(12) APPLICATION

(11) 20201155 (13) A1
(19) NO
NORWAY (51) IntClL
F17C 3/10 (2006.01)
F17C 3/02 (2006.01)
F17C 13/00 (2006.01)
B65D 88/74 (2006.01)
F28D 1/02 (2006.01)
Norwegian Industrial Property Office
1) Application nr 20201155 (86) Int. application day
and application nr
22) Application day 2020.10.23 (85) Entry into national
phase
24) Date from which 2020.10.23 (30) Priority
the industrial
right has effect
41) Available to the 2022.04.25
public
1) Applicant IC Technology AS, Beddingen 14, 7042 TRONDHEIM, Norge
(72) Inventor Otto Skovholt, Hoemshggda 14 D, 7023 TRONDHEIM, Norge

74) Agent or Attorney BRYN AARFLOT AS, Stortingsgata 8, 0161 OSLO, Norge

54) Title Improved cryogenic storage tank
57 Abstract

The present invention disclose an improved
cryogenic storage tank with an integrated heat
exchanger cooling cryogenic fluids being stored
inside the tank. The heat exchanger is in fluid
communication with an external cooling
machine.




10

15

20

25

30

35

Improved cryogenic storage tank

FIELD OF THE INVENTION

The present invention relates to an improved cryvogenic handling system comprising
a cryogenic storage tank integrated with an internal cooling facility.

BACKGROUND OF THE INVENTION

Hydrogen (H2) and Liquid Natural Gas (LNG) are normally stored in a liquified state
since the volume is significantly less when in a liquid state compared to the gas
state. However, there are some different physical properties between LHz and LNG.

The density of LHz decreases significantly when the pressure and temperature
increases. For example, if the pressure is about 10 barg and the temperature
increases 10 °C the density is about 50 kg per m3- If LH: is stored at a temperature
about -253 °C and at atmospheric pressure the density is about 71kg per m3 This
implies that the effective storage capacity of LH2z increases with about 40% if LHz is
stored at atmospheric pressure at -253 °C compared with a situation where the
pressure is 10 barg and the temperature increases, for example with 10 °C.
Therefore, utilizing full storage tank capacity, or transport tank capacity, for LH2 may
be a challenge.

A common tank design used for storage and transport of LH2 comprises two layers of
steel plates with vacuum insulation between the steel plate layers. There is also
some insulation, for example heat radiation reflecting materials inside the two steel
plate layers. Usually these tanks are shaped as a cylinder or are spherically shaped.
The principal design of such tanks resembles the commonly known thermos. Despite
the god insulation properties of such tanks there is a leakage of heat into such tanks,
which results in an increase of pressure inside these tanks, which for example
reduces available storage volume for LHa.

When LNG is stored in such tanks the same problem of heat leakage results in a
pressure increase. Therefore, it is necessary to release some gas or use some of the
cryogenic fluid to avoid buildup of pressures inside tanks above a level which may
harm the tank.
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The challenge with LHz is that the boiling point at atmospheric pressure is about
-253 °C. Typically the holding time or storage time for LHz in for example vacuum
insulated tanks is about 15 days before the pressure reaches a dangerous level. For
LNG, which has a boiling point around — 163 °C, the holding or storage time is
typically 25 days. The typical pressure a LHz tank should be able to withstand is
around 10 barg.

Release of excessive pressure in tanks is normally done by releasing some gas or
fluid to the surroundings. If the storage time is over a longer time period, for
example for LHz in a vacuum insulated tank, the available content of LH2 decreases
after each consecutive 15 days periods due to the necessity of releasing some of the
stored content at least after 15 days. Some long-term storage facilities for LNG is
known to capture released gases from tanks and converting the gases back to a
liquid state and insert the liquified gasses back into the storage tanks.

Another phenomenon with cryogenic stored fluids is that a layering of stored liquified
fluids may happen. Especially in large open LNG storage tanks. A vertical liquified
LNG fluid column inside a tank will sometimes have different density at the bottom of
the column than at the top layer of the liquified column due to temperature influx
and the static liquid pressure, while LNG at the top evaporates at near ambient
pressure and will be kept cold near boiling point. Then a phenomenon denoted roll-
over may occur when heavier LNG fluid layers at the top of the LNG fluid column
changes place with lighter LNG fluid layers at the bottom of the LNG fluid column.
This may happen abruptly inducing mechanical stress in the tank which may damage

the construction.

A more detailed description of roll-over problems can be found in the link
https:/falignl orgfsites/default/fles/PURBLIC AREA/Publications/rollover in ing stora

age tanks public document low-res.pdf

From a chemical point of view LHz is a uniform commodity in contrast to LNG.
However, LH2 can have different electron spin dependent on pressure and
temperature, which respectively is denoted orthohydrogen and parahydrogen.
Parahydrogen has the lowest energy level. In liquid form this implies that when the
LH:z is stored at lower temperatures the LHz is mainly parahydrogen. If some heating
occurs (leakage trough the insulation for example), a transfer to orthohydrogen
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occurs. This transfer to orthohydrogen develops some heat adding heat to the heat
transferred through the insulation.

An aspect of the present invention is to preserve a specific quality of cryogenic
commodities obtained at a production site until delivery at a consumer site. At the
production site the cryogenic commodity may be produced according to a specific
specification ordered by a consumer and should be deliverable with the same
specified quality independent of how long a commodity is stored or how it is
transported and delivered to a consumer.

In prior art it is known several examples of LNG storage tanks. However, utilizing
known LNG tanks for storage of hydrogen may not be a straightforward possibility.
As indicated above there are also some common problems shared between the two
types of cryogenic fluids like limited holding times.

With respect to LH2 storage tanks a well-known example is a LH2 storage tank
designed and used by NASA to store and supply hydrogen-based rocket fuel. The
article “Integrated Refrigeration and Storage for Advanced Liquid Hydrogen
Operations” by Adam Swanger et.al. disclosed January 2017 at the conference
“International Cryocooler Conference” in January 2017, volume 19, discloses an
example of a design denoted IRAS. In experiments conducted by NASA a spherical
shaped cryogenic tank with a coiled tube with a circulating cooling liquid was inserted
into the spherical shaped cryogenic tank. A holding time of about 11 months was
obtained for LHz in this tank.

The problem with for example roll-over has not been addresses by the IRAS project
since a spherical shaped tank has less problems with roll-over due to the geometry
of the tank.

The growing interest in using hydrogen as a fuel, for example in fuel cells for cars, or
as a fuel cells for ship propulsion etc. is due to the beneficial aspect of the rest
product from hydrogen when used in fuel cells etc., which is pure water. To be able
to utilize hydrogen on a larger scale in society this will probably require much longer
holding times than what is possible today. Also, storage, transport and distribution
systems that can keep a specified quality intact of hydrogen commodities is probably

necessary.
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Therefore, it is a need of an improved internal cooling of cryogenic fluids stored in
tanks, and especially a colling system providing an almost same temperature in a
volume of stored cryogenic fluids in a vertical and horizontal direction of the storage
tank.

OBJECT OF THE INVENTION

1t is a further object of the present invention to provide an alternative to the prior
art.

In particuiar, it may be seen as an ¢hjed of the present invention to provide a
cryogenic storage tank with a cooling system integrated with or arranged inside tank
walls of the cryogenic storage tank.

SUMMARY OF THE INVENTION

Thus, the above described object and several other obiects are intended to be
obtained in a first aspect of the invention by providing a cryogenic storage tank,
wherein a heat exchanger is attached or integrated with at least a part of an inner
wall of the cryogenic storage tank

The invention is particularly, but not exclusivaly, advantagecus for obtaining a
cryogenic storage tank comprising a cooling heat exchanger having a defined width and
length,

- wherein the heat exchanger is integrated with an inner tank wall of the
storage space of the cryogenic storage tank, wherain a swrface area
provided by the defined width and length of the heat exchanger is in
thermal contact with ¢ryogenic fluid stored in the tank.

The invention is further particularly, but not exclusively, advantageous for obtaining
a method of mounting a heat exchanger inside a cryogenic tank comprising steps of:
- mounting at least one vent onto a suiface of at least one thin stee! plate,
- spotwelding the at least one thin stee! plate with the at least one mounted
vent onto an inner surface of the crvogenic tank,
- the spot welding is done in a regular pattern on the at least one thin stesl
plate,
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- attaching a pipe to the at least one vent and apply high pressurized water
into the backside of the at least one thin steal plate thereby creating a
plurality of protruding corrugations in between the regular pattern of the
spot welding,

- removing the at least one attached vant and close the opening left after
removal of the at least one vent, and

- welding the circumference of the at least one thin steel plate creating a
closed compartment between the at least one thin steel plate and the inner
surface of the cryogenic storage tank.

Respective aspects of the present invention may each be combinad with any of the
other aspects. These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described herein.

DESCRIPTION OF THE FIGURES

The cryogenic storage tank according to the present invention will now be described
in more detail with reference 1o the accompanying figures. The attached figures
iHustrates an example of embodiment of the present invention and is not to be
construed as being limiting to other possible embodiments falling within the scope of
the attached claim set.

Figure 1 illustrates an example of a prior art ¢ryogenic storage tank

Figure 2A illustrates an aspect of the present invention.

Figure 2B illustrates an example of embodiment of the present invention,

Figure 3 illustrates further details of the example of embodiment illustrated in Figure
2B.

Figure 4 illustrates a further aspect of the present invention.

Figure 5 illustrates ancther example of embodiment of the present invention.

Figure 6 illustrates another example of embodiment of the present invention.

Figura 7 illustrates another example of embodiment of the prasent invention.



10

15

20

25

30

DETAILED DESCRIPTION OF AN EXAMPLE OF EMBODIMENT

Aithough the present invention has been described in connection with the specified
embodiments, it should not be construad as being in any way limited to the
presented examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the terms "comprising” or
"comprises” do not exclude gther possible elements or steps. Further, the mentioning
of references such as "a" or "an” ete. should not be construed as excluding a
plurality. The use of reference signs in the claims with respect to elements indicated
in the figures shall aiso not be construed as limiting the scope of the invention.
Furthermore, individual features mentioned in different claims, may possibly be
advantageously combined, and the mentioning of these features in different claims
does not exclude that a combination of features is not possible and advantageocus.

Figure 1 illustrates an example of a prior art storage tank comprising an outer metal
container with a metal wall 13 and an inner metal container with a metal wall 10,
The space 16 between the outer wall 13 and the inner wall 10 is kept at vacuum.
Spacer elements 15 are arranged to keep the inner and outer walls of the storage
tank in a fixed position relative to each other.

Such storage tanks are also used in transport trucks as known in prior art, for
exampile positionsd horizontally.

According to an aspect of the present invention a control of internal temperature of a
cryogenic fluid in a tank can be obtained with a heat exchanger design as illustrated
in Figure 2A. A metal wall 10, which may be similar to the inner wall 10 of Figure 1
has a corrugated thin steel plate 11 arrangad on a surface of the inner wall 10 facing
towards the storage space of the tank, for example. The corrugated thin steel plate
is point-welded 12 to the inner wall 10 in a reqgular pattern as illustrated in Figure
24,

Figure 2B iliustrates further details of the section B of Figure 2A. Point welding spots
14 is iliustrated which leaves a space 19 between the corrugated steel plate 11 and
the inner surface of the inner wall 10, which is used to circulate for example a colling
fluid. The vacuum space 16 in combination with the cooling inside the space 19
provides a possibility to control the cooling of cryogenic fluids stored inside the
itustrated example of a storage tank at lower temperatures that can proiong the
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holding time of cryogenic fluid. It is also within the scope of the present invention to
use a distal element as part of a spot-welding point thereby providing a defined
distance between the corrugated steel piate 11 and the inner tank wall 10. In this
manner the volume of the space 19 and thereby the volume of the coliing fluid
circulating inside the space 18,

An important aspect of this design is that heat entering the tank from surroundings
putside the tank actually is stoppable at the inner wall 10 of the tank. Transport of
heat from surroundings around a cryogenic tank is a known problem in prior art, and
despite the best available insulation methods there will be a heat transport into the
interior of the storage tank. The aspect of the present invention that a heat
gxchanger according to the present invention stops such external heat transfers into
the storage space is in contrast to the design of the IRAS project of NASA where
heat is entering into the cryogenic fluid before the cooling coil of the IRAS tank can
remove any imported heat.

This aspect of the present invention contributes to an extendable holding timea of
stored cryogenic fluids bevond the maximum reported holding timea of 11 months for
the IRAS tank. In fact, it is probable that a cryogenic storage tank according to the
present invention may have indefinite holding time if the colling system is operable

and maintained over time.

Figure 3 illustrates further details of how a heat exchanger according to the present
invention can be mounted inside a tank. The first step is to point weld 14 a thin flat
steel plate 11 onto an inner wall 10, Other technigues like meiting the two stesl
surfaces to each other is also possible. Then a pipe is attached to at least one vent
18 onto an cuter surface of the thin flat steel plate 11, A pipe 17 is then attached to
the at least one vant 18 and high pressurized water 17 is applied onto the backside
of the point-welded thin flat steel piate 10. Then a reqular pattern with corrugations
are established creating the space 19 that can be used to circulate a cooling fluid.

A plurality of thin steel plates welded together and attached in this manner defines a
surface of the heat exchanger of the present invention. The size of an area of a heat
exchanger according to the present invention is dependable partly on which heat

transfer capacity the exchanger reguires for a specific tank. It is therefore within the
scope of the present invention that a heat exchanger may cover at least a part of an
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inner storage tank wall, including covering up to a whole surface of an inner storage

tank wall,

When welding the circumference of the respective thin steel plate(s) a closed
compartment 19 between the thin steel plate(s) 11 and the inner surface of the
cryogenic storage tank is created.

The heat exchanger according to the present invention can be made and mounted by
a method as discussed above when building a new tank. It is also within the scope of
the present invention that an existing tank can be modified this way by for example
removing a top section for example of the tank providing access to the interior of the
tank. Then a heat exchanger according to the present invention can be made and

mounted inside the tank.

It is also within the scope of the present invention to ulilize pre-corrugated thin
plates as basis for the heat exchanger.

Figure 4 illustrates the possibility of adding more than one thin steel plate onto 3
wall, For example, a first thin steel plate 113 is mounted and expanded with
pressurized water on an inner surface of the tank followed by point-welding a second
thin steel plate 11b onto the first thin steel plate followed for example with an extrs
third thin steel plate 11¢ which in this example will be facing towards the inner
storage volume of the tank. In this manner a first space 19a betwean the inner wall
10 and the first thin steel plate 11a is created, and a second space 190 is ¢reated
betwesn the first thin steel plate 11a and the second thin steel plate 11b, and 2
third space 19c is established between the second thin steel plate 11b and the third
thin steel plate 1ic. In this manner, several inner spaces are provided inside the
heat exchanger that may be utilized for specific purposes, for example for leakage
detection, inlet channel for cooling fluid, outiet channel! for cooling fluid, etc.

According to an example of embodiment of the present invention a cryogenic storage

tank comprisas a cocling haat exchanger having a defined width and length,

- wherein the heat exchanger is integrated with an inner tank wall of the
storage space of the cryogenic storage tank, wherein a surface area of the
heat exchanger provided by the defined width and length of the heat
gxchanger is in thermal contact with ¢ryogenic fluid storad in the tank.
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According to an example of embodiment of the present invention a meathod of
mounting a heat exchanger inside a cryogenic tank comprises steps of:

- mounting at least one vent onto a surface of at least one thin steel plate,

- spotwelding the at least one thin steel piate with the at least one mounted
vent onto an inner surface of the cryogenic tank,

- the spot welding is done in a regular pattern on the thin steel plate{s),

- attaching a pipe to the at least one vent and apply high pressurized water
into the backside of the thin steel plate(s) thereby creating a plurality of
protruding corrugations in between the regular pattern of the spot welding,

- removing the at least one attached vant and close the opening left after
removal of the at least one vent, for example by welding, and

- welding the circumference of the thin steel plate(s) to create a closed
compartment between the thin steel plate(s) and the inner surface of the
cryogenic storage tank.

Further corrugated thin steel piates as discussed above can be spot-welded onto the

first mounted thin steel plate and so on, for example.

For example, the second space 19b and the third space 19¢ can be used to circulate
a cooling fluid, i.e. the cooling fluid is applied for exampile into the second space 19b
from an external cocling machine while the third space 19¢ returns the cooling fluid
back to the external cooling via an arranged tubing in communication with the third

space 19c¢.

The first space 19a can for example be used to detect possible leakage of stored
cryogenic fluids, for example by utilizing a gas inside the first space 19a in what is

dencted a sniffer test in prior art.

Figure 5 illustrates ancther axample of embodiment ¢of the present invention. A thin
steel plate 11 is corrugated and spotwelded onto a surface of an inner wall 10 facing
towards a vacuum space 16 arranged between the inner wall 10 and the cuter wali
13. In this axample of embodiment an example of a heal exchanger according to the

present invention is arranged inside the vacuum space 16.
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Figure & illustrates another example of a storage tank wherein a cooling machine 20
for example applies a cooling fluid into a space 19 armranged between a corrugated
thin steel plate 11 and the inner wall 10 of a tank. The tubing 218 delivers 23a
cooling fluid while the tubing 21b returns 23b the cooling fluid back to the cooling
machine 20.

Figure 7 illustrates another example of embodiment of the present invention wherein
a cooling element comprising a flat plate 10a is arranged with a corrugated thin stes!
plate 11 on one side of the flat piate 10a. The cooling element is mounted for
example along a center line of the tank and a cooling fluid is supplied via a first pipe
21a in one end of the cooling element from an external cooling machine 20 while a
second pipe 21b in an opposite end of the cooling slement is returning the cooling
fluid back to the cooling machine.

The effect of arranging a heat exchanger according to the present invention inside a
storage tank provides an almost uniform temperature profile in a cryogenic fluid both
in horizontal and vertical directions inside the ¢ryogenic fluid. This results in an
almost unlimited hoiding time as long as the cooling is effective.

With reference to open LNG tanks as discussed above, the roll-gver problem is
mitigated with examples of embodiment of the present invention.

If a connected cooling machine shouid stop working due to & fallure or maintenance
nead this is not @ problem. If for exampie a thermos type of storage tank is used
when storing LHz there will be a period of 15 days before an excessive pressure
buildup occurs. This is more than enough time to repair or replace a cooling

machine.

In addition, approximately 40% increased storage capacity can be achieved for LHz.

Another aspect of the present invention is that the cold area of a heat exchanger
according {o the present invention is in contact with the inner tank wall face, either
on a side face facing towards the storage space, or ¢on a side face facing away from
the storage space. This is in contrast to for example the cocling coil disclosed by
NASA 's IRAS project. The technical difference is that the sciution of the present

invention can stop any heat coming from the cutside environment of the storage
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tank to reach any cryogenic fluid stored inside the tank. In the NASA solution heat
enters the stored cryogenic fluid (heating the fluid) before beaing removed by the
cooling coil of NASA s solution. Therefore, the present invention is not just an
alternative to the NASA storage tank, The technical difference of stopping heat from
entering stored cryogenic fluids inside the storage tank provides a more stable
temperature regime which may for example improve or keep the quality of a
cryogenic fluid for a longer period of time, This effect is also achievable when
utilizing the present invention in a spherical tank like the IRAS tank.

The lower and more stable temperature regime achievable with embodiments of the
present invention may also prevent any situation wherein heat generated by a
transition from parahydrogen to orthohydrogen accelerates.

Ancther aspect of the present invention is that when moving for exampie cryogenic
fluids from one tank to ancther, for example from a tank on a lorry to a consumer
tank, the receiving tank can be at atmospheric pressure. Further, if the piping
between the two tanks is provided for by a cooled pips, the quality of the commodity
is kept.

A further aspect of the present invention is that a heat exchanger according to the
present invention will increase the mechanical integrity of the inner wall of a tank

when a thin steel piate is spotwelded onto the inner surface of the tank.

The thermal impedance of a heat exchanger according to the present invention is a
function of thermal resistance and thermal contact resistance, i.e. in the interface
where the heat exchanger surface meets the cryogenic fluid in the tank. The thermal
resistance is mainly related to the thickness of the corrugated steel plate 11, Thinner
steel plates transfer heat much more efficient, The size of the surface area of the
corrugated steel plate is much larger than for a corresponding sized steel plate which
implies a larger transfer capacity of the heat exchanger. In the context of the
present invention, a reference o a thin steel plate is a reference o a thickness of thr
steel plate providing & sufficient low tharmal resistance.

The thermal contact resistance is usually a function of how smooth a surface is. If

there are irregularities in the surface for example, micro voids may be created
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reducing the heat transfer capacity as known in prior art. It is within the scope of the

present invention to utilize a heat exchanger with smooth surfaces

A heat exchanger according to the present invention raguires a certain cooling
capacity when providing for example a holding time for LHz beyond for example 15
days. There are generally two parameters that may be adapted to achieve a certain
cooling capacity, which is a size of an area of the heat exchanger in thermal contact
with stored cryeogenic fluids and the volume or heat capacity of the cocling fluid
circulating inside the heat exchanger according to the present invention. The
inherent aspect of the present invention of stopping axternal heat transport into
stored ¢ryogenic fluids in the tank wall itself simplifies the assessment of a required

cooling capacity.

According to an example of embodiment of the present invention, & cryogenic storage
tank comprisas a cocling haat exchanger having a defined width and length,

- wherein the heat exchanger is integrated with an inner tank wall (10) of
the storage space of the cryogenic storage tank, wherein a surface area of
the heat exchanger provided by the defined width and length of the heat
exchanger is in thermal contact with cryvogenic fluid stored in the tank.

Further, a heat exchanger according to the present invention may be integrated with
the inner tank wall {10} on a side surface of the inner tank wall facing towards the

storage space.

Further, a heat exchanger according 1o the present invention may be integrated with
the inner tank wall {10} on a side swrface of the inner tank wall facing away from the

storage space.

Further, a surface araa of a heat exchanger according to the present invention may be in
thermal contact with stored cryogenic fluid, which surface spans up to a whole inner
surface area of the storage space.

Further, a heal exchanger according to the present invention may comprise at least
one thin steel plate with corrugations {11}, wherein the thin corrugated steel plate
(11) is spot-welded {(12) onto the inner tank wall,
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Further, a cryogenic storage tank using a heat exchanger according to the present
invention may he a cylinder-shaped tank, or a spherical shaped tank, or an
eiongated tank.

Further, a heat exchanger according to the present invention may comprise a cooling
fluid applied in a space {19) constituted between corrugations of a thin steel plate
{11} and an inner tank wall.

Further, a heat exchanger according to the present invention may comprise cooling
fluid being delivered from a cooling machine via an inlet pipe connecied to the heat
exchanger, and wherein an outlet pipe connected to the heat exchanger returns

cooling fluid to the cooling machine.

Further, wherein the spot-welded (12} corrugated steel plate (11} provides increased
meachanical integrity of the inner steel wall of the storage tank.

Further, a heat exchanger according to the present invention may be is arranged
inside a vacuum space provided betweaen an ocuter steel wall and an inner steeal wall

arranged apart from each other in a oyogenic storage tank.

Further, a heat exchanger according to the present invention may comprise at lesast
two corrugated thin steel plates (11a, 11b) welded together and onto an internal

surface area of a storage tank wall,

Further, a heat exchanger according to the present invention may comprise 3
leakage detection gas deploved in & space between at least two corrugated thin steel
plates (11a, 11ib).

Further, a heat exchanger according to the present invention may comprise a flat
steel plate (10a) arranged with a corrugated thin steel plate (11) on one side of the
flat piate (10a), wherein the heat exchanger may be mounted along a center line of

the storage space of the cryogenic storage tank.
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According to an example of embodiment of the present invention, a system of
transferring crvogenic fluid with a specified guality from & first ¢ryogenic tank to a
saecond tank is done with a pipe arranged with a heat exchanger around the
periphery of the pipe cooling the pipe during the ransfer.

Further, embodiments of the present invention may be used in a transport truck.

Further, embodiments of the present invention may be used in fuel tanks in vessels.

According to an example of embodiments of the present invention, a method of
mounting a heat exchanger according to the present invention inside a ¢ryvoganic
tank comprisises steps of:

- mounting at least one vent (18) onto a surface of at least one thin steel
plate {11},

- spotwelding (12} the st least one thin steel plate (11) with the at least ¢ne
mounted vent (18) onto an inner surface {10) of the cryogenic tank,

- the spot welding (12) is done in a regular pattern on the at least one thin
steai plate (11},

- attaching a pipe {17) to the at ieast one vent (18} and apply high
pressurized water into the backside of the at ieast one thin steel plate (11)
thereby creating a plurality of protruding corrugations in between the
regular pattern of the spot welding (12},

- removing the at least one attached vent (18) and close the opening left
after removal of the at least one vent (18), and

- welding the circumference of the at least one thin steel plate (11) creating
a closed space (19) between the at least one thin steel plate (11) and the

inner surface (10) of the cryogenic storage tank.
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Claims:

. A gryogenic storage tank comprising a cooling heal exchanger having a defined

width and length,

- wherein the heat exchanger is integrated with an inner tank wall (10) of
the storage space of the ¢ryogenic storage tank, wherein a surface area of
the heat exchanger provided by the defined width and length of the heat
exchanger is in thermal contact with cryogenic fluid stored in the tank.

. The storage tank of claim 1, wherein the heat exchanger is integrated with the

inner tank wall {10) on a side surface of the inner tank wall facing towards the

storage space.

. The storage tank of claim 1, wherain the heat exchanger is integrated with the

inner tank wall {10) on a side surface of the inner tank wall facing away from
the storage space.

The storage tank of claim 1, wherein the surface area of the heat exchanger in
thermal contact with stored cryvogenic fluid spans up to a whole inner surface area
of the storage space.

. The storage tank of claim 2 or 3, wherein the heat exchanger comprises at

ieast ona thin steal plate with corrugations (11), wherein the thin corrugated
steel plate {11) is spot-welded (12} onto the inner tank wall,

The storage tank of claim 1, wherein the tank is a cvlinder-shaped tank, or a
spherical shaped tank, or an elongated tank.

. The storage tank of claim 5, wherein a cooling fluid is applied in a space (19)

constituted between the corrugations of the thin steel piate (11) and the inner
tank wall

. The storage tank of claim 7, wherein a cooling fluid is delivered from a cooling

machine via an inlet pipe connected {o the heat exchanger,

and wherein an outlet pipe connected to the heat exchanger returns cocling
fluid to the cooling machine.
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9. The storage tank of claim 5, wherein the spot-welded {(12) corrugated stesl
plate {11) provides increased mechanical integrity of the inner steel wall of
the storage tank,

10.The storage tank of claim 1, wherein the heat exchanger according to claim 1
is arranged inside a vacuum space provided between an outer steel wall and

an innar steel wall arranged apart from =ach cther.

11.The storage tank of claim 5, wherein at least two corrugated thin steel plates
{11la, 11b) are welded together and onto the internal surface area of the wall.

12.The storage tank of claim 11, wherein a leakage detection gas is deployed in a
space between the at least two corrugated thin steel plates {1ia, 11b).

13.The storage tank of claim 1, wherein the heat exchangsr comprises a flat steel
plate (10a)} arranged with a corrugated thin steel plate (11) on one side of the
flat plate {(10a), wherein the heal exchanger is mounted along a center line of
the storage space of the cryogenic storage tank.,

14 A system of transferring cryogenic fluid with a specified quality from a first
cryogenic tank according to claim 1 to a second storage tank comprises a pipe
arranged with a heat exchanger around the periphery of the pipe cooling the
pipe during the transfer.

15. Use of a tank according to claim 1 in a transport truck.

18.Use of a tank according to claim 1 as a fual tank in vessels.

17.A method of mounting a heat exchanger according to claim 5 inside a
cryogenic tank comprising steps of:

- mounting at least one vent {18) onto a surface of at least one thin steel
plate {11},

- spotwelding (12) the at least one thin steel plate (11) with the at least one
mounted vent {18) onto an inner surface (10) of the cryogenic tank,

- the spot welding {(12) is done in a regular pattern on the at least one thin
steel plate {(11),
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attaching a pipe {17} to the at ieast one vent (18} and apply high
prassurized water into the backside of the at least one thin steel plate (11}
thereby creating a plurality of protruding corrugations in between the
regular pattern of the spot welding (12},

removing the at least one attached vent (18) and close the opening left
after removal of the at least one vent (18}, and

welding the circumference of the at least one thin steel plate (11) creating
a closed space (19) between the at least one thin steel plate (11) and the

inner surface (10) of the cryogenic storage tank.
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Figure 1
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Figure 2A

Figure 2B
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Figure 3
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Figure 5
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Figure 6
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Figure 7
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