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Invention suggested an arrangement comprising: - a carrier pipe (1, 101) having an outer and/or, inner thermal insulation (2, 102),
- one or more longitudinally extending energy carriers (3, 4, 5; 103, 104, 105) extending in the longitudinal direction of said carrier

pipe (1, 101) for the dissipation/transfer of heat directly and/or indirectly to said pipelines (8, 108), respectively said pipe bundle or
bundles, and thereby to the contents of said pipelines.
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The present invention relates to an arrangement in a
pipe bundle, more specifically to a method and a
system for heating subsea or on-shore pipelines,
especially pipelines for transportation of substan-
tially oil, gas and water, said pipelines (8, 108,
208) being arranged in a substantially cylindrical
outer carrier pipe (1, 101, 201), and for the pur-
pose of providing an arrangement wherein the quan-
tity of heating cable can be reduced, and wherein
the manufacturing of such arrangement can be simpli-
fied, at the same time as the finished arrangement
will provide appropriate heaéing of the pipelines
and the contents thereof, it is according to the
invention suggested an arrangement comprising:

- a carrier pipe (1, 101) having an outer and/or
inner thermal insulation (2, 102),

- one or more longitudinally extending energy
carriers (3, 4, 5; 103, 104, 105) extending in the
longitudinal direction of said carrier pipe (1, 101)
for the dissipation/transfer of heat directly and/or
indirectly to said pipelines (8, 108), respectively
said pipe bundle or bundles, and thereby to the
contents of said pipelines.
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ARRANGEMENT IN A PIPE BUNDLE

Field of the invention

The present invention relates to pipe bundles, and more

specifically to a method for heating subsea or on-shore

pipelines, and a pipeline system related thereto.

Background of the invention

Subsea transportation of oil, gas and water will general-
ly be carried out by means of separate pipes for differ-
ent media. In connection with multiphase production from
a subsea well to a platform or land based installation,

the flow from the well may comprise o0il, gas and water 1in
a mixture.

During subsea transportation the pipes and the contents
thereof may be cooled to a subsea temperature of 3°C.

In connection with the transportation of unstabilized
0il, this cooling may involve increased viscosity and/or
deposits of wax on the cooled pipe surface that can lead
to blocking of the flow.

Correspondingly, a super-cooled multiphase flow can dur-
ing high pressure develop hydrate formations which may

block the pipeline and cause time consuming and costly
cleaning work.

Due to this reason temperature sensitive pipes will be
insulated and are often supplied with chemicals which
hampers the deposit and the formation of hydrates. An
alternative is to employ electrical heating of thermally

insulated pipes, such that the temperature is usually
kept above 20°C.
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The laying of separate process pipes for production as
well as gas and water injection, etc., represents a sub-
stantial expenditure as regards the laying, burying and
installation in the proximity of the platform.

A simplified method for such work is to collect the pro-
cess pipes in a so-called pipe or pipeline bundle, where-
in the pipelines are kept at a mutual spacing.

In order to, inter alia, strengthen the supporting pro-
perties of the structure, render protection to the pro-
cess pipes, simplify the laying, etc., the pipe bundle is
often mounted in a surrounding outer carrier pipe with
appropriate properties.

In connection with temperature sensitive process pipes it
is known that process pipes having preheated injection
water, alternatively a dedicated pipe loop carrying
preheated medium, can be used for heating such pipe
bundles. The pipe bundle must then have an outer thermal

insulation and be filled with liquid and/or gas for the
distribution and transfer of heat.

Such heating is clearly limited as regards the transpor-
tation in long pipes of liquid require a sufficiently
high temperature along the overall length of said pipes.

Prior Art

From EP 0 521 582 (Colemann-Kammula/Shell Int.) there is
known an insulated flowline system comprising at least
one flowline mounted within a carrier pipe, there being
used spacers between said flowlines and carrier pipe for
keeping the flowlines in place. In Fig. 3 of EP 0 521 582
there is illustrated at least one electric cable for
electric heating of at least one flowline, as this is
also expressed in patent claim 8 of said publication.
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However, from the illustrated embodiment according to
Fig. 3 there are suggested three electrical cables for
heating one individual flowline, which flowline is sur-
rounded by an insulation comprising three separate cham-
bers containing particles and air in the pores between
said particles, said chambers leaving a space there-
between for holding said electric cables, respectively.

According to EP 0 521 582 and specifically patent claim S
thereof, it appears that any of the electric cables are
arranged between a first and a second of said chambers
being provided around a part of the circumference of the
flowline itself and extending in the longitudinal direc-
tion of the flowline system. Consequently, it is here not
a question of any heating of the carrier pipe, but a so
to say direct heating of an individual flowline.

The prior art solution according to EP 0 521 582 can be
compared as a variant of what appears from NO 170 695
(Grosvik et al./Aker Engineering/Alcatel STK), corres-
ponding to US 5 256 844, in which publications there are
suggested electrical cables for heating one single pipe,
and wherein room is given for the electric cables in the
insulation around said individual pipe.

Prior art technique wherein electrical conductors are
used for inductive heating of an individual pipe by inte-
grating electrical conductors in the pipe insulation
around the circumference of the pipe is also known from
NO 174 068 (Ahlen/Den norske stats oljeselskap) corres-
ponding to WO 90/05266, which publication is hereby
included as reference.

The present invention may be regarded as a further deve-
lopment of the techniques described in NO 170 695 and NO

174 068 as regards inductive and resistive utilisation of

electric energy for heating purposes. However, the pre-
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sent 1nvention paves the way for heating, not individual
pipelines, but heating the complete bundle of pipelines, and
then by utilizing the outer and/or inner thermally insulated

carrier pipe for the transfer and distribution of heat.

US 4 789 230 (Hopperdietzel) relates to a heatable plastic
hose having a cross sectional centre point and a hose wall
which defines, along the inner surface thereof, a
longitudinal cavity having a cross sectional centre point
which 1s laterally offset from the cross sectional centre
point of the tubular hose. However, no suggestion for
heating pipe bundles is to be found in this patent
specification, let alone a carrier pipe encircling a

plurality of individual pipelines.

US 4 653 541 (Oehlschlaeger) relates to a dual wall safety
tube assembly comprising a plurality of fluid pipes arranged
~1n an outer carrier pipe, but neither here is there any
token about heating an insulated carrier pipe, but rather a
thermal heating cable which is twisted around the inner

fluid pipes, which is completely different from the present

invention.

US 3 315 703 (Matthews et al.) relates to a composite tubing
product comprising a central fluid transporting core around
which are arranged a plurality of heat transporting pipe
elements for heating the fluid carrying core, which system
deviates from the field of application to which the present

invention relates, namely heating of pipe bundles arranged

ln a carrier pipe.

Further publications related to heating of pipelines and
hoses are GB 2 084 284-a (Hoshira), NO 164 942 (Bilstad/Den
norske stats oljeselskap) and US 5 381 511 (Baker et al.).
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Objects of the invention

An object of the present invention is to devise a new field
of application as regards inductive, capacitive and

resistive utilisation of electrical energy for heating pipe
bundles.

Another object of the present invention 1is to devise a
combined heating of a pipe bundle and transmission of
electric power to consumers along the carrier pipe or at the

end of the carrier pipe or pipe bundle.

Still another object of the present invention is to provide
a heating system wherein the number of cables are

considerably reduced compared with electric heating

i1ndividual lines.

Another object of the present invention 1s to provide a
heating system wherein the installation of cables in
connection with pipe bundles i1nvolves a simplification,

since the production of such a system can be carried out on

shore and be associated with only one pipe length.

Ssummary of the invention

The above objects are achieved in an arrangement 1n a pipe

bundle according to the present invention.

A first aspect of the present invention is to provide a
method for heating pipelines, said pipelines being arranged
in at least one pipe bundle located in a substantially
cylindrical outer carrier pipe, wherein the heating of said

pipelines comprises the steps of:

~ providing for said carrier pipe at least one among an

outer thermal i1nsulation and an inner thermal insulation,
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- providing, 1n a longitudinal direction of and
associlated 1in close proximity with said carrier pilipe, at
least one longitudinally extending electrical energy carrier
for providing heat to said pipelines and thereby to heat
contents of said pipelines, each electrical energy carrier
being out of direct contact with the pipelines and

insulation thereon.

Another aspect of the present invention 1s to provide a
system for heating pipelines, said pipelines being arranged
in at least one pipe bundle located in a substantially
cylindrical outer carrier pipe, characterized in that the
system comprises:

~ a carrier plpe having at least one among an outer
thermal insulation and an inner thermal insulation,

~ at least one longitudinally extending electrical energy
carrier extending in a longitudinal direction of and
assoclated 1n close proximity with said carrier pipe for
supplying heat indirectly to said pipelines, and thereby to
heat contents of said pipelines, each electrical energy
carrier being out of direct contact with the pipelines and

insulation thereon.
Further features and advantages of the present invention

will appear from the following description of embodiments

taken i1n conjunction with the appended drawings.

Brief description of the drawings

Filg. 1 is a schematical cross section of a pipe bundle in a
carrier pipe, illustrating how electrical cables can be
installed in a first embodiment, according to the invention,

when the carrier pipe is provided with outer insulation.
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Fig. 2 is a schematical cross section of a pipe bundle

illustrating how electrical cables can be installed 1in a
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second embodiment of the invention, the carrier pipe here
being provided with inner insulation.

Fig. 3 is a schematical longitudinal section through a
pipe bundle illustrating how electrical cables can be
installed and connected and utilized for electrical heat-

ing and power supply according to the present invention.

Fig. 4 a schematical longitudinal section illustrating a
specific electric connection wherein the carrier pipe of
the pipe bundle is used as return conductor.

Fig. 5 is a schematical longitudinal section through an
embodiment of a pipe bundle in a carrier pipe, wherein
the electric connection is utilising a pipe in the bundle
as an electrical return conductor.

Fig. 6 is a cross section through a further embodiment of
an arrangement in a pipe bundle, comprising two process

pipes included in a carrier pipe which is carrying an

- outer thermal insulation, the heating cables here being

arranged as a 50/60 Hz three phase system.

Fig. 7 is a cross section through still another embodi-
ment of an arrangement in a pipe bundle according to the
invention, the heating cables here being arranged as a
three phase induction system of 200 Hz.

Fig. 8 is a cross section through yet another embodiment
of an arrangement in a pipe bundle according to the pre-

‘sent invention, wherein one heating cable carrying 50/60

Hz current is used for direct heating.

Detailed description of embodiments

In Fig. 1 which is a cross section through a first arran-
gement in a pipe bundle according to the present inven-
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tion, there is illustrated an outer carrier pipe 1 being
of substantially cylindrical shape, and being manufac-

tured preferably from a ferromagnetic steel material.

The carrier pipe 1 has been provided with an outer ther-
mal insulation 2, i.e. on the outer surface of said car-
rier pipe 1. Three electrical conductors 3, 4 and 5 are
mounted appropriately on the inner wall of said carrier
pipe 1 and inside of the insulation 2 thereof, said con-
ductors 3, 4 and 5 extending substantially along the full
length of said carrier pipe 1. The electrical conductors
3, 4 and 5 are kept in place in relation to the carrier
pipe 1 by means of substantially ring-shaped spacer and
guiding means 6, which spacer and guiding means 6 also
keep a plurality of process pipes 8 as well as an umbili-
cal 7 in place in relation to said outer insulated carri-
er pipe 1. Appropriately, said umbilical 7 may be con-

tained in a conduit 7'. The dashed line 6' illustrates a
nylon liner.

The process pipes 8 which are to be heated through the
dissipation or transfer of electric energy from said
electric conductors 3, 4 and 5, can be used for conduct-
ing water, gas and oil, etc. In a multiphase transporta-
tion of said components the mixture will most often be
under high pressure and will easily develop hydrates and
wax deposits at low temperatures.

The umbilical 7 may comprise low voltage power and data
cables, as well as one or more pipes for hydraulic oil,
and may be screened for inductive fields by being con-

tained in said separate pipe or conduit 7°'.

Alternatively, one or more of the process pipes 8 can be

insulated so as to be excluded from thermal influence.

In the embodiment illustrated in Fig. 1 there is suggest-
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ed an arrangement including three electrical conductors
3, 4 and 5, which appropriately may be included in a
three phase alternating current system. However, it is to
be understood that also other numbers of conductors may
be used, for example two conductors in a one phase sys-
tem, or alternatively DC current. In order to increase
the capacity for heating the pipelines arranged in the
carrier pipe, at least one supplementary electrical con-
ductor can be contemplated, such supplementary conductors
being appropriately distributed around the circumference
of the carrier pipe. The electrical conductors 3, 4 and 5
can, of course, be used for low frequency and high fre-
quency alternating current. Higher frequencies than 50 Hz
must usually be used for an effective inductive genera-
tion of larger quantities of energy for said heating.

Further, it is to be understood that the carrier pipe 1
can be filled with any type of liquid which is used to
distribute heat from the electrical cables and to the

inner pipelines and the contents thereof.

Depending on the electrical system to be used in connec-
tion with the electrical conductors, the heating of the
pipe bundles can be based on inductive or resistive heat-
ing or a combination of both. In the embodiment illus-
trated in Fig. 1, wherein the insulation 2 is arranged on
the outer surface of the carrier pipe 1, it may be appro-
priate to let the electrical cables 3, 4 and 5 have

direct contact with said carrier pipe 1.

Consequently, the heating may be achieved by ohmic losses
in one or more parallel conductors as well as from induc-
tive losses which are generated in the metallic material
of the carrier pipe, when any alternating current 1is
supplied to the conductors. The basis of calculating such
generation of heat which is to be used for heating the
pipe bundle, will follow the equations of Ohm and Maxwell
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as regards electrical and magnetic relations.

The power losses dissipated or transferred from the elec-
trical conductors to the carrier pipe will be further
distributed to the inner pipelines since the carrier pipe
is filled with liquid when being used in subsea surround-
ings. In on-shore installations the carrier pipe may
alternatively be filled with liquid and/or gas.

In the illustrated embodiment in Fig. 1, as well as in
other embodiments to be discussed in the following, the
pipelines are very well protected from outer mechanical
damages, and there is achieved a substantially better
heat dissipating effect since no power losses or generat-
ed electric energy dissipate to the surrounding media,
but are utilised in full internally within the carrier
pipe .for heating purposes.

Fig. 2 is a cross section through a second embodiment of
an arrangement according to the present invention, illus-
trating a carrier pipe 101 of an appropriate ferromagnet-
ic steel material, but here supplied with a thermal insu-
lation 102 on the inner surface thereof. Also here, three
electrical conductors 103, 104 and 105 are arranged along
the longitudinal extension of the carrier pipe 101, said
electrical conductors 103, 104 and 105 being kept in
place by a spacer and guiding means i06 which also keep
inner process pipes 108 as well as an umbilical 107 in
place in relation to the inner insulated carrier pipe

101. Also here, a dashed line 106' illustrates a nylon
liner.

The electrical conductors 103, 104 and 105 can here be
appropriately located in or on the surface of the thermal
insulation 102, but will also here have the function of
dissipating or transferring heat directly and/or indi-
rectly to said pipelines 108, respectively the pipe
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said pipelines or pipe bundle.

In Fig. 3 there is illustrated a longitudinal section
through an embodiment of an arrangement in a pipe bundle,
similar to the embodiment as illustrated in Fig. 2,
wherein is also illustrated a distribution box 10 as well
as an electrical supply box 9 for the electrical connec-
tion of said electrical cables 103, 104 and 105. For off-
shore installation the distribution box 10 and the supply
box 9 may be of water tight type, specifically for larger
depths, and being specifically designed for insulated
electrical connectors. When electrical equipment is not
to be used, the conductors 103, 104 and 105 may, in con-
nection with a multiphase system, be connected in a end-
star connection for thereby providing a loop which poss-
ibly can be used only for heating of the pipelines. 108
and the contents thereof.

In Fig. 3 there is also illustrated a power supply unit

12, the function thereof being for regulating simultan-

eous heating of said carrier pipe 101 and electric supply
to the distribution box 10 and the associated electric
equipment 9. The regulation may involve a frequency regu-
lation from 0 Hz to 500 Hz. At 0 Hz the arrangement will

‘operate as a direct current arrangement, involving mar-

ginal ohmic heating, but no induction heating at all.

The level of voltage may be chosen as appropriate, and
the frequency may normally be varied from 0 to 500 Hz
depending on the degree of induction losses being calcu-
lated, and the frequency utilised by the possibly con-
nected equipment.

It should be understood that intermittent operation may
be contemplate. A first mode of operation may then be

inductive heating at an appropriate high frequency. When



10

15

20

25

30

35

2197405

12

heating is not required the same electrical cables may be
switched to a second operating mode for low frequency
supply. The resistive heat due to transmission losses
will then as a side effect contribute to the heating of
the pipelines and the contents thereof.

Consequently, the electrical conductors may at the one
end be connected to a power supply 12 and the other end
be connected to a distribution means 10 for switching to
different modes of operation.

Alternatively, one or two or more conductors may be con-
nected to different power supplies and screened cables,
which do no develop any inductive heat.

In Fig. 4 there is illustrated an arrangement in a pipe
bundle, comprising at least one electric cable 203 in a
one or two phase heating system, wherein the metallic

carrier pipe 201 is used as electric return conductor.

" In Fig. 4 it is also illustrated how two phases of the

power supply 212 may be connected to two conductors 203
and 204 for regular inductive heating, whereas the third
phase is connected to the carrier pipe 201 through a
connection 211 at the supply end and to a connection 210
at the opposite end.

Fig. 5 illustrates a corresponding electric connection as
described in connection with Fig. 4, but here one of the
process pipes 308 is used as return conductor by being
provided with a front connection 314 as well as an end
connection 313, whereas a regular electric conductor 303
completes the current path.

In practice the electric cables will as regards the dis-
sipation or transfer of electric power or power losses

for heating function, operate in a mixture of modes
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related to resistive and inductive effect. When the
frequency is equal to zero, i.e. direct current, the heat
generation will be based on purely resistive dissipation or
transfer of energy, whereas at any frequency or any
alternating current the inductive losses will also
contribute to the intended héating of the pipe bundle or

bundles 1n question.

Fig. 6-8 are a schematical cross sections illustratiné
variants of the functional principle underlying the present
invention, i.e. the method and arrangement for heating pipe
bundles by means of heating cables, i1nduction cables and

direct heating, or a combination thereof.

In the Fig. 6 embodiment there may appropriately be used two
10’’’ process pipes 408 1in a 28'’ carrier pipe 401 which 1is
insulated with 60 mm thermal insulation 402 having a
conductivity K = 0,15 W/m°C. If internal temperature is
calculated to 30°C related to an outer ambient temperature
of 5°C, this will require a heating effect of 150 W/m.

There may be used three electrical cables 403, 404, 405 with
a copper cross section of 240 mm?, included in a 50/60 Hz
three phase electrical system. A practical application for
a 10 km bundle length will for example involve a power
transmission of Pior = 1,7 MW, at a voltage of U = 3,7 kV and

a rated current I¢f = 850 A.

Fig. 7 is a cross section through another embodiment of a
pipe bundle an arrangement according to the present
invention, wherein is suggested a three phase induction

system of for example 200 Hz. Transmission capacity will be
Ttort = 1,55 MW at a voltage level of U = 8 kV with a nominal

current of If = 410 A.
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Fi1g. 8 18 a cross section of still another embodiment of an
arrangement 1n a cable bundle according to the i1nvention,

wherein direct heating can take place with one




10

15

20

25

2197405

14

electric conductor at a frequency of 50/60 Hz. Transmis-
sion capacity will be Py, = 1,58 MW, at a voltage of
U= 4,5 kv and a current of I = 600 A.

Compared with previously known technology for heating
production pipelines the present invention will represent
a substantial advantage and progress of practical, econo-

mic and ecologic nature. Compared with the prior art

‘according to NO 174 068 and NO 170 695, there is achieved

a substantial saving in electric cable, because only one
set of parallel cables is used for heating a plurality of
pipelines. Further, the arrangement according to the
present invention will involve a substantial simplifica-
tion in the installation of electrical cables in the
carrier pipe, since the manufacturing thereof may take
place on shore and only be related to one single running
length of carrier pipe.

It is also to be understood that although the use of
capacitive currents has not been discussed in detail,
such currents may be used in order to control the elec-
trical parameters involved in the overall system, depend-

ing on the voltage, frequency and load to be used.

Further, it is to be understood that the definition of
pipe bundle should cover any number of pipes, i.e. one Or
more pipes included in a carrier pipe.
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CLAIMS

1. A method for heating pipelines, said pipelines being
arranged in at least one pipe bundle located in a
substantially cylindrical outer carrier pipe, wherein the
heating of said pipelines comprises the steps of:

- providing for said carrier pipe at least one among an
outer thermal insulation and an i1nner thermal insulation,
- providing, in a longitudinal direction of and associated
in close proximity with said carrier pipe, at least one
longitudinally extending electrical energy carrier for
providing heat to sald pipelines and thereby to heat *
contents of said pipelines, each electrical energy carrier
being out of direct contact with the pipelines and

insulation thereon.

2. The method as claimed 1n c¢laim 1, wherein the carrier
pipe 1s filled with a fluid for achieving a transfer of heat
from each electrical energy carrier to said pipelines and

thereby to the contents of said pipelines.

3. The method as claimed in claim 1 or 2, wherein each
electrical energy carrier comprises an electrical conductor
which extends in the longitudinal direction of said carrier
pipe and is located in close proximity along an insulated

wall of said carrier pipe.

4. The method as claimed in claim 3, wherein the carrier
pipe 18 provided with the inner thermal insulation and the
electrical conductor is more than one in number, at least
some of the electrical conductors being in contact with the

inner thermal insulation of the carrier pipe.

5. The method as claimed in claim 3, wherein the carrier
pipe 1s provided with the outer thermal insulation and the

electrical conductor is more than one in number, at least
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some of the electrical conductors being arranged directly

against an inner surface of the carrier pipe.

6. The method as claimed in c¢laim 4 or 5, wherein the
carrier pipe 1s made of a current conducting material, the

electrical conductors being used for inductive and resistive

heating.

7. The method as claimed in any one of claims 1 to 6,
wherein the method comprises supplying each electrical

energy carrier with a current having a frequency between 0

and 500 Hz.

8. The method as claimed in any one of claims 1 to 7,
wherein the heating is achieved by each electrical energy

carrier 1in an intermittent operation.

9. The method as claimed in any one of claims 1 to 8,
further comprising: connecting each electrical energy
carrlier to a power supply at one end, and connecting another

end to a switching means for switching in and out various

modes of operation.

10. The method as claimed in any one of claims 1 to 9,
wherein at least one among the pipelines and the carrier
pipe 1s used as an electrical return conductor and a heat

dissipating element.

11. The method as claimed in any one of claims 1 to 10,
wherein each electrical energy carrier is connected to a

single phase power supply.
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12. The method as claimed in any one of claims 1 to 10,

wherein each electrical energy carrier is connected to a two

phase power supply.

13. The method as claimed in claim 11 or 12, wherein the

power supply comprises screened cables having a small

inductive heat development.

14. The method as claimed in any one of claims 1 to 13,

wherein the pipelines comprise subsea pipelines.

15. The method as claimed in any one of claims 1 to 13,

wherein the pipelines comprise on-shore pipelines.

16. The method as claimed in any one of claims 1 to 15,

wherein the pipelines are for transportation of

substantially oi1l, gas and water.

17. A system for heating pipelines, said pipelines being
arranged in at least one pipe bundle located in a

substantially cylindrical outer carrier pipe, characterized

in that the system comprises:

a carriler pipe having at least one among an outer

thermal insulation and an inner thermal insulation,

at least one longitudinally extending electrical energy

carrier extending in a longitudinal direction of and
assoclated in close proximity with said carrier pipe for
supplying heat indirectly to said pipelines, and thereby to
heat contents of said pipelines, each electrical enérgy

carrier being out of direct contact with the pipelines and
insulation thereon.

18. The system as claimed in claim 17, wherein the carrier

pipe is filled with a fluid for the transfer of heat from
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the electrical energy carrier to said pipelines and thereby

to the contents of said pipelines.

19. The system as claimed in claim 17 or 18, wherein each
electrical energy carrier comprises an electrical conductor
which extends in the longitudinal direction of said carrier
pipe and 1s located in close proximity along an insulated

wall of said carrier pipe.

20. The system as claimed in claim 19, wherein the carrier
pilpe 1s provided with the inner thermal insulation and there
1s more than one electrical conductor in number, at least
some of the electrical conductors which are being in contact

with the inner thermal insulation of the carrier pipe.

21. The system as claimed in claim 19, wherein the carrier
pipe 1is provided with the outer thermal insulation and there
1s more than one electrical conductor in number, at least
some of the electrical conductors being arranged directly

against an inner surface of the carrier pipe.

22. The system as claimed in claim 20 or 21, wherein the
carrier pipe 1is made of a current conducting material, the
electrical conductors being used for inductive and resistive

heating.

23. The system as claimed in any one of claims 17 to 22,
whereln each electrical energy carrier comprises at least
one electrical conductor, the system further comprising
means for supplying the electrical conductors with a current

having a frequency ranging from 0 to 500 Hz.

24. The system as claimed in any one of claims 17 to 23,

further comprising: a regulating and switching means for



CA 02197405 2004-09-30

19

regulating the heating by each electrical energy carrier in

an intermittent operation.

25. The system as claimed in any one of claims 17 to 24,
further comprising a power supply connected at one end of
each electrical energy carrier, and which is connected at
another end to a switching means for switching in an out

various modes of operation.

26. The system as claimed in any one of claims 17 to 25,
wherein at least one among the pipelines and the carrier
plipe 1s used as an electrical return conductor and a heat

- dissipating element.

27. The system as claimed in any one of claims 17 to 26,
wherein each electrical energy carrier is connected to a

single phase power supply.

28. The system as claimed in any one of claims 17 to 26,
wherein each electrical energy carrier is connected to a two

phase power supply.

29. The system as claimed in claim 27 or 28, wherein the
power supply comprises screened cables having a small

inductive heat development.

30. The system as claimed in any one of claims 17 to 29,

wherein the pipelines comprise subsea pipelines.

3l. The system as claimed in any one of claims 17 to 29,

wherein the pipelines comprise on-shore pipelines.

32. The system as claimed in any one of claims 17 to 31,
wherein the pipelines are for transportation of

substantially o0il, gas and water.
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