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EXTENSION OF DIRECT ELECTRICAL HEATING SYSTEMS

Technical Field

The present invention relates to the extension of direct electrical heating (‘DEH’) systems used
for heating subsea pipelines and in particular to such extension from a first pipeline to two or

more further pipelines.

Background
Within the field of subsea extraction fields for oil and gas, the formation of hydrates and wax, as

well as so-called gelling, within subsea pipelines used to convey hydrocarbons are well-known
problem and occurs when free water and natural gas or oil combine under conditions of high
pressure and low temperature. Their subsequent crystallization can result in large and lengthy

plugs, severely inhibiting the transit of hydrocarbons.

Several thermodynamic techniques are known to mitigate this problem, which variously include
controlling the internal pressure of pipelines, injecting thermal threshold-modifying inhibitors
such as methanol, and heating the well stream to maintain its temperature above hydrate
formation thresholds. More traditional methods of clearing wax and hydrates deposits, and
removing gelling, in pipelines rely upon chemical inhibitors, and are both expensive to

implement and environmentally dangerous in case of leakage.

A pipeline heating technique that has gained recognition in the oil and gas industry is commonly
referred as direct electrical heating (‘DEH’), and is based upon the principle of ohmic loss,
wherein a non-trivial current is applied to the pipeline, effectively through the pipeline itself,
causing it to warm up due to the electrical resistance of its metallic composition, whereby
thermal conduction then transfers heat from the pipeline wall to the well contents therein. The
current supplied to the pipeline is an AC current such that the electromagnetic force acting
between the cable and the ferromagnetic pipe steel ensures a significant current returning in

the pipeline.

With reference to Figure 1, a subsea direct electrical heating (‘DEH’) system 100 typically
consists of an electrical loop including a power supply 110 located topside, directly coupled to
the wall of a subsea pipeline 120 adjacent both ends 127, 128 thereof. The pipeline 120 further
includes sacrificial anodes 121 to mitigate corrosion. The DEH loop is formed by a riser cable
130 extending from the power supply 110 towards the sea floor, a feeder cable 140 extending
from the riser cable 130 towards the pipeline 120 and then installed piggybacked along an

extended section 129 of heated pipeline, and a return cable 150. The distal end 141 of the
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feeder cable 140 is coupled to the pipeline wall at or adjacent the pipeline end 128 distal the
riser cable 130, and the distal end 151 of the return cable 150 is coupled with the pipeline wall
at or adjacent the pipeline end 127 proximate the riser cable 130, opposite the feeder cable
connection 151. Although not shown in Figure 1, both ends 127, 128 of the pipeline 120 are
connected to ground to ensure that current transfer to seawater is controlled. The current
density needs to be kept below certain acceptable levels to avoid AC corrosion on pipe steel
(and anode material). The grounding at both ends ensures that the potential between the pipe

steel and seawater is as low as possible reducing AC corrosion to a minimum.

With reference to Figure 2, a subsea pipeline is typically coupled with a manifold 210, which
includes a variety of pipes and valves and which is designed to transfer oil or gas from
wellheads into the pipeline 120. Such manifolds 210 can be mounted on a variety of structures,
ranging from platforms above water to subsea structures known in the art as “templates” 220,.
A template 220 is typically made of steel and is designed as a common node in an undersea
pipeline network for anchoring a variety of subsea sub-structures. A template 220 may itself be
fitted with, or integrate, a still larger protective cover structure, designed to mitigate accidental

damage from fishing, dredging and similar activities.

In view of this subsea structural context, and giving due consideration to factors inherent to
offshore work such as non-trivial installation, maintenance and operational costs, operational
environment and safety, and meteorological variations and risks, extending an existing a DEH
system to any number of additional pipeline(s), when these are added to an existing and DEH-
equipped subsea pipeline network as illustrated in Figures 1 and 2, is a challenging operation,
because it is highly dependent upon the existing configuration of cover, template and any other

subsea structures and pipeline(s) already on site.

With reference to Figures 3 and 4, it is known to extend both the functionality and the control of
a DEH system equipping a first pipeling, to a second pipeline coupled with an end of the first
pipeline, by means of a subsea junction box located intermediate the riser cable and the feeder
and return cables. A junction box 310 usefully implements a bypass loop, when both the
original pipeline 120 and an additional pipeline 122 are coupled with a same subsea template
220 on opposed ends 221, 222 thereof, wherein the subsea template 220 breaks the circuit
segment which the two pipelines 120, 122 could otherwise constitute, and so needs to be

bypassed.

Known methods of providing direct electrical heating in circuits as illustrated in Figure 3 are still
applied when DEH systems are extended, and Figure 4 shows an example pipeline network

wherein an additional two pipelines 123, 124 are coupled with a subsea template 220 on a side
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opposed to the two original pipelines 120, 122 equipped with a first DEH circuit 100, and
wherein heating the additional two pipelines 123, 124 requires a second power supply 112
topside thus, effectively, what amounts to a second DEH system 102. Such methods of the

prior art are clearly wasteful and sub-optimal.

It is noted that DEH may be applied to pipelines that terminate at a platform rather than a
template. Analogous to the approach described above, DEH may be extended between two

pipelines in order to bypass the platform.

There is accordingly a need for an improved method of providing direct electrical heating in
subsea pipeline systems in order to mitigate disadvantages of known techniques described
above.

WO02006/075913 describes a system for selectively using cables running along a pipeline to

facilitate DEH of the pipeline or to provide three-phase power for subsea electrical equipment

such as a water injection motor.

Summary

The disadvantages of the prior art are solved by a method of providing direct electrical heating

in subsea pipeline networks, according to the appended claims.
The present method of providing DEH is particularly suited to the extension of an existing DEH
system to two or more further pipelines, which occurs for instance when one or more new

pipelines need to be laid for accommodating additional well streams.

A subsea direct electrical heating (DEH) system is also provided, wherein DEH may be

provided to a plurality of subsea pipelines according embodiments of the method.

Other aspects are as set out in the claims herein.

Brief Description of the Drawings

Figure 1 is a functional diagram of a subsea direct electrical heating (DEH) system of the prior

art, comprising a subsea pipeline.
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Figure 2 illustrates a subsea template, to which one or more subsea pipelines as shown in
Figure 1 are typically coupled.

Figure 3 is a functional diagram of another subsea direct electrical heating (DEH) system of the
prior art, comprising two DEH circuits of Figure 1 across a subsea template of Figure 2.

Figure 4 is a functional diagram of yet another subsea direct electrical heating (DEH) system of
the prior art, comprising two loops across a pipeline network.

Figure 5 illustrates steps of a method of controlling power supply in the subsea direct electrical
heating (DEH) system of Figure 3, when a third subsea pipeline with DEH requirement is added
thereto, including steps of providing a subsea switching device and controlling DEH circuits.
Figure 6 is a functional diagram of the subsea switching device of Figure 5.

Figure 7 shows the circuit of Figure 6 being used to provide DEH to a network of three
pipelines.

Figure 8 illustrates sub steps of an embodiment of the step of controlling DEH circuits in Figure
5.

Figure 9 shows the circuit of Figure 6 being used to provide DEH to a network of four pipelines.

Detailed Description

There will now be described by way of example a specific mode contemplated by the inventors.
In the following description numerous specific details are set forth in order to provide a thorough
understanding. It will be apparent however, to one skilled in the art, that the present invention
may be practiced without limitation to these specific details. In other instances, well known
methods and structures have not been described in detail so as not to unnecessarily obscure

the description.

Embodiments described herein relate to a method of providing Direct Electrical Heating (DEH)
to one (120) or more (122, 123, 124) of a plurality of pipelines attached to a subsea template
220, wherein a set of two of DEH cables 140, 150 associated with a first subsea pipeline 120
terminate at a junction box at or adjacent to the template 220. It will be readily understood by
the skilled reader that the approach is not restricted to the extension of DEH across templates,
and may be applied, for example, to the extension of DEH across other structures, for instance
a platform above the water at which multiple pipelines are terminated. Likewise it will be readily
understood by the skilled reader that the approach is not restricted to DEH supplied with a
single phase current through a set of two cables 140, 150, and may be applied to DEH supplied
with current through at least one set of a plurality of cables (e.g., three or more cables; not
shown) wherein the current of each set is more preferably single phase than, less preferably,

multi, e.g., three, phase.



10

15

20

25

30

35

WO 2020/185089 PCT/NO2020/050056

A general principle of the method of the invention is to replace that junction box with a switching
device, for extending the first set of DEH cables 140, 150 associated with the first subsea
pipeline 120 into that switching device, then to couple terminal ends of respective sets 140, 150
of DEH cables associated with further pipelines 122-124 to the switching device. A base
configuration of the switching device couples the terminal ends of the first set of DEH cables
140, 150 selectively either together for providing DEH to the first pipeline 120 only, or to
terminal ends of DEH cables 140, 150 associated with one or more of the further subsea
pipeline 122-124, thereby providing DEH to the first subsea pipeline 120 and extending the

DEH to one or more of the further subsea pipelines 122-124.

With reference to Figures 5 to 7, an embodiment of the method of providing direct electrical
heating in a subsea direct electrical heating (DEH) system begins at step 501, wherein a first
DEH circuit 100 is provided, which comprises first and second pipelines 120, 122 associated
with, respectively, first and second sets of cables 140-150. The first circuit 100 further
comprises a junction box 310 coupled between the first and second pipelines 120, 122 for
implementing a bypass loop about the subsea template 220, operable to selectively extend
supply to the second pipeline 122. This initial step effectively corresponds to an existing DEH
circuit 100 applied to two pipelines 120, 122 as illustrated in Figure 3, which a user needs to

extend with one (123) or more (124) additional pipelines for operational purposes.

At a next step 502, a subsea switching device 600 is provided which, with reference to Figure 6,
comprises at least one power “input” 610 selectively and respectively connectable with a
plurality of power “outputs” 620, 622, 624, 626 by a power distribution bus 630 having a plurality
of switchable contactors 640, 642, 644, 646, 650. At least one switchable contactor 650
(hereinafter the ‘intermediate contactor’ 650) is located intermediate the at least one power
input 610 and switchable contactors 640-646 associated with respective power outputs 620-
626, which is operable to couple together the terminal ends of a set of DEH cables 140, 150
coupled with the at least one power input 610, so as to close the electrical circuit implemented
by that set of DEH cables.

Characteristics of the subsea switching device 600 are determined according to, for example:
output and capacity of the existing power supply 110; operational requirements of the DEH
system, giving due consideration to the operational environment of the pipelines that includes
prevalent sea temperature adjacent the pipelines, pipeline material and wall thickness, pipeline

heated length and well stream temperature; compatibility of connectivity with existing power
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couplers; and more. In principle, the subsea switching device 600 may be of any type and may
include, for example, vacuum circuit breakers, contactors, disconnectors, reclosers or the like,
and have electric poles provided with mobile contacts that can be actuated by suitable

actuators, for example of the electromagnetic type.

At a next step 503, terminal ends of the first set of DEH cables 140, 150 associated with the
first pipeline 120 are uncoupled from the input of the junction box 310, and coupled with the
input 610 of the subsea switching device 600. Accordingly, when closing the intermediate
contactor 650, the circuit defined by a topside power supply 110 and the first set of DEH cables
140, 150 extending therefrom, would be closed whereby the first pair of DEH cables 140, 150
associated with the first pipeline 120 gets supplied with power, and the first pipeline 120 gets
heated.

At a next step 504, terminal ends of the second set of DEH cables 140, 150 associated with the
second pipeline 122 are coupled with a first (622) of the outputs 620-626 available at the
subsea switching device 600. Accordingly, upon opening the intermediate contactor 650 and
closing the subsea switching device contactor 642 respectively associated with the first-
selected output 622 of the subsea switching device 600, terminal ends of the second set of
DEH cables 140, 150 associated with the second pipeline 120 are coupled with terminal ends
of the first set of DEH cables 140, 150 associated with the first pipeline 120 , wherein both sets
of DEH cables are supplied with power and DEH is provided to both pipelines 120, 122.

At a next step 505, an additional pipeline 123 is located adjacent the first two pipelines 120,
122. For example, an additional volume of oil or gas needs to be extracted from an existing
well, whereby a new well head and manifold 210 are installed at the existing subsea template
220, and an end of the additional pipeline 123 is secured thereto. The additional pipeline 123 is
lowered from the topside, conventionally ready-equipped with a respective set of DEH cables
140, 150 for purposes of operational and cost efficiency, wherein the feeder cable 140 is
secured to the length of pipeline to be heated. The end of the additional pipeline 123 distal the
feeder cable 140 and proximate the return cable 150 is then coupled with the subsea template
220, on a side 223 orthogonal to those bearing the existing pipelines 120, 122 in the example

case of template with a substantially square structure.

At a next step 506, terminal ends of the additional set of DEH cables 140, 150 associated with
the third pipeline 123 are coupled with a next output (626) selected amongst the three outputs
620, 624, 626 remaining available at the subsea switching device 600 of the example. A next

DEH circuit is accordingly created, extending from and returning to that next-selected subsea
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switching device output 626 with which the third set of DEH cables 140, 150 is coupled, and

which is uniquely associated with that additional pipeline 123.

Upon opening the intermediate contactor 650 and closing the subsea switching device
contactor 646 associated with that next-selected subsea switching device output 626, terminal
ends of the third set of DEH cables 140, 150 associated with the third pipeline 123 are
accordingly coupled with terminal ends of the first set of DEH cables 140, 150 associated with
the first pipeline 120,wherein both sets of DEH cables are supplied with power and DEH
provided to both pipelines 120, 123.

A question is next asked at step 507, about whether a further pipeline 124 needs to be located
at the subsea template 220 adjacent the three pipelines 120-123. When the question of step
507 is answered negatively, operational control of the subsea DEH system resumes for heating
connected pipelines 120, 122,123 at step 508, wherein the sets of DEH cables 140, 150
respectively coupled with the input 610 and the two outputs 642, 646 of the subsea switching
device 600, thus the sets of DEH cables 140, 150 respectively associated with the first, second
and third pipelines 120, 122,123, are selectively supplied with power according to operational
requirements, implemented through relevant switching of the switchable contactors 650, 642,
646. In DEH systems supplied with a single phase current, at step 508 the current supplied in
the first set of cables 140, 150 associated with the first pipeline 120 can thus be selectively
supplied individually to a further one of the second set of cables 140, 150 associated with the
second pipeline 122 or the third set of cables 140, 150 associated with the third pipeline 123,

and so on and so forth as additional pipelines may be added to the DEH system.

Alternatively, if the extended DEH system is operated in parallel, then at step 508 the current
supplied in the first set of cables 140, 150 associated with the first pipeline 120 may be divided
between the sets of cables respectively associated with each of the first, second and third
pipelines 120-123, pro rata their impedance. For example, upon opening the intermediate
contactor 650 and closing both subsea switching device contactors 642, 646 respectively
associated with the second- and third-selected subsea switching device outputs 622, 626,
terminal ends of the second and third sets of DEH cables 140, 150 respectively associated with
the second and third pipelines 122, 123 are accordingly coupled with terminal ends of the first
set of DEH cables 140, 150 associated with the first pipeline 120 ,wherein all three sets of DEH
cables are supplied with power divided therebetween, and DEH is provided to all three
pipelines 120, 122, 123.
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Alternatively, the question of step 507 is answered positively wherein, with reference to Figure
9, the method returns to the additional pipeline location step 505, in the example for locating a
fourth pipeline 124 about the subsea template 220, co-axially with the third pipeline 123 and
orthogonally to the first and second pipelines 120, 122.

Consequently, upon connecting the terminal ends of the additional set of DEH cables 140, 150
associated with the fourth pipeline 124 to a next (620) amongst the two outputs 620, 624
remaining available at the subsea switching device 600, a next DEH circuit is accordingly
created, extending from and returning to that next-selected subsea switching device output 620
with which the fourth set of DEH cables 140, 150 are coupled, and which is uniquely associated
with the fourth pipeline 124. Upon opening the intermediate contactor 650 and closing the
subsea switching device contactor 640 associated with that next-selected subsea switching
device output 620, the fourth set of DEH cables 140, 150 associated with the fourth pipeline
124 is accordingly supplied with power, and the additional pipeline 124 suitably heated.

Embodiments of the present method of providing direct electrical heating may advantageously
be automated. In particular, for a DEH system supplied with a level of power that is insufficient
for achieving satisfactory heating of all the pipelines 120-124 concurrently, the operational
control of step 508 may usefully implement a sequential provision of power to connected
pipelines 120-124 within the extended DEH system, with switching made dependent on, by way
of non-limitative for example, the level of power available to supply DEH, and/or operational

status of pipelines and/or environmental conditions about pipelines.

An example embodiment of logic for controlling the sequential supply of direct electrical heating
at step 508 is shown in Figure 8, with switching made dependent on an operational status of
each pipeline, and which begins with the supply of power to the first set of cables 140, 150

associated with the first pipeline at step 801, wherein the intermediate contactor 650 is closed.

A first question is asked at step 802, about whether production has begun or will shortly begin
in a next pipeline 122-124 of the DEH system, for example the second pipeline 122. If the
question of step 802 is answered negatively, control returns to step 801. Alternatively, when the
question of step 802 is answered positively, then at step 803 the next pipeline 122 is supplied
with DEH, by opening the intermediate contactor 650 and closing the subsea switching device
contactor 642 associated with the second subsea switching device outputs 622, whereby DEH

is provided to both the first pipeline 120 and the additional, second pipeline 122.
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A waiting step 804 is provided to allow the second pipeline 122 to heat up under the supplied
DEH and, at step 805, a second question is asked, about whether production within the second
pipeline 122 has reached a stable level of operation. If the question of step 805 is answered
negatively, control returns to the waiting step 804, providing additional time for the pipeline 122

to heat up and for its production to stabilise.

Eventually, the question of step 805 is answered positively, whereby a third question is asked
at step 806, about whether production has begun or will shortly begin in a further pipeline 123-
124 of the DEH system, in the example the third pipeline 123. If the question of step 806 is
answered negatively, control returns to the supply step 803, whereby DEH continues to be

provided to both the first and the second pipelines 120, 122.

Alternatively, when the question of step 806 is answered positively, then the last additional
pipeline to be supplied with DEH at step 803, in the example the second pipeline 122, is
identified at step 807, the supply of DEH to the identified pipeline is interrupted at step 808, for
instance by opening the subsea switching device contactor 642 associated with the second
subsea switching device output 622, and the third pipeline 123, is selected at step 809. Control
then returns to step 803, wherein the third pipeline 123 is supplied with DEH, by maintaining the
intermediate contactor 650 opened and closing the subsea switching device contactor 646
associated with the third subsea switching device output 626, whereby DEH is provided to both
the first and now the third pipelines 120, 123.

An alternative embodiment of the logic described with reference to Figure 8 considers the
sequential supply of DEH to two pipelines additional to the first, if the level of power available to
supply DEH is sufficient for achieving satisfactory heating of at least 3 pipelines 120-123 out of

the total number of pipelines 120-124 connected to the system.

Another alternative embodiment of the logic described with reference to Figure 8 considers the
sequential supply of DEH in dependence on environmental conditions about the pipelines,
rather than, or in addition to, the operational status and availability of power already described.
The embodiment of such an alternative logic may usefully rely upon the inclusion of one or
more sensors (not shown) in extended DEH systems as described herein, adapted to detect at
least one environmental value amongst a hydrothermal value adjacent extremities of pipelines
120-124 distal the subsea template 220, a temperature value of the outer wall of the pipelines
120-124, a temperature value of the well stream within each pipeline 120-124 and a power

supply value of each feeder cable 140.
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Such sensor(s) may be operably coupled with the subsea switching device 600, specifically
with control means of the power hub 630, wherein the hub 630 is operable to automatically
close switchable actuators for coupling terminal ends of sets of DEH cables 140, 150
associated with the pipelines 120-124, when the value or values detected by the sensor(s)
correspond to actuation value(s) by reference to predetermined threshold(s), for instance a

local sea temperature relative to a pre-set minimum.

In the specification the terms "comprise, comprises, comprised and comprising" or any variation
thereof, and the terms “include, includes, included and including" or any variation thereof, are

considered interchangeable and should be afforded the widest possible interpretation.

The inventive principle described herein is not limited to the embodiments hereinbefore

described but may be varied in both construction and detail.
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Claims

1. A method of providing direct electrical heating, DEH, to one or more of at least three
subsea pipelines, where all of the pipelines are attached to a common structure and wherein a
first set of DEH cables associated with a first of said subsea pipelines terminate at or adjacent
to the structure, the method comprising:
coupling terminal ends of said first set of DEH cables associated with said first subsea
pipeline into an input of a switching device;
coupling terminal ends of sets of DEH cables respectively associated with the further
pipelines to outputs of said switching device; and
configuring the switching device to
a) couple together the terminal ends of said first set of DEH cables associated
with said first subsea pipeline in order to provide DEH only to said first subsea
pipeline, or
b) couple the terminal ends of said first set of DEH cables associated with said
first subsea pipeline to terminal ends of one or more of said sets of DEH cables
respectively associated with said further subsea pipelines in order to provide
DEH to said first subsea pipeline and extend the DEH to one or more of said

further subsea pipelines.

2. A method according to claim 1, wherein step b) further comprises configuring the
switching device to couple the terminal ends of said first set of DEH cables sequentially to
terminal ends of each of said sets of DEH cables respectively associated with said further
subsea pipelines, in order to provide DEH to said first subsea pipeline and extend the DEH

sequentially to each of said further subsea pipelines.

3. A method according to claim 1 wherein , when the method provides DEH to at least four
subsea pipelines, the method comprises the further step of detecting a level of power available
to supply DEH and, when the determined power level is sufficient to provide DEH to at least
three pipelines concurrently, step b) further comprises configuring the switching device to
couple terminal ends of said first set of DEH cables sequentially to terminal ends of at least two
of said sets of DEH cables respectively associated with said further subsea pipelines, in order
to provide DEH to said first subsea pipeline and extend the DEH sequentially to at least two of

said further subsea pipelines

4. A method according to claim 2 or 3, comprising the further step of determining an

operational status for the further subsea pipeline provided with DEH, before sequentially
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coupling the terminal ends of said first set of DEH cables to terminal ends of another set of

DEH cables respectively associated with another of said further subsea pipelines.

5. A method according to any of claims 2 to 4, comprising the further step of detecting at
least one environmental value at or adjacent the further subsea pipeline provided with DEH,
before sequentially coupling the terminal ends of said first set of DEH cables to terminal ends of
another set of DEH cables respectively associated with another of said further subsea

pipelines.

6 A method according to any of claims 1 to 5, wherein each set of DEH cables comprises

a plurality of cables adapted to supply single- or three-phase power.

7. A subsea direct electrical heating (DEH) system, comprising:
at least three sets of DEH cables, wherein each set is associated with a respective subsea
pipeline, and each pipeline is attached to a common structure ;
a switching device having at least one input and a plurality of outputs, wherein terminal ends of
a first set of DEH cables associated with a first of said at least three pipelines are coupled into
said at least one input, and terminal ends of remaining sets of DEH cables are coupled with
respective outputs ; and
a controller for configuring the switching device to
a) couple together the terminal ends of said first set of DEH cables associated with said
first subsea pipeline in order to provide DEH only to said first subsea pipeline, or
b) couple the terminal ends of said first set of DEH cables associated with said first
subsea pipeline to terminal ends of DEH cables associated with one or more of said
further subsea pipelines in order to provide DEH to said first subsea pipeline and extend

the DEH to one or more of said further subsea pipelines.

8. A system according to claim 7, wherein the controller is further configure to couple the
terminal ends of said first set of DEH cables sequentially to terminal ends of each of said sets of
DEH cables respectively associated with said further subsea pipelines, in order to provide DEH
to said first subsea pipeline and extend the DEH sequentially to each of said further subsea

pipelines.

9. A system according to claim 7 wherein, when the system comprises at least four
subsea pipelines, the controller being configured to cause the switching device to couple

terminal ends of said first set of DEH cables sequentially to terminal ends of at least two of said
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sets of DEH cables respectively associated with said further subsea pipelines, in order to
provide DEH to said first subsea pipeline and extend the DEH sequentially to at least two of

said further subsea pipelines

10. A system according to any of claims 7 to 9, wherein the subsea switching device further
comprises actuation means operably coupled to said controller for switching switches of the

switching device automatically.

11. A system according to any of claims 7 to 10, further comprising at least one sensor
operably coupled with said controller, whereby the controller uses data provided by the sensor

to operate said switches via the actuation means.

12 A system according to any of claims 7 to 11, wherein each set of DEH cables comprises

a plurality of cables adapted to supply single- or three-phase power.
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