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Title: Offshore substation for a wind farm

The present invention relates to an offshore substation for a wind
farm, the substation having electricity receiving means for receiving
electricity generated by the wind farm, wherein the substation includes
transformer means for transforming the electricity into high voltage

5 electricity, wherein the transformer means are connectable to high voltage
electricity output means for outputting the high voltage electricity.

Such a substation is known from the prior art. The substation is
connected to the wind farm, which usually comprises a plurality of wind
driven wind turbines, to receive alternating current (AC) electricity there-

10  from. Usually, the wind energy is transported by suitable cables to the
substation, for example at a voltage of about 33 kV. The substation’s main
purpose is to transform the generated wind energy into high voltage
electricity, for example having a voltage higher than 100 kV. To that aim,
the substation is usually provided with an array of oil insulated

15  transformers. Such transformers have the advantage that they can operate
at very high power levels, enabling a desired high electricity output over 100
MW (megawatts).

A disadvantage of the known substation is that the station is very
heavy, usually having a mass of over 1000 tons (1 ton being 1000 kg),

20  sometimes even more than 1700 tons, which makes them costly due to the
needed strength and amount of steel that is usually required for a
supporting foundation and a crane capacity required for lifting and
installation (only a few cranes are capable of lifting such substations).

The present invention aims to provide an improved substation.

25  Particularly, the present invention aims to overcome or alleviate the above-

mentioned problems.
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To this aim, the substation according to the invention is
characterized by the features of claim 1.

Advantageously, according to an aspect of the invention, the
transformer means include at least one gas insulated transformer.

It has been found that application of one or more gas insulated
transformers instead of oil insulated transformers leads to a relatively light-
weight, relatively compact substation. The resulting substation can have a
mass lower than 1,000,000 kg, preferably lower than 750,000 kg, for
example in the range of about 400,000 kg to 600,000 kg, for example such
that more cranes become available (in view of lifting capacity) to lift the
substation. The resulting platform can be installed in a relatively efficient
manner, swiftly, and -as a result- with relatively low costs compared to
installation costs of the known heavy and bulkier offshore substations.

High capacity gas insulated transformers as such are known, and
sold by Toshiba (Toshiba Corporation) for providing power to sky scrapers
and for underground substations.

Usually, the gas insulated transformer includes a housing having
magnetically cooperating transformer coils, conducting the electric currents
during operation, wherein a gas is applied for mutually insulating the coils,
and for cooling the coils. For example, the insulating gas can be SF6 (Sulfur
hexafluoride) and/or another suitable (non-flamable, electrically non-
conductive) gas. Also, the gas insulated transformer can be connected to a
gas circulation system, for example including a gas supply for supplying the
insulating gas to the housing, and a gas exhaust for receiving gas from the
housing. One or more pumps can be provided for circulating the insulating
gas into and out of the transformer housing.

Generally, a non-flamable gas is used, so that a relatively safe
operation of the gas insulated transformer can be achieved. Also, as a result,

application of extensive, bulky and heavy oil fire fighting facilities (which is
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usually required in the known substation that has oil insulated
transformers) is not necessary.

Furthermore, the substation does not require the use of a large
amount of oil for operation of the transformer means (as is required for
operating a high capacity oil insulated transformer), leading to a major
weight reduction.

In a further embodiment, the substation includes a first support for
supporting the at least one gas insulated transformer in the substation,
wherein the substation further includes or is connectable to a second
support for supporting the at least one gas insulated transformer next to the
first support, wherein a transport system is provided for moving a said gas
insulated transformer from the second support to the first support.

For example, the first support can be a floor or part thereof, located
within the substation (for example below a roof of the substation).

Particularly, the first support can hold the gas insulated
transformer in a final operating position. The second support can be used to
hold the gas insulated transformer in a loading/unloading position, for
example remote from a said operating position, particularly next to a said
first support. The transport system for moving the gas insulated
transformer between the first and second support can be configured in
various ways, for example including a rails, a glide path, a motorized drive,
a winch, a pneumatic or hydraulic drive, a conveyor, and/or other transport
means. Also, the transport system can be part of or integrated with the
substation, the second support, the gas insulated transformer, or a
combination thereof.

In a preferred embodiment, the first support and second support
are located at substantially the same horizontal level, particularly for
supporting a said transformer at substantially the same horizontal level.

For example moving a gas insulated transformer from a

loading/unloading position (on a second support) towards an operating
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position (on a first support) can be achieved in an efficient and safe manner,
without substantially vertical movement of the transformer. More
particularly, a final operating location can remain covered by a (top) floor or
ceiling of the substation. Also, an area located above the final transformer
position (for example on an aforementioned said floor or ceiling) can be used
for locating other substation components. Thus, a further reduction in the
overall size of the station can be achieved.

Besides, an aspect of the invention is characterized by the method
according to claim 15.

Advantageously, there is provided a method for installing an
offshore substation for a wind farm, for example a substation according to
the invention, the substation after installation having electricity receiving
means for receiving electricity generated by the wind farm, and transformer
means for transforming the electricity into high voltage electricity, the
transformer means being connectable to high voltage electricity output
means for outputting the high voltage electricity,
wherein the method includes, in an arbitrary order:

-building at least part of the substation, and locating the built
substation part at an operational offshore site; and

-providing the substation with at least one gas insulated
transformer as a said transformer means.

Thus, above-mentioned advantages can be achieved.

Preferably, the at least one gas insulated transformer can be placed
onto a second support, wherein the transformer is moved in a substantially
horizontal direction from the second support into the substation,
particularly towards an operational position on a first support. Also,
preferably, said gas insulated transformer can be placed onto the second
support from a vertical level that is located above the second support, for
example by a crane. For example, the said gas insulated transformer can be

moved through a lateral side of the substation, from an exterior of the
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substation to its interior (for loading the transformer into the substation)
and/or vice versa (for unloading).

Advantageously, the second support can be repositioned or removed
with respect to the substation, after the gas insulated transformer has been
moved into the substation.

In yet a further embodiment, the entire substation can be lifted by
a single crane onto a substation support, for example a supporting column,
that is already positioned at the desired operational offshore site.

Another advantageous aspect of the present invention is
characterized by the features of independent claims 21, 22. Thus, also, an
offshore platform utilizing one or more oil insulated transformers can be
installed in an advantageous manner, particularly making use of the
transport system (and preferably utilizing a substantially horizontal
transport of the oil insulated transformer into and/or out of the substation).

Further advantageous embodiments are described in the
dependent claims. The invention will now be further elucidated by a non-
limiting embodiment, depicted in the drawings. Therein shows:

Figure 1 a perspective view of an embodiment of the invention;

Figure 2 a side view of the example shown in Fig. 1;

Figure 3 a detail of Fig. 2; and

Figure 4 schematically a wind farm including an embodiment of
the invention.

Corresponding or similar features are denoted by corresponding or
similar reference signs in this application.

The drawings depict an example of an offshore substation P for a
wind farm, the substation P is configured to receive electricity generated by
the wind farm F. Referring to Fig. 4, the wind farm F can include a number
of wind driven generators, connected to the substation P by one or more
power cables K located below sea level L, for example on or in a seabed.

During operating, electricity that is generated by the wind farm F is
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substation P.

The substation P includes transformer means T that are
operatively connected to the electricity receiving means 1 for transforming
the generated electricity into high voltage electricity. For example, the
electricity receiving means 1 can be part of the transformer means T. Also,
the transformer means T can be connected to (or provided with) high voltage
electricity output means 3, for outputting the high voltage electricity to one
or more power output cables N. The output cable(s) N can be connected to an
electricity distribution network (not shown), to supply the network with the
high voltage electricity that is output by the substation P during operation.
The substation P can be supported on a substation support B (for example a
vertical column). Particularly, the substation P can be a fixed (stationary)
offshore structure. In the example, sections of the electricity transport
cables K, N run through the support B for the input and output of the
electricity, to and from the transformer means T.

Figures 1-3 show the substation P in more detail. In a preferred
embodiment, the station P has transformer means T that include at least
one gas insulated transformer 2. The gas insulated transformer 2 is
configured to hold a gas for electrically isolating transformer components
(particularly transformer coils).

In the present example, the substation P is provided with two such
gas insulated transformers 2 (see Fig. 2). One of the gas insulated
transformers is already located in an operating position, in the substation
(below an intermediate floor F2 and below a top level or roof F1). The other
gas insulated transformer 2 is located at a loading/unloading position,
outside the station P.

In a further embodiment, each of the gas insulated transformers 2

is configured to transform wind farm generated electricity (for example
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electricity having a voltage lower than 100 kV) into high voltage electricity
having a voltage higher than about 100 kV.

Preferably, each said gas insulated transformer 2 can have a
capacity of at least 100 MW, particularly at least 150 MW, for example
about 180 MW. Thus, in case of application of two such transformers, the
total capacity of the substation P can be at least 200 MW, particularly at
least 300 MW, for example about 360 MW.

Also, in a preferred embodiment, the mass of the each said gas
insulated transformer 2 is about 160,000 kg or lower.

The gas insulated transformers 2 as such may be transformers
supplied by Toshiba (Toshiba Corporation) . The gas insulated transformers
2 as such are known to the skilled person. The transformer 2 can include a
transformer core, as well as transformer coils, magnetically cooperating via
the core, for conducting the electric currents during operation. The coils and
core can be located in a housing, and are electrically insulated by gas during
use, for example SF6 (Sulfur hexafluoride).

As follows from Fig. 3, the substation P is provided with gas
circulating systems G, for example including one or more gas pumps, gas
lines, gas treatment means, for example one or more filters and one or more
cooling means. The gas supply systems G are connectable to the
transformers 2 when they are in their operational positions (in the station
P). During use, the gas supply system G can feed the respective transformer
2 with (preferably cooled) insulating gas. Also, in a further example, the
system G can receive exhaust insulating gas from the transformer 2, for
example for cooling that gas.

The use of the gas insulated transformers 2 leads to a relatively
light-weight and compact substation P. The total mass of the substation P
(i.e. the total mass after assembly and during operation) can be lower than
1,000,000 kg, preferably lower than 750,000 kg, for example in the range of
about 400,000 kg to 600,000 kg. Thus, when the substation P is to be
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installed, or repositioned, it can be lifted by a single crane onto or from the
substation support B (positioned at a predetermined offshore location).

It has been found that the application of relatively compact and
light-weight gas insulated transformers 2 provides the additional advantage
of a very efficient loading and unloading of the transformer, using
substantially horizontal transport towards (or away from) respective
operating positions.

Particularly, to that aim, the present substation P includes a first
support 7 for carrying the gas insulated transformers 2 within the
substation P (i.e. within a space that is substantially enclosed or defined by
a substation bottom level F3, the substation top level F1, and a lateral outer
side of the substation that extends between the bottom level and the top
level).

For example, the first support 7 can be an integral part of the
substation; in the embodiment, the first support 7 is a horizontal floor or
horizontal floor part of the substation P (the floor or floor part extending in
parallel with the top level/top floor F1 and the optional intermediate floor
level F2).

Also, the substation P includes or is connectable to a second
support 8 for supporting the at least one gas insulated transformer 2 next to
the first support P, i.e. externally with respect to the interior of the
substation P. One or more transport systems are provided for moving each
gas insulated transformer 2 from the second support 8 to the first support 7,
through an opening in the lateral side of the substation P.

As has been mentioned before, a transformer transport system (for
example a transformer conveyor) can be configured in various ways

For example, each of the transformers 2 can be carried on a
respective carrier frame 2a, for example a rigid frame of steel frame
elements. The carrier frame 2a can provide part of said transformer

transport system. The carrier frame 2a can be movable over a supporting



WO 2012/144884 PCT/NL2011/050265

10

15

20

25

30

floor surface or glide track, for example slidable. In case of a slidable
configuration, the carrier frame 2a is preferably provided with glide
elements having smooth glide surfaces for gliding over a supporting surface.

Also, in the example, part of the transport system can be provided
by the first and second support 7, 8 as such. The supports 7, 8 are
configured to provide a smooth glide path for gliding the carrier frame 2a of
the respective gas insulated transformer 2 between the (loading/unloading)
position on the second support 8 to the operating position on the first
support 7.

It therefore follows that each of the present gas insulated
transformers 2 is carried by a respective carrier frame 2a which is slidable
from the second support 8 to the first support 7 and/or from the first support
7 to the second support 8. It should be observed that such horizontal
movement of the transformers 2 can also be achieved in a different manner,
for example using rails and/or guide wheels.

Further, from the drawings it follows that the first support 7 and
second support 8 are located at substantially the same horizontal level,
particularly for supporting the transformer 2 at substantially the same
horizontal level.

The second support 8 extends in an area that is substantially
uncovered at a top side of the substation, in this case externally with respect
to a remaining part of the substation P. When the second support 8 is
located in such a loading/unloading position, it is accessible from above for a
lifting means, for example a lifting part R of a crane, for loading or
unloading a transformer thereon or therefrom, respectively.

The present second support 8 includes a rigid frame 8a, 8b,
including elongate frame elements 8a and one or more traverse frame
elements 8b. The second support 8 is connected to a main frame (in the
example to a frame part of the first support 7) of the substation P, in a

respective loading/unloading position (protruding from the substation P, as
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in the drawings). The second support 8 is positioned next to an opening, i.e.
a passage for passing a transformer 2, in the lateral side of the substation P.

The second support 8 can be made of or include steel elements 8a,
8b, or differently. Advantageously, the frame includes two parallel elongate
I-beams 8a, interconnected by other frame parts (such as one or more
traverse elements 8b).

Connection of the second support 8 to the substation P can be
achieved in various ways, for example using suitable connectors, bolting
means, suspension means, welding, hook up connection, or in a different
manner.

In the example, a first end of the second support 8 is connected to
the first support 7 when the second support 8 is in the respective
loading/unloading position. Suspension means 9 are provided, for example
metal or steel chains 9, linking/suspending the second support 8 to/from
substation connection points that are located above the level of the first
support 7. In the example, these connection points are located at or near the
top level F1. Several groups of connection points can be provided, for holding
a second support 8 at different locations next to the first support 7.

The suspension means 9 are connected to the second support 8 via
coupling members 10 that are spaced-apart from the first end of that
support 8, for example near an opposite second end of the support 8. In the
example, the coupling members 10 are integral parts of the elongate
elements 8a.

In a further embodiment, the second support 8 is movable from a
first position, i.e. the loading/unloading position (in which position the
support 8 can carry a said transformer 2 at the location next to the first
support 7), to a second, idle, position. For example, the second support 8
may be detachable connected to the remaining part of the substation P in a

respective loading/unloading position. After detachment, the second support
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8 can be stored at a suitable location in or on the substation P, or at another
location.

Also, optionally, the second support 8 can be pivotally connected to
the substation P (for example with a substantially horizontal pivot axis), for
pivoting the support between said first position and idle position.

Installation of the substation P can be carried out in an efficient
manner, relatively swiftly, reliably and safe. It can include (in an arbitrary
order): building at least part of the substation, and locating the built
substation part at an operational offshore site, and providing the substation
P with at least one gas insulated transformer 2 as a said transformer
means.

Loading a transformer (in this embodiment a gas insulated
transformer 2) into the substation P can be achieved by installing the
second support 8 in its respective first position. Then, a transformer 2 can
be placed onto the second support 8, after which the transformer 2 can be
moved (for example by sliding) through the lateral side of the substation P,
in a substantially horizontal direction, from the second support 2 into the
substation P, and towards the operational position on the first support 7.
During loading, the transformer 2 can simply be placed onto the second
support 8 from a vertical level that is located above the second support 8,
without having to open up a top floor F1 of the substation P. Unloading a
transformer 2 from the substation P can be achieved in a similar manner,
carrying out the above in reverse order.

After the transformers 2 have been placed in their operating
positions, the second support 8 can be removed. The loaded gas insulated
transformers 2 can be connected to their gas supply systems G and power
cables for operation. It should be noted that a gas insulated transformer 2
does not yet have to be provided with the insulation gas during the loading
process. Also, the installed transformers 2 can be electrically connected with

the power cables K, N for input and output of electrical power during use.
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Although the illustrative embodiments of the present invention
have been described in greater detail with reference to the accompanying
drawings, it will be understood that the invention is not limited to those
embodiments. Various changes or modifications may be effected by one
skilled in the art without departing from the scope or the spirit of the
invention as defined in the claims.

It is to be understood that in the present application, the term
"comprising" does not exclude other elements or steps. Also, each of the
terms "a" and "an" does not exclude a plurality. Any reference sign(s) in the
claims shall not be construed as limiting the scope of the claims.

For example, the advantageous system and method for loading and
unloading the transformer can also be applied on one or more oil insulated
transformers (instead of the above-mentioned gas-insulated transformers 2).
Naturally, in that case, an above-described circulating system G is to
replaced by an oil circulation system, for example including one or more oil
pumps, oil lines, oil treatment means, for example one or more oil filters and
one or more oil cooling means, to be connected to the respective oil insulated
transformer(s) for operation. It should be noted that the oil insulated
transformer does not yet have to be provided with the insulation oil during
the loading process (i.e. when the oil insulated transformer is moved into

and out of the substation.
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CLAIMS

1. Offshore substation for a wind farm, the substation having
electricity receiving means (1) for receiving electricity generated by the wind
farm (F), wherein the substation includes transformer means (T) for
transforming the received electricity into high voltage electricity, wherein
the transformer means (T) are connectable to high voltage electricity output
means (3, N) for outputting the high voltage electricity, characterized in
that the transformer means (T) include at least one gas insulated
transformer (2).

2. Offshore substation according to claim 1, wherein the at least one
gas insulated transformer (2) is configured to transform wind farm
generated electricity into high voltage electricity having a voltage higher
than about 100 kV.

3. Offshore substation according to any of the preceding claims,
wherein each said gas insulated transformer (2) has a capacity of at least
100 MW, particularly at least 150 MW, for example about 180 MW.

4 Offshore substation according to any of the preceding claims,
wherein the mass of the each said gas insulated transformer (2) is about
160,000 kg or lower.

5. Offshore substation according to any of the preceding claims,
wherein the total mass of the substation (P) is lower than 1000,000 kg,
preferably lower than 750,000 kg, for example in the range of about 400,000
kg to 600,000 kg.

6. Offshore substation according to any of the preceding claims,
wherein the transformer means include at least two gas insulated
transformers (2), for example only two such transformers (2).

7. Offshore substation according to any of the preceding claims,

including a first support (7) for supporting the at least one gas insulated
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transformer (2) in the substation (P), wherein the substation (P) further
includes or is connectable to a second support (8) for supporting the at least
one gas insulated transformer (2) next to the first support (P), wherein a
transport system is provided for moving a said gas insulated transformer (2)
from the second support to the first support.

8. Offshore substation according to claim 7, wherein the first support
(7) and second support (8) are located at substantially the same horizontal
level, particularly for supporting a said transformer (2) at substantially the
same horizontal level.

9. Offshore substation according to claim 7 or 8, wherein the second
support (8) is movable from a first position, in which position the support (8)
can carry a said transformer (2) at a location next to the first support (7), to
a second, idle, position.

10. Offshore substation according to any of claims 7-9, wherein the
second support is removable from the substation.

11. Offshore substation according to any of claims 7-10, wherein the
second support (8) at least partly extends in an area that is substantially
uncovered at a top side of the substation, for example substantially
externally with respect to a remaining part of the substation P.

12. Offshore substation according to any of claims 7-11, wherein the
second support (8) includes a frame (8a, 8b) that is connected or connectable
to a main frame of the substation (P).

13. Offshore substation according to any of claims 7-12, wherein the
second support (8) includes a rigid frame (8a, 8b) that is connected or
connectable to a main frame of the substation (P).

14, Offshore substation according to any of claims 7-13, wherein the
gas insulated transformer (2) is carried by a carrier frame (2a) which is
movable from the second support (8) to the first support (7) and/or from the
first support (7) to the second support (8).
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15. A method for installing an offshore substation for a wind farm, for
example a substation according to any of the preceding claims, the
substation after installation having electricity receiving means (1) for
receiving electricity generated by the wind farm (F), and transformer means
5 (T) for transforming the electricity into high voltage electricity, the
transformer means (T) being connectable to high voltage electricity output
means (3, N) for outputting the high voltage electricity,
wherein the method includes, in an arbitrary order:
-building at least part of the substation, and locating the built
10  substation part at an operational offshore site; and
-providing the substation with at least one gas insulated
transformer (2) as a said transformer means.
16. The method according to claim 15, wherein the at least one gas
insulated transformer (2) is placed onto a second support (8), wherein the
15  transformer (2) is moved in a substantially horizontal direction from the
second support (2) into the substation (P), particularly towards an
operational position on a first support (7).
17. The method according to claim 16, wherein a said gas insulated
transformer (2) is placed onto the second support (8) from a vertical level
20  that is located above the second support (8), for example by a crane.
18. The method according to claim 16 or 17, wherein the second
support (8) 1s repositioned or removed with respect to the substation, after
the gas insulated transformer (2) has been moved into the substation (P).
19. The method according to any of claims 16-18, wherein a said gas
25  insulated transformer (2) is moved through a lateral side of the substation.
20. The method according to any of claims 15-19, wherein the
substation (P) is lifted by a single crane onto a substation support, for
example a supporting column, that is already positioned at the desired

operational offshore site.
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21. Offshore substation for a wind farm, the substation having
electricity receiving means (1) for receiving electricity generated by the wind
farm (F), wherein the substation includes transformer means (T) for
transforming the received electricity into high voltage electricity, wherein
the transformer means (T) are connectable to high voltage electricity output
means (3, N) for outputting the high voltage electricity, wherein the
transformer means (T) include at least one oil insulated transformer,
characterized in that the substation includes a first support (7) for
supporting the at least one oil insulated transformer in the substation (P),
wherein the substation (P) further includes or is connectable to a second
support (8) for supporting the at least one oil insulated transformer next to
the first support (P), wherein a transport system is provided for moving a
said oil insulated transformer from the second support to the first support.
22. A method for installing an offshore substation for a wind farm, for
example a substation according to claim 21, the substation after installation
having electricity receiving means (1) for receiving electricity generated by
the wind farm (F), and transformer means (T) for transforming the
electricity into high voltage electricity, the transformer means (T) being
connectable to high voltage electricity output means (3, N) for outputting
the high voltage electricity,
wherein the method includes, in an arbitrary order:

-building at least part of the substation, and locating the built
substation part at an operational offshore site; and

-providing the substation with at least one oil insulated
transformer as a said transformer means,
wherein the at least one oil insulated transformer is placed onto a second
support (8), wherein the transformer is moved in a substantially horizontal
direction from the second support into the substation (P), particularly

towards an operational position on a first support (7).
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23. The method according to claim 22, wherein a said oil insulated
transformer is placed onto the second support (8) from a vertical level that is
located above the second support (8), for example by a crane.
24, The method according to claim 22 or 23, wherein the second

5  support (8) is repositioned or removed with respect to the substation, after
the oil insulated transformer has been moved into the substation (P).
25. The method according to any of claims 22-24, wherein a said oil

insulated transformer is moved through a lateral side of the substation.
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