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DESCRIPTION

Technical field

[0001] The proposed technology generally relates to the field of liquid transportation,
dispensing, and recycling. In particular, it relates to the reduction of microbiological growth in

pipes.

Background

[0002] Microbiological growth and the formation of biofilms on the inside of pipes is a concern
in many applications where a liquid is conveyed. Properties of the liquid as such can be
influenced by the microbiological growth and make it less suitable for its intended use.
Microbiological growth in a pipe may also increase microbiological growth further downstream
in equipment that is routinely cleaned from such growth. Microbiological growth can also
detach from inside a pipe and cause clogging or damage in downstream equipment. It is also a
known problem that microbiological growth on the inside of a pipe can introduce harmful
pathogens in the conveyed liquid.

[0003] Three groups of applications where microbiological growth in a pipe can be a problem
have been identified, namely liquid transportation, liquid recycling, and liquid dispensing.

[0004] An example of liquid transportation is water supply by public utilities. The pipes are
used for long periods of time, typically stretching over several decades. Large quantities of
microbiological material can build up in the pipes, which reduces the transport capacity of the
pipes. The transport may also be over shorter distances, such as in dairy equipment at milk
farms.

[0005] Examples of applications using liquid recycling where microbiological growth can be a
problem are numerous. For example, it may be a problem in centralized domestic cooling of
buildings, recycling of washing liquids in car washes, recycling of cutting fluids in metalworking,
recycling of liquids in paper mills, and circulating low-temperature heating systems in buildings.

[0006] Examples of liquid dispensing applications are also numerous. The microbiological
growth may be a problem in beverage dispensing, in particular in dispensing of beer from
kegs, in dental equipment, and in domestic water systems, such as showers. The latter is a
known source of legionella, which may be harmful to people.

[0007] There are also more complex systems that fall outside the simple classification above
or are combinations of several types of applications, such as dialysis equipment in which
liquids are both supplied and recirculated.
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[0008] Pipes used in the handling of nutritious liquids, such as beer, require frequent cleaning,
in particular if the transported liquids are stored at room temperature and cooled first at the
dispensing point. This may cause rapid microbiological growth in the pipe conveying the
liquids. It is known to cool such pipes to reduce the microbiological growth and prevent
deterioration of the conveyed liquids. However, such a technology is typically costly to install
and operate.

[0009] The cleaning of a pipe is often costly, both in itself and due to interruptions in the
operation of the application. It also often requires the pipe to be flushed afterwards, which is
not practical in many applications, such as in closed circulation systems and long distance
water transportation.

[0010] There is a need for pipes in which microbiological growth and the formation of biofilms
is reduced. Further, there is a need for pipes that have low installation and operation costs with
respect to the prevention of microbiological growth. Replacing pipes in an existing application
may be a costly operation. Thus, there is also a need for pipes preventing microbiological
growth that can be retrofitted in an existing application.

[0011] Throughout these specifications, microbiological growth is understood to encompass
the formation of a biofilm. For example, microbiological growth may be colonies of bacteria. A
system according to the preamble of claim 1 is known from AT 506089A4 wherein the inner
layer of a pipe is formed of an electrically conducting polymer comprising carbon black
particles as anti microbiological agent.

[0012] Document US 2013/0202766 A1 discloses a system for preventing microbiological
growth in a conduit conveying a liquid, wherein the system comprises a multi-layered pipe
wherein discrete electrodes are connected to a power source.

Summary

[0013] It is an object of the proposed technology to meet one or more of the abovementioned
needs. In a first aspect of the invention, this is achieved by a system for preventing
microbiological growth and/or the formation of a biofilm in a conduit conveying a liquid. The
system comprises a multi-layered pipe constituting said conduit and having an inner layer and
an outer layer. The inner layer covers the complete inside of the pipe and is formed of an
electrically conductive polymer material, wherein a liquid in the pipe is in direct contact with the
inner layer. The outer layer covers at least a portion of the outside of the inner layer and is
formed of an electrically insulating polymer material. The system further comprises a first
electrical connector connecting to the inner layer from outside the pipe and a second electrical
connector connecting to the inner layer from outside the pipe, wherein the first electrical
connector and the second electrical connector are spaced apart along the pipe. The system
also comprises an electric power source operationally connected to the first electrical
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connector and the second electrical connector and configured for supplying an electric current
to the inner layer, according to claim 1. The multilayered pipe may be a rigid pipe or a flexible
hose. The following second to seventh aspects are sub-aspects of the invention.

[0014] In a second aspect, a method is provided for retrofitting a system for preventing
microbiological growth in an existing conduit for conveying a liquid. The method comprises:

providing a system according to the first aspect, and

providing the pipe of the system inside the existing conduit.

[0015] In a third aspect, the above object is achieved by a method for preventing
microbiological growth in the pipe of a system according to the first aspect, wherein the pipe
conveys a liquid. The method comprises: supplying an electric current to the inner layer of the
pipe with the electric power source.

[0016] In a fourth aspect, one or more of the abovementioned needs are met by a system for
preventing microbiological growth and/or the formation of a biofilm in a conduit conveying a
liquid, wherein the system comprises a single-layered flexible hose constituting said conduit
and having a single layer, wherein the single layer is formed of an electrically conductive
polymer material, and wherein a liquid in the hose is in direct contact with the single layer. The
system further comprises a first electrical connector connecting to the single layer from outside
the hose and a second electrical connector connecting to the single layer from outside the
hose, wherein the first electrical connector and the second electrical connector are spaced
apart along the hose. Additionally, the system comprises an electric power source operationally
connected to the first electrical connector and the second electrical connector and configured
for supplying an electric current to the single layer, and/or for supplying an electric potential
over the first electrical connector and the second electrical connector.

[0017] In a fifth aspect, a method is provided for retrofitting a system for preventing
microbiological growth in an existing conduit for conveying a liquid. The method comprises:
providing a system according to the fourth aspect, and providing the hose of the system inside
the existing conduit.

[0018] In a sixth aspect, the above object is achieved by a method for preventing
microbiological growth in the hose of a system according to the fourth aspect, wherein the
hose conveys a liquid. The method comprises: supplying an electric current to the single layer
of the pipe with the electric power source.

[0019] The technology of the fourth to sixth aspects is particularly useful in applications where
the hose is surrounded by electrically insulating material, for example within an existing plastic

pipe.
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[0020] In a seventh aspect, a beverage dispensing system is provided comprising a tapping
station for dispensing the beverage and a beverage conduit for conveying a beverage from a
container containing the beverage to the tapping station. The beverage dispensing system
further comprises a system for preventing microbiological growth according to the first aspect
or the fourth aspect, wherein the pipe or hose forms part of the beverage conduit. The
beverage may be beer and the container may be a keg.

[0021] Here, and throughout these specifications, that a liquid is in direct contact with the inner
layer means that there is no other material between the inner layer and the liquid.

[0022] It has been found that when a current is supplied to the inner layer or single layer,
microbiological growth and formation of biofiims are significantly reduced. There is no
established theory for why this happens, but a proof-of-concept is provided below. Further, the
required electric power for operating the proposed systems is low, thus contributing to low
operation costs. Further, the fact that the pipes are made of polymer-based materials means
that the manufacturing costs are typically low, thus contributing to lower installation costs. A
hose allows for a retrofitting inside existing pipes, which also contributes to lower installation
costs.

[0023] The liquid may comprise water and/or water soluble substances, such as sugars,
alcohols and salts. The main component of the liquid may be water.

Detailed description of the proposed technology

[0024] Further optional features of the different aspects of the proposed technology are
presented below.

[0025] The electric current supplied to the inner layer or single layer may be a direct current.
The direct current may be below 10 mA, below 1 mA, between 0.1 mA and 1 mA, or between
0.3 mA and 0.7 mA. The electric current may be generated at a voltage between the first
electrical connector and the second electrical connector that is below 150 V, below 120 V,
between 20 V and 100 V, or between 50 V and 70 V. The power supply may be configured to
supply the direct current to the first electrical connector or the second electrical connector at
the here listed voltages between the first electrical connector and the second electrical
connector. It has been found that the operating parameters described here reduce
microbiological growth, in particular in fast flowing sweet water in distribution mains.

[0026] The power source may be configured for changing the polarity between the first
electrical connector and the second electrical connector. The changing of the polarity may be
random in time or follow a predetermined schedule. The polarity may be changed at least once
every 12 hours, or at least once every hour. There are indications that the change of polarity
will inhibit the microbiological growth.
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[0027] Alternatively, the electric current supplied to the inner layer or single layer may be an
alternating current. The alternating current may be below 10 mA, below 1 mA, between 0.1 mA
and 1 mA, or between 0.4 mA and 0.8 mA. The alternating current may be supplied at a
voltage between the first electrical connector and the second electrical connector that is below
80 V, below 50 V, between 10 V and 50 V, between 20 V and 50 V, or between 30 V and 50 V.
The power supply may be configured to supply the alternating current to the first electrical
connector or the second electrical connector at the here listed voltages between the first
electrical connector and the second electrical connector. The alternating current may have a
frequency between 1 kHz and 5 kHz, or between 1 kHz and 2 kHz. It has been found that the
operating parameters described here reduce microbiological growth, in particular in slowly
flowing or still sweet water in distribution mains.

[0028] The power source may be further configured for supplying the electric current as a
pulsed electric current, both for direct current and alternating current. The pulses may have
combined pulse length over a period of time that is equal to or less than 50% of the length of
the period. It has been found that the microbiological growth is reduced also for pulsed electric
currents. The pulsing has the effect of reduced power consumptions, which contributes to
lower operation costs. The power source may be further configured for changing the polarity
between the first electrical connector and the second electrical connector between pulses.
There are indications that this will inhibit the microbiological growth.

[0029] Alternatively to the abovementioned voltages at which the direct current and the
alternating current are supplied, the electric current may be supplied at a voltage between the
first electrical connector and the second electrical connector that is in the range 1 V and 10V,
2Vand 8V, or3Vand 6. Itis contemplated that these voltages will have a sufficient effect on
the microbiological growth.

[0030] Alternatively, the electric current supplied to the inner layer or single layer may be a
direct current or an alternating current below 10 mA, below 1 mA, between 0.1 mA and 1 mA,
or between 0.4 mA and 0.8 mA. Additionally, the electric current may be supplied at a voltage
between the first electrical connector and the second electrical connector that is in the range
0.5 kV and 6 kV, 0.5 kV and 4 kV, 0.5 kV and 2 kV, or 0.5 kV and 1 kV. Additionally or
alternatively, the electric current may be pulsed. Further, the pulses of the electric current may
have a pulse length in the range 1 ms and 500 ms, 1 ms and 100 ms, or 1 ms and 10 ms. It is
contemplated that these operation parameter will have a significant effect on the
microbiological growth.

[0031] The power source may be configured for varying the electric current and/or the electric
potential randomly or according to predetermined values. The varying of the electric current
and/or the electric potential may correspond to relative changes in the range 0.01 to 100, or
0.1 to 10. Additionally, the power source may be configured for varying the electric current
and/or the electric potential randomly in time or according to predetermined schedule. The
varying may result in a change of the electric current and/or the electric potential at least once
every 12 hours, or at least once every hour. It is contemplated that the varying of these
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parameter will disturb the microbiological growth.

[0032] The system may be configured for generating an electric current in the inner layer and
an electric current in the liquid, and the electric current in the inner layer may be of the same
order of magnitude as the electric current in the liquid, or the electric current in the inner layer
may be in the range 0.02 to 50, or 0.1 to 10, times the electric current in the liquid. Additionally
or alternatively, the system may be configured for generating an electric current between the
inner layer and the liquid corresponding to an electric power in the range 0.01 mW to 500 mW,
0.1 mWto 100 mW, 0.5 mW to 50 mW, or 1 mW to 10 mW per unit area of the inside of the
pipe. It should be noted that the parameter determined here depends on the properties of the
inner layer and the liquid and can be determined by modeling or experiment.

[0033] The electrically conductive polymer material of the inner layer or the single layer may
be a carbon-black filled polymer. Additionally or alternatively to carbon-black, the polymer may
be filled with nanotubes, graphene, and/or metal fibers or filaments for providing the electrical
conductivity. These materials typically have the advantage that a smaller amount of the
material is required than for carbon-black for achieving a desired electrical conductivity.

[0034] In the case of a pipe, the electrically conductive polymer material may comprise or be
composed of polyethylene, polypropylene, polyamide, or polyester. The polymer material of
the electrically insulating polymer material, i.e. the outer layer, may comprise or be composed
of polyethylene, polypropylene, polyamide, or polyester. In the case of a hose, the electrically
conductive polymer material may comprise or be composed of polyethylene, polypropylene,
polyamide, or polyester. The polymer material of the electrically insulating polymer material,
i.e. the outer layer may comprise or be composed of polyethylene, polypropylene, polyamide,
or polyesters.

[0035] Carbon black as such may contribute to an increased microbiological growth on the
inside of the pipe or hose in the absence of an electric current. However, together with the
electric current in the inner layer or single layer, it has been shown that the net effect will be a
reduced microbiological growth.

[0036] The resistance between the first electrical connector and the second electrical
connector of the of the inner layer multiplied with the inside diameter of the pipe and divided by
the length between the first electrical connector and the second electrical connector may be in
the range 0.2 kQ to 10 kQ, 0.5 kO to 7 kQ, or 1 kQ to 5 kQ. Here, the resistance is determined
without a liquid in the pipe. It has been found that pipes with these parameters are suitable for
clean to moderately dirty water.

[0037] The first electrical connector and the second electrical connector may be spaced apart
by a separation in the range 0.2 mto 50 m, or 1 mto 10 m.

Brief description of the drawings
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[0038] A more complete understanding of the proposed technology and other features and
advantages of the proposed technology, will be apparent from the following detailed description
of the figures, where:

Figs. 1a-c
schematically illustrate the a setup of an embodiment of the proposed system,
Fig. 2
schematically illustrates an embodiment of the proposed system in a liquid transportation

application,

Fig. 3
schematically illustrates an embodiment of the proposed system in a liquid dispensing
application,

Fig. 4
schematically illustrates an embodiment of the proposed system in a liquid recycling
application,

Fig. 5

schematically illustrates an embodiment of a beverage dispensing system including the
proposed system for preventing microbiological growth,

Fig. 6
schematically illustrates an embodiment of a beverage dispensing system including a
retrofitted proposed system for preventing microbiological growth, and

Fig. 7
is a graph illustrating the results of an investigation of the function of the proposed
technology.

Detailed description of embodiments of the proposed technology

[0039] The setup of an embodiment of a system for reducing microbiological growth in a
conduit is schematically illustrated in Figs. 1a-c. A multi-layered pipe 10 is provided having an
inner layer 12 and an outer layer 14. The inner layer 12 is composed of carbon-black filled
polyethylene with a 20 weight percentage of carbon-black. The outer layer is composed of
polyethylene. This means that the inner layer 12 is electrically conductive and the outer layer
14 is electrically insulating. The inner layer 12 and the outer layer 14 have been co-extruded in
a manner such that the inner layer 12 covers the complete inside 16 of the pipe 10 and the
outer layer 14 covers the complete outside of the inner pipe 12, as is shown in Fig. 1c. There is
no material between the inner pipe 12 and a liquid conveyed by the pipe 10.

[0040] In an alternative embodiment, the polymer of the inner layer 12 and the outer layer 14
is polyethylene, which means that the pipe 10 will have the properties of a hose with respect to
manual handling.
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[0041] The outer layer 14 is removed at the ends of the pipe 10, thereby making the inner
layer 12 accessible from outside the pipe 10, as is shown in Fig. 1b. In alternative
embodiments, the outer layer 14 is removed at other parts of the pipe 10, for example further
in from the ends of the pipes, thus leaving the inner layer 12 covered by the outer layer 14 at
the ends of the pipe 10.

[0042] A first electrical connector 18 is attached to the exposed inner layer 12 at one end of
the pipe 10, and a second electrical connector 19 is attached to the exposed inner layer 12 at
the other end of the pipe 10. Both connectors are tightened around the inner layer in a similar
manner as a hose clamp is tightened, thus ensuring a good electrical connection between
each of the connectors and the inner layer 12.

[0043] An electric power source 20 is provided that is operationally connected to the first
connector 18 via a first cable 22 and to the second connector 19 via a second cable 24. When
installed in an application and with a liquid running through the pipe 10, the electric power
source 20 is set to supply a direct current in the inner layer 12 that is between 0.3 mAand 0.7
mA by way of the electric circuit established with the first connector 18, the second connector
19, the first cable 22, and the second cable 24. In an alternative embodiment, the electric
power source 20 is also set to generate a stable potential in the range 50 V and 70 V between
the first connector 18 and the second connector 19.

[0044] In alternative embodiments, the electric power source 20 is set to supply an alternating
current in the inner layer 12 that is between 0.4 mA and 0.8 mA. Additionally or alternatively,
the electric power source 20 is also set to generate a stable potential in the range 50 V and 70
V between the first connector 18 and the second connector 19.

[0045] The electric power source 20 is operated to supply a continuous electric current to the
inner layer 12. In an alternative embodiment, the electric current is pulsed or intermittently
operated. In one embodiment, the electric current is supplied in a cycle alternating between
one week of electric current supply and one week without electric current supply, thus
effectively having a combined pulse length over a period of time that is 50% of the length of the
period.

[0046] An embodiment of the proposed system 8 is shown in Fig. 2. The system 8 is installed
in a liquid transportation application 40. It has all the features of the system 8 described above
in relation to Fig. 1. At one end, the pipe 10 is connected to a liquid supply 26, for example
public water mains. At the other end, the pipe 10 is connected to a liquid recipient 28, such as
the water inlet at a domestic or industrial building, or another section of the public water mains.

[0047] Fig. 3 schematically illustrates an embodiment of the proposed system 8 in a liquid
dispensing application. The system 8 has all the features described above in relation to Fig. 1.
At one end, the pipe 10 is connected to a liquid supply 30, for example a hot-water pipe in a
domestic building. At the other end, the pipe 10 is connected to a liquid dispenser 32, such as
a shower in a domestic or public building.
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[0048] Another embodiment of the proposed system 8 is shown in Fig. 4. The system 8 is
installed in a liquid recycling application 44. It has all the features of the system 8 described
above in relation to Fig. 1. At both its ends the pipe 10 is connected to liquid recycler 28, such
as the heat exchanger, the circulation pump, and the radiators of a low-temperature heating
system of a building.

[0049] An embodiment of a beverage dispensing system 6 is schematically illustrated in Fig. 5.
The dispensing system 6 has a liquid dispenser or tapping station for the beverage in the form
of a beer tap 32 attached to a bar counter 34. It further has a beverage conduit 36 for
conveying a beverage from a liquid supply or container containing the beverage in the form of
a beer keg 30. A system 8 for preventing microbiological growth having the features of the
embodiment described above in relation to Fig. 1 forms part of the dispensing system 6. The
pipe 10 constitutes a portion of the beverage conduit 6. At one end, the pipe 10 is connected to
the beer keg 30 via a beverage hose 37. At its other end, the pipe 10 is connected to the beer
tap 32. When the electric power source 20 is operated as described above in relation to Fig. 1,
microbiological growth is prevented in the pipe 10.

[0050] Another embodiment of a beverage dispensing system 6 is schematically illustrated in
Fig. 6. The dispensing system 6 has a liquid dispenser or tapping station for the beverage in
the form of a beer tap 32 attached to a bar counter 34. A system 8 for preventing
microbiological growth, having the features of the embodiment described in relation to Fig. 1,
forms part of the dispensing system 6. However, the system 8 differs in that the pipe 10 is a
hose. The dispensing system 6 has an existing conduit 38 in the form of a rigid pipe 38. The
hose 10 has been retrofitted in the rigid pipe 38 by the insertion of the hose 10 through the
receiving end of the rigid pipe 38 and by connecting the hose 10 to the beer tap 32. At one
end, the hose 10 is connected to a beer keg 30 via a beverage hose 37. Thus, the hose 10
forms part of a beverage conduit 36 conveying beer from the keg 30 to the beer tap 32. When
the electric power source 20 is operated as described above in relation to Fig. 1,
microbiological growth is prevented in the hose 10.

Proof-of-concept

[0051] An investigation of the proposed technology has been performed including three
different setups. Three pipes of identical length and diameter were used. The length was 25
meter and the inner diameter was 63 mm. In the first setup, the pipe was a single-layer
polyethylene pipe. In the second and third setups the pipes were identical multi-layered pipes
with an inner layer of carbon-black-filled polyethylene. Electrical connectors were attached to
the inner layer of the pipes at the ends of the pipes. Sweet water from public water mains was
introduced in and allowed to flow through the pipes. An electric current of 0.5 mA was supplied
to the electrical connectors of the third setup at a voltage in the range 60 V to 65 V.

[0052] The investigation was divided into two periods, the first period covering weeks 1 to 10
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and the second period covering weeks 10 to 25.

[0053] Microbiological growth was monitored weekly by the taking of samples of the biofilm
from the inner walls of the pipes. The samples were cultivated for 48 hours and the number of
bacteria colonies was then calculated in each sample and used to represent the
microbiological growth in the corresponding setup.

[0054] In the first period, the microbiological growth was allowed to settle on the inner walls
and allowed to adjust to the environment inside the pipes. No conclusive results were achieved
in the first period. The three setups were then moved and connected to the public mains at
another point before the second period of investigation started.

[0055] The results of the second period are shown in Fig. 7. The weeks are indicated on the
abscissa and the number of counted bacteria is indicated on the ordinate. For each week, the
left bar represents the measurement from the first setup, i.e. with a single layer polyethylene
pipe, the middle bar represents the measurement from the second setup, i.e. with an inner
conductive layer without an electric current, and the right bar represents the measurement
from the third setup, i.e. with an inner conductive layer with an electric current. It should be
noted that no sampling was performed in the weeks without any bars.

[0056] As can be clearly seen in Fig. 7, after week 16 when the microbiological growth had
established itself in the pipes, the microbiological growth in the second setup was greater than
in the third setup, thus showing that the supplied electric current reduces the microbiological
growth. It is contemplated that the high initial counts of the second and third setups is a result
of an initial adaption to the environment inside the pipes with carbon-black in the inner layer.

Item list
[0057]
6

beverage dispensing system
8

system
10

pipe or hose
12

inner layer
14

outer layer
16

inside of the pipe
18
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20

22

24

26

28

30

32

34

36

37

38

40

42

44
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first electrical connector
second electrical connector
electric power source

first cable

second cable

liquid supply

liquid recipient

liquid supply

liquid dispenser

bar counter

a beverage conduit
beverage hose

existing conduit

liquid transportation application
liquid dispensing application

liquid recycling application
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Patentkrav

1. System (8) til forebyggelse af mikrobiologisk veekst i en ledning, der transporterer
en veeske, hvor systemet (8) omfatter:

- et flerlagsrer (10), der udger ledningen og har et inderlag (12) og et yderlag
(14), hvor inderlaget (12) tildeekker hele indersiden (16) af raret (10) og er dannet af
et elektrisk ledende polymermateriale, hvor en veeske i raret (10) er i direkte kontakt
med inderlaget (12), og hvor yderlaget (14) tildeekker mindst en del af ydersiden af
inderlaget (12) og er dannet af et elektrisk isolerende polymermateriale, kendetegnet
ved, at systemet yderligere omfatter:

- et farste elektrisk forbindelseselement (18), der fra rerets (10) yderside har
forbindelse med inderlaget (12), og et andet elektrisk forbindelseselement (19), der fra
rerets (10) yderside har forbindelse med inderlaget (12), hvor det fgrste elektriske
forbindelseselement (18) og det andet elektriske forbindelseselement (19) er anbragt
med afstand fra hinanden langs reret (10), og

- en elektrisk stramkilde (20), der operativt er foroundet med det farste elektriske
forbindelseselement (18) og det andet elektriske forbindelseselement (19) og

konfigureret til at forsyne inderlaget (12) med en elektrisk stram.

2. System (8) ifelge krav 1, hvor den elektriske strem er en jeevnstrgm.

3. System (8) ifelge krav 2, hvor den elektriske strem er under 10 mA, under 1 mA,

mellem 0,1 mA og 1 mA eller mellem 0,3 mA og 0,7 mA.

4. System (8) ifelge krav 2 eller 3, hvor den elektriske strgm tilfares ved en spaending
mellem det farste elektriske forbindelseselement (18) og det andet elektriske
forbindelseselement (19), der er under 150 V, under 120V, mellem 20V og 100 V
eller mellem 50V og 70 V.

5. System (8) ifelge krav 1, hvor den elektriske stream er en vekselstram.

6. System (8) ifelge krav 4 eller 5, hvor den elektriske stream er under 10 mA, under

1 mA, mellem 0,1 mA og 1 mA eller mellem 0,4 mA og 0,8 mA.
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7. System (8) ifelge krav 5 eller 6, hvor den elektriske strem tilfares ved en spaending
mellem det ferste elektriske forbindelseselement (18) og det andet elektriske
forbindelseselement (19), der er under 80 V, under 50 V, mellem 10 V og 50 V, mellem
20V og 50V eller mellem 30V og 50 V.

8. System (8) ifalge et hvilket som helst af kravene 5-7, hvor vekselstrammen har en

frekvens mellem 1 kHz og 5 kHz.

9. System (8) ifelge et hvilket som helst af kravene 1-8, hvor stremkilden (20)

yderligere er konfigureret til at tilf@re en pulseret elektrisk strem.

10. System (8) ifelge krav 9, hvor impulserne har en kombineret impulsleengde i labet

af et tidsrum, der er lig med eller mindre end 50 % af tidsrummets lzengde.

11. System (8) ifelge et hvilket som helst af kravene 1-10, hvor inderlagets (12)

elektrisk ledende polymermateriale er polyethylen fyldt med kenrag.

12. System (8) ifelge et hvilket som helst af kravene 1-11, hvor flerlagsreret (10) er en

fleksibel slange.

13. System (8) ifelge krav 12, hvor inderlagets (12) elektrisk ledende polymermateriale

er polyethylen fyldt med kenrag.

14. Fremgangsmade til eftermontering af et system (8) til forebyggelse af
mikrobiologisk veekst i en eksisterende ledning til transport af en veeske, hvilken
fremgangsmade omfatter:

- tilvejebringelse af et system (8) ifalge et hvilket som helst af kravene 1-13,

- tilvejebringelse af raret (10) inde i den eksisterende ledning.

15. Fremgangsmade til forebyggelse af mikrobiologisk veekst i et regr (10) under
anvendelse af et system (8) ifelge et hvilket som helst af kravene 1-13, hvor rgret (10)
transporterer en vaeske, og fremgangsmaden omfatter: tilfersel af en elektrisk stram
til rerets (10) inderlag (12) med den elektriske streamkilde (20).
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