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FIG. 1

(57) Abstract: A subsea electric power distribution installation (1) comprising: - one or more MV switching apparatuses (70) electrically
connected with an electric power source (50) and one or more electric loads (60), said switching apparatuses being adapted to switch
a MV electric power supply (V0) to said electric loads; - electronic equipment (11, 12) operatively associated with said switching
apparatuses for managing the operation of said switching apparatuses, said electronic equipment being configured to receive a LV
electric power supply. The subsea electric power distribution installation comprises a centralized energy storage unit (20) including
one or more storing devices (25) for storing electric energy to feed said electronic equipment (11, 12), wherein said centralized energy
storage unit is adapted to receive electric power from said electric power source to charge said storing devices, wherein said centralized
energy storage unit is adapted to provide an electric power supply to said electronic equipment by absorbing electric power from said

storing devices.
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A SUBSEA ELECTRIC POWER DISTRIBUTION INSTALLATION
DESCRIPTION

Field of Invention

The present invention relates to the field of subsea electric power distribution grids for subsea

facilities.

More particularly, the present invention relates to a subsea electric power distribution

installation providing improved performances in terms of structural simplicity and reliability.

Background

For the purposes of the present invention:

- the term “low voltage” (LV) relates to operating voltages at electric power distribution
level, which are lower than 1 kV AC and 1.5 kV DC;

- the term “medium voltage” (MV) relates to operating voltages at electric power
distribution level, which are higher than 1 kV AC and 1.5 kV DC up to some tens of kV,
e.g.upto 72 kV AC and 100 kV DC;

- the term “high voltage” (HV) relates to operating voltages at electric power transmission
level, which are higher than some tens of kV, e.g. higher than 72 kV AC and 100 kV DC.
As is known, in the field of offshore oil and gas production, processing facilities are often
installed into deep waters in proximity of subsea wells that may be located in water depths

down to 3000 m or more.

Subsea facilities may comprise a range of components, e.g. pumps, compressors and the like,

which require electric power for operation.

In order to electrically feed a subsea facility, a HV supply voltage is typically provided to a

subsea electric power distribution grid, at which it is transformed to a supply voltage at

electric power distribution level to feed a subsea electric power distribution installation.

A subsea electric power distribution installation normally comprises a subsea switchgear

including MV switching apparatuses (e.g. vacuum circuit breakers) adapted to switch a MV

electric power supply to subsea electric loads (e.g. to subsea electric motors).

A subsea electric power distribution installation further comprises electronic equipment,

which is operatively associated to said switching apparatuses to control the operation thereof

and which is typically fed with a LV electric power supply.

A drawback of currently available subsea electric power distribution installations resides in

their intrinsic complexity.

In fact, the high number of components of these apparatuses makes them difficult and

cumbersome to install at deep water level and constitutes a severe limit to their overall
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reliability.

Obviously, such a criticality is made particularly heavy by the fact that maintenance
interventions on subsea installations are extremely complex and expensive to carry out.
Nowadays, it is thus quite felt the demand for subsea electric power distribution installations
having structural simplicity and showing improved performances in terms of reliability.

Summary of Invention

In view of this need, an embodiment of the present invention provides a subsea electric power
distribution installationThe present invention also provides a subsea electric power
distribution installation comprising:
one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;
electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;
at least a centralized energy storage unit including one or more storing devices for
storing electric energy, wherein said centralized energy storage unit is adapted to receive
electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,
wherein said centralized energy storage unit comprises:
a first electronic module configured to receive a first feeding voltage from said
electric power source and provide an input voltage;
an energy storage module comprising said storing devices; and
a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by
said storing devices, and
wherein said centralized energy storage unit comprises a third electronic module
comprising:
a first electronic stage configured to receive said second feeding voltage from said

second electronic module and provide a third feeding voltage;
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a second electronic stage electrically connected with at least an auxiliary power supply
unit and second equipment of said subsea electric power distribution installation, wherein said
second electronic stage is configured to reversibly switch between a first circuit configuration
(A), at which second electronic stage receives said third feeding voltage from said auxiliary
power supply unit and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is active, and a second circuit configuration
(B), at which said second electronic stage receives said third feeding voltage from said first
electronic stage and provides said third feeding voltage to said second electronic equipment,
when said auxiliary power supply unit is inactive.

The present invention also provides a subsea electric power distribution grid comprising the
above subsea electric power distribution installation

The present invention also provides a subsea electric power distribution installation
comprising:

one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;

electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;

at least a centralized energy storage unit including one or more storing devices for
storing electric energy, wherein said centralized energy storage unit is adapted to receive
electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,

wherein said centralized energy storage unit comprises:

a first electronic module configured to receive a first feeding voltage from said
electric power source and provide an input voltage;

an energy storage module comprising said storing devices; and

a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by

said storing devices,
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wherein said second electronic module is electrically connected with first
electronic equipment of said subsea electric power distribution installation to feed said first
electronic equipment with said second feeding voltage, and

wherein said centralized energy storage unit comprises a third electronic module
comprising:

a first electronic stage configured to receive said second feeding voltage from
said second electronic module and provide a third feeding voltage;

a second electronic stage electrically connected with at least an auxiliary power
supply unit and second equipment of said subsea eclectric power distribution installation,
wherein said second electronic stage is configured to reversibly switch between a first circuit
configuration, at which second electronic stage receives said third feeding voltage from said
auxiliary power supply unit and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is active, and a second circuit
configuration, at which said second electronic stage receives said third feeding voltage from
said first electronic stage and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is inactive.

The present invention also provides a subsea electric power distribution grid comprising the
above subsea electric power distribution installation
The present invention also provides a subsea electric power distribution installation
comprising:

one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;

electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;

at least a centralized energy storage unit including one or more storing devices for
storing electric energy, wherein said centralized energy storage unit is adapted to receive
electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,

wherein said centralized energy storage unit comprises:

a first electronic module configured to receive a first feeding voltage from said

electric power source and provide an input voltage;

4
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an energy storage module comprising said storing devices; and

a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by
said storing devices,

wherein said second electronic module is electrically connected with first
electronic equipment of said subsea electric power distribution installation to feed said first
electronic equipment with said second feeding voltage,

wherein said first electronic equipment comprises a plurality of power and
control units operatively associated with said switching apparatuses, and

wherein said centralized energy storage unit comprises a third electronic module
comprising:

a first electronic stage configured to receive said second feeding voltage from
said second electronic module and provide a third feeding voltage;

a second electronic stage electrically connected with at least an auxiliary power
supply unit and second equipment of said subsea eclectric power distribution installation,
wherein said second electronic stage is configured to reversibly switch between a first circuit
configuration, at which second electronic stage receives said third feeding voltage from said
auxiliary power supply unit and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is active, and a second circuit
configuration, at which said second electronic stage receives said third feeding voltage from
said first electronic stage and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is inactive.

The present invention also provides a subsea electric power distribution grid comprising the
above subsea electric power distribution installation

Brief Description of Drawings

Characteristics and advantages of the present invention will become more apparent from the
detailed description of preferred embodiments illustrated only by way of non-limitative
example in the accompanying drawings, in which:

Figures 1-2 are block diagrams that schematically show a subsea electric power distribution
grid comprising the subsea electric power distribution installation, according to the invention;
Figures 3-4, 4A-4B are block diagrams that schematically show the subsea electric power

distribution installation, according to the invention;
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Figures 5-8 are block diagrams that schematically show a subsea container for the subsea
electric power distribution installation, according to the invention;

Figures 9 is a block diagram that schematically shows a retrievable subsea containing
structure for the subsea electric power distribution installation, according to the invention.

Detailed Description of Embodiments of the Invention

In the following detailed description of the invention, identical components are generally
indicated by same reference numerals, regardless of whether they are shown in different
embodiments. In order to clearly and concisely disclose the invention, the drawings may not
necessarily be to scale and certain features of the invention may be shown in a schematic
form.

Referring to the cited figures, the present invention is related to a subsea electric power
distribution installation 1 for a subsea electric power distribution grid 100.

The subsea electric power distribution grid 100 is adapted to provide a power supply
(preferably a MV supply voltage VO0) to a subsea facility 600 including one or more electric
loads 60.

The subsea electric power distribution grid 100 is electrically connected to a HV power
transmission line 300, which is in turn electrically connected to a topside electric power
transmission installation 400.

The topside installation 400 may be onshore (e.g. a HV electric power station) or offshore (a
platform or ship).

The subsea electric power distribution grid 100 comprises at least a HV/MV transformer 51 to
transform the HV supply voltage received from the HV power transmission line 300 into a
MYV supply voltage VO to feed the electric loads 60.

The subsea electric power distribution grid 100 comprises at least a MV/LV transformer 52 to
transform the MV supply voltage VO made available by the transformer 51 into a LV supply
voltage V1 to feed LV components of the subsea installation 100.

From an electrical point of view, the upstream portions (with respect to the normal electric
power flow) of the subsea electric power distribution grid 100(e.g. including the transformers
51-52) form an electric power source 50 capable of making available both MV and LV supply
voltages VO, V1 to further portions of the subsea electric power distribution grid 100 and to
the electric loads 60.

The subsea electric power distribution grid 100 comprises the subsea electric power
distribution installation 1 intended to be electrically connected between the electric power

source 50 and the electric loads 60.
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The subsea electric power distribution installation 1 comprises a switchgear 10 including one
or more MV switching apparatuses 70 (which may be of known type) electrically connected
with the electric power source 50 and the electric loads 60 to switch the MV power supply VO
to these latter.

In principle, the MV switching apparatuses 70 may be of any type and may include, for
example, MV circuit breakers, contactors, disconnectors, reclosers or the like.

Preferably, the switching apparatuses 70 comprise MV vacuum circuit breakers having
electric poles provided with mobile contacts that can be actuated by suitable actuators.
Preferably, said actuators are electromagnetic actuators.

In principle, the number of the switching apparatuses 70 may vary according to the needs. In
the embodiments shown in the cited figures, the electric power distribution installation 1
comprises three switching apparatuses for evident reasons of electric balancing.

The subsea electric power distribution installation 1 comprises also electronic equipment 11,
12 (which may be of known type) operatively associated with the switching apparatuses 70
for managing the operation of this latter.

The electronic equipment 11, 12 is conveniently configured to receive a LV power supply.

As an example, such electronic equipment may comprise one or more power & control units
11 configured to drive the switching apparatuses 70 and/or one or more protection & control
units 12 operatively associated with the switching apparatuses 70 to manage the operation of
these latter.

According to the invention, the electric power distribution installation 1 comprises at least a
centralized energy storage unit 20 adapted to store electric energy to feed the electronic
equipment 11, 12 operatively associated to the centralized storage unit 20.

For the sake of clarity, the energy storage unit 20 is defined as “centralized” as it is
configured to feed, in a shared way, multiple pieces of the electronic equipment 11, 12 of the
subsea electric power distribution installation 1, which may be of same or difterent type.

In the following, the present invention will be described with reference to preferred
embodiments in which the subsea switchgear 1 comprises a single centralized energy storage
unit 20 to feed the whole electronic equipment of the switchgear.

However, embodiments of the invention are possible in which the subsea electric power
distribution installation 1 comprises multiple centralized energy storage units 20, each
dedicated to feed a corresponding cluster of electronic equipment of the switchgear.

In any event, the arrangement of one or more centralized energy storage units 20 in a subsea

electric power distribution installation represents a technical solution in contrast with
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currently available arrangements, which basically implements a distributed one-to-one storage
and management of the electric energy to feed the electronic equipment of the subsea
switchgear, according to which each piece of electronic equipment is basically provided with
its own storage battery.

At it will clearly emerge from the following description, the solution proposed by the
invention allows achieving a remarkable simplification of the physical structure of the subsea
electric power distribution installation, which may be arranged according to a modular
approach, thereby improving its overall reliability and remarkably facilitating possible
maintenance interventions.

According to the invention, the centralized energy storage unit 20 includes one or more
storing devices 25 for storing electric energy.

The storing devices 25 are advantageously configured in such a way to store the electric
energy (e.g. up to 20000 Joule) needed for feeding the electronic equipment 11, 12
operatively associated to the centralized storage unit 20.

Preferably, the storing devices 25 are storing capacitors.

The adoption of a capacitive storage of electric energy, instead of using batteries, represents a
another important aspect of the invention, which allows fully overcoming the traditional
reliability problems deriving from the use of batteries in a subsea environment (e.g. limited
operating life, high sensitivity to vibrations and temperature variations, and the like).

The centralized energy storage unit 20 is electrically connected with the electric power source
50 and is adapted to receive electric power at LV level from this latter to charge the storing
devices 25.

The centralized energy storage unit 20 is electrically connected with the electronic equipment
11, 12 and is adapted to feed said electronic equipment with electric power at LV level, which
is absorbed from the storing devices 25, in other words by consuming electric power that is
provided by the storing devices 25.

More particularly, the centralized energy storage unit 20 is adapted to provide a LV electric
power supply V2, V3 (which is preferably adjustable) to the electronic equipment 11, 12.
According to an embodiment of the invention, the centralized energy storage unit 20
comprises a plurality of electronic modules electrically connected in cascade.

Preferably, the centralized energy storage unit 20 comprises an energy storage module 29
including the storing devices 25.

Preferably, the energy storage module 29 comprises an input 291, at which it receives a

charging voltage VC (conveniently of DC type) having values suitable to charge the storing
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devices 25, and an output 292, at which it provides a fourth voltage VS that may substantially
coincide with the charging voltage VC when the storing devices 25 are fully charged.
Preferably, the centralized energy storage unit 20 comprises a first electronic module 21
configured to receive the first feeding voltage V1 (conveniently of AC type, e.g. 240V) from
the electric power source 50 and provide an input voltage VIN, which is preferably adjustable
and conveniently of DC type.

Preferably, the first electronic module 21 comprises an input 210, at which it is electrically
connected with the electric power source 50 to receive the feeding voltage V1, and an output
213, at which it provides the input voltage VIN.

Preferably, the first electronic module 21 comprises a rectifying circuit 211 (e.g. having a
diode bridge configuration) electrically connected in cascade with the electric power source
50 to receive and rectify the feeding voltage V1.

Preferably, the first electronic module 21 comprises a first AC/DC converter 212 electrically
connected in cascade with the rectifying circuit 211 to receive the rectified voltage provided
by this latter and provide the input voltage VIN.

Preferably, the centralized energy storage unit 20 comprises a second electronic module 22
electrically connected with the first electronic module 21 (at the output 213) and the energy
storage module 29 (at the input 291).

Preferably, the second electronic module 22 is configured to receive the input voltage VIN
from the first electronic module 21 and provide the charging voltage VC to the energy storage
module 29.

Preferably, the second electronic module 22 is configured to receive the fourth voltage VS (at
the output 292 of the energy storage module 29) and it comprises an output 220, at which it
provides the second feeding voltage V2 (e.g. 100V-430V).

Preferably, the second electronic module 22 comprises a second DC/DC step-down converter
221 electrically connected with the output 213 of the first electronic module 21 to receive the
input voltage VIN and provide the charging voltage VC (at the input 291 of the energy
storage module 29).

Preferably, the second electronic module 22 comprises an electronic supervision module 223
to diagnostic the operation of the storing devices 25 and to command the connection or
disconnection of said storing devices 25 with or from the converter 221.

Preferably, the second electronic module 22 comprises an electronic output module 222
electrically connected with the output 292 of the energy storage module 29 to receive the

fourth voltage VS and provide the second feeding voltage V2 at the output 220.
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According to a preferred embodiment of the invention, the second electronic module 22 is
electrically connected with first electronic equipment 11 (e.g. at the output 220) to feed this
latter with the second feeding voltage V2.

Preferably, the first electronic equipment 11 comprises a plurality of power & control units of
the subsea switchgear 1, which are operatively associated with the switching apparatuses 70.
Preferably, the power & control units 11 are configured to drive the switching apparatuses 70
to operate these latter according to the needs.

As an example, referring to an embodiment in which the switching apparatuses 70 are vacuum
circuit breakers provided with electro-magnetic actuators, the power and control units 11 are
conveniently configured to properly drive said electro-magnetic actuators.

According to an embodiment of the invention, the centralized energy storage unit 20
comprises a third electronic module 23 configured to provide a third feeding voltage V3
(preferably adjustable and conveniently of DC type).

Preferably, the third feeding voltage V3 (e.g. 24V) is lower than the second feeding voltage
V2.

Preferably, the third electronic module 23 is electrically connected with the second electronic
module 22 (namely with the output 220 of this latter) and with at least an auxiliary power
supply unit 40 and second electronic equipment 12 of the electric power distribution
installation 1.

Preferably, the auxiliary power supply unit 40 is electrically connected with the electric power
source 50 and is configured to receive a feeding voltage V4 from this latter and provide in
turn a feeding voltage corresponding to the third feeding voltage V3.

Preferably, the second electronic equipment 12 of the subsea switchgear 1 comprises one or
more protection & control units operatively associated with the switching apparatuses 70 to
manage the operation of these latter. As an example, the protection & control units 12 may
protection relays or other IEDs (Intelligent Electronic Devices) of difterent type.

Preferably, the third electronic module 23 provides the third feeding voltage V3 at an output
230, which is conveniently electrically connected with the second electronic equipment 12.
Preferably, the third electronic module 23 comprises a first electronic stage 231 electrically
connected in cascade with the second electronic module 22 and configured to receive the
second feeding voltage V2 from the second electronic module 22 (at the output 220) and
provide the third feeding voltage V3 at an electric node 235.

Preferably, the first electronic stage 231 comprises a fourth DC/DC step-down converter 2310

configured to receive the second feeding voltage V2 from this latter and provide the third

10
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feeding voltage V3.

Preferably, the third electronic module 23 comprises a second electronic stage 232 electrically
connected with the first electronic stage 231 (at the electric node 235), with the auxiliary
power supply unit 40 (at an input 236) and the second electronic equipment 12 (at the output
220).

Preferably, the second electronic stage 232 is configured to reversibly switch between a first
circuit configuration A and a second circuit configuration B.

When the auxiliary power supply unit 40 is active, the second electronic stage 232 switches in
the first circuit configuration A whereas, when the auxiliary power supply unit 40 is inactive,
the second electronic stage 232 switches in the second circuit configuration B.

When it takes first circuit configuration A, the second electronic stage 232 receives the
feeding voltage V3 from the auxiliary power supply unit 40 and provides the third feeding
voltage V3 to the second equipment 12.

When it takes second circuit configuration B, the second electronic stage 232 receives the
feeding voltage V3 from the first electronic stage 231 and provides the third feeding voltage
V3 to the second equipment 12.

Preferably, the second electronic stage 232 comprises a switching circuit 2320 operating as an
OR logic port.

Preferably, the switching circuit 2320 comprises first and second diodes 2321, 2322 having
cathodes electrically connected with the output 230 and anodes electrically connected with the
first electronic stage 231 (at the electric node 235) and the auxiliary power supply unit 40 (at
the input 236), respectively.

When the auxiliary power supply unit 40 is active, the first diode 2321 switches in conduction
state whereas the second diode 2322 switches in interdiction state. The second electronic
stage 232 takes the first circuit configuration A according to which the output 230 is
electrically connected with the power supply 40 and is disconnected from the first electronic
stage 231. The output 230 of the second electronic stage 232 thus receives the third feeding
voltage V3 directly from the power supply 40 (figure 4A).

When the auxiliary power supply unit 40 is inactive (e.g. due to a failure), the first diode 2321
switches in interdiction state whereas the second diode 2322 switches in conduction state. The
second electronic stage 232 takes the second circuit configuration B, according to which the
output 230 is electrically connected with the auxiliary power supply unit 40 and is
disconnected from the auxiliary power supply unit 40. The output 230 of the second electronic

stage 232 thus receives the third feeding voltage V3 directly from the first electronic stage

11
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231 (figure 4B).

The embodiment described above is particularly advantageous as the centralized energy
storage unit 20 is capable to provide, in case of emergency, a power supply to electronic
equipment (e.g. the protection & control units) 12, which is normally fed by an auxiliary
power supply (e.g. the auxiliary power supply unit 40).

As an example, the centralized energy storage unit 20 can provide the electronic equipment 12
with the energy sufficient to properly set the switching apparatuses in a safe state and
communicate with an overlaying control system, in case of failure of the auxiliary power
supply unit 40.

The subsea switchgear 1 thus offers more reliable performances in case of voltage dips or
failures.

It is evidenced how the centralized energy storage unit 20 is capable of implementing the
above functionalities without incurring the drawbacks (e.g. limited reliability and operating
life of the battery packs) characterising the UPS-based solutions generally adopted in
traditional subsea switchgears.

Preferably, the centralized energy storage unit 20 comprises a fourth electronic module 24
configured to exchange data or control signals S with at least a control unit 80 of the subsea
electric power distribution installation 1.

Preferably, the fourth electronic module 24 comprises a communication interface 240
configured to communicate with one or more the electronic modules 21, 22, 23 of the
centralized energy storage unit 20 and with the control unit 80 according to communication
protocols, which may be of known type.

Preferably, the centralized energy storage unit 20 comprises processing resources 200, which
may include one or more digital processing devices (e.g. microprocessors or DSPs) capable of
storing and executing one or more computer programs to manage the functionalities of the
electronic modules 21-24.

The processing resources 200 may be collected in a single processing device physically
included in an electronic module 21-24 or may be distributed among different processing
devices physically positioned in one or more electronic modules.

Preferably, the electronic modules 21-24 of the centralized energy storage unit 20 are
physically mounted on one or more electronic boards 20A, 20B, 20C.

To this aim, known electronic circuit assembling techniques may be conveniently adopted.

As an example, the electronic modules 21, 24 may be mounted on a dedicated electronic

board 20A, the electronic module 22 may be mounted on a dedicated electronic board 20B
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and the electronic module 23 24 may be mounted on a dedicated electronic board 20C.

Other solutions are obviously possible to the skilled person.

As they are intended to be installed at deep water level, the components of the subsea
installation 100 (e.g. the transformers 51-52, the electric power distribution installation 1, etc.)
are exposed to pressures up to hundreds of bar (e.g. up to 300 bar at a depth of 3000 m).

To protect the components of the subsea electric power distribution installation 1 (e.g. the
switching apparatuses 70, the centralized storage unit, the electronic equipment 11-12, etc.)
from the corrosive environment in which they are installed and deal with the high pressures to
which they are exposed, pressure resistant subsea containers are arranged to accommodate
said components at a predefined pressure (e.g. the atmospheric pressure).

Conveniently, said subsea containers are properly designed to withstand the high differential
pressure between the subsea environment and their inside.

According to an embodiment of the invention, the electric power distribution installation 1
comprises a first subsea container 91 having an outer shaped enclosure 913 adapted to define
an internal volume 910 having a predefined internal pressure (e.g. the atmospheric pressure).
Preferably, the outer enclosure 913 of the subsea container 91 has a suitable thickness and
shape (preferably cylindrical) to better withstand the environmental pressure and reduce the
overall size.

Conveniently, the subsea container 91 is adapted to accommodate the centralized energy
storage unit 20 in the internal volume 910.

Preferably, the subsea container 91 comprises a storage section 911 for accommodating the
energy storage module 29, in particular the storing devices 25.

Preferably, the subsea container 91 comprises an electronic section 912 for accommodating
the electronic boards 20A, 20B, 20C on which the electronic modules 21-24 are mounted.

In figure 7, the electronic section 912 is shown as overlapped to the storage section 911 with
reference to the normal installation position of the subsea container 91. However, different
arrangements are possible.

Conveniently, the electronic boards 20A, 20B, 20C may be arranged (e.g. according to a
triangular-prism configuration) within the electronic section 912 of the subsea container 91.
Evidently, these combined solutions, as shown in the embodiments of figures 5-8, allow
reducing the overall size of the subsea container 91.

Preferably, the subsea container 91 may be used to accommodate further electronic circuits or
devices not being part of the centralized energy storage unit 20, e.g. an auxiliary electric

power supply unit 40.
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Also said further electronic circuits or devices are preferably accommodated in the electronic
section 912 of the subsea container 91, e.g. overlapped with the electronic boards 20A, 20B,
20C.

According to some embodiments of the invention (figures 7-8), the subsea container 91
comprises a material 915 (which may be of known type) capable of absorbing hydrogen
accommodated in the internal volume 910.

Such a solution is quite advantageous as it allows drastically reducing the presence of
hydrogen in the internal volume 910 of the subsea container 91.

As is known hydrogen is normally generated during the operation of capacitive energy storage
equipment. The presence of hydrogen within the container 91 would pose severe safety
problems when maintenance or dismantling interventions have to be carried out. Furthermore,
an internal atmosphere full of hydrogen could generate corrosive composites for the electronic
components of the electronic modules 21-24.

The use of hydrogen absorbing material 915 in the internal volume 910 thus provides relevant
advantages in terms of safety for operators and in terms of reliability of the centralized energy
storage unit 20.

According to the embodiment shown in figure 7, the hydrogen absorbing material 915 is
positioned at the storage section 911 of the subsea container 91.

As an example, layers of material 915 may be arranged to cover the external envelopes of the
storing devices 25.

As a further example, bulk portions of material 915 may be arranged to fill the interstices
among the storing devices 25 and the space between these latter and the internal walls of the
subsea container 91.

According to the embodiment shown in figure 8, the hydrogen absorbing material 915 is
positioned at both the storage and electronic sections 911, 912 of the subsea container 91.

As an example, layers of material 915 may be arranged to cover the external envelopes of the
storing devices 25 and the internal walls of the subsea container 91 whereas bulk portions of
material 915 may be arranged to fill the internal interstices.

Other arrangements of the hydrogen absorbing material 915 are possible according to the
needs.

As mentioned above, the arrangement of a centralized energy storage unit 20 to feed
electronic equipment 11, 12 of the electric power distribution installation 1 has a remarkable
impact of the physical structure of the electric power distribution installation 1.

The provision of a shared centralized power supply for the electronic equipment 11, 12
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implies remarkable size savings for said electronic equipment.

Further, the pieces of electronic equipment 11, 12, which are centrally fed by the energy
storage unit 20, may be assembled together within dedicated containers.

Preferably, the electric power distribution installation 1 comprises one or more second subsea
containers 92 to accommodate the first electronic equipment 11 of the electric power
distribution installation 1.

As an example, the electric power distribution installation 1 may comprise a plurality of
subsea containers 92, each accommodating a plurality of power & control units 11 operatively
associated with the switching apparatuses 70.

Preferably, the electric power distribution installation 1 comprises one or more third subsea
containers 93 to accommodate the second electronic equipment 12 of the electric power
distribution installation 1.

As an example, the electric power distribution installation 1 may comprise a plurality of
subsea containers 93, each accommodating a plurality of protection & control units 11
operatively associated with the switching apparatuses 70.

Preferably, the subsea electric power distribution installation 1 comprises a plurality of subsea
containing structures 95, each defining a volume 950, in which a first subsea container 91, a
second subsea container 92 and a third subsea container 93 are accommodated.

Preferably, the subsea containing structure 95 is retrievable by suitable topside lifting means.
The arrangement of the subsea containing structures 95 is quite advantageous as it allows
intervening (e.g. for installation, replacement or maintenance purposes) on the LV
components of the electric power distribution installation 1 (e.g. the energy storage unit 20 or
the electronic equipment 11, 12) without involving the MV components of the electric power
distribution installation 1 (e.g. the switching apparatuses 70), which in turn can be
accommodated in a suitable dedicated containing structure, and vice-versa.

From the above, it is apparent that the arrangement of one or more centralized energy storage
units 20 constitutes a key feature of the electric power distribution installation 1, which allows
assembling this latter with a modular structure.

The subsea electric power distribution installation 1 has thus a simplified structure with
respect to traditional solutions, which can be manufactured at industrial level at competitive
costs.

The operative installation of the electric power distribution installation 1 is easier with respect
to traditional solutions and as well as the execution of possible maintenance interventions.

The provision of one or more shared centralized power supplies in the subsea electric power
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distribution installation 1 allows remarkably improving the footprint, size and heat dissipation
of the electronic equipment of the switchgear, e.g. of the power & control units intended to
drive the switching apparatuses.

Further, as said one or more shared centralized power supplies are of capacitive type, the
drawbacks of traditionally used battery storage systems or UPS systems are fully overcome.
The provision of one or more shared power supplies 20 in the subsea electric power
distribution installation 1 further allows improving the overall performances of this latter in
terms of reliability, even in relation to the behaviour in presence of power supply dips or
failures.

The subsea electric power distribution installation, according to the invention, thus conceived
may undergo numerous modifications and variants, all coming within the scope of the
inventive concept. Moreover, all the component parts described herein may be substituted by
other, technically equivalent elements. In practice, the component materials and dimensions

of the device may be of any nature, according to needs.
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CLAIMS

1. A subsea electric power distribution installation comprising:

one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;

electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;

at least a centralized energy storage unit including one or more storing devices for
storing electric energy, wherein said centralized energy storage unit is adapted to receive
electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,

wherein said centralized energy storage unit comprises:

a first electronic module configured to receive a first feeding voltage from said
electric power source and provide an input voltage;

an energy storage module comprising said storing devices; and

a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by
said storing devices, and

wherein said centralized energy storage unit comprises a third electronic module
comprising:

a first electronic stage configured to receive said second feeding voltage from said
second electronic module and provide a third feeding voltage;

a second electronic stage electrically connected with at least an auxiliary power supply
unit and second equipment of said subsea electric power distribution installation, wherein said
second electronic stage is configured to reversibly switch between a first circuit configuration,
at which second electronic stage receives said third feeding voltage from said auxiliary power
supply unit and provides said third feeding voltage to said second electronic equipment, when
said auxiliary power supply unit is active, and a second circuit configuration, at which said

second electronic stage receives said third feeding voltage from said first electronic stage and
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provides said third feeding voltage to said second electronic equipment, when said auxiliary

power supply unit is inactive.

2. The subsea electric power distribution installation, according to claim 1, wherein said
second electronic module is electrically connected with first electronic equipment of said
subsea electric power distribution installation to feed said first electronic equipment with said

second feeding voltage.

3. The subsea electric power distribution installation, according to claim 2, wherein said
first electronic equipment comprises a plurality of power and control units operatively

associated with said switching apparatuses.

4, The subsea electric power distribution installation, according to claim 1, wherein said
second electronic equipment comprises one or more protection and control units operatively

associated with said switching apparatuses.

5. The subsea electric power distribution installation, according to claim 1, wherein said

third feeding voltage is lower than said second feeding voltage.

6. The subsea electric power distribution installation, according to claim 1, wherein said
centralized energy storage unit comprises a fourth electronic module configured to exchange
data or control signals with at least a control unit of said subsea electric power distribution

installation.

7. The subsea clectric power distribution installation, according to claim 1, further
comprising a first subsea container having an outer enclosure adapted to define an internal
volume with a predefined pressure, wherein said centralized energy storage unit is

accommodated in the internal volume of said first subsea container.

8. The subsea electric power distribution installation, according to claim 7, wherein said
first subsea container comprises a storage section for accommodating said storing devices and
an electronic section for accommodating one or more electronic boards on which one or more

of said electronic modules are mounted.
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9. The subsea electric power distribution installation, according to claim 7, wherein said
first subsea container comprises a material capable of absorbing hydrogen, said material being

accommodated in the internal volume of said subsea container.

10.  The subsea electric power distribution installation, according to claim 7, further
comprising a retrievable subsea containing structure for accommodating said first subsea
container and second and third containers, in which said electronic equipment is

accommodated.

11. A subsea clectric power distribution grid comprising a subsea electric power

distribution installation, according to claim 1.

12. A subsea electric power distribution installation comprising:
one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;
electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;
at least a centralized energy storage unit including one or more storing devices for
storing electric energy, wherein said centralized energy storage unit is adapted to receive
electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,
wherein said centralized energy storage unit comprises:
a first electronic module configured to receive a first feeding voltage from said
electric power source and provide an input voltage;
an energy storage module comprising said storing devices; and
a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by

said storing devices,
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wherein said second electronic module is electrically connected with first
electronic equipment of said subsea electric power distribution installation to feed said first
electronic equipment with said second feeding voltage, and

wherein said centralized energy storage unit comprises a third electronic module
comprising:

a first electronic stage configured to receive said second feeding voltage from
said second electronic module and provide a third feeding voltage;

a second electronic stage electrically connected with at least an auxiliary power
supply unit and second equipment of said subsea eclectric power distribution installation,
wherein said second electronic stage is configured to reversibly switch between a first circuit
configuration, at which second electronic stage receives said third feeding voltage from said
auxiliary power supply unit and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is active, and a second circuit
configuration, at which said second electronic stage receives said third feeding voltage from
said first electronic stage and provides said third feeding voltage to said second electronic

equipment, when said auxiliary power supply unit is inactive.

13. The subsea electric power distribution installation, according to claim 12, wherein said
centralized storage unit is accommodated with a subsea container having an outer enclosure

adapted to define an internal volume with a predefined pressure.

14. The subsea electric power distribution installation according to claim 13, wherein the
centralized energy storage unit further comprises a material capable of absorbing hydrogen,

said material being accommodated in the internal volume of said subsea container.

15. A subsea electric power distribution installation comprising;:

one or more MV switching apparatuses electrically connected with an electric power
source and one or more electric loads, said switching apparatuses being adapted to switch a
MYV electric power supply to said electric loads;

electronic equipment operatively associated with said switching apparatuses for
managing the operation of said switching apparatuses, said electronic equipment being
configured to receive a LV electric power supply;

at least a centralized energy storage unit including one or more storing devices for

storing electric energy, wherein said centralized energy storage unit is adapted to receive
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electric power from said electric power source to charge said storing devices, wherein said
centralized energy storage unit is adapted to provide an electric power supply to said
electronic equipment by consuming electric power provided by said storing devices,

wherein said centralized energy storage unit comprises:

a first electronic module configured to receive a first feeding voltage from said
electric power source and provide an input voltage;

an energy storage module comprising said storing devices; and

a second electronic module configured to receive said input voltage from said
first electronic module and provide a charging voltage to said energy storage module to
charge said storing devices, said second electronic module being configured to provide a
second feeding voltage to said electronic equipment consuming electric power provided by
said storing devices,

wherein said second electronic module is electrically connected with first
electronic equipment of said subsea electric power distribution installation to feed said first
electronic equipment with said second feeding voltage,

wherein said first electronic equipment comprises a plurality of power and
control units operatively associated with said switching apparatuses, and

wherein said centralized energy storage unit comprises a third electronic module
comprising:

a first electronic stage configured to receive said second feeding voltage from
said second electronic module and provide a third feeding voltage;

a second electronic stage electrically connected with at least an auxiliary power
supply unit and second equipment of said subsea eclectric power distribution installation,
wherein said second electronic stage is configured to reversibly switch between a first circuit
configuration, at which second electronic stage receives said third feeding voltage from said
auxiliary power supply unit and provides said third feeding voltage to said second electronic
equipment, when said auxiliary power supply unit is active, and a second circuit
configuration, at which said second electronic stage receives said third feeding voltage from
said first electronic stage and provides said third feeding voltage to said second electronic

equipment, when said auxiliary power supply unit is inactive.

16. The subsea electric power distribution installation, according to claim 12, wherein said
second electronic equipment comprises one or more protection and control units operatively

associated with said switching apparatuses.
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17. The subsea electric power distribution installation, according to claim 15, wherein said
second electronic equipment comprises one or more protection and control units operatively

associated with said switching apparatuses.

18. The subsea electric power distribution installation, according to claim 2, wherein said
centralized energy storage unit comprises a fourth electronic module configured to exchange
data or control signals with at least a control unit of said subsea electric power distribution

installation.

19. A subsea clectric power distribution grid comprising a subsea electric power

distribution installation, according to claim 12.

20. A subsea eclectric power distribution grid comprising a subsea electric power

distribution installation, according to claim 15.
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