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DESCRIPTION

Field of the Invention

[0001] The present invention relates to an improved insulated pipe and an improved method
for insulating district heating pipes.

Background

[0002] Yearly statistics on Swedish energy usage show that approximately 10% of the energy
produced for district heating is lost from the distribution system. According to some, this
number could be even higher for areas with a sparse energy outtake. Investigations have
shown that in sparse areas, the energy loss from the district heating distribution system may
be as much as 40 %. In some cases, this energy loss is even higher.

[0003] One way of decreasing energy losses is to use new and improved types of insulation,
such as new and improved types of polyurethane foam. Such new and improved polyurethane
foam might for example have a smaller average cell size, thus improving the insulation
capacity of the foam, have an alternative and more effective insulation gas, or may have a
lower than ordinary density, also increasing the insulation capacity of the foam. When altering
the characteristics of the polyurethane foam, standardized requirements on compressive
strength, adhesion, water absorption capacity, etc. etc. must be considered.

[0004] Further approaches for insulating pipes includes the usage of a vacuum insulation
panel in the pipe, as disclosed by e.g. WO0202987 and WO03006871, or the usage of a
porous material with a layered envelope such as that described in US2016003397.

[0005] Some other suggestions as how to reduce the heat loss from district heating pipes are
as follows:

= To use twin pipes instead of two single pipes, where the supply pipe and the return pipe
are placed within the same insulation pipe.

» To shift the symmetry of the twin pipe so that the warmer supply pipe gets more
insulated:

o by different sizes on the supply and return pipe.

o by shifting the position of the supply and return pipes so that the supply pipe is closer
to the center.

o by using an egg shaped casing with thicker insulation around the supply pipe.

« To put more than two pipes within the same insulation where some can be turned off
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when the energy outtake is low.
« To add some superior type of insulation close to the supply pipe.

[0006] The use of twin pipes is already common practice in Sweden, when applicable. The
shift of the supply pipe towards the center of the surrounding pipe has been investigated, and
this investigation shows a reduction of energy loss by up to 3.2 %. Furthermore, the use of egg
shaped casing pipes has been investigated and this investigation shows a potential energy loss
reduction of 7 % compared to twin pipes. There is always a need to find new and improved
ways of decreasing these types of energy losses.

Summary of the Invention

[0007] An object of the present invention is therefore to alleviate the abovementioned
problems and provide an insulated pipe arranged to decrease energy losses due to thermal
conductivity of the insulation material.

[0008] The above and other objects which will be evident from the following description are
achieved by an insulated pipe according to the first aspect of the present invention and a
method for insulating a pipe according to the second aspect of the present invention.

[0009] According to a first aspect of the present invention, an insulated pipe is provided,
comprising an encasement pipe and a first inner pipe arranged inside said encasement pipe,
at least one vacuum insulation panel comprising a porous core material and a multi-layer
envelope encasing said porous core material, wherein said multi-layer envelope comprises at
least one layer comprising a metal material, wherein said at least one vacuum insulation panel
is arranged around the circumference of said first inner pipe, wherein said at least one vacuum
insulation panel comprises an inward-facing side facing towards a longitudinal axis of said first
inner pipe, an outward-facing side facing the opposite direction, and four side faces arranged
between said inward-facing side and said outward-facing side, and said insulated pipe further
comprising a polymer foam filling the space between said vacuum insulation panel and said
encasement pipe, wherein at least at the portion of said multi-layer envelope located at said
four side faces any layer comprising a metal material is at least one metallized polymer layer.

[0010] The insulated pipe may for example be used in district heating applications or hot water
supply applications. The insulated pipe may additionally or alternatively be used to transport
other medium than water, such as gas, steam, or oil.

[0011] The vacuum insulation panel may have a cuboid shape having a thickness that is
significantly smaller than its width and length, i.e. be shaped as a panel. This panel may then
be wrapped around a pipe that is to be insulated. The side faces of the vacuum insulation
panel are then the faces extending in the direction having a significantly smaller dimension
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than the others. The inward-facing side and the outward-facing side are then the faces
extending in a length-wise and width-wise direction. Alternatively, the vacuum insulation panel
may have another shape than a cuboid shape. In that case, the side faces are the faces of the
vacuum insulation panel having the smallest dimension, i.e. the thickness of the panel. For
example, the vacuum insulation panel may be shaped as a triangular prism having an axial
dimension that is significantly smaller than any of its three side dimensions. In this case, the
side faces are the faces that extend in the axial direction of the triangular prism.

[0012] The multi-layer envelope may be referred to as a cover material having a sandwich
structure. It should be understood that the multi-layer envelope or cover material may have
several layers of different materials, wherein each layer has an individual thickness. The
number of layers in the multi-layer envelope may also vary, from a single layer to a large
number of layers, e.g. ten layers. Thus, an improved vacuum insulation panel may be
achieved, which in turn may lead to an improved insulated pipe being provided. Also, the
relative order of the layers and their thickness may also vary, depending on the needs of the
application. It should also be understood that the multi-layer envelope may comprise two or
more portions, e.g. a top half and a bottom half or three thirds that are welded together around
the circumference of the core material. Alternatively, the multi-layer envelope may be a single
multi-layer sandwich structure that is folded around the core material, thus only requiring
welding along part of the circumference of the core material, such as along three out of four
edges of the vacuum insulation panel.

[0013] By providing the first inner pipe with a combination of polymer foam insulation and at
least one vacuum insulation panel, a more efficient thermal insulation may be achieved. By
arranging the vacuum insulation panel closest to the inner pipe and the polymer foam closest
to the encasement pipe, a more cost effective insulation is achieved. This is due to the fact that
the insulation material provided close to the pipe is more material efficient than the insulation
material provided close to the encasement pipe. This is explained by the fact that the thermal
insulation effectiveness of pipe insulation is largely a function of thermal conductivity of the
insulating material and the thickness of the material. As it requires less material to achieve a
given thickness of insulation material close to the pipe than it does at larger radial distance
from the pipe, the more effective insulation material of two given insulation materials should be
arranged closest to the pipe that is to be insulated. By having a more effective insulation
material, the total thickness of the insulation may be decreased without decreasing total
insulation capacity of the insulation. Thus, an encasement pipe having a smaller diameter may
be used to hold the first inner pipe. One benefit of having a smaller diameter encasement pipe
is that the excavation volume may be decreased, thus enabling a faster, cheaper, and more
simple way of laying insulated pipes. The personnel laying the pipes may then navigate more
easily between wells and other pipes in the ground, as well as buildings that are in the way.

[0014] That at least at the portion of said multi-layer envelope located at said four side faces
any layer comprising a metal material is at least one metallized polymer layer is to be
understood as meaning that the part of the multi-layer envelope covering the side faces of the
vacuum insulation panel are made of no other layers than metallized polymer layers and
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polymer layers. In other words, at the side faces, the only layers of the multi-layer envelope
that comprises a metal material are the at least one metallized polymer layer. In other words,
the part of the multi-layer envelope that is located adjacent to and/or is substantially parallel
with the side faces of the vacuum insulation panel only comprises polymer layers and/or
metallized polymer layers.

[0015] As at least a portion of the multi-layer envelope of the vacuum insulation panel
comprises no other layer comprising metal material than at least one metallized polymer layer,
it is possible to have the multi-layer envelope arranged so as to decrease the thermal bridges
that normally occur at the regions where two vacuum insulation panels or two ends of one
vacuum insulation panel meet or overlap. This is due to the fact that the insulating ability of a
vacuum insulation panel at a region where two vacuum insulation panels or two ends of one
vacuum insulation panel meet is determined largely by the thermal conductivity of the envelope
material. Thus, having the envelope at this region consist of at least one layer of metallized
polymer and at least one polymer layer, as opposed to comprising a metal foil, may decrease
the thermal conductivity of the envelope and a less significant thermal bridge may therefore be
achieved. Thermal bridges are areas of the vacuum insulation panel which have significantly
higher thermal conductivity than the rest of the vacuum insulation panel. Examples of such
areas are the end portions, i.e. the side faces, of the vacuum insulation panels, as these
portion have a higher ratio of thermally conducting envelope material to core material. As metal
foil layers of a multi-layer envelope, such as a layer of aluminum foil, tend to have significantly
higher thermal conductivity than polymer or metallized polymer layers, it is beneficial to only
have a polymer layer or a metallized polymer layer, or a combination of the two, covering the
regions of a vacuum insulation panel where a thermal bridge otherwise might occur. This is
due to the fact that the metal thickness of a metallized polymer layer may be lower than the
thickness of the metal foil used in commonly known vacuum insulation panels.

[0016] The encasement pipe may additionally or alternatively be referred to as a cover pipe or
jacket pipe, and is to be understood as being the pipe that covers the pipe or pipes intended
for fluid transport. The encasement pipe is also meant to keep the insulation material in place
in relation to the inner pipe.

[0017] By having the space between the vacuum insulation panels and the encasement pipe
filled with a polymer foam, the service life at a given temperature of the at least one vacuum
insulation panel is increased. If the vacuum insulation panel were to be used in an environment
of air, some of that air might permeate into the vacuum insulation panels through the pores of
its multi-layer envelope. Thus, the insulation efficiency of the vacuum insulation panel would be
decreased. The rate of permeation would increase as the temperature of the vacuum
insulation panel increases. In addition to air, water would permeate therethrough, further
decreasing the insulation efficiency of the vacuum insulation panel. By having an environment
of polymer foam instead of an environment of air, the rate of permeation is decreased, both at
normal temperatures and at elevated temperatures, and the service life of the vacuum
insulation panel is consequently increased at a given temperature.
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[0018] The first inner pipe could e.g. be a supply pipe in a twin pipe district heating pipe or a
supply pipe in a water pipe.

[0019] According to one exemplary embodiment, at least at the portion of the multi-layer
envelope located at a portion of said at least one vacuum insulation panel that is in contact with
one end of another vacuum insulation panel or with the other end of said at least one vacuum
insulation panel, any layer comprising a metal material is at least one metallized polymer layer.

[0020] According to one exemplary embodiment, the insulated pipe comprises one vacuum
insulation panel arranged around the entire circumference of the first inner pipe.

[0021] According to one exemplary embodiment, the insulated pipe comprises two vacuum
insulation panels provided so that they are collectively arranged around the circumference of
the first inner pipe, e.g. one vacuum insulation panel covers half of the circumference of the
first inner pipe and the other vacuum insulation panel covers the other half. The insulated pipe
may alternatively comprise three or more vacuum insulation panels. The vacuum insulation
panels may also be arranged next to each other along a longitudinal axis of the pipe that is to
be insulated, i.e. the insulated pipe may comprise four vacuum insulation panels, wherein each
pair of these being arranged around a circumference of the first inner pipe and each pair being
arranged sequentially one after the other in a longitudinal direction of the first inner pipe.

[0022] According to one exemplary embodiment, said multi-layer envelope encases said
porous core material in a vacuum tight manner.

[0023] According to one exemplary embodiment, said porous core material is a vacuumized
porous core material. This is to be understood as meaning that the air has been sucked out of
the material to the greatest possible degree using conventional means such as air pumps.
Thus, the vacuumized porous core material has a decreased thermal conductivity compared to
porous core material not having been vacuumized.

[0024] According to one exemplary embodiment, said at least one metallized polymer layer is
at least one aluminized polymer layer.

[0025] According to one exemplary embodiment, said multi-layer envelope comprises at least
one layer comprising a polymer material.

[0026] According to one exemplary embodiment of the first aspect of the present invention,
said at least one metallized polymer layer has a thickness of less than 2000 nm, or preferably
less than 1500 nm, or most preferably smaller than 1000 nm, and/or greater than 10 nm,
and/or preferably greater than 20 nm.

[0027] Thus, the thermal bridges at the end portions of the at least one vacuum insulation
panel may be decreased as the material thickness is decreased. This is due to the fact that
thermal conductivity at the end portions of the vacuum insulation panel is related to the type of
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material used in the envelope and the area through which heat is to be conducted.

[0028] According to one exemplary embodiment of the first aspect of the present invention,
said polymer foam is a polyurethane foam.

[0029] By having the space between the vacuum insulation panels and the encasement pipe
filled with polyurethane foam, the service life of the at least one vacuum insulation panel at a
given temperature is increased compared to a vacuum insulation panel residing in an
environment of air, as polyurethane foam have been shown to provide a low permeation of
fluid into the at least one vacuum insulation panel.

[0030] According to one exemplary embodiment of the first aspect of the present invention,
any layer of the multi-layer envelope comprising a polymer material is a layer comprising a
thermoplastic polymer material.

[0031] Thus, two ends of the multi-layer envelope may be welded together, thereby sealing the
porous core material from the environment surrounding it.

[0032] According to one exemplary embodiment, the multi-layer envelope is sealed around the
core material by means of ultrasonic welding.

[0033] According to one exemplary embodiment, the multi-layer envelope is sealed around the
core material by means of ultrasonic welding of at least one layer comprising a thermoplastic
polymer.

[0034] By welding the multi-layer envelope shut using ultrasonic welding, a number of benefits
are achieved. For example, ultrasonic welding is a process that is easy to automatize. Also,
ultrasonic welding is a quick process, it requires little energy compared to other types of
welding, and little combustion gas is created during the welding.

[0035] According to one exemplary embodiment, the multi-layer envelope is sealed around the
core material by means of adhesion.

[0036] According to one exemplary embodiment of the first aspect of the present invention,
said thermoplastic polymer material is a Nylon material.

[0037] According to one exemplary embodiment of the first aspect of the present invention,
said at least one metallized polymer layer is made of a material belonging to a group
comprising: metallized ethylene vinyl alcohol, metallized PET, metallized polypropylene,
metallized nylon, and metallized polyethylene.

[0038] The metallization of the materials in the abovementioned group may be aluminization.
In other words, the abovementioned group may further comprise aluminized ethylene vinyl
alcohol, aluminized PET, aluminized polypropylene, aluminized nylon, and aluminized
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polyethylene. Metallization is to be understood as being the process of applying a thin layer of
metal to a polymer film. This metal layer may be significantly thinner than what is possible
when using metal foils, due to limitations in the production method of metal foils.

[0039] According to one exemplary embodiment of the first aspect of the present invention,
said at least one vacuum insulation panel is arranged around the circumference of said first
inner pipe so that two ends of said at least one vacuum insulation panel overlap.

[0040] By arranging the vacuum insulation panel in an overlapping manner around the
circumference of the first inner pipe, the thermal insulation of the first inner pipe may be
increased. Specifically, the so-called thermal bridges are decreased by having ends of one or
more vacuum insulation panels overlap.

[0041] According to one exemplary embodiment of the first aspect of the present invention,
said polymer foam is adhered to said encasement pipe.

[0042] In other words, the polymer foam is attached to the inner walls of the encasement pipe.
This attachment could for example be due to the preparation of the inner surface of the
encasement pipe by means of corona treatment of the inner surface, the application of an
adhesive to the inner surface, or it could be due to the inherent adhesiveness of the polymer
foam, or any combination of the three.

[0043] According to one exemplary embodiment of the first aspect of the present invention, the
insulated pipe further comprises a second inner pipe arranged inside said encasement pipe.

[0044] It should be understood that the second inner pipe may be a return pipe in a district
heating system, and the first inner pipe may be a supply pipe in said district heating system. In
other words, insulating the supply pipe may be preferable to insulating the return pipe. As the
second inner pipe may be provided with no or little additional insulation apart from the polymer
foam, the polymer foam may adhere directly to this second inner pipe. For regulatory reasons,
it is beneficial if the two inner pipes can be fixed in relation to the encasement pipe. The two
inner pipes may be rigidly connected to each other by connecting means arranged at intervals
in a longitudinal direction of the inner pipes. Thus, the first inner pipe may be fixed in relation to
the encasement pipe by fixing the second inner pipe in relation thereto, for example by means
of adhering the second inner pipe to the polymer foam that, in turn, is adhered to the
encasement pipe. This reduces the risk of damaging the vacuum insulation panel on the first
inner pipe due to longitudinal heat-driven expansion of the inner pipes, as the vacuum
insulation panels need not be adhered to the first inner pipe. In other words, the vacuum
insulation panels may be slidably arranged around the circumference of the first inner pipe.

[0045] According to one exemplary embodiment of the first aspect of the present invention,
said polymer foam is adhered to said second inner pipe.

[0046] In this example embodiment, the polymer foam attaches to the outer walls of the
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second inner pipe and alternatively also to the inner walls of the encasement pipe. The second
inner pipe is in this exemplary embodiment not provided with a vacuum insulation panel.
However, it is possible to provide parts of or the entirety of the second inner pipe with
additional insulation such as vacuum insulation panels and adhere the polymer foam to the
parts of the second inner pipe that is not provided with said insulation.

[0047] According to one exemplary embodiment of the first aspect of the present invention,
said at least one vacuum insulation panel does not overlap at the circumferential position on
said first inner pipe which is located closest to said second inner pipe.

[0048] Thus, the heat loss due to a thermal bridge at the position where the at least one
vacuum insulation panels overlap may be decreased as the overlap may be directed towards a
portion of the insulated pipe that is provided with more of the insulating polymer foam than is
present between the first inner pipe and the second inner pipe.

[0049] According to a second aspect of the present invention, a method for insulating district
heating pipes is provided, said method comprising the steps of:

+ providing an encasement pipe and a first inner pipe arranged inside said encasement
pipe,

« providing at least one vacuum insulation panel comprising a porous core material and a
multi-layer envelope encasing said porous core material, wherein said at least one
vacuum insulation panel comprises an inward-facing side arranged to face towards a
longitudinal axis of said first inner pipe, an outward-facing side arranged to face the
opposite direction, and four side faces arranged between said inward-facing side and
said outward-facing side, wherein at least at the portion of said multi-layer envelope
located at said four side faces any layer comprising a metal material is at least one
metallized polymer layer,

« arranging said at least one vacuum insulation panel around the circumference of said
first inner pipe,

« filling a space between said vacuum insulation panel and said encasement pipe with a
polymer foam.

[0050] According to one exemplary embodiment of the second aspect of the present invention,
said at least one vacuum insulation panel is arranged around the circumference of said first
inner pipe so that two ends of said at least one vacuum insulation panel overlap.

[0051] According to one exemplary embodiment of the second aspect of the present invention,
said method further comprises the steps of:

« providing a second inner pipe arranged inside said encasement pipe, and
¢ adhering said polymer foam to said second inner pipe.
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[0052] According to one exemplary embodiment of the second aspect of the present invention,
said method further comprises the step of:

« sealing said multi-layer envelope around said porous core material by means of
ultrasonic welding.

[0053] The insulated pipe according to the first aspect of the present invention may be used in
the method according to the second aspect of the present invention. Any of the features of the
different embodiments of the first aspect of the present invention are thus applicable to the
second aspect of the present invention, mutatis mutandis.

Brief description of the drawings

[0054] The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting detailed
description of exemplary embodiments of the present invention, with reference to the
appended drawing, wherein:

Figure 1 is a cross-sectional view of a vacuum insulation belonging to the prior art, wherein two
ends of the vacuum insulation panel overlap,

Figure 2 is a cross-sectional view of a vacuum insulation belonging to the prior art, wherein two
side faces of the vacuum insulation panel are in contact with each other and there is no
overlap between the two ends of the vacuum insulation panel,

Figure 3Ais a perspective view of an insulated pipe according to one exemplary embodiment
of the present invention,

Figure 3B is a perspective view of an insulated pipe according to one exemplary embodiment
of the present invention,

Figure 4 is a cross-sectional view of a portion of an insulated pipe according to one exemplary
embodiment of the present invention,

Figures 5A - 5C are cross-sectional views of vacuum insulation panels used in insulated pipes
according to a respective exemplary embodiment of the present invention.

Figure 6 is a cross-sectional view showing a portion of the multi-layer envelope that comprises
a welded seam.

Detailed description of the drawings
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[0055] In the present detailed description, embodiments of an insulated pipe according to the
present invention are mainly discussed with reference to drawings showing an insulated pipe
and/or a vacuum insulation panel with components and portions being relevant in relation to
various embodiments of the invention. It should be noted that this by no means limits the scope
of the invention, which is also applicable in other circumstances for instance with other types or
variants of insulated pipes and/or vacuum insulation panels than the embodiments shown in
the appended drawings. Further, that specific features are mentioned in connection to an
embodiment of the invention does not mean that those components cannot be used to an
advantage together with other embodiments of the invention.

[0056] The invention will now by way of example be described in more detail by means of
embodiments and with reference to the accompanying drawings.

[0057] As each one of the different layers of the multi-layer envelope may have different
individual thicknesses depending on what requirements are put on the vacuum insulation panel
and its envelope, the layers shown in the figures described below are only a schematic
representation of the layers used in the actual panels.

[0058] Figure 1 is a cross-sectional view of a vacuum insulation panel (VIP) 2' belonging to the
prior art. The VIP 2' has an outward-facing side 14' and an inward-facing side 16', and
comprises a porous core material 3' and a multi-layer envelope 200' encasing said porous core
material 3' in a vacuum tight manner. The multi-layer envelope 200" is sealed around the
porous core material 3' by means of a welded seam (not shown) and the porous core material
3' has been vacuumized. The multi-layer envelope 200' consists of four layers of material 201',
202', 203", 204" arranged in a sandwich structure. The innermost layer 201' is a polymer layer,
the second layer 202' is an aluminized polymer layer, the third layer 203" is an aluminum foil,
and the fourth layer 204' is a polymer layer. The layers are adhered to each other using a
respective layer of adhesive (not shown). The thickness of the aluminum foil layer 203" is about
5 uym and the thickness of each one of the other layers 201', 202', 204’ is about 1 ym. The VIP
2' is arranged so that its two ends 5', 7' overlap. At the two ends 5', 7', the VIP 2' has a
respective side face 9', 11'. As the thermal conductivity of the vacuumized porous core material
3' is very low, heat on one side of the VIP 2' is primarily transferred to the other side of the VIP
2' by means of thermal conduction through the aluminum foil layer 203" at the overlap and at
the side faces 9', 11"

[0059] Figure 2 is a cross-sectional view of a VIP 2' belonging to the prior art. Instead of
having the two ends 5', 7' of the VIP 2' overlap, the VIP 2' is arranged so that its two side faces
9', 11" are in contact with each other. Thus, there is no overlap between the two ends 5', 7' of
the VIP 2'. With regards to the multi-layer envelope 200" and the vacuumized porous core
material 3', the VIP 2' of Figure 2 shares the features of the VIP 2' of Figure 1. Consequently,
heat on one side of the VIP 2' is primarily transferred to the other side of the VIP 2' by means
of thermal conduction through the aluminum foil layer 203" at the side faces 9', 11'.
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[0060] Figure 3A is a perspective view of an insulated pipe 1 according to an exemplary
embodiment of the present invention. The insulated pipe 1 comprises an encasement pipe 4
as well as a first inner pipe 6 and a second inner pipe 8, both arranged inside the encasement
pipe 4. The first pipe 6 is rigidly connected to the second inner pipe 8 by connection means
(not shown). Thus, no relative movement of the two inner pipes 6, 8 is possible. The
encasement pipe 4 is arranged to protect the first and second inner pipes 6, 8, as well as the
insulation, from the external environment, e.g. from water and moisture, as well as from
surrounding materials such as dirt, clay and/or sand. The first inner pipe 6 may for example be
a supply pipe in a district heating system and the second inner pipe 8 may for example be a
return pipe. The insulated pipe 1 further comprises a VIP 2 comprising a vacuumized porous
core material (3, shown in Figure 4) and a multi-layer envelope (200, shown in Figure 4)
encasing said porous core material 3. The VIP 2 is arranged around the circumference of the
first inner pipe 6, and the two ends of the VIP 2 overlap. Between the VIP 2 and the
encasement pipe 4, a polyurethane foam 10 is provided. The overlap of the two ends of the
VIP 2 is located at a position such that there is an increased amount of polyurethane foam 10
located outside the overlap. This decreases heat losses from the overlap due to an increased
amount of insulation being present. In this case, this means that the overlap is neither at the
position that is closest to the second inner pipe 8 nor at the position that is closest to the
encasement pipe 4. The polyurethane foam 10 is adhered to the encasement pipe 4, the VIP
2, and the second inner pipe 8.

[0061] Figure 3B is a perspective view of an insulated pipe 1 according to an exemplary
embodiment of the present invention. The insulated pipe 1 comprises an encasement pipe 4
and a first inner pipe 6 arranged inside the encasement pipe 4. The first inner pipe 6 may for
example be a supply pipe in a district heating system. The insulated pipe 1 further comprises a
VIP 2 comprising a vacuumized porous core material (3, shown in Figure 4) and a multi-layer
envelope (200, shown in Figure 4) encasing said porous core material 3. The VIP 2 is
arranged around the circumference of the first inner pipe 6, and the two ends of the VIP 2
overlap. Between the VIP 2 and the encasement pipe 4, a polyurethane foam 10 is provided.
The VIP 2 is provided intermittently along an axial extension of the first inner pipe 6, i.e. the
first inner pipe 6 alternates between being insulated by a combination of a VIP 2 and
polyurethane foam 10, and being insulated by polyurethane foam 10. The polyurethane foam
10 is adhered to the encasement pipe 4, the VIP 2, and the portions of the first inner pipe 6
that are not provided with a VIP 2. The VIP 2 and the first inner pipe 6 are not rigidly connected
to each other. This is in order to prevent the multi-layer envelope 200 of the VIP 2 from tearing
when the first inner pipe 6 tries to expand longitudinally due to an increased temperature of the
fluid transported therein. If the VIP 2 were to be rigidly connected to both the encasement pipe
(via the polyurethane foam 10) and the first inner pipe 6, tearing of the multi-layer envelope
200 might occur as the first inner pipe 6 expands longitudinally. The vacuum tight seal would
then be broken and fluid could permeate into said previously vacuumized porous core material
3.

[0062] Figure 4 is a cross-sectional view of a portion of an insulated pipe 1 according to one



DK/EP 3354959 T3

exemplary embodiment of the present invention. The cross-section is taken along a geometric
plane that is parallel with the longitudinal axis of the first inner pipe 6, and which intersects the
first inner pipe 6, the VIP 2, the polyurethane foam 10, and the encasement pipe 4. The
insulated pipe 1 comprises an encasement pipe 4 that is located between the external
environment and the rest of the insulated pipe 1. Inside the encasement pipe 4, there is
provided a polyurethane foam 10 that act as one layer of insulation in the insulated pipe 1. The
inner surface 12 of the encasement pipe 4 has undergone corona treatment, thus altering its
surface properties such that the polyurethane foam 10 may more easily be attached thereto.
The polyurethane foam 10 is adhered to the inner surface 12 of the encasement pipe 4. Inside
the polyurethane foam 10, there is provided a VIP 2. The VIP 2 is adhered to the polyurethane
foam 10, and arranged against the first inner pipe 6 which is provided inside of the VIP 2. The
VIP 2 comprises a multi-layer envelope 200 and a porous core material 3. The VIP comprises
an outward-facing side 14 and an inward-facing side 16, wherein the outward-facing 14 side
faces the polyurethane foam 10 and the inward-facing side 16 faces the opposite direction.
The multi-layer envelope 200 covers the porous core material 3 on both its sides and prevents
fluids from permeating into said porous core material 3. The first inner pipe 6 is arranged to
transport a fluid 13 that may have a higher temperature than the external environment, thus
requiring the first inner pipe 6 to be insulated to decrease heat losses therefrom.

[0063] Figure 5A is a cross-sectional view of a portion of the VIP 2 seen in Figure 3A. Like the
VIP 2' of Figures 1 and 2, the VIP 2 of Figure 5A comprises a porous core material 3 and a
multi-layer envelope 200 encasing said porous core material 3 in a vacuum tight manner. The
multi-layer envelope 200 is sealed around the porous core material 3 by means of a welded
seam (209 shown in Figure 6) and the porous core material 3 have been vacuumized. The VIP
2 comprises an outward-facing side 14 and an inward-facing side 16 and, like the VIP 2' in
Figure 1, further comprises side faces 9, 11. The VIP 2 comprises four side faces, but only the
two side faces 9, 11 are seen in Figure 5A. The multi-layer envelope 200 consists of four layers
of material 201, 202, 203, 204 arranged in a sandwich structure. The innermost layer 201 is a
polymer layer, the second layer 202 is an aluminized polymer layer, the third layer is an
aluminum foil 203, and the fourth layer 204 is a thermoplastic polymer layer. The VIP 2 is
arranged so that its two ends 5, 7 overlap. The thermal conductivity of the vacuumized porous
core material 3 is very low, and little heat is therefore transferred by means of conduction
through this layer.

[0064] The aluminum foil 203 does not cover the entire circumference of the porous core
material 3. The aluminum foil 203 is arranged so that it does not cover the side faces 9, 11 of
the VIP 2, nor the overlapping portions 17 of the VIP 2, the overlapping portions 17 being the
portion of the VIP 2 where there is overlap of the two ends 5, 7 of the VIP 2. At the portions of
the VIP 2 that is not covered by the aluminum foil 203, there is only three layers 201, 202, 204
present. The layers 201, 202, 203, 204 are adhered to each other using a respective layer of
adhesive (not shown). The thickness of the aluminum foil layer 203 is about 5 ym and the
thickness of the aluminized polymer layer 202 is about 0,1 ym. Thus, the amount of heat
transferred from one side of the VIP 2 to the other side of the VIP 2 by means of thermal
conduction through the multi-layered envelope 200 is decreased due to the low thickness and
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resulting low thermal conductivity of the aluminized polymer layer 202, as compared to the
aluminum foil 203. This is achieved without significantly decreasing the thermal stability of the
VIP 2, as the use of an aluminized polymer layer 202 has proven to provide sufficient thermal
stability of the VIP 2 when used in an environment of polyurethane foam 10.

[0065] Figure 5B is a cross-sectional view of a VIP 2b according to an exemplary embodiment
of the present invention, showing two ends of a VIP 2b arranged in another configuration than
in Figure 5A. Instead of having the two ends 5, 7 of the VIP 2b overlap, the VIP 2b is arranged
so that its two side faces 9, 11 are in contact with each other. Thus, there is no overlap
between the two ends 5, 7 of the VIP 2b. Here, multi-layered envelope 200 of the VIP 2b has
an aluminum foil layer that extends around the entire circumference of the VIP 2b except its
side faces 9, 11. Thus, the amount of heat transferred from one side of the VIP 2b to the other
side of the VIP 2b by means of thermal conduction through the multi-layered envelope 200 is
decreased due to the low thickness and resulting low thermal conductivity of the aluminized
polymer layer 202 at the side faces 9, 11, as compared to the aluminum foil 203.

[0066] Figure 5C is a cross-sectional view of a VIP 2c according to another exemplary
embodiment of the present invention. Here, the multi-layer envelope 200 of the VIP 2¢ does
not comprise any aluminum foil 203. Instead, the multi-layer envelope 200 comprises a
polymer layer 201, an aluminized polymer layer 202, and a thermoplastic polymer layer 204.

[0067] Figure 6 is a cross-sectional view showing a portion of the multi-layer envelope 200 that
comprises a welded seam 209. The two innermost layers 201, 202 and the outermost layer
204, are all thermoplastic polymer layers. It should be noted that this figure, as well as the
previous figures, are merely schematic. For example, the actual thickness of the porous core
material 3 is several order of magnitude greater than thickness of the multi-layer envelope 200
and the length of the welded portion 209 is likewise many times greater than the thickness of
the multi-layer envelope 200. The multi-layer envelope 200 further comprises an aluminum foil
203 that does not cover the side face 9 of the VIP 2. The three layers 201, 202, 204 that cover
the side face 9 have been welded together by means of ultrasonic welding to form a welded
seam 209. The welded seam 209 is located at the side face 9. However, the welded seam 209
may alternatively be located at any position around the circumference of the VIP 2. For
example, the welded seam 209 may be located at the outward-facing side 14 or the inward-
facing side 16 of the VIP 2, or anywhere therebetween. After the layers 201, 202, 204 have
been welded together, the welded portion can be folded away (not shown) in a way that is
compatible with the production method and the application area of the VIP 2. For example, the
welded portion 209 may be folded towards the outward-facing side 14, thus moving it as far
away from the pipe that is to be insulated as possible. This enables two VIPs 2 to be arranged
adjacent to each other, without having the welded portion 209 be in the way.

[0068] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the [element, device, component, means, step, etc.]" are to be interpreted openly as
referring to at least one instance of said element, device, component, means, step, etc., unless
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explicitly stated otherwise. Furthermore, any reference signs in the claims should not be
construed as limiting the scope.
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PATENTIKRAYV

1. Isoleret ror (1) omfattende:

et indkapslingsrgr (4) og et fgrste indre rgr (6) arrangeret inden i indkapslingsrgret
(4),

mindst ét vakuumisoleringspanel (2), der omfatter et porgst kernemateriale (3) og et
flerlagshylster (200), som omslutter det porgse kernemateriale (3),

hvor flerlagshylstret (200) omfatter mindst ét lag, som omfatter et metalmateriale,

hvor det mindst ene vakuumisoleringspanel (2) er arrangeret omkring omkredsen af
det fgrste indre rgr (6),

hvor det mindst ene vakuumisoleringspanel (2) omfatter en indadvendt side, der
vender mod en langsgdende akse af det fgrste indre rgr (6), en udadvendt side, der vender
den modsatte retning, og fire sideflader arrangeret mellem den indadvendte side og den
udadvendte side, og

hvor det isolerede rgr (1) yderligere omfatter et polymerskum (10), der fylder mel-
lemrummet mellem vakuumisoleringspanelet (2) og indkapslingsroret (4),

hvor i det mindste ved den del af flerlagshylstret (200), der er placeret ved de fire
sider, ethvert lag, der omfatter et metalmateriale, er mindst ét metalliseret polymerlag.

2. Isoleret ror (1) ifelge krav 1, hvor det mindst ene metalliserede polymerlag har en
tykkelse pa mindre end 2000 nm, eller fortrinsvis mindre end 1500 nm, eller mest fore-
trukket mindre end 1000 nm, og/eller stgrre end 10 nm og/eller fortrinsvis sterre end 20
nm.

3. Isoleret rgr (1) ifglge et hvilket som helst af de foregdende krav, hvor polymer-
skummet er et polyuretanskum.

4. Isoleret ror (1) ifslge et hvilket som helst af de foregdende krav, hvor ethvert lag
af flerlagshylstret (200) omfattende et polymermateriale er et lag omfattende et termopla-
stisk polymermateriale.

5. Isoleret rgr (1) ifglge krav 4, hvor det termoplastiske polymermateriale er et ny-
lonmateriale.

6. Isoleret rgr (1) ifglge et hvilket som helst af de foregdende krav, hvor det mindst
ene metalliserede polymerlag er fremstillet af et materiale, der hgrer til en gruppe, der
omfatter: metalliseret ethylenvinylalkohol, metalliseret PET, metalliseret polypropylen,
metalliseret nylon, og metalliseret polyethylen.

7. Isoleret rgr (1) ifglge et hvilket som helst af de foregdende krav, hvor det mindst
ene vakuumisoleringspanel (2) er arrangeret omkring omkredsen af det forste indre rgr
(6), saledes at to ender af det mindst ene vakuumisoleringspanel (2) overlapper hinanden.

8. Isoleret rgr (1) ifglge et hvilket som helst af de foregdende krav, hvor polymer-
skummet klaebes til indkapslingsrgret (4).

9. Isoleret ror (1) ifglge et hvilket som helst af de foregdende krav, som yderligere
omfatter et andet indre rgr (8), der er arrangeret inden i indkapslingsrgret (4).
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10. Isoleret ror (1) ifglge krav 8, hvor polymerskummet (10) kleebes til det andet in-
dre rgr (8).

11. Isoleret ror (1) ifglge krav 8, nar det er afhaengigt af krav 6, hvor det mindst ene
vakuumisoleringspanel (2) ikke overlapper ved omkredspositionen pa det fgrste indre ror
(6), som er placeret taettest pd det andet indre ror (8).

12. Fremgangsmade til isolering af fjernvarmergr omfattende trinnene:

- at tilvejebringe et indkapslingsrar (4) og et forste indre rgr (6) arrangeret inden i
indkapslingsrgret (4),

- at tilvejebringe mindst ét vakuumisoleringspanel (2) omfattende et porgst kerne-
materiale (3) og en flerlagshylster (200), der omslutter det porgse kernemateriale (3),
hvor det mindst ene vakuumisoleringspanel (2) omfatter en indadvendt side, der er arran-
geret til at vende mod en laengdeakse af det fgrste indre rgr (6), en udadvendt side, som
er arrangeret til at vende mod den modsatte retning, og fire sideflader, der er arrangeret
mellem den indadvendte side og den udadvendte side, hvor i det mindste ved den del af
flerlagshylstret (200), som er placeret ved de fire sider, ethvert lag, der omfatter et me-
talmateriale, er mindst ét metalliseret polymerlag,

- at anbringe det mindst ene vakuumisoleringspanel (2) omkring omkredsen af det
fgrste indre rgr (6),

- at fylde et mellemrum mellem vakuumisoleringspanelet (2) og indkapslingsrgret
(4) med et polymerskum (10).

13. Fremgangsmade ifslge krav 12, kendetegnet ved, at det mindst ene vakuumiso-
leringspanel (2) er arrangeret omkring omkredsen af det fgrste indre ror (6), saledes at to
ender af det mindst ene vakuumisoleringspanel (2) overlapper.

14. Fremgangsmade ifglge et hvilket som helst af kravene 12 - 13, yderligere omfat-
tende trinnene:

- at tilvejebringe et andet indre rgr (8) arrangeret inden i indkapslingsrgret (4), og

- at kleebe polymerskummet (10) til det andet indre ror (8).

15. Fremgangsmade ifglge et hvilket som helst af kravene 12 - 14, yderligere omfat-
tende trinnet:

- at forsegle flerlagshylstringen (200) rundt om det porgse kernemateriale (3) ved
hjeelp af ultralydssvejsning.
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