of a circumferen-
tial opening thereof, wherein the upper half segment and
the lower half segment are connected together with the
flanges of the upper half segment and the lower half seg-
ment butted against each other.

[0025] According to this feature, the flanges can be
used to allow the tank part requiring pressure resistance
to be readily assembled from a disassembled state.
[0026] In a third preferred embodiment of the first as-
pectofthe presentinvention, the carbon dioxide transport
reservoir comprises coupling means to couple the flange
of the upper half segment and the flange of the lower half
segment together.

[0027] In afourth preferred embodiment of the first as-
pect of the present invention, the coupling means com-
prises: two sets of a plurality of through-holes, each pro-
vided in the upper half segment and the lower half seg-
ment such that the two sets of the plurality of through-
holes are aligned to form plural pairs of aligned through-
holes when the upper half segment and the lower half
segment are connected together; and a plurality of fas-
teners each configured to be inserted into a respective
one of the plural pairs of aligned through-holes to connect
the flange of the upper half segment and the flange of
the lower half segment together, thereby connecting and
fastening the upper half segment and the lower half seg-
ment together.

[0028] According to this feature, the through-holes pro-
vided in the flanged and the fasteners configured to be
inserted into the through-holes can be used to allow the
tank part requiring pressure resistance to be readily as-
sembled from a disassembled state.

[0029] In a fifth preferred embodiment of the first as-
pect of the present invention, each of the fasteners com-
prises a bolt configured to be inserted into each of the
aligned pairs of through-holes, and a nut configured to
be attached to the bolt.

[0030] According to this feature, the upper half seg-
ment and the lower half segment can be connected and
fastened by a simple operation of inserting the bolt into
each of the aligned pairs of through-holes, and tightening
the nut attached to the bolt.

[0031] In a sixth preferred embodiment of the first as-
pectofthe presentinvention, the carbon dioxide transport
reservoir comprises: a mounting flange provided at each
of axially-opposite open ends of the connected upper and
lower half segments; and a connection part provided at
an open end of each of the first end-side cap and the
second end-side cap and configured to be releasably
connected to the mounting flange.

[0032] According to this feature, the mounting flange
and the connection part can be used to allow each of the
first end-side cap and the second end-side cap to be
readily mounted to the connected upper and lower half
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segments.

[0033] In a seventh preferred embodiment of the first
aspect of the present invention, the mounting flange and
the connection part are configured to be movable be-
tween a lock position where the first end-side cap or the
second end-side cap is non-detachable from the con-
nected upper and lower half segments, and an unlock
position where the first end-side cap or the second end-
side cap is detachable from the connected upper and
lower half segments, according to a relative rotation be-
tween the first end-side cap or the second end-side cap
and the connected upper and lower half segments.
[0034] According to this feature, the first end-side cap
or the second end-side cap can be mounted to the con-
nected upper and lower half segments by a simple op-
eration of performing the relative rotation between the
first end-side cap or the second end-side cap and the
connected upper and lower half segments.

[0035] In an eighth preferred embodiment of the first
aspect of the present invention, the outer support is a
freight transport container.

[0036] Accordingto thisfeature, carbon dioxide can be
transported using an existing freight transport container.
[0037] In a ninth preferred embodiment of the first as-
pect of the present invention, the outer supportis an ap-
proximately-rectangular rigid frame.

[0038] In a tenth preferred embodiment of the first as-
pect of the present invention, the rigid frame is an as-
sembly type rigid frame.

[0039] According to this feature, in return traveling, the
rigid outer support supporting the carbon dioxide trans-
port reservoir can also be disassembled and transported
in a compacted state.

[0040] According to a second aspect of the present
invention, there is provided a method of transporting car-
bon dioxide, wherein the method comprises: charging
pressurized carbon dioxide in the carbon dioxide trans-
port reservoir according to the first aspect of the present
invention; and transporting the carbon dioxide transport
reservoir containing the pressurized carbon dioxide
[0041] Accordingto a third aspect of the presentinven-
tion, there is provided a carbon dioxide transport reser-
voir comprising a reservoir body configured to be dis-
posed inside a rigid outer support, wherein the reservoir
body comprises: arigid hollow-cylindrical tank part; a bal-
loon-shaped flexible inner tube for containing carbon di-
oxide, the flexible inner tube being provided with a blow-
ing port and disposed inside the tank part in an expand-
able and contractible manner in a state in which the blow-
ing port is connected to one end of the tank part; and a
pushing device disposed inside the tank part on the side
of an end of the inner tube facing the other end of the
tank part and configured to press the inner tube toward
the one end of the tank part.

[0042] According to this feature, when the discharge
of the high-pressure carbon dioxide from the blowing port
ofthe innertube continues and the pressure of the carbon
dioxide inside the inner tube becomes close to atmos-
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pheric pressure, the pushing device inside the tank part
can be actuated to push and contract the inner tube, so
that it is possible to efficiently discharge the carbon di-
oxide remaining in the inner tube.

[0043] As a result, it becomes possible to discharger
the carbon dioxide contained in the inner tube in a short
time.

[0044] In afirst preferred embodiment of the third as-
pect of the present invention, the pushing device com-
prises a gas-purging tube which is expandable and con-
tractible inside the tank part, the gas-purging tube being
configured to be expandable to have a volume which fills
an internal space of the tank part.

[0045] According to this feature, the gas-purging tube
can be expanded to the volume which fills the internal
space of the tank part, so that it becomes possible to
almost completely discharge the carbon dioxide con-
tained in the inner tube in a short time.

[0046] In a second preferred embodiment of the third
aspect of the present invention, , the pushing device
comprises: a pushing plate disposed inside the tank part
to extend in a direction orthogonal to a longitudinal axis
of the tank part; and a pushing rod configured to push
the pushing plate toward the one end of the tank part.
[0047] According to this feature, the pushing plate can
be moved to the one end of the tank part by the pushing
rod, so that it becomes possible to almost completely
discharge the carbon dioxide contained in the inner tube
in a short time.

[0048] In a third preferred embodiment of the third as-
pect of the present invention, the tank part has a hollow
cylindrical shape comprising an upper half segment and
a lower half segment which are disassemblably connect-
ed together.

[0049] According to this feature, the tank part can be
disassembled into two segments. Thus, when the carbon
dioxide transport reservoir does not contain any carbon
dioxide, the tank part can be transported or stored in a
disassembled state, so that it is possible to realize space
saving.

[0050] In a fourth preferred embodiment of the third
aspect of the presentinvention, the tank part further com-
prises a cap part disposed on the side of the one end of
the tank part and provided with a carbon dioxide inlet-
outlet opening, wherein the carbon dioxide inlet-outlet
port of the inner tube is attached to the carbon dioxide
inlet-outlet opening of the cap part.

[0051] In afifth preferred embodiment of the third as-
pect of the presentinvention, the outer supportis a freight
transport container.

[0052] According to this feature, carbon dioxide can be
transported using an existing freight transport container.
[0053] In a sixth preferred embodiment of the third as-
pect of the present invention, the outer support is an ap-
proximately-rectangular rigid frame.

[0054] In a seventh preferred embodiment of the third
aspect of the present invention, the rigid frame is an as-
sembly type rigid frame.
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[0055] According to this feature, for example, when
storing or transporting the carbon dioxide transport res-
ervoir containing no carbon dioxide, the outer support
can also be disassembled, so thatitis possible to realize
space saving.

[0056] In an eighth preferred embodiment of the third
aspect ofthe presentinvention, the tank part further com-
prises a reinforcing bracket for connecting the tank part
and each of opposed corners of the outer support.
[0057] According to this feature, the tank body can be
fixed inside the outer support such as a freight transport
container, so that it is possible to suppress a situation
where deformation of the tank body occurs due to an
external force applied thereto.

[0058] According to a fourth aspect of the present in-
vention, there is provided a method of transporting car-
bon dioxide, wherein the method comprises: charging
pressurized carbon dioxide in the carbon dioxide trans-
port reservoir according to the third aspect of the present
invention; and transporting the carbon dioxide transport
reservoir containing the pressurized carbon dioxide.
[0059] According to a fifth aspect of the presentinven-
tion, there is provided a method of discharging dioxide
discharge from the carbon dioxide transport reservoir ac-
cording to the third aspect of the present invention,
wherein the method comprises discharging dioxide dis-
charge from the inner tube while actuating the pushing
device to push the inner tube.

[Effect of Invention]

[0060] The presentinvention can provide a carbon di-
oxide transport reservoir having good loading space uti-
lization efficiency when it does not contain any carbon
dioxide.

[0061] The presentinvention can also provide a meth-
od of transporting carbon dioxide using a carbon dioxide
transport reservoir which has good loading space utiliza-
tion efficiency when it does not contain any carbon diox-
ide.

[0062] Further, the presentinvention can provide acar-
bon dioxide transport reservoir capable of discharging
carbon dioxide contained therein almost completely in a
short time.

[0063] Further, the present invention can provide a
method of transporting carbon dioxide using a carbon
dioxide transport reservoir which is easy to discharge
carbon dioxide contained therein almost completely in a
short time.

[0064] Further, the present invention can provide a
method capable of discharging carbon dioxide from a
carbon dioxide transport reservoir in a short time.

BRIEF DESCRIPTION OF DRAWINGS
[0065]

FIG. 1 is a schematic perspective view showing the
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configuration of a carbon dioxide transport reservoir
according to a preferred embodiment of the present
invention, disposed inside a freight transport con-
tainer.

FIG. 2 is an exploded perspective view of the carbon
dioxide transport reservoir in FIG. 1.

FIG. 3 is a sectional view of the carbon dioxide trans-
port reservoir, taken along the line llI-1ll of FIG. 1.
FIG. 4 is a schematic sectional view of the carbon
dioxide transport reservoir in a state in which no car-
bon dioxide is charged inside an inner tube of the
carbon dioxide transport reservoir.

FIG. 5 is a schematic sectional view of the carbon
dioxide transport reservoir in a state in which carbon
dioxide is charged inside the inner tube.

FIG. 6 is a schematic diagram of a jig used for as-
sembling of a tank part of the carbon dioxide trans-
port reservoir according to the embodiment of the
present invention.

FIG. 7 is a schematic diagram for explaining the as-
sembling of the tank part of the carbon dioxide trans-
port reservoir according to the embodiment of the
present invention.

FIG. 8 is a plan view showing the configuration of an
upper half segment (lower half segment) used for
the tank part of the carbon dioxide transport reservoir
according to the embodiment of the present inven-
tion.

FIG. 9 is a schematic diagram for explaining the as-
sembling of the tank part of the carbon dioxide trans-
port reservoir according to the embodiment of the
present invention.

FIG. 10 is a schematic diagram for explaining the
assembling of the tank part of the carbon dioxide
transport reservoir according to the embodiment of
the present invention.

FIG. 11 is a schematic diagram for explaining the
assembling of the tank part of the carbon dioxide
transport reservoir according to the embodiment of
the present invention.

FIG. 12 is a schematic diagram for explaining the
assembling of the tank part of the carbon dioxide
transport reservoir according to the embodiment of
the present invention.

FIG. 13 is a schematic diagram for explaining mount-
ing of afirst end-side cap of the carbon dioxide trans-
port reservoir according to the embodiment of the
present invention.

FIG. 14 is a schematic diagram for explaining a con-
figuration for mounting the first end-side cap of the
carbon dioxide transport reservoir according to the
embodiment of the present invention.

FIG. 15 is a schematic diagram for explaining a con-
figuration for mounting a first end-side cap of a car-
bon dioxide transport reservoir according to one
modification of the embodiment of the presentinven-
tion.

FIG. 16 is a schematic diagram for explaining the
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configuration for mounting the first end-side cap of
the carbon dioxide transport reservoir according to
the one modification of the embodiment of the
present invention.

FIG. 17 is a schematic diagram for explaining a con-
figuration for mounting a first end-side cap of a car-
bon dioxide transport reservoir according to another
modification of the embodiment of the presentinven-
tion.

FIG. 18 is a schematic diagram for explaining a con-
figuration for mounting a first end-side cap of a car-
bon dioxide transport reservoir according to yet an-
other modification of the embodiment of the present
invention.

FIG. 19 is a schematic perspective view of a rectan-
gular frame used as an outer support as substitute
for the freight transport container.

FIG. 20 is a schematic perspective view showing the
configuration of a carbon dioxide transport reservoir
according to another preferred embodiment of the
present invention.

FIG. 21 is a sectional view of the carbon dioxide
transport reservoir, taken along the line XXI-XXI of
FIG. 20.

FIG. 22 is a sectional view of the carbon dioxide
transport reservoir, taken along the line XXII-XXII of
FIG. 20.

FIG. 23 is a schematic exploded perspective view of
a tank part of the carbon dioxide transport reservoir
in FIG. 20.

FIG. 24 is a schematic sectional view of the carbon
dioxide transport reservoir in FIG. 20, taken in the
same manner as FIG. 21, for explaining a step of
charging carbon dioxide in the carbon dioxide trans-
port reservoir.

FIG. 25 is a schematic sectional view of the carbon
dioxide transport reservoir in FIG. 20, taken in the
same manner as FIG. 21, for explaining a step of
discharging carbon dioxide from the carbon dioxide
transport reservoir.

FIG. 26 is a schematic sectional view taken in the
same manner as FIG. 21, showing a carbon dioxide
filled state of a carbon dioxide transport reservoir
according to yet another preferred embodiment of
the present invention.

FIG. 27 is a schematic sectional view taken in the
same manner as FIG. 21, for explaining a step of
discharging carbon dioxide from the carbon dioxide
transport reservoir according to said yet another pre-
ferred embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0066] A carbon dioxide transport reservoir according
to one preferred embodiment of the presentinvention will
now be described along with the drawings. FIG. 1 is a
schematic perspective view showing the configuration of
the carbon dioxide transport reservoir 2 disposed inside
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afreight transport container 1. FIG. 2 is an exploded per-
spective view of the carbon dioxide transport reservoir 2
in FIG. 1, and FIG. 3 is a sectional view of the carbon

dioxide transport reservoir, taken along the line IlI-1ll of
FIG. 1.
[0067] Itshould be noted here thatas used in this spec-

ification, the term "carbon dioxide" means not only pure
carbon dioxide but also any fluid consisting mainly of car-
bon dioxide.

[0068] Inthisembodiment, as the freighttransport con-
tainer 1 which is a rigid outer support, it is preferable to
use a freight transport container made of steel, aluminum
or the like and formed in a standardized rectangular par-
allelepiped shape, based on ISO standards. Specific ex-
amples thereof include, but not limited to, a freight trans-
port container having a width of 2.352m, a height of 2.395
m, and a depth of 12.03 m.

[0069] When transporting carbon dioxide at low tem-
peratures to prevent rise in temperature of the carbon
dioxide inside the freight transport container during trans-
port, the freight transport container 1 is preferably com-
posed of a so-called reefer container capable of adjusting
the internal temperature thereof.

[0070] The carbon dioxide transport reservoir 2 ac-
cording to this embodiment is disposed inside such a
freight transport container 1 and configured to contain
high-pressure carbon dioxide thereinside.

[0071] As shown in FIGS. 1 to 3, the carbon dioxide
transport reservoir 2 comprises a reservoir body 4. In this
embodiment, the reservoir body 4 has an approximately
hollow-cylindrical shape whose opposite ends are
closed, and an overall size almost filling the internal
space of the freight transport container 1.

[0072] The reservoir body 4 comprises arigid tank part
6 arranged in a relatively outer position, and an inner
tube 8 disposed inside the tank part 6 and configured to
contain carbon dioxide.

[0073] The tank part 6 is composed of a pressure-re-
sistant reservoir made of a rigid material such as metal,
and formed to define the outer shape of the reservoir
body having an approximately hollow-cylindrical shape
whose opposite ends are closed. The inner or outer sur-
face of the tank part 6 is provided with a layer of heat-
insulating material such as heat-insulating paint, on an
as-needed basis.

[0074] The inner tube 8 is made of a material having
flexibility, stretchability and impermeability to carbon di-
oxide, such as rubber, and formed in a balloon shape
having a blowing port.

[0075] As shown in FIG. 2, the tank part 6 comprises:
a hollow-cylindrical tank body 14 capable of being disas-
sembled into an upper half segment 10 and a lower half
segment 12; a first end-side cap 16 for closing a first one
of opposite ends of the tank part 14; a second end-side
cap 18 for closing a second one of the opposite ends of
the tank part 14. An opening (through-opening) 20 is
formed at the center of the first end-side cap 16.

[0076] In this embodiment, the upper half segment 10
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and the lower half segment 12 have approximately the
same hollow semicylindrical shapes, respectively. Fur-
ther, the upper half segment 10 has aflange 22 extending
radially outwardly from each of opposite edges of a cir-
cumferential opening thereof, and the lower half segment
12 has aflange 24 extending radially outwardly from each
of opposite edges of a circumferential opening thereof.
Each of the flanges 22, 24 has an elongate rectangular
shape, and extends over the overall length of each edge
of the circumferential opening of a corresponding one of
the upper half segment 10 and the lower half segment
12, except axially-opposite end regions thereof. The up-
per half segment 10 and the lower half segment 12 are
connected together with the flanges 22, 23 butted against
each other, thereby forming the hollow-cylindrical tank
body 14.

[0077] Asshownin FIG. 2, each of the two flanges 22
of the upper half segment 10 has a plurality of (in this
embodiment, six) through-holes 26 formed at even inter-
vals. Similarly, each of the two flanges 24 of the lower
half segment 12 has a plurality of (in this embodiment,
six) through-holes 28 formed at even intervals.

[0078] A first set of the through-holes 26 in each of the
flanges 22 of the upper half segment 10 and a second
set of the through-holes 28 in each of the flanges 24 of
the lower half segment 12 are arranged such that the first
and second sets of the through-holes 26, 28 are aligned
to form plural pairs of aligned through-holes when the
flanges 22 of the upper half segment 10 are butted
against the respective flanges 24 of the lower half seg-
ment 14.

[0079] In the carbon dioxide transport reservoir 2 ac-
cording to this embodiment, a bolt 30 serving as a fas-
tener is inserted into each of the plural pairs of aligned
through-holes 26, 28, and a nut 32 is threadingly engaged
with the bolt 30 to fasten the flanges 22 of the upper half
segment 10 and the flanges 24 of the lower half segment
12 together, so that the upper half segment 10 and the
lower half segment 12 are connected and fastened to-
gether. A shear nut may be used as the fastener.
[0080] As mentioned later, a mounting flange is pro-
vided at each of axially-opposite open ends of the con-
nected upper and lower half segments 10, 12. Further,
a connection part is provided at an open end of each of
the first end-side cap 16 and the second end-side cap
18 and configured to be releasably connected to the
mounting flange.

[0081] As mentioned later, the mounting flange and
the connection part are configured to be movable be-
tween a lock position where the first end-side cap or the
second end-side cap is non-detachable from the con-
nected upper and lower half segments, and an unlock
position where the first end-side cap or the second end-
side cap is detachable from the connected upper and
lower half segments, according to a relative rotation be-
tween the first end-side cap or the second end-side cap
and the connected upper and lower half segments.
[0082] The inner tube 8 is a balloon-shaped member
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made of a flexible material such as rubber as mentioned
above, and capable of being expanded and contracted
by charging and discharging carbon dioxide thereinto and
therefrom through the blowing port 34. The inner tube 8
is expandable to have a volume greater than the size of
the internal space of the tank part 6. Thus, when pres-
surized carbon dioxide is charged into the inner tube 8
housed in the tank part 6, the inner tube 8 is expanded
up to a size causing the inner tube 8 to come into contact
with the inner peripheral surface of the tank part 6, so
that further expansion is restricted by the tank part 6.
Therefore, in this state, the internal pressure of the inner
tube 8 is supported by the tank part 6.

[0083] The blowing port 34 of the inner tube 8 is at-
tached to the opening 20 formed in the first end-side cap
16 of the tank part 6.

[0084] In the carbon dioxide transport reservoir 2 ac-
cording to this embodiment, the tank part 6 further com-
prises a reinforcing bracket 36 for connecting the tank
part 6 and each of opposed corners of the freight trans-
port container 1, as shown in FIG. 3.

[0085] The reinforcing bracket 36 comprises a flange
holder-adjusting gear unit 38 disposed between the butt-
ed flanges 22, 24 of the tank part 6 and a frame stationary
part 1a of the container 1 at a position where it does not
interfere with the bolts 30.

[0086] As showninFIG. 3, the flange holder-adjusting
gear unit 38 comprises an adjusting rod 38a having a
spirally threaded outer peripheral surface and rotatable
about a longitudinal axis thereof as indicated by the ar-
rowed line A. The adjusting rod 38a has one end screwed
into the butted flanges 22, 24 of the tank part 6 and the
other end screwed into the frame stationary part 1a of
the container 1. In this embodiment, the adjusting rod
38ais configured to be rotated so as to adjust the tension
between the butted flanges 22, 24 of the tank part 6 and
the frame stationary part 1a of the container 1.

[0087] Specifically, an adjusting gear 38b is fixed onto
the adjusting rod 38a such that it is rotated integrally to-
gether with the adjusting rod 38a.

[0088] Further, the flange holder-adjusting gear unit 38
comprises an actuation rod 38c having a spirally thread-
ed outer peripheral surface and configured to be driven
by a non-illustrated drive source to rotate in a direction
indicated by the arrowed line B. The spiral thread on the
outer peripheral surface of the actuation rod 38c is
meshed with the adjusting gear 38b.

[0089] Thus, the rotation of the actuation rod 38c is
converted to rotation of the adjusting rod 38a via the ad-
justing gear 38b to adjust the tension between the butted
flanges 22, 24 of the tank part 6 and the frame stationary
part 1a of the container 1.

[0090] Next, charging of carbon dioxide into the carbon
dioxide transport reservoir 2 and discharging of carbon
dioxide from the carbon dioxide transport reservoir 2 will
be described.

[0091] FIG. 4 is a schematic sectional view of the car-
bon dioxide transport reservoir 2 in a state in which no
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carbon dioxide is charged inside the inner tube 8, and
FIG. 5 is a schematic sectional view of the carbon dioxide
transport reservoir 2 in a state in which carbon dioxide
is charged inside the inner tube, taken in the same man-
ner as FIG. 4.

[0092] When introducing carbon dioxide into the car-
bon dioxide transport reservoir 2 (FIG. 4) disposed inside
the freight transport container 1, the freight transport con-
tainer 1is partly opened, and carbon dioxide ata pressure
of, e.g., about 200 Bar, is introduced into the inner tube
8 from the blowing port 34 of the inner tube 8 attached
to the first end-side cap 16.

[0093] Then, when the innertube 8 is expanded by the
introduced carbon dioxide to completely fill the inner
space of the tank part 6 (FIG. 5), the introduction of car-
bon dioxide is terminated, and a high-pressure valve (not
illustrated) provided at the blowing port 34 of the inner
tube 8 is closed to close the blowing port 34 of the inner
tube 8.

[0094] Subsequently, after closing the freight transport
container 1, the freight transport container 1 housing the
carbon dioxide transport reservoir 2 is transported to a
destination such as a carbon dioxide storage area by
transport means such as a truck or a marine vessel.
[0095] In a case where the freight transport container
1 is a reefer container or the like capable of adjusting an
internal environment such as temperature thereof, the
transport is performed while the internal environment of
the freight transport container 1 is appropriately adjusted.
[0096] When the carbon dioxide transport reservoir 2
containing carbon dioxide has arrived at the destination
such as a carbon dioxide storage area, the carbon dioxide
is discharged from the carbon dioxide transport reservoir
2.

[0097] The carbon dioxide is contained in the carbon
dioxide transport reservoir 2 in a pressurized state, as
mentioned above. Thus, when opening the blowing port
34 of the inner tube 8, the carbon dioxide blows out from
an inlet-outlet port of the carbon dioxide transport reser-
voir 2 until the pressure of the carbon dioxide inside the
innertube 8 isreduced to apressure close to atmospheric
pressure.

[0098] Then when the pressure of the carbon dioxide
inside the inner tube 8 is reduced to a pressure close to
atmospheric pressure, the velocity of the blowout from
the inlet-outlet port of the carbon dioxide transport res-
ervoir 2 is reduced. In this state, discharge of the carbon
dioxide inside the inner tube 8 is promoted. e.g., by push-
ing the inner tube 8 from therebehind, or externally evac-
uating the inside of the inner tube 8 using a vacuum pump.
Then, when the carbon dioxide inside the inner tube 8 is
completely discharged, the discharge operation is fin-
ished.

[0099] Next, one example of a method of assembling
the carbon dioxide transport reservoir 2 according to this
embodiment will be described.

[0100] FIG. 6 is a schematic diagram of a jig 50 used
for assembling of the tank part 6. The jig 50 comprises:
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a pair of upwardly-extending flange cradles 54 disposed
onrightand left sides of abase 52; and a lifter 56 disposed
between the flange cradles 54 and equipped with a trans-
fer roller. Two locating pins 58 are attached to a top sur-
face of each of the flange cradles 54.

[0101] Inassembling of the tank part 6, firstly, the lower
half segment 12 is placed on the jig 50, as shown in FIG.
7. In this process, the lower half segment 12 is placed
on the jig 50 such that the locating pins 58 are inserted,
respectively, into two locating holes 40a (FIG. 8) formed
in each of the flanges 24 of the lower half segment 12.
[0102] Subsequently, the upper half segment 10 is
placed to cover the lower half segment 12 on the jig 50,
as shown in FIG. 9. In this process, the upper half seg-
ment 10 is disposed such that the locating pins 58 of the
jig 50 are inserted, respectively, into two locating holes
formed in each ofthe flanges 22 of the upper half segment
10, so that the first set of the plurality of through-holes
26 in each of the flanges 22 of the upper half segment
10 and the second set of the plurality of through-holes
28 in each of the flanges 24 of the lower half segment 12
are aligned in an up-down direction.

[0103] Subsequently, as shown in FIG. 10, the bolt 30
is attached to penetrate through each of plural pairs of
up-down directionally aligned through-holes 26, 28 of the
butted upper and lower half segments 10, 12, and the
nut 43 is screwed onto the bolt 30, thereby fastening the
flanges 22 of the upper half segment 10 and the flanges
24 of the lower half segment 12 together.

[0104] When the bolts 30 are attached to penetrate
through all of the aligned pairs of through-holes 26, 28,
respectively, and the nuts 43 are screwed onto the bolts
30, respectively, as shown in FIGS. 11 and 12, an oper-
ation of connecting and fastening the the upper half seg-
ment 10 and the lower half segment 12 together is com-
pleted, and the hollow-cylindrical tank body 14 comprised
of the upper half segment 10 and the lower half segment
12 is completed.

[0105] Subsequently, the first end-side cap 16 is
mounted to the tank body 14. FIG. 13 is a diagram for
explaining mounting of the first end-side cap 16 to the
tank body 14.

[0106] As shown in FIG. 13, a plurality of mounting
flanges 60 each extending radially inwardly are provided
at each of axially-opposite open ends of the connected
upper and lower half segments 10, 12, at intervals cir-
cumferentially.

[0107] On the other hand, a plurality of connection
parts 62 are provided at an open end of the first end-side
cap 16, at intervals circumferentially.

[0108] Each of the connection parts 62 is configured
to have a circumferential length less than a circumferen-
tial distance between any adj acent two of the mounting
flanges 60, so that it is insertable between any adjacent
two of the mounting flanges 60 when the the first end-
side cap 16 is mounted to one of the open ends of the
hollow-cylindrical tank body 14 comprised of the upper
half segment 10 and the lower half segment 12.
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[0109] Further, a radially-outward portion of each of
the connection parts 62 is formed with a groove 64 having
a shape complementary to that of each of the mounting
flanges 60 and extending circumferentially. This groove
64 is formed at a position where the groove 64 is circum-
ferentially aligned to the mounting flanges 60 when the
first end-side cap 16 is mounted to the open end of the
hollow-cylindrical tank body 14.

[0110] When mounting the first end-side cap 16 to the
tank body 14 comprised of the upper half segment 10
and the lower half segment 12, the first end-side cap 16
is disposed at a rotational position. At that time, the
grooves 64 of the connection parts 62 of the first end-
side cap 16 are circumferentially aligned to the mounting
flanges 60 of the tank body 14. In this state, the connec-
tion parts 62 of the first end-side cap 16 are in an unlock
position where an unlock position where the first end-
side cap 16 is non-detachable from the connected upper
and lower half segments.

[0111] Then, when the first end-side cap 16 is rotated
by a given angle, each of the mounting flanges 60 of the
tank body 14 is received in a respective one of the
grooves 64 of the connection parts 62 of the first end-
side cap 16. In this state, the mounting flanges 60 and
the connection parts 62 are disposed in a lock position
where the first end-side cap is non-detachable from the
connected upper and lower half segments, so that the
first end-side cap 16 becomes unable to be moved or
detached in the axial direction.

[0112] Mounting of the second end-side cap 18 to the
tank body 14 is performed in a similar manner as the
mounting of the first end-side cap 16 to the tank body 14.
As a result, assembling of the tank part 6 is completed,
and assembling of the carbon dioxide transport reservoir
2 is completed.

[0113] Before the mounting of the first end-side cap
16, the inner tube 8 is attached to the side of a back
surface of the first end-side cap 16, as shown in FIG. 14.
In this process, the blowing port 34 of the inner tube 8 is
attached to the opening 20 formed in the first end-side
cap 16 of the tank part, 6 through a swivel feature for
preventing the blowing port 34 from being rotate when
the first end-side cap 16 is rotated

[0114] The carbon dioxide transport reservoir 2 as-
sembled in the above manner is carried in an outer sup-
port such as the freight transport container 1 using a
crane or the like, and fixed inside the outer support using
the reinforcing bracket 36, etc.

[0115] Inthe above embodiment, the first end-side cap
16 and the second end-side cap 18 are connected to the
tank body 14 in a lockable manner by the mounting flang-
es and the connection parts. However, the first end-side
cap 16 and the second end-side cap 18 may be connect-
ed to the tank body 14 by any other suitable means.
[0116] For example, as shown in FIGS. 15 and 16, an
internal thread 162 may be provided on an inner periph-
eral surface of an open end of each of a first end-side
cap 160 and a second end-side cap, and an external
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thread 142 threadingly engageable with the internal
thread 162 of each of the caps may be provided on an
outer peripheral surface of each of opposite open ends
of a tank body 140. Then, each of the first end-side cap
160 the second end-side cap may be detachably mount-
ed to the tank body 140 by screwing the internal thread
162 of each of the first end-side cap 160 and the second
end-side cap to the external thread 142 of a correspond-
ing one of the open ends of the tank body 140.

[0117] Additionally, a pair of approximately L-shaped
swingable fasteners 180 as shown in FIGS. 15 and 16
may be provided in each of the first end-side cap 160
and the second end-side cap, and after threadingly en-
gage the first end-side cap 160 and the second end-side
cap with the tank body 140, each of the fasteners 180
may be swung in a direction indicated by the arrowed
line C such that an opening 182 formed at a distal end
of each of the fasteners is aligned to an opening in a
respective one of two pairs of flanges 220, 240 of the
tank body 140, and may be fixed to the respective one
of the two pairs of flanges 220, 240 of the tank body 140
by the bolt 30 and the nut 32.

[0118] It is to be understood that such fasteners 180
may be added to the connection mechanism based on
the mounting flanges and the connection parts in the
above embodiment.

[0119] Alternatively, as shown in FIG. 17, each of op-
posite open ends of a tank body 144 and an open end
of each of a first end-side cap 164 and a second end-
side cap may be provided, respectively, with a radially
outwardly-extending flange 148 having a plurality of
through-holes 146 and a radially outwardly-extending
flange 168 having a plurality of through-holes 166, and
each of the first end-side cap 164 and the second end-
side cap may be detachably fixed to the tank body 144
by: butting the two flanges such that the through-holes
are aligned to form plural pairs of aligned through-holes;
inserting a plurality of bolts 300 into the plural pairs of
aligned through-holes, respectively (in FIG. 17, only one
bolt is illustrated); and threadingly engaging a plurality of
nuts 320 with the bolts, respectively.

[0120] Alternatively, as shown in FIG. 18, an open end
of a first end-side cap 170 and an open end of a second
end-side cap 180 may be provided, respectively, with a
radially-outwardly extending flange 174 having a plurality
of through-holes 172, and a radially-outwardly extending
flange 184 having a plurality of through-holes 182.
[0121] In this structure, a rod spacer 202 having
threaded holes 200, respectively, at opposite ends there-
ofisdisposed between each of plural pairs of correspond-
ing through-holes 172, 182 of the opposed flanges 174,
184 (in FIG. 18, only one rod spacer is illustrated), the
first end-side cap 170 and the second end-side cap 180
may be fixed to a tank body 240 by: screwing a screw
209into each of the threaded holes 200 of the rod spacers
202 through a respective one of the through-holes 172,
182 of the two flanges 174, 184 to press the two flanges
174, 184 inwardly.
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[0122] In the description about the carbon dioxide
transport reservoir in the above first embodiment, the rig-
id outer support is a freight transport container. However,
the outer support is not limited to a freight transport con-
tainer, but may be an assembly-type rigid rectangular-
shaped frame 400, as shown in FIG. 19.

[0123] The rectangular-shaped frame 400 is formed
such that twelve rod-shaped members 404 are detach-
ably connected to connection members 402 disposed,
respectively, at eight corners. Each of the connection
members 402 and the rod-shaped members 404 is made
of a highly-rigid material such as metal.

[0124] An internal space surrounded by the rectangu-
lar-shaped frame 400 has a size capable of housing the
carbon dioxide transport reservoir 2 (reservoir body 4).
Preferably, the size and shape of the entirety of the rec-
tangular-shaped frame 400 is set to be identical to the
aforementioned size and shape of the freight transport
container. This makes it possible to transport the rectan-
gular-shaped frame 400 housing the carbon dioxide
transport reservoir 2 by a truck, a railroad freight car, a
marine vessel or the like for freight transport containers,
ortoload itin such a manner as to be mixed with a freight
transport container.

[0125] The carbon dioxide transport reservoir 2 (res-
ervoir body 4) housed in the internal space surrounded
by the rectangular-shaped frame 400 will be fixed to the
rectangular-shaped frame 400 by a fastener such as the
reinforcing bracket 36.

[0126] Next, a carbon dioxide transport reservoir ac-
cording to another preferred embodiment of the present
invention will be described. FIG. 20 is a schematic per-
spective view showing the configuration of the carbon
dioxide transport reservoir 1002 disposed inside a freight
transport container 1001. FIG. 21 is a sectional view of
the carbon dioxide transport reservoir 1002, taken along
the line XXI-XXI of FIG. 20, and FIG. 22 is a sectional
view of the carbon dioxide transport reservoir 1002, taken
along the line XXII-XXII of FIG. 20. FIGS. 21 and 22 il-
lustrate a state in which carbon dioxide is almost fully
filled inside the reservoir.

[0127] Inthis second embodiment, as the freight trans-
port container 1001 which is a rigid outer support, it is
preferable to use a freight transport container made of
steel, aluminum or the like and formed in a standardized
rectangular parallelepiped shape, based on ISO stand-
ards. Specific examples thereof include, but not limited
to, a freight transport container having a width of 2.352
m, a height of 2.395 m, and a depth of 12.03 m.

[0128] When transporting carbon dioxide at low tem-
peratures to prevent rise in temperature of the carbon
dioxide inside the freight transport container during trans-
port, the freight transport container 1001 is preferably
composed of a so-called reefer container capable of ad-
justing the internal temperature thereof.

[0129] The carbon dioxide transport reservoir 1002 ac-
cording to the second embodiment is disposed inside
such a freight transport container 1001 and configured
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to contain high-pressure carbon dioxide thereinside.
[0130] As shownin FIGS. 20 to 22, the carbon dioxide
transportreservoir 1002 comprises areservoir body 1004
configured to be disposed inside the freight transport con-
tainer 1001 and contain carbon dioxide.

[0131] In the second embodiment, the reservoir body
1004 has an approximately hollow-cylindrical shape
whose opposite ends are closed, and an overall size al-
most filling the internal space of the freight transport con-
tainer 1001. The the reservoir body 1004 also has an
inlet-outlet port 1006 provided at one of longitudinally op-
posite ends thereof and configured to introduce and dis-
charge carbon dioxide with respect to the inside thereof.
[0132] The reservoir body 1004 comprises a rigid tank
part 1008 arranged in the outer position, and an inner
tube 1010 disposed inside the tank part 1008 and having
flexibility and stretchability. The tank part 1008 is made
of a rigid material such as metal, and formed in an ap-
proximately hollow-cylindrical shape by closing opposite
ends of the reservoir body 1004.

[0133] FIG. 23 is a schematic exploded perspective
view of the tank part 1008.

[0134] As shown in FIG. 23, the tank part 1008 com-
prises: a hollow-cylindrical tank body 1016 capable of
being disassembled into an upper half segment 1012 and
a lower half segment 1014; a first end-side cap 1018 for
closing a first one of opposite ends of the tank part 1016;
a second end-side cap 1020 for closing a second one of
the opposite ends of the tank part 1016.

[0135] In the second embodiment, the upper half seg-
ment 1012 and the lower half segment 1014 have ap-
proximately the same hollow semicylindrical shapes, re-
spectively. Each of the upper and lower half segments
1012, 1014 has an outwardly-extending flange provided
along each of opposed lateral edges thereof, wherein the
respective flanges of the upper and lower half segments
1012, 1014 are connected together by a connector (not
illustrated) such as a bolt, so as to form the hollow-cylin-
drical tank body 1016. A shear nut may be used as the
connector.

[0136] An internal thread is provided on an open end
of a peripheral wall of each of the first end-side cap 1018
and the second end-side cap 1020. This internal thread
is screwed to an external thread formed on an outer pe-
ripheral surface of each of the firstand second open ends
of the tank body 1016, so that the first end-side cap 1018
and the second end-side cap 1020 are mounted to the
tank body 1016 to form the tank part 1008.

[0137] The first end-side cap 1018 is also formed with
an opening 1022 serving as the inlet-outlet port 1006 of
the reservoir body 1004.

[0138] The innertube 1010 is a balloon-shaped mem-
ber which is made of a material having impermeability to
carbon dioxide to be contained, flexibility and expanda-
bility, such as rubber, and is expandable and contractible
inside the tank part 1008 by introducing and discharging
carbon dioxide with respect to the inside thereof. When
expanded, the inner tube 1010 has a size which fills the
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internal space of the tank part 1008.

[0139] The inner tube 1010 also has a blowing port
1024 which is attached to the opening 1022 formed in
the first end-side cap 1018 of the tank part 1008, so that
carbon dioxide can be introduced from outside the res-
ervoir body into the inner tube 1010 via the blowing port
1024, and discharged from the inside of the inner tube
1010 to the outside of the reservoir body via the blowing
port 1024.

[0140] The inner tube 1010 is expandable to have a
volume greater than the size of the internal space of the
tank part 1008. Thus, when pressurized carbon dioxide
is charged into the inner tube 1010 housed in the tank
part 1008, the inner tube 1010 is expanded up to a size
causing the inner tube 1010 to come into contact with
the inner peripheral surface of the tank part 1008, so that
further expansion is restricted by the tank part 1008.
Therefore, in this state, the internal pressure of the inner
tube 1010 is supported by the tank part 1008.

[0141] Further, a flexible gas-purging tube 1026 serv-
ing as a pushing device is disposed inside the tank part
1008 on the side of an end of the inner tube 1010 facing
the second end of the tank part 1008. That is, the gas-
purging tube 1026 is located on the side opposite to the
inlet-outlet port 1006 of the reservoir body 1004 across
the inner tube 1010. The gas-purging tube 1026 is also
a balloon-shaped member which is made of a material
having flexibility and stretchability, such as rubber, and
configured to be expandable and contractible inside the
tank part 1008. The gas-purging tube 1026 is configured
to be expandable to have a volume whichfills the internal
space of the tank part 1008 by introducing a fluid such
as air thereinto.

[0142] In the second embodiment, the gas-purging
tube 1026 is attached to the second end-side cap 1020
of the tank part 1008. Further, a valve (not illustrated)
communicated with a blowing port of the gas-purging
tube 1026 is attached to the second end-side cap 1020.
In the second embodiment, an externally-provided com-
pressor is communicated with the inside of the gas-purg-
ing tube 1026 via the above valve. In the second embod-
iment, the gas-purging tube 1026 can be expanded by
opening the valve, and in this state, introducing a high-
pressure fluid from the compressor into the gas-purging
tube 1026.

[0143] Further, in the carbon dioxide transport reser-
voir 1002 according to the second embodiment, the tank
part 1008 further comprises a reinforcing bracket 1030
for connecting the tank part 1008 and each of opposed
corners of the freight transport container 1001, as shown
in FIG. 22.

[0144] More specifically, the reinforcing bracket 1030
comprises a flange holder-adjusting gear unit 1031 dis-
posed between a pair of coupled flanges 1008a of the
tank part 1008 and a frame stationary part 1001a of the
container 1001.

[0145] AsshowninFIG. 22, the flange holder-adjusting
gear unit 1031 comprises an adjusting rod 1031a having
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a spirally threaded outer peripheral surface and rotatable
about a longitudinal axis thereof as indicated by the ar-
rowed line D. The adjusting rod 1031a has one end
screwed into the coupled flanges 1008a of the tank part
1008 and the other end screwed into the frame stationary
part 1001a of the container 1001. In the second embod-
iment, the adjusting rod 1031ais configured to be rotated
so as to adjust the tension between the coupled flanges
1008a of the tank part 1008 and the frame stationary part
1001a of the container 1001.

[0146] Specifically, an adjusting gear 1031b is fixed
onto the adjusting rod 1031a such that it is rotated inte-
grally together with the adjusting rod 1031a.

[0147] Further, the flange holder-adjusting gear unit
1031 comprises an actuation rod 1031c having a spirally
threaded outer peripheral surface and configured to be
driven by a non-illustrated drive source to rotate in a di-
rection indicated by the arrowed line E. The spiral thread
on the outer peripheral surface of the actuation rod 1031¢c
is meshed with the adjusting gear 1031b.

[0148] Thus, the rotation of the actuation rod 1031cis
converted to rotation of the adjusting rod 1031a via the
adjusting gear 1031b to adjust the tension between the
coupled flanges 1008a of the tank part 1008 and the
frame stationary part 1001a of the container 1001.
[0149] Next, charging of carbon dioxide into the carbon
dioxide transport reservoir 1002 and discharging of car-
bon dioxide from the carbon dioxide transport reservoir
1002 will be described.

[0150] FIG. 24 is a schematic sectional view of the car-
bon dioxide transport reservoir 1002 in a state in which
no carbon dioxide is charged inside the inner tube 1010,
taken in the same manner as FIG. 21. FIG. 25 is a sche-
matic sectional view of the carbon dioxide transport res-
ervoir 1002, taken in the same manner as FIG. 24, for
explaining a state in which the gas-purging tube is being
expanded to promote discharge of carbon dioxide from
the inner tube 1010.

[0151] When introducing carbon dioxide into the car-
bon dioxide transport reservoir 1002 (FIG. 24) disposed
inside the freight transport container 1001, the freight
transport container 1001 is partly opened, and carbon
dioxide ata pressure of, e.g., about 200 Bar, is introduced
into the inner tube 1010 from the blowing port 1024 of
the inner tube 1010 attached to the first end-side cap
1018.

[0152] Then, when the inner tube 1010 is expanded
by the introduced carbon dioxide to completely fill the
inner space of the tank part 1008 (FIG. 21), the introduc-
tion of carbon dioxide is terminated, and a high-pressure
valve (not illustrated) provided at the blowing port 1024
of the inner tube 1010 is closed to close the blowing port
1024 of the inner tube.

[0153] Subsequently, after closing the freight transport
container 1001, the freight transport container 1002 is
transported to a destination such as a carbon dioxide
storage area by transport means such as a truck or a
marine vessel.
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[0154] In a case where the freight transport container
1001 is a reefer container or the like capable of adjusting
aninternal environment such as temperature thereof, the
transport is performed while the internal environment of
the freight transport container 1001 is appropriately ad-
justed.

[0155] When the carbon dioxide transport reservoir
1002 containing carbon dioxide has arrived at the desti-
nation such as a carbon dioxide storage area, the carbon
dioxide is discharged from the carbon dioxide transport
reservoir 1002.

[0156] The carbon dioxide is contained in the carbon
dioxide transport reservoir 1002 in a pressurized state,
as mentioned above. Thus, when opening the blowing
port 1024 of the inner tube 1010, the carbon dioxide blows
out from an inlet-outlet port of the carbon dioxide trans-
port reservoir 1002 until the pressure of the carbon diox-
ide inside the inner tube 1010 is reduced to a pressure
close to atmospheric pressure.

[0157] Then when the pressure of the carbon dioxide
inside the inner tube 1010 is reduced to a pressure close
to atmospheric pressure, the velocity of the blowout from
the inlet-outlet port of the carbon dioxide transport res-
ervoir 1002 is reduced. At this stage, as shown in FIG.
25, air is fed into the gas-purging tube as indicated by
the arrowed line F to expand the gas-purging tube, there-
by pushing the inner tube 1010 in a direction from the
side of the second end toward the side of the first end as
indicated by the arrowed line G to push the carbon dioxide
remaining in the inner tube 1010 out of the inner tube
1010 as indicated by the arrowed line H.

[0158] Itshould be noted that the expansion of the gas-
purging tube may be started when the pressure of the
carbon dioxide inside the inner tube 1010 is greater than
atmospheric pressure.

[0159] The carbon dioxide inside the inner tube 1010
can be almost completely discharged by expanding the
gas-purging tube to have a volume which fills the internal
space of the tank part 1008.

[0160] Next, a carbon dioxide transport reservoir 1040
according to yet another preferred embodiment of the
present invention will be described. FIG. 26 is a sche-
matic sectional view taken in the same manner as FIG.
21, showing a carbon dioxide filled state of the carbon
dioxide transport reservoir according to this third embod-
iment ofthe presentinvention, and FIG. 27 is a schematic
sectional view taken in the same manner as FIG. 21, for
explaining a step of discharging carbon dioxide from the
carbon dioxide transport reservoir according to the third
embodiment of the present invention.

[0161] The carbon dioxide transport reservoir 1040 ac-
cording to the third embodiment has a basic configuration
similar to that of the carbon dioxide transport reservoir
1002. A difference between the carbon dioxide transport
reservoir 1040 and the carbon dioxide transport reservoir
1002 is that the carbon dioxide transport reservoir 1040
is provided with a pushing device comprising a pushing
plate 1042 and a pushing rod 1044, in place of the gas-
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purging tube 1026.

[0162] The pushing plate 1042 constituting the pushing
device of the carbon dioxide transport reservoir 1040 is
a plate-shaped member which has the same size and
shape as those of a cross-section in a direction orthog-
onal to the longitudinal axis of the hollow-cylindrical tank
part, and whose surface extends in a direction orthogonal
to the longitudinal axis of the tank part, wherein it is dis-
posed inside the tank part 1008 on the side of an end of
the inner tube 1010 facing the other end (second end) of
the tank part 1008.

[0163] The pushingrod 1044 is configured to penetrate
through the second end-side cap 1020 of the tank part
1009 and extend inside the tank part 1008, and to have
adistal end connected to a back surface (a surface facing
to the second end of the tank part 1008) of the pushing
plate 1042. The pushing rod 1044 is configured to be
reciprocatingly moved along the longitudinal axis of the
tank part 1008 by a non-illustrated driver source to move
the pushing plate 1042 from the second end (right end
in FIG. 26) to the first end (left end in FIG. 26) of the tank
part 1008, thereby pushing the inner tube 1010 located
on the side of a front surface of the pushing plate 1042
facing to the first end of the tank part 1008, toward the
first end of the tank part 1008 to squash the inner tube
1010.

[0164] Next, charging of carbon dioxide into the carbon
dioxide transport reservoir 1040 and discharging of car-
bon dioxide from the carbon dioxide transport reservoir
1040 will be described.

[0165] When charging of carbon dioxide into the car-
bon dioxide transport reservoir 1040, in a state in which
the pushing plate 1042 is disposed on the second end
(right end in FIG. 26) of the tank part 1008, the freight
transport container 1001 is partly opened, and carbon
dioxide ata pressure of, e.g., about 200 Bar, is introduced
into the inner tube 1010 from the blowing port 1024 of
the inner tube 1010 attached to the first end-side cap
1018, as with the embodiment using the carbon dioxide
transport reservoir 1002.

[0166] Then, when the inner tube 1010 is expanded
by the introduced carbon dioxide to completely fill the
inner space of the tank part 1008, the introduction of car-
bon dioxide is terminated, and a high-pressure valve pro-
vided at the blowing port 1024 of the inner tube 1010 is
closed to close the blowing port 1024 of the inner tube
(FIG. 26).

[0167] Subsequently, after closing the freight transport
container 1001, the freight transport container 1040 is
transported to a destination such as a carbon dioxide
storage area by transport means such as a truck or a
marine vessel.

[0168] When the carbon dioxide transport reservoir
1040 containing carbon dioxide has arrived at the desti-
nation such as a carbon dioxide storage area, the carbon
dioxide is discharged from the carbon dioxide transport
reservoir 1040.

[0169] The carbon dioxide is contained in the carbon
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dioxide transport reservoir 1040 in a pressurized state,
as mentioned above. Thus, when opening the blowing
port 1024 of the inner tube 1010, the carbon dioxide blows
out from an inlet-outlet port of the carbon dioxide trans-
port reservoir 1040 until the pressure of the carbon diox-
ide inside the inner tube 1010 is reduced to a pressure
close to atmospheric pressure.

[0170] Then when the pressure of the carbon dioxide
inside the inner tube 1010 is reduced to a pressure close
to atmospheric pressure, the velocity of the blowout from
the inlet-outlet port of the carbon dioxide transport res-
ervoir 1040is reduced. As shown in FIG. 27, at this stage,
the pushing plate 1042 is moved by the pushing rod 1044
as indicated by the arrowed line | to push the inner tube
1010 in a direction from the second end toward the first
end of the tank part 1008 to squash the inner tube 1010,
thereby pushing the carbon dioxide remaining intheinner
tube 1010 out of the inner tube 1010 as indicated by the
arrowed line J.

[0171] It should be noted that the pushing by the push-
ing plate 1042 may be started when the pressure of the
carbon dioxide inside the inner tube 1010 is greater than
atmospheric pressure.

[0172] In the description about the carbon dioxide
transport reservoir in the above third embodiment, the
rigid outer support is a freight transport container. How-
ever, the outer support is not limited to a freight transport
container, but may be an assembly-type rigid rectangu-
lar-shaped frame.

LIST OF REFERENCE SIGNS
[0173]

1, 1001: freight transport container
2, 1002: carbon dioxide transport reservoir
4, 1004: reservoir body

6, 1008: tank part

8, 1010: inner tube

10: upper half segment

12: lower half segment

14: tank body

16: first end-side cap

18: second end-side cap

20: opening

32: nut

34, 1024: blowing port

36: reinforcing bracket

38: flange holder-adjusting gear unit
50: jig

52: base

54: flange cradle

56: lifter equipped with transfer roller
58: locating pin

60: mounting flange

62: connection part

64: groove

400: rectangular-shaped frame
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Claims

1. A carbon dioxide transport reservoir comprising a
reservoir body configured to be disposed inside a
rigid outer support, wherein the reservoir body com-
prises:

a rigid hollow-cylindrical tank part; and

a balloon-shaped flexible inner tube for contain-
ing carbon dioxide, the flexible inner tube being
provided with a blowing portand disposed inside
the tank part in an expandable and contractible
manner in a state in which the blowing port is
connected to one end of the tank part,

wherein the tank part is configured to be disas-
semblable

2. The carbon dioxide transport reservoir according to

claim 1, wherein the tank part comprises: a hollow-
semicylindrical upper half segment, a hollow-semi-
cylindrical lower half segment, a first end-side cap
for closing a first one of opposite ends of the tank
part, and a second end-side cap for closing a second
one ofthe opposite ends of the tank part, and wherein
the upper half segment, the lower half segment, the
first end-side cap and the second end-side cap are
detachably connected together.

3. The carbon dioxide transport reservoir according to

claim 2, wherein

the upper half segment has a flange extending
radially outwardly from each of opposite edges
of a circumferential opening thereof, and

the lower half segment has a flange extending
radially outwardly from each of opposite edges
of a circumferential opening thereof,

wherein the upper half segment and the lower
half segment are connected together with the
respective flanges of the upper half segmentand
the lower half segment butted against each oth-
er.

4. The carbon dioxide transport reservoir according to

claim 3, comprising coupling means to couple the
flange of the upper half segment and the flange of
the lower half segment together.

5. The carbon dioxide transport reservoir according to
claim 4, wherein the coupling means comprises: two
sets of a plurality of through-holes, each provided in
the upper half segment and the lower half segment
such thatthe two sets of the plurality of through-holes
are aligned to form plural pairs of aligned through-
holes when the upper half segment and the lower
half segment are connected together; and a plurality
of fasteners each configured to be inserted into a
respective one of the plural pairs of aligned through-
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holes to connectthe flange of the upper half segment
and the flange of the lower half segment together,
thereby connecting and fastening the upper half seg-
ment and the lower half segment together.

The carbon dioxide transport reservoir according to
claim 5, wherein each of the fasteners comprises a
bolt configured to be inserted into each of the aligned
pairs of through-holes, and a nut configured to be
attached to the bolt.

The carbon dioxide transport reservoir according to
claim 2, comprising:

a mounting flange provided at each of axially-
opposite open ends of the connected upper and
lower half segments; and

a connection part provided at an open end of
each of the first end-side cap and the second
end-side cap and configured to be releasably
connected to the mounting flange.

The carbon dioxide transport reservoir according to
claim 7, wherein the mounting flange and the con-
nection part are configured to be movable between
a lock position where the first end-side cap or the
second end-side cap is non-detachable from the
connected upper and lower half segments, and an
unlock position where the first end-side cap or the
second end-side cap is detachable from the connect-
ed upper and lower half segments, according to a
relative rotation between the first end-side cap or the
second end-side cap and the connected upper and
lower half segments.

The carbon dioxide transport reservoir according to
claim 1, wherein the outer support is a freight trans-
port container.

The carbon dioxide transport reservoir according to
claim 1, wherein the outer supportis an approximate-
ly-rectangular rigid frame.

The carbon dioxide transport reservoir according to
claim 10, wherein the rigid frame is an assembly type
rigid frame.

A carbon dioxide transport method comprising trans-
porting carbon dioxide which pressurized and
charged in the carbon dioxide transport reservoir ac-
cording to claim 1.

A carbon dioxide transport reservoir comprising a
reservoir body configured to be disposed inside a
rigid outer support, wherein the reservoir body com-
prises:

a rigid hollow-cylindrical tank part;
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a balloon-shaped flexible inner tube for contain-
ing carbon dioxide, the flexible inner tube being
provided with a blowing portand disposed inside
the tank part in an expandable and contractible
manner in a state in which the blowing port is
connected to one of opposite ends of the tank
part; and

a pushing device disposed inside the tank part
on the side of an end of the inner tube facing the
otherend of the tank part and configured to press
the inner tube toward the one end of the tank
part.

The carbon dioxide transport reservoir according to
claim 13, wherein the pushing device comprises a
gas-purging tube which is expandable and contract-
ible inside the tank part, the gas-purging tube being
configured to be expandable to have a volume which
fills an internal space of the tank part.

The carbon dioxide transport reservoir according to
claim 13, wherein the pushing device comprises: a
pushing plate disposed inside the tank part to extend
in a direction orthogonal to a longitudinal axis of the
tank part; and a pushing rod configured to push the
pushing plate toward the one end of the tank part.

The carbon dioxide transport reservoir according to
claim 15, wherein the tank part further comprises a
cap part disposed on the side of the one end of the
tank part and provided with a carbon dioxide inlet-
outlet opening, and wherein the blowing port of the
inner tube is attached to the carbon dioxide inlet-
outlet opening of the cap part.

The carbon dioxide transport reservoir according to
claim 13, wherein the outer support is a freight trans-
port container.

The carbon dioxide transport reservoir according to
claim 13, wherein the outer support is an approxi-
mately-rectangular rigid frame.

The carbon dioxide transport reservoir according to
claim 18, wherein the rigid frame is an assembly type
rigid frame.

The carbon dioxide transport reservoir according to
claim 17, wherein the tank part further comprises a
reinforcing bracket for connecting the tank part and
each of opposed corners of the outer support.

A method of transporting carbon dioxide, wherein
the method comprises: charging pressurized carbon
dioxide in the carbon dioxide transport reservoir ac-
cording to claim 13; and transporting the carbon di-
oxide transport reservoir containing the pressurized
carbon dioxide.
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22. A method of discharging dioxide discharge from the
carbon dioxide transport reservoir according to claim
13, wherein the method comprises discharging car-
bon dioxide from the inner tube while actuating the
pushing device to push the inner tube.
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