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(57) Abrege/Abstract:

A direct electric heating (DEH) system for heating a subsea pipeline I1s provided. The DEH system has a subsea power cable
adapted to be coupled to a three phase electric power source. It further includes two or more subsea DEH modules, each module
being provided for heating a different pipeline section of the subsea pipeline.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



woO 20137113430 A3 | {1 A0 RA SO0 0 A 0 0 0 000

(43) International Publication Date

CA 02863082 2014-07-29

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

8 August 2013 (08.08.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2013/113430 A3

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(81)

International Patent Classification:
H02J 3/26 (2006.01) F16L 53/00 (2006.01)
HO02J 3/18 (2006.01)

International Application Number:
PCT/EP2012/074429

International Filing Date:
5 December 2012 (05.12.2012)

Filing Language: English
Publication Language: English
Priority Data:

12153321.0 31 January 2012 (31.01.2012) EP
Applicant: SIEMENS AKTIENGESELLSCHAFT

[DE/DE]; Wittelsbacherplatz 2, 80333 Miinchen (DE).

Inventors: RADAN, Damir; Smeaheiveien 6A, N-4317
Sandnes (NO). RASCH, Bjorn; Jorgen Hegstads veg 51,
N-77089 Heimdal (NO).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(84)

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, IW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
3 April 2014

(54) Title: DIRECT ELECTRIC HEATING SYSTEM FOR HEATING A SUBSEA PIPELINE

FIG 1
b
42 41 42 42
N P N
16
14~ WUy ‘\\“15 ] tuwt]
8 —13 al 8 10
-
Ci,L 11 Ci L C1, L
C2 |12 G2 C
17
[
0]
5 \ \
21 29 23

(57) Abstract: A direct electric heating (DEH) system for heating a subsea pipeline 1s provided. The DEH system has a subsea
power cable adapted to be coupled to a three phase electric power source. It further includes two or more subsea DEH modules, each
module being provided for heating a different pipeline section of the subsea pipeline.
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Description

Direct electric heating system for heating a subsea pipeline

Field of the 1nvention

The 1nvention relates to a direct electric heating system for

heating a subsea pipeline.

Background

Recently, there has been an i1ncreasing interest in offshore
hydrocarbon production. Hydrocarbon wells can be located many
miles from shore sites and 1n water depths reaching down to
several thousand meters. Subsea pipellines can be used for
transporting hydrocarbons from an offshore well to a produc-

tion vessel or to an onshore site, or may be used for trans-

porting hydrocarbons between different onshore sites sepa-

rated by an offshore section.

In deep waters, the water temperature 1s relatively low, 1t
may for example be between about -1 and +4 °C. When hydrocar-

bons are produced from a subsea well, they can comprise a

fraction of water, and they furthermore will cool signifi-
cantly upon reaching the seabed. This can lead to the forma-
tion of hydrates, which are generally a combination of pres-
surlzed hydrocarbon gas with water. Thilis combination can at
low temperatures form a hydrate, which 15 a solid material.
Hydrates can restrict the flow within a pipeline, or may even

completely plug the pipeline.

Methods are known 1n the art which use chemicals for prevent-
1ng hvydrate formation. Another method which 1s more effective

15 the i1ncrease of the temperature of the pipeline, for exam-

ple by using direct electric heating (DEH). Such DEH system
is for example known from WO 2004/111519, which uses a subsea
single phase cable which 1s attached to two sides of a steel

pipeline. A 50/60 Hz AC current 1s passed through the cable
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The power source 1s generally located at an onsite location or
on board of a production vessel, and an example of such power
source 1s described in WO 2010/031626. The pipeline section to
pe heated 1s a single phase load on the power supply

arrangementc.

The problem of conventional systems 1s that they are generally
restricted to rather short distances between the pipeliline
section to be heated and the power supply. Also, the length otf
the pipeline to be heated 1s only very limited. Long step-out
distances can thus generally not be realized. Furthermore, such

systems generally lack any means of controlling the heating.

Also, there are significant losses of electric energy along the
subsea cable to the pipeline, and the subsea cable 1tself 1s a

very cost 1ntensive product.

It is thus desirable to enable the heating of pipeline sections
located further away from the main power supply and the heating
of longer pipeline sections. Furthermore, 1t 1s desirable to
reduce currents in the cable supplying the electric power to
the pipeline section to be heated, and to pro-vide a fault

tolerant heating system. Also, the costs involved 1n such

system should be reduced and the efficiency should be

increased.
summary

Accordingly, there is a need to obviate at least some of the
drawbacks mentioned above and to provide an improved direct

electric heating system for the heating of subsea plpelines.

CA 2863082 2018-10-09
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An embodiment of the i1invention provides a direct electraic
heating system for heating a subsea pipeline comprising a
subsea power cable adapted to be coupled to a three phase
clectric power source for providing three phase electric

power to a subsea location and two or more subsea direct

electric heating (DEH) modules, each module being provided

for heating a different pipeline section of the subsea pilpe-

line. The subsea DEH modules are adapted to be installed sub-

sea at different subsea locations, for example 1n proximity

to the pipeline section to be heated by the respective subsea
DEH module.

Fach subsea DEH module comprises a three phase transformer;

first electric connections adapted to couple the three phase

transformer of the subsea DEH module to the subsea power ca-
ble for supplyving three phase electric power to the three

phase transformer; second electric connections adapted to

couple the subsea DEH module to the respective pipeline sec-
tion for providing electric power to the plpelline section for
heating the pipeline section; and a symmetrisation unit cou-
pled between the three phase transformer and the second elec-

tric connections, wherein the symmetrisation unit 1s adapted

to distribute the electric load of the pipeline section
cevenly between three phases of an output ©f the three phase
transformer, so as to achieve a balanced three phase load on

the three phase power source.

By making use of two or more subsea DEH modules each heating

a different pipeline section, the total length of pipeline

that can be heated by the DEH system can be increased. In

particular, the modular approach may allow an adaptation of

the DEH system to the particular subsea pipeline length. Fur-
ther, since a three phase electric power 1s transmitted,
longer step-out distances can be realized while at the same
time, the cost of the subsea power cable can be kept rela-
tively low and an effective transmission of the electric

power may be realized. The material required for the conduc-
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tors of the subsea power cable may for example be signifi-

cantly reduced compared to single phase systems.

The subsea power cable may be adapted to distribute the three
H

L]

phase electric power to the different locations of the D

modules, 1t may accordingly also be termed subsea power dis-

tribution cable. Different pipeline sections may thus be

heated 1n an efficient manner. By balancing the locad on the

three phases, 1.e. by providing a symmetric load, 1mbalance
currents may be reduced or even avoided, 1.e. negative se-

quence currents can be reduced. This may allow a smaller di-

mensioning of components of the DEH system and may further-
more prevent failure of and damage to connected components,

e.g. 0I the three phase power source.

In an embodiment, each subsea DEH module may be adapted to
heat the respective pipelline section by single phase electric

power. The pilpeline section may thus constitute a single

ohase load for the respective DEH module. The second electric
connections may comprise an electric connection from an out-
put of the symmetrisation unit to one end of the respective
plpeline section and an electric connection from the output

of the symmetrisation unit to the other end of said pipeline

section.

As an example, the pipeline section may be coupled between a
first phase and a third phase of the three phase power
source, and the symmetrisation unit may comprise a capacl-
tance coupled between the first phase and a second phase of
the power source, and an i1nductance coupled between the sec-
ond phase and the third phase of the power source. A simple
and effective way of balancing the load on the three phases

may thus be realized.

The capacitance and/or the inductance may be adapted to be

adjustable. In particular, they mayv be adjustable on load so

that the symmetrisation can be performed while the DEH system

1s 1n operation, e.g. for accounting for changes 1n the im-
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pedance of the respective pipeline section. They may be ad-
Jjustable 1n accordance with control signal, so that their re-

spective value may be controlled, e.g. by a feedback circuit

of the subsea DEH module or from a remote location, such as a

topside 1nstallation.

The capacilitance of the symmetrisation unit may comprise two
Or more capacltors that are connected 1n parallel and may
further comprise switches for connecting and disconnecting
the capacitors. The switches may be controllable 1n accor-
dance with control signals for adjusting the value of the ca-
pacltance. The value may for example be i1ncreased by connect-
1ng further capacitors 1n parallel or may be decreased by
disconnecting capacitors. The capacitance may be 1mplemented

by means of a capacitor bank.

The 1nductance of the symmetrisation unit may comprise a coll
and a tap changer which 1s adapted to adjust the value of the
inductance of a coil 1n accordance with a control signal.
Thus, the capacitance and/or the inductance may be adjusted
by a local control circuit or by means of a control signal
receilved from a remote location. An automatic symmetrilisation

of the load, e.g. an automatic even distribution of the sin-

gle phase load on the three phases of the three phase power

source can thus be achieved.

Three phase transformer may have a three phase 1input (primary
s1de) coupled to the three phases of the electric power
source and a three phase output (secondary side) which 1s
coupled to the symmetrisation unit. The three phase trans-
former can be configured to be adjustable, so that the heat-
1ing of each connected pipeline section can be regulated indi-

vidually.

The three phase transformer may be comprise an on-load tap
changer, the three phase transformer thus being controllable
for adjusting the level of the voltage supplied to the second

electric connections, e.g. to the pipeline section to be
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heated. In particular, the three phase transformer may be

adapted to step down the voltage supplied by the subsea power

cable to the subsea DEH module. Heating may thus be con-
trolled 1n accordance with the length of the pipeline sec-
tion, while a higher voltage may be used fully transmission

of the electric power over a long step-out distance to the

subsea location. The DEH system may for example be adapted to
H

L+

supply a voltage of between about 100kV to each subsea D
module, and the transformer may be adapted to transform this
voltage down to a voltage i1in the range of about 5kV to about
50kV, preferably of about 10kV to about 40kV. In a particular
example a voltage between 20kV and 30 kV, e.g. 26kV may be
provided to the pipeline section. The tap changer may be on

the high voltage side of the three phase transformer.

In an embodiment, each DEH module comprises a compensation

unit adapted to compensate for reactive power arising from

the heating of the respective pipeline section. As an exam-
ple, the i1mpedance of the pipeline section may comprise re-
sistive and i1nductive components, and the single phase load
1n form of the pipeline section may accordingly lead to re-
duced power factor. The compensatlion unit can be adapted to

compensate for this reduced power factor e.g. 1t may 1ncrease

the power factor towards a value of one.

The compensation unilit may comprise a capacltance, the value
of which can be controlled, for example 1n accordance with a
control signal. The compensation unit may be adapted to allow
an on-load control of the capacitance value. Again the ca-
pvacltance may be i1mplemented by means of a capacitor bank.
The capacitance of the compensation may thus comprise two Or
more capacitors being connected 1n parallel, 1t may further
comprilise swilitches for connecting at disconnecting the capaci-
tors, these switches being controllable 1n accordance with
the control signal for adjusting the value of the capaci-

tance.
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The compensation unit may be connected 1n parallel with the
single phase load, 1.e. 1n parallel with the respective pipe-

line section. It may 1n particular be connected between the

first phase and the third phase of the three phase power
source, and 1t may be connected between the symmetrisation

unit and the pipeline section.

In an embodiment, the DEH module further comprises a compen-
sation reactor adapted to compensate for reactive power arilis-—

ing from a capacitance of the subsea cable. For different

lengths of the subsea power cable, the subsea cable capaci-
tance may change, and accordingly, the power factor may be
reduced. The compensation reactor may compensate for the re-
duced power factor, e.g. 1t may agalin 1ncrease the power fac-
tor. Accordingly, currents 1n the subsea power cable that are

due to reactive power may be reduced or even minimized.

The compensation reactor may comprise a coll having an i1nduc-
tance, and a value of the inductance may be adjustable i1n ac-
cordance with a control signal. The co1l may for example com-
prise a tap changer for changing the inductance value. In

other implementations, 1t may for example comprise an adjust-
able gap 1n a magnetic core, or other means for adjusting the

inductance.

The compensation reactor may be provided for each phase ot
the three phase power source. The compensation reactor may be
connected to the 1nput of the three phase transformer, e.g.

between the first electric connections and the three phase

transformer.

Accordingly, 1t may become possible to adjust the compensa-

tion of reactive power for different lengths of the subsea

power cable. Further, the compensation reactor 1n each subsea

DEH module may be switched on or of when needed, e.g. for

compensating additional cable length.
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In an embodiment, each subsea DEH module may further comprise

a three phase circuilt breaker adapted to disconnect the sub-

sea DEH module from the three phase powers source. The three
phase circulit breaker may be controllable by means of a con-
trol signal, which can be generated locally, e.g. by a detec-
tion circuit upon detection of a failure or fault, or which

may be provided from a topside installation, e.g. for discon-

necting the resgpective subsea DEH module from the subsea
oower cable. This may for example be beneficial during ser-

vice operations, wherein a single pipeline section may be

disconnected from the DEH system while other pipeline section

can remaln heated.

In an embodiment, the subsea power cable 1s coupled to the

three phase power source at a topside 1nstallation, and the

DEH system further comprises a topside compensation reactor
connected to the subsea power cable at the topside 1nstalla-
tion. The topside compensation reactor 1s adapted to compen-
sate for reactive power arising from a capacitance of the
subsea power cable. Agaln, currents 1n the subsea power cable
that are due to reactive power may be reduced or minimized.
The compensation of reactive power can be made particularly

efficient 1f a topside compensation reactor 1s used together

wlth compensation reactors provided locally at each subsea
DEH module.

The three phase power source at the topside installation may
be a generator or a generator set, or 1t may be a connection

to a power graid.

In a further embodiment, the subsea power cable 1s coupled to

the three phase power source at a topside 1nstallation, and

the DEH system further comprises a topside three phase trans-
former at the topside installation. The topside three phase
transformer 1s connected between the three phase power source
and the subsea power cable for transforming the voltage sup-
vlied by the three phase power source to a higher voltage

level. In such configuration, higher step-out distances may
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be achieved, as the losses due to the transmission of the
electric power may be reduced when using a higher voltage
level. Step-out distances 1n excess of 100km may thus be

achieved.

In an embodiment, the subsea power cable 1s coupled to the

three phase power source at the topside installation, and the

DEH system may further comprise a topside variable frequency
drive (VFD) at the topside installation for adjusting the
frequency and/or voltage of the three phase electric power
supplied by the three phase power source. The topside VED may
be connected between the three phase power source and the

subsea power cable, e.g. before a topside three phase trans-

former, 1f such 1s present in the system. By adjusting the
frequency of the electric power distributed by the subsea
power cable, the power distribution and transmission may be

made more effective, and losses may be reduced.

The subsea power cable may comprise a three core-cable, each

core supplying a phase of the three phase electric power to

the subsea DEH modules. Such configuration can facilitate the

deployment of the subsea power cable and furthermore can be

more cost efficient. In other embodiments, the subsea power

cable may comprise three single-phase subsea power cables,

e.g. sSingle core cables, for supplying the electric power to

the subsea DEH modules.

I'he subsea power cable may have a length of at least 50km,
preferably of at least 7okm or even at least 100km. Long ste-

o-out distances can be realized using such subsea power ca-
ble.

In an embodiment, the DEH system may further comprise feeder
connection points located along the subsea power cable. The

first electric connection may be 1mplemented by means of a

three phase cable connected between the subsea DEH module and
the regpective feeder connection point of the subsea power

cable. Accordingly, a simple and effective distribution otf
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the electric power to the different subsea DEH modules can be

achieved.

In an embodiment, each subsea DEH module may further comprise

a communication interface towards a topside installation for

receilving control signals from the topside 1nstallation. By

means of the control signals at least one of the above men-

tioned symmetrisation unit, the three phase transformer, the
compensation unit, the compensation reactor or the three

vhase clrcult breaker may be controlled.

The subsea DEH module may comprise a control unit that is
adapted to automatically control values of components of the
before mentioned units 1n accordance with control signals re-
ceived via the communication 1nterface from the topside 1in-
stallation. It may also automatically control the components,
e.g. by means of the above mentioned control signals. This
may for example be achieved by means of a feedback cilircuit or

the like comprised i1n such control unit.

T'he three phase power source may, at the topside i1nstalla-
tion, supply the three phase electric power with a voltage of

about 5-50kV, e.g. between about 10kV and 20 KkV.

Accordingly, 1t may become possible to heat any number of
plpeline sections from a single three phase subsea power ca-
ble, and to regulate the voltage and the heating power on

cach pipeline section i1individually.

Fach subsea DEH module may comprises a subsea enclosure

adapted to enable the installation of the subsea DEH module
1n water depths of at least 50m, preferably at least 100m,
500m or even 1000m. As an example, a pipeline to a well 1lo-

cated at about 3000m water depth may be heated by means of

such subsea DEH modules.

The different pipeline sections may each comprilise between

about 1 and about 10 pipeline segments, preferably between
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about 1 and about 10 pipeline segments, preferably between
about 1 and about 4 pipeline segments. The pilpeline sections

can pe adjolning sections of the subsea pipeline. Two subsea

DEH modules may be installed at the same location, e.g. at a

joint between adjacent pipeline sections.

According to ocne aspect of the present invention, there 1is
provided a direct electric heating system for heatling a subsea

pipeline, the direct electric heating system comprising: a

subsea power cable adapted to be electrically coupled to a
three phase electric power source for providing three phase

electric power to a subsea location; and two or more subsea

direct electric heating (DEH) modules, each subsea DEH module

r—
summndl

of the two or more subsea DEH modules adaptable for heating a

different pipeline section of the subsea pipeline having a

different pipeline length, the two or more subsea DEH modules

being adapted to be installed subsea at different subsea

locations, wherein each subsea DEH module of the two or more

subsea DEH modules comprises: a three phase transfcrmer; first

electric connections adapted to electrically couple the three

phase transformer of the subsea DEH module to the subsea power

cable for supplying the three phase electric power tTo the tnree

phase transformer; second electric connections adapted toO

electrically couple the subsea DEH module to the respective
pipeline section for providing electric power to the pilpeline
section for heating the pipeline section; a symmetrisation unit
coupled between the three phase transformer and the second
electric connections, wherein the symmetrisation unit 1s
adapted to distribute an electric load of the pipeline section
evenly between the three phases of an output of the three phase

transformer, so as to achieve a balanced three phase load on

CA 2863082 2018-10-09
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the three phase power source; and a compensation reactor
adapted to compensate for reactive power arising from a

capaclitance of the subsea power cable.

According to another aspect of the present invention, there is
provided a direct electric heating system for heating a subsea
pipeline, the direct electric heatlng system comprising: a
subsea power cable adapted to be electrically coupled to a
three phase electric power source for providing three phase

electric power to a subsea location; and two or more subsea

direct electric heating (DEH) modules, each subsea DEH module

of the two or more subsea DEH modules configured for

individually adjusting heating of a different pipeline section

of the subsea pipeline, the two or more subsea DEH modules

being adapted to be installed subsea at different subsea

locations, wherein each subsea DEH module ¢f the two or more

subsea DEH modules comprises: a three phase transformer; first

electric connections adapted to electrically couple the three

phase transformer of the subsea DEH module to the subsea power
cable for supplving the three phase electric power to the three

phase transformer; second electric connections adapted to

electrically couple the subsea DEH module to the respective
pipeline section for providing electric power to the pipeline
section for heating the pipeline section; a symmetrilsation unit
coupled between the three phase transformer and the second
electric connections, wherein the symmetrisation unlit 1s

adapted to distribute an electric load of the pipeline section

evenly between the three phases of an output of the three phase

transformer, sc as to achieve a balanced three phase load on

the three phase power source; and a three phase circuit breaker

CA 2863082 2018-10-09
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acdapted to disconnect the subsea DEH module from the three

pnase power source.

According to another aspect of the present 1nvention, there 1s
provided a direct electric heating system for heating a subsea
plpeline, the direct electric heating system comprising: a
subsea power cable adapted to be electrically coupled to a
three phase electric power source for providing three phase
electric power to a subsea location and to be electrically
coupled to a three phase power source at a topside
installation; a topside compensation reactor connected to the
subsea power cable at the topside installation, the topside
compensation reactor being adapted to compensate for reactive

power arising from a capacitance of the subsea power cable; and

two or more subsea direct electric heating (DEH) modules, each

subsea DEH module of the two or more subsea DEH modules
configured for individually adjusting heating c¢f a different

pipeline section of the subsea pipeline having a different

pipeline length, the two or more subsea DEH modules belng

adapted to be installed subsea at different subsea locations,

H

L)

wherein each subsea DEH module of the two or more subsea D

modules comprises: a three phase transformer; first electric

connections adapted to electrically couple the three phase

transformer of the subsea DEH module to the subsea power cable
for supplying the three phase electric power to the three phase

transformer; second electric connections adapted to

electrically couple the subsea DEH module to the respective
pipeline section for providing electric power to the pipeline
section for heating the pipeline section; and a symmetrisation
unit coupled between the three phase transformer and the secona

electric connections, wherein the symmetrisation unit 1s

CA 2863082 2018-10-09
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adapted to distribute an electric lcocad of the pipeline section
evenly between the three phases of an output of the three phase
transformer, so as to achleve a balanced three phase load on

the tnree phase power source.

It 1s to be understood that the features mentioned above and
those yvet to be explained below can be used not only 1in the
respective combinations indicated, but alsc in other
combinations or 1in i1solation, without leaving the scope of the
pre-sent invention. In particular, the features of the
embodiments described above and those described hereinafter can

be combined with each other unless noted to the contrary.

Brief description of the drawings

The foregoing and other features and advantages of the

invention will become further apparent from the following

detailed description read in conjunction with the accompanying

drawings. In the drawings, like reference numerals refer to

like elements.

Figure 1 is a schematic block diagram showing a DEH system 1n

accordance with an embodiment of the invention.

Figure 2 is a schematic block diagram showing the DEH system ot
Figure 1 comprising further components at a topside

installation 1n accordance with an embodiment of the i1invention.

Figure 3 is a schematic block diagram showing the details of a

subsea DEH module 1n accordance with an embodiment of the

invention.

CA 2863082 2018-10-09
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Figure 4 1s a dlagram showing subsea power cable vocltage and

current for a DEH system 1n accordance wlth an embodiment of

the invention.

CA 2863082 2018-10-09
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Figure 5 1s a diagram showling subsea power cable voltage and

current for a DEH system 1n accordance with an embodiment of
the 1nvention which uses a topside compensation reactor for
reducing reactive power.

Detailed description

In the following, embodiments of the i1nvention will be de-

scribed 1n detail with reference to the accompanving draw-
ings. It 1s to be understood that the following description

of embodiments 15 given only for the purpose of 1llustration

and 1s not to be taken 1n a limiting sense.

It should be noted that the drawings are to be regarded as
being schematic representations only, and elements i1n the
drawings are not necessarily to scale with each other. Also,

the coupling of physical or functional units as shown 1n the

drawings and described hereinafter does not necessarily need
to be a direct connection or coupling, but may also be an 1n-
direct connection or coupling, 1.e. a connection oOor a cou-

pling with one or more additional intervening elements. A

skilled person will further appreclate that the physical or

functional units 1llustrated and described herein with re-

spect to the different embodiments do not necessarily need to
be 1mplemented as physically separate units. One or more

physical or functional blocks or units may be 1mplemented 1n
a common circult, circulit element or unit, while other physi-
cal or functional blocks or units shown may be implemented 1in

separate circuilts, circult elements or units.

Figure 1 schematically 1llustrates a direct electric heating

(DEH) system 100 which 1s adapted to heat pipeline sections

21, 22, 23 of a subsea pipeline 20. The DEH system 100 com-

prises plural subsea DEH modules 10. FEach subsea DEH module
10 comprise electric connections 16 by means of which 1t 1s
electrically coupled to feeder connection points 42 of the
subsea power cable 41. The subsea power cable 1s at a topside

installation coupled to a three phase power source (1.e. AC
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electric power). It 15 used to transmit three phase electric

power from the power source to the i1ndividual subsea DEH mod-

ules. By means of the plural feeder connections points 42, 1t
thus provides a power distribution functionality. The subsea
power cable 41 can be a three core cable, or 1t may comprise
three or more single core cables. It 1s adapted for the
transmission of electric power having a voltage range 1n be-
tween about 100 kV and about 200 kV. In other i1mplementa-
tions, a lower voltage may be used for transmission, €.g. be-
tween about 10 kV and about 100 kV, depending on the particu-
lar application. Subsea power cable 41 can be adapted for be-
1ng used 1n water depths down to several hundreds or even

several thousands of meters. It may be pressure compensated.

Electric connections 16 can be three phase feeder connec-

tions, e.g. employving three core subsea power cables. By

these electric connections 16, each DEH module 10 1s supplied
with three phase electric power. Three phase electric power
1mplies that 1t 1s AC (alternating current) electric power,

wlith the voltage waveform of the three different phases hav-

1ng for example a phase shift of about 120 degrees.

The subsea DEH module 10 comprises a three phase circuilt

breaker 15, 1.e. a circuilt breaker 1s provided for each phase

of the supplied electric power. Accordingly, 1t becomes pos-

sible to decouple the subsea DEH module 10 from the subsea

power cable 41. This may be necessary 1n case of a fault on

the connected pipeline section or 1in the subsea DEH module
10, or simply for switching off the heating of the connected

plpeline section.

Subsea DEH module 10 further comprises a three phase trans-

former 13, which 1s via the circuit breaker 15 coupled to the

electric power source. The transformer 13 can step down the

voltage supplied to the subsea DEH module 10. In particular,
1t can step down the power transmission voltage, which can be
in the range of 100 kV to 200 kV, to a voltage suitable for

heating the connected pipeline section. The latter voltage
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generally depends on the length and the resistance of the
pipeline section to be heated, so 1t may for example be set
within the range of about 5 kV to about 50 kV, e.g. to 26 kV.

To account for different pipeline sections and for changes 1n

the 1mpedance of a connected pipeline section, transformer 13
can be adapted so that 1ts output voltage 1s adjustable. Fur-
ther 1t can be made adjustable for controlling the voltage

applied to the pipeline section and the amount of heating of

the pipeline section, 1.e. to control the heating load.

For this purpose, the transformer 13 can be equipped with a
tap changer, preferably on 1ts primary side, 1.e. on the high
voltage si1de. This can be an on-locad tap changer so that the
output voltage 1s adjustable during operation. Accordingly,

by making use of transformer 13, the different pipeline sec-

tions 21, 22, 23 can be heated individually, under control of

the respective subsea DEH module 10.

The subsea DEH module 10 further comprises electric connec-

tions 17 for connecting to a load. The electric connections

1/ correspond to the output of subsea DEH module 10 since
clectric power for heating the respective pipeline section 1s

glven out via these connections. The load 1s a single phase

load. In particular, the load 1s the pipeline section, e.dg.
pipeline section 21. The electric connections 17 can comprise

a ILi1rst cable to one end of the pipeline section and a second

cable to the other end of the pipeline section. An AC voltage

provided at the electric connections 17 will consequently re-

sult 1n an AC current flowing through the connected pipeline
section. The pipeline section 1s made of a conductive mate-
rial which has an 1mpedance comprilising a resistive component.
Accordingly, due to the resistance, the electric current

through the pipeline section will result i1n the heating of

the pipeline section.

In other embodiments, the electric connections 17 may com-

prise only a single cable to one end of the pipeline section
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and an earth return for the other end of the pipeliline sec-

tion. Other i1mplementations are also conceilvable.

The subsea DEH module 10 further comprises a symmetrisation
unit 11 which 1s coupled between the output of transformer 13
and the electric connections 17. The symmetrisation unit 11
15 adapted to transfer the single phase load constituted by
plpeline section 21 to a three phase load on the output of
transformer 13, and thus on the three phase power source
which supplies electric power to transformer 13. The symmet-
risation unit 11 1s adapted to distribute the single phase
load evenly on the three phases of the power source, 1.e. To
transform the single phase load to a symmetric load on the
three phases. The load on the three phases of the output of
transformer 13 and thus on the three phases of the power
source 1s thus balanced. Accordingly, 1mbalance currents or
negative sequence currents can be reduced or even be mini-
mized. With the proper tuning of symmetrisation unit 11,

negative sequence currents may almost be completely avoided.

The subsea DEH module 10 further comprises a compensation
unit 17. The compensation unit 17 1s connected between the

single phase output of the symmetrisation unit 11 and the

electric connections 17. In particular, 1t can comprise an
electric component connected 1n parallel to the single phase

load (1.e. pipeline section 21).

T'he compensation unit 12 1s adapted to compensate for reac-
tive power arising from the single phase load 21. The i1mped-
ance of the pipeline section 21 can comprise an 1inductive

component, at 1t may thus be said to ‘consume’ reactive

L~

power, which would lead to corresponding currents 1n the DEH
system 100. Accordingly, a low power factor results from the
plipeline section 21. The compensation unit 17 can now be con-
figured to generate a corresponding amount of reactive power

(e.g. by a capacitive component), thus bringing the power

factor back towards one. Currents 1n the DEH system 100 due

to reactive power can thus be reduced or minimized. Conse-
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quently, the components of the DEH system 100, such as the
subsea power cable 41, can be dimensioned for lower currents,

resulting i1n reduced complexity and costs.

The subsea DEH module 10 further comprises a compensation re-

actor 14, which may also be termed subsea compensation reac-

tor since 1t 1s installed 1n the subsea DEH module 10. The
compensation reactor 14 1s connected between the circuit
breaker 15 and the transformer 13. It 1s further connected to
ground. The compensation reactor 14 1s adapted to compensate
for reactive power arising from the subsea power cable 41, 1in

particular from a capacitive component of the subsea power
cable 41.

Agaln, the capacitive component of subsea power cable 41 may
generate reactive power, resulting in a lower power factor.
The compensation reactor 14 can comprilise an inductive compo-
nent, 1n particular a coil or the like, for ‘consuming’ reac-
tive power and thus for compensating the reactive power gen-
erated by the capacitive component. The reactive power due to
the subsea power cable 41 can thus be reduced or even mini-

mized.

The 1nductance of the compensation reactor 14 may be adjust-
able. As an example, the compensation reactor 14 may comprilise
a col1l having a tap changer for providing different i1nduc-
tance values, or having an adjustable core, such as a mag-
netic core having an adjustable gap. The 1nductance of com-
pensation reactor 14 may thus be adjusted for different
lengths of the subsea power cable 41. This may be done auto-
matically, e.g. by a feedback circuit taking measurements and
adjusting the 1nductance accordingly. Adjustment may also ocCc-
cur 1n accordance with a control signal received from a top-
side 1nstallation. Again, this can be performed automati-

cally, with the topside i1nstallation obtaining measurements

indicative of the reactive power 1in DEH system 100, and ad-

Jjusting the 1nductance to reduce the reactilive power.
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Figure 2 shows the DEH system 100 coupled to the topside 1n-
stallation 50. The topside i1nstallation can be located on-
board of a vessel, e.g. a ship or a floating platform, such
as a semi-submersible, on board of a fixed platform (offshore
platform), or at an onshore site, e.g. an onshore production

facility.

The three phase power source can pbe a maln power supply of

the topside installation 50. It may for example be a genera-
tor or generator set 45 (coupled to a prime mover, such as a
diesel engine or a gas turbine), a power grid 40, or a combi-

nation thereof.

The DEH system 100 may at the topside installation further
comprise a topside transformer 51. The topside transformer 51
changes the voltage level of the electric power supplied by
the power source 40, 45 to a level that 1s suitable for
transmission. For long step out distances, 1.e. for long
length of subsea power cable 41, 1t 1s beneficial to use a
higher voltage for power transmission to minimize losses.
Subsea power cable may have a length of more than 100 km. Ac-
cordingly, the topside transformer may convert the electric
energy to a voltage 1in the range between about 100kV and
about 200 kV for transmission, e.g. 120kV to 150kV. The volt-
age supplilied by the power source 40, 45 may be 1n a range be-
tween about 5kV and 50kV, e.g. at about 11kV. The configura-

tion thus enables 1ncreased step out distances. Due to the
three phase power transmission, the material required for the

subsea power cable 41 can further be reduced.

The DEH system 100 may at the topside 1nstallation 50 further
comprise a topside compensation reactor 52. The topside com-
pensation reactor 52 18 connected to the output of the top-
side transformer 51. Similar to the subsea compensation reac-
tor 14, the topside compensation reactor 52 1s adapted to
compensate for reactive power arising from a capacltive com-
ponent of the subsea power cable 41. It comprises an 1nduc-

tance Lgisr, IfOr 1ncreasing the power factor, 1n particular



10

15

20

e

30

39

CA 02863082 2014-07-29

WO 2013/113430 18 PCT/EP2012/074429

for bringing the power factor back towards a value of one.
The 1nductance may be i1mplemented as a coil coupled between

the output of topside transformer 51 and ground.

The 1nductance of the topside compensation reactor 52 can be
adjustable. As an example, 1t may be i1mplemented as a coil

having a tap changer for providing different i1nductance val-

ues, or a coil having an adjustable core, such as a magnetic
core having an adjustable gap. The inductance of topside com-
pvensation reactor 52 may thus be adjusted for different
lengths of the subsea power cable 41. This may be done auto-
matically, e.g. by a feedback circuit taking measurements and
adjusting the i1nductance accordingly. The topside 1nstalla-

tion may for example take measurements indicative of the re-

active power 1n DEH system 100, and adjusting the 1nductance
of topside compensation reactor 52 to reduce the reactive
power. A manual adjustment 1s also conceivable, e.g. when the
length of the subsea power cable 41 1s changed. Note that the
compensation reactors 14, 52 are coupled to each of the three
vhases of the system for compensating reactive power for each

phase.

By both having a topside compensation reactor 52 and having

subsea compensation reactors 14 within each subsea DEH module
10, a particularly good compensation of reactive power can be
achieved. Note that other embodiments may only comprise a
topside compensation reactor 52, or only subsea compensation
reactors 14, or none of both to reduce the complexity and
cost of the DEH system 100.

The DEH system 100 may at the topside 1nstallation 50 further
comprise a variliable frequency drive (VED) 53 for changing the
frequency and/or voltage of the three phase electric power
supplied by the power source. The VFD 53 may for example be
connected after a power grid 40 for adjusting the freguency

for power transmission via the subsea power cable 41. A
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higher frequency may for example be beneficial for longer

step-out distances.

The topside i1nstallation can furthermore comprise a power
distribution unit 54, which may be i1mplemented by a

switchboard, a bus bar system or the like.

Note that 1n the schematic representation of Figure 2, the

curved line represents the water surface separating the upper

topside part from the lower subsea pert of the DEH system
100.

Fach of the subsea DEH modules 10 of Figure 2 can be config-

ured as described above with respect to Figure 1.

L]

Figure 3 schematically shows an embodiment of a subsea DEH

module 10, which may be used 1n the DEH system 100 of Figures

1 and 2. The subsea DEH module 10 comprises the electric con-
nections 16 by means of which 1t 1s coupled to the feeder

voint 42 of the subsea power cable 41. The electric connec-

tions 16 comprise a connection for the first phase L1, a con-
nection for the second phase L2 and a connection for the

third phase L3 of the three phase power source. They may be

1mplemented by means of a three core subsea cable, e.g. a

Jumper cable or the like. The subsea DEH module 10 comprises
an enclosure 18, to which a connector, e.g. a wet mateable
connector can be mounted for connecting to such Jumper cable.
Accordingly, the module 10 may be disconnected and removed

for servicing without the need to retrieve the subsea power
cable 41.

The enclosure 18 can be a pressure resistant subsea enclosure

which maintains an 1nside pressure of close to one atmosphere

when subsea DEH module 10 1s 1nstalled subsea. Accordingly,
standard electric components can be employed. In other con-
figurations, the enclosure 18 can be a pressure compensated
enclosure filled with a dielectric liguid, in which a pres-
H

L]

sure corresponding to the pressure outside the subsea D
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module 10 prevails. The enclosure 18 can then be constructed

more compact and lightweight. The enclosure 18 can be adapted

so that the subsea DEH module 10 can be installed and oper-
ated at water depths of more than 100m, more than 500m or

ceven more than 1000m.

Fligure 3 shows a possible i1mplementation of the three phase

transformer 13. Note that the transformer 13 can be provided
wlth a tap changer (not shown), 1n particular an on-load tap
changer. The tap changer may be installed on the high voltage

si1de.

The symmetrisation unit 11 has the three phases L1, LZ and L3
as an i1input (after transformation by transformer 13), and has
two outputs for connecting a single phase load (1.e. plpeliline
section 21). The single phase load 1s connected between
phases L1 and LZ. For distributing the single phase load
evenly on the three phases L1, L2, L3, the symmetrisation
unit 11 comprises a capacitance Cl connected between the

vhases L1 and L2, and an i1nductance L connected between the

phases L2 and L3. By a proper selection of the wvalues of the
capacitance Cl and the i1nductance L, a load balancing can be
achieved on the three phases. As a result, 1mbalance currents

can be reduced or even avoided.

Capacitance Cl can be i1mplemented as a capacitor bank. It can
be adjustable, e.g. 1n accordance with a control signal. Ca-
pacitance Cl may for example comprise plural capacilitors con-
nected i1n parallel, the capacitors being connectable and dis-
connectable by means of electronically controlled switches.

Thus, the value of capacitance Cl can be adjusted.

T'he 1nductance L can comprilise a co1l or the like. It may be
adjustable. Inductance L may for example comprise a tap

changer which allows the setting of different 1nductance val-

ues 1n accordance with a control signal. Other 1mplementa-
tions i1nclude a coil with an adjustable core, e.g. a magnetic

core the gap of which 1s adjustable.
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The subsea DEH module 10 may for example comprise a control
unit (not shown) which adjusts the values of Cl and L 1n ac-
cordance with the current single phase load constituted by
pipeline section 21. Accordingly, even 1f the impedance Z,
which can comprises resistive and i1nductive components (as

11llustrated), changes, the load can be balanced on the three

pvhases L1, LZ and L3. The control unit may thus implement a
local feedback circuit. In other i1mplementations, such con-
trol unit may receilve a control signal from the topside 1in-

stallation for changing the value of Cl and/or L.

The compensation unit 12 comprises a capacitance CZ which 1s
connected 1n parallel with the single phase load 21. The ca-
pacltance C2Z may be 1mplemented as described above with re-
spect to Cl. In particular, 1ts value may be adjustable 1in
accordance with a control signal recelved from a topside 1n-
stallation of from a local control unit. The value of the ca-
pacltance C2Z2 1s set so that reactive power caused by the sin-
gle phase load 21 1s compensated. If the amount of reactive
power changes, CZ may be adjusted dynamically for compensat-
ing for such changes. In other 1mplementations, 1t may be
preset for a particular pipeline section to be heated by sub-

sea DEH module 10.

The electric connections 17 couple the (single phase) output

of subsea DEH module 10 to the single phase load, 1.e. to
pipeline section 21. The pipeline section 21 may have at both
of 1ts ends connectors for receiving corresponding connectors
of the electric connections 17. Accordingly, a current can

flow through the pipeline section 21, the 1mpedance 72 of

which causes the pipeline section to be heated. By adjusting

the voltage at the output of subsea DEH module 10 by means of
transformer 13, the current through the pipeline section 21

can be adjusted and thus the amount of heating.

The subsea DEH module 10 may further comprise the above men-

tioned components, such as the circuit breaker 15 or the com-
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pensation reactor 14. In other 1mplementations, some compo-
nents may be omitted, e.g. the compensation unit 12 or the

transformer 13.

The subsea DEH module 10 may further comprilise a communilication
interface (not shown) for communication with the topside 1n-

stallation 50. Communication may occur by a separate communl-
cation line, which can be provided within subsea power cable

41, e.g. a fiber optic cable, or by power line communication

using a conductor of the subsea power cable 41, or by any

other means. Accordingly, measurements taken at the subsea

DEH module 10 can be reported to topside 1nstallation 50 and

control signals 1ssued at topside 1installation 50 can be re-

ceived at the subsea DEH module 10. By means of such control
signals, one or any combination of the symmetrisation unit
11, the compensation unit 12, the transformer 13, the compen-
sation reactor 14 or the circult breaker 15 may be con-

trolled.

The distance between 1ndividual subsea DEH modules 10 or be-
tween the feeder connections points 42 may be up to about 100
km, 1t may for example be between 10 km and 80km, depending

on the configuration. In particular, 1t becomes possible to

feed several subsea DEH modules from a single subsea power
cable having a distance of more than 30 km in between them.
Also, depending on the particular requirements, the step-out

distance from the topside 1nstallation to the first feeder

connection point 42 may be more than 50km or even more than
100km. This can be achieved by using the power transmission
in the high voltage range and using a three phase electric

power transmission.

Note that although three subsea DEH modules 10 are shown 1n
Figs. 1 and 2, this 1s only an example and any number of mod-

ules may be used, e.g. more than 3, more than 4 or even more

than 5 modules. Between 2 and 20 DEH modules may for example

be used.
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Figure 4 shows measurements taken on a DEH system similar to
the one depicted 1in Figures 1 and 2. In the example, a dis-

tance of 30 km between neighboring feeder connection points

was chosen. The example does not use a topside compensation

reactor. The upper curves show the subsea cable voltage,

while the lower curves show the subsea cable current. The

starting up of the first, the second and the third DEH module
1s visible form the curves. After startup, 1t can be seen
that the load 1s relatively well balanced on the three phases

(the three curves 1n each diagram).

Figure 5 shows measurements taken on a DEH system similar to

the one depicted 1n Figures 1 and 2. Different from the con-

figuration of Figure 4, a topside compensation reactor was
now emploved. The step out distance was 100 km and the dis-
tance between neighboring feeder connection points was 40 km.
As can be seen, the curves for the three phases run substan-
tially parallel, showing a good balancing of the load on the

three phases and low currents due to reactive power. Agalin,

the starting up of the three subsea DEH modules 1s visible in

the curves.

Figures 4 and 5 show that with different configurations of

the DEH system 100, 1t 1s possible to operate plural subsea

DEH modules on a single subsea power cable, and that pipeline
section being located a considerable distance away form the

power source and having a considerable length can be heated.

While specific embodiments are disclosed herein, various

changes and modifications can be maid without departing from
the scope of the i1invention. The present embodiments are to be

considered 1n all respect as 1llustrative and non-

restrictive, and all changes coming within the meaning and
equilivalency range of the appended claims are i1ntended to be

embraced therein.
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CLAIMS:

1. A direct electric heating system for heating a subsea

pipeline, the direct electric heating system comprising:

a subsea power cable adapted to be electrically
5 coupled to a three phase electric power source for providing

three phase electric power to a subsea location; and

two or more subsea direct electric heating (DEH)

modules, each subsea DEH module of the two or more subsea DEH
modules adaptable for heating a different pilpeline section of
10 the subsea pipeline having a different pipeline length, the two

or more subsea DEH modules being adapted to be i1nstalled subsea

at different subsea locations,

wherein each subsea DEH module of the two or more

subsea DEH modules comprises:

15 a three phase transformer;

first electric connections adapted to electrically

couple the three phase transformer of the subsea DEH module to
the subsea power cable for supplying the three phase electric

power to the three phase transformer;

20 second electric connections adapted to electrically

couple the subsea DEH module to the respective pipeline section

for providing electric power to the pipeline section for

heating the pipeline section;

a symmetrisation unit coupled between the three phase

25 transformer and the second electric connections, whereln the

symmetrisation unit is adapted to distribute an electric load

CA 2863082 2018-10-09
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of the pipeline section evenly between the three phases of an

ﬁ

output of the three phase transformer, so as to achieve a

balanced three phase load on the three phase power source; and

a compensation reactor adapted to compensate for

reactive power arising from a capacitance of the subsea power

cable.

2 . The direct electric heating system of claim 1,

wherelin each subsea DEH module of the two or more subsea DEH
modules is adapted to heat the respective pipeline section by

single phase electric power, the pipeline section constituting

a single phase load for the respective DEH module.

3. The direct electric heating system of claim 1,
wherein the pipeline section 1is coupled between a first phase

and a third phase of the output of the three phase transformer,

and

wherein the symmetrisation unit comprises a
capacitance coupled between the first phase and a second phase

of the output of the three phase transformer, and an inductance

coupled between the second phase and the third phase of the

output of the three phase transformer.

4, The direct electric heating system of claim 3,

wherein the capacitance, the inductance, or the capacitance anc

the inductance are adjustable.

5. The direct electric heating system of claim 1,
wherein the second electric connections comprise an electric

connection from an output of the symmetrisation unit to one end

of the respective pipeline section and an electric connection

CA 2863082 2018-10-09
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from the output of the symmetrisation unit to the other end of

the respective pipelline section.

0. The direct electric heating system of claim 1,
wherein the three phase transformer comprilises an on-load tap
changer, the three phase transformer being controllable for
adjusting a level of the voltage supplied to the second

electric connections based on pipeline length.

7. The direct electric heating system of claim 1,
wherein the compensation reactor comprises a coll having an
inductance, a value of the inductance being adjustable in
accordance with a control signal based on a length of the

subsea power cable.

3 . The direct electric heating system of claim 1,
wherein the subsea power cable 1s electrically coupled to the

three phase power source at a topside 1installation, and

wherein the direct electric heating system further
comprises a topside three phase transformer at the topside
installation, the topside three phase transformer being

connected between the three phase power source and the subsea

power cable for transforming a voltage supplied by the three

phase power source to a higher voltage level.

9. The direct electric heating system of claim 1,
wherein the subsea power cable is electrically coupled to the

three phase power source at a topside installation, and

wherein the direct electric heating system further
comprises a topside variable frequency drive at the topside

installation for adjusting a frequency, a voltage, or the
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frequency and the voltage of the three phase electric power

supplied by the three phase power source.

10. The direct electric heating system of claim 1,
whereiln the subsea power cable comprises a three core cable,
cach core of the three core cable supplying a phase of the

three phase electric power to the subsea location.

11. The direct electric heating system of claim 1,

wherein the subsea DEH module further comprises a communication

interface for communication with a topside instaliation, and

wherein the transformer, the symmetrisation unit, or
the transformer and the symmetrisation unit are controllable

via the comnmunication interface.

12. The direct electric heating system of claim 1,

further comprising a controller for adjusting the

symmetrisation unit for balancing a load on the three phase

output of the three phase transformer automatically or 1in

accordance with a received control signal.

13. The direct electric heating system of claim 1,

wherein each subsea DEH module of the two or more supsea DEH

modules comprises a subsea enclosure, the three phase

transformer and the symmetrisation unit being arranged 1n the

subsea enclosure.

14. The direct electric heating system of claim 11,
wherein the transformer, the symmetrisation unit, or the
transformer and the symmetrisation unit are controllable via

control signals received from the topside 1nstallation on the

communication 1nterface.
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15. The direct electric heating system of claim 2,

wherein the pilpeline section 1s coupled between a first phase

and a third phase of the output of the three phase transformer,

and

wherein the symmetrisation unit comprises a
capaclitance coupled between the first phase and a second phase
of the output of the three phase transformer, and an 1nductance
coupled between the second phase and the third phase of the

output of the three phase transformer.

16. A direct electric heating system for heating a subsea

pipeline, the direct electric heating system comprilising:

a subsea power cable adapted to be electrically

coupled to a three phase electric power source for providing

three phase electric power to a subsea location; and

two or more subsea direct electric heating (DEH)

[*]
s

modules, each subsea DEH module of the two or more subsea D:
modules configured for individually adjusting heating of a

different pipeline section of the subsea plpeline, the two or

more subsea DEH modules being adapted to be 1nstalled subsea at

different subsea locations,

wherein each subsea DEH module of the two or more

subsea DEH modules comprises:

a three phase transtformer;

first electric connections adapted to electrically

couple the three phase transformer of the subsea DEH module to
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the subsea power cable for supplying the three phase electric

power to the three phase transformer;

second electric connections adapted to electrically

couple the subsea DEH module to the respective pipeline sectlion
for providing electric power to the pilpeline section for

heating the pipeliline section;

a symmetrisation unit coupled between the three phase
transformer and the second electric connections, wherein the
symmetrisation unit is adapted to distribute an electric load
of the pipeline section evenly between the three phases of an
output of the three phase transformer, so as toc achieve a

balanced three phase load on the three phase power source; and

a three phase circuit breaker adapted to disconnect

the subsea DEH module from the three phase power source.

17. The direct electric heating system of claim 16,

wherein each subsea DEH module of the two or more subsea DEH
modules comprise a compensation unit adapted to compensate for

reactive power arising from heating of the respective pipeline

section.

18. The direct electric heating system of claim 17,

wherein the compensation unit comprises a capacltance value

being controllable.

19, A direct electric heating system for heating a subsea

pipeline, the direct electric heating system comprising:

a subsea power cable adapted to be electrically

coupled to a three phase electric power source for providing
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three phase electric power to a subsea location and to be
electrically coupled to a three phase power source at a topside

installation;

a topside compensation reactor connected to the
subsea power cable at the topside 1nstallation, the topside
compensation reactor being adapted to compensate for reactive

power arising from a capacitance of the subsea power cable; and

two or more subsea direct electric heating (DEH)

modules, each subsea DEH module of the two or more subsea DEH
modules configured for individually adjusting heating of a

different pipeline section of the subsea pilipeline having a

different pipeline length, the two or more subsea DEH modules
being adapted to be installed subsea at different subsea

locations,

wherein each subpsea DEH module of the two oOr more

subsea DEH modules comprises:

a three phase transformer; first electric connections

adapted to electrically couple the three phase transformer of

the subsea DEH module to the subsea power cable for supplying

the three phase electric power to the three phase transformer;

second electric connections adapted to electrically

couple the subsea DEH module to the respective pipeline section

for providing electric power to the pipeline section for

heating the pipeline section; and

a symmetrisation unit coupled between the three phase
transformer and the second electric connections, wherein the

symmetrisation unit is adapted to distribute an electric load
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of the pipeline section evenly between the three phases of an
output of the three phase transformer, so as to achlieve a

balanced three phase load on the three phase power source.
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