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DESCRIPTION

[0001] The present invention relates generally to a wind energy system and a method of
operation thereof.

[0002] The operation of modern wind energy systems underlies strong economic pressures.
Often, wind energy system producers have to give warranty on the energy vield of a wind
energy system. If the yield of a wind energy system in operation turns out to be below the yield
value which was promised, the producers have to pay high contractual penalties to the
operators of the wind energy system.

[0003] It is therefore typical that wind energy systems are operated such that a high yield can
be expected. In order to do so, the multitude of parameters for the operation of a wind energy
system, which can be set and adjusted when the wind energy system is operated, is set to the

values that are expected to provide for a maximum vyield. However, despite this setting,
experience shows that wind energy systems very often still run sub-optimally.

[0004] DE 10 2004 056254 relates to a method for optimising the operation of wind farms.

[0005] WO 2004/111446 discloses a method and installation for extracting energy from a
flowing fluid using a turbine farm.

[0006] DE 10 2004 056255 refers to a method for optimising operational parameters on wind
farms.

[0007] EP 1 666 723 discloses a blade pitch angle control device and wind turbine generator.
[0008] WO 2004/104412 relates to a method for operation of a wind energy plant.

[0009] EP 1 612 414 relates to a method and apparatus for reducing rotor blade deflections,
loads and/or peak rotational speed.

[0010] Various aspects and embodiments of the present invention are defined in the appended
claims.

[0011] According to a first aspect of the present invention, the method for operating a wind
energy system according to claim 1 is provided.

[0012] Thus, after a certain learning period the wind energy system is running in optimum
mode. As a result, the average annual yield can be significantly higher.

[0013] Typically, the repeated yield parameter measurement results are compared to the yield
parameter measurement results in order to determine whether the amendment of the
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operational parameter led to an increased yield parameter. If so, the controller detects that the
optimization was successful. That is, the operation of the wind energy system may be
continued with this operational parameter, or the operational parameter may be further
improved in another optimization loop. If not, i.e. if the yield parameter decreased when the
wind energy system was operated with the optimized value of the operational parameter, the
self-learning controller detects that the optimization was not successful. In this case, the
method of the present invention is repeated wherein the result of the unsuccessful optimization
may be considered when calculating the optimized operational parameters. It is also typical
that the method of the present invention may be repeated in specific time intervals. For
instance, operational parameter changes can be made in distinct time intervals such as 10
minutes or more, e.g. a month. Typical time intervals for repeating the method are between 30
and 120 minutes. According to other embodiments, the method is repeatedly initiated when a
decrease of a yield parameter is observed.

[0014] According to a further aspect of the invention, a wind energy system according to claim
5 is provided.

[0015] The wind energy system may have a sensor unit for measuring at least one yield
parameter of the wind energy system, a sensor unit for measuring at least one condition
parameter, one or more actuators for adjustment of at least one adjustable part of the wind
energy system, and a self-learning controller. The self-learning controller is connected to the at
least one sensor unit and the at least one actuator and receives measurement data from the at
least one sensor unit. Further, the self-learning controller may perform optimization
calculations based on the measurement data and sends instruction signals to the at least one
actuator based on the outcome of the optimization calculations for the adjustment of at least
one adjustable part of the wind energy system. The instruction signals may be such that the at
least one yield parameter is optimized.

[0016] According to typical embodiments, the sensor unit for measuring the at least one yield
parameter can be a current measurement device, a power measurement device, or a vibration
measurement device. Further, the sensor unit for measuring the at least one condition
parameter can be a wind measurement device, an azimuth position measurement device, a
displacement transducer, a wind direction measurement device, a temperature measurement
device, a pressure measurement device, and an air density measurement device. Further,
according to typical embodiments, the actuator can be a pitch drive, nacelle drive, generator
control, converter control, or main controller.

[0017] According to a further aspect of the invention, a wind park according to claim 6 is
provided.

[0018] It is possible to use the method of various aspects of the present invention in any wind
energy system. Further, a self-learning controller according to various aspects of the present
invention can also be utilized in existing wind energy systems in order to improve the
performance of the wind energy systems. In order to do so, the self-learning controller
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according to various aspects of the present invention may be installed as a retrofit package in
existing wind energy systems.

[0019] Further aspects, advantages and features of the present invention are apparent from
the dependent claims, the description and the accompanying drawings, in which:

Fig. 1 is a schematic view of a wind turbine having a self-learning controller according to an
embodiment of the present invention.

Figure 2 is a block diagram illustrating aspects and details of the present invention.
Figure 3 is a block diagram illustrating aspects and details of the present invention.
Figure 4 is a block diagram illustrating aspects and details of the present invention.

Figure 5 is a schematic view of an embodiment of the present invention with a plurality of wind
energy systems.

Figure 6 is a flowchart diagram illustrating aspects and details of the present invention.

Figure 7 is a flowchart diagram of an embodiment of the method according to the present
invention.

Figure 8 is a flowchart diagram illustrating aspects and details of the present invention.

Figure 9 is a diagram showing various power curves.

[0020] Reference will now be made in detail to the various embodiments of the invention, one
or more examples of which are illustrated in the figures. Each example is provided by way of
explanation of the invention, and is not meant as a limitation of the invention. For example,
features illustrated or described as part of one embodiment can be used on or in conjunction
with other embodiments to yield yet a further embodiment. It is intended that the present
invention includes such modifications and variations.

[0021] Fig. 1 is a schematic view of a wind turbine. The wind turbine 100 includes a tower 110
to which a machine nacelle 120 is mounted at its top end. The nacelle houses a drive train to
which a main electric generator is connected (not shown). A hub 130 bearing three rotor
blades 140 is mounted to a lateral end of the machine nacelle 120. The rotor blades 140 can
be adjusted by pitch drives which are typically accommodated inside hub 130. The rotor blades
140 should be installed and aligned correctly. Typically, they are aligned such that at low wind
speeds the blades are positioned in the aerodynamic 0 degree position. A self learning-
controller 200 can be positioned within the nacelle. Alternatively, it can be positioned within the
tower, for example integrated in a control cabinet along with other electrical devices.

[0022] Figure 2 is a block diagram illustrating aspects and details of the present invention.



DK/EP 1873396 T3

Therein, a self-learning controller 200 is connected via sensor connection 210 to a sensor 215.
The sensor measures at least one yield parameter of the wind energy system such as the
actual power output. Information on the outcome of these measurements is transmitted via
sensor connection 210 to the self-learning controller. The self-learning controller is further
connected to the actuator 225 via the actuator connection 220. The actuator 225 drives an
adjustable part of the wind energy system. In one exemplary embodiment of the present
invention, the actuator is the pitch drive that controls the rotor blade pitch angle. The self-
learning controller 200 is further connected to a condition parameter sensor 202 via condition
parameter sensor connection 205. A condition parameter sensor can be a wind measurement
device, an azimuth position measurement device, a displacement transducer, a wind direction
measurement device, a temperature measurement device, a pressure measurement device,
or an air density measurement device.

[0023] Figure 3 is a block diagram illustrating aspects and details of the present invention.
Further to the elements already described with respect to Figure 2, a database 235 is
connected via database connection 230 to the self-learning controller 200. The database may
be used in various ways. Typically, the data of the optimization calculations are stored in the
database. That is, the results of the optimization calculations as well as the respective input
data, such as the respective values of the operational parameters, the condition parameters
etc., may be stored in the database.

[0024] In one embodiment, site parameters are stored in the database. Site parameters shall
be defined within this application as parameters of the wind energy system that do not change
in time. Typically, site parameters may include information on the wind energy system tower
height, the location of the wind energy system, the altitude of the location, and/or the average
annual temperature. The location of the wind energy system is relevant for the optimization of
the yield parameter such as the power curve or the power. For example, the site parameter
location of the wind energy system can be set to different values depending on whether the
wind energy system is situated in mountainous terrain, flat country, offshore, onshore, as a
stand-alone wind energy system, or in the middle of a wind farm. Typically, site parameters are
set along with the installation of the wind energy system.

[0025] Further information stored in the database can be historical data. Typically, historical
data include a multitude of values of operational parameters and the respective yield
parameters. The term "operational parameter” shall be understood within this application as a
parameter that can be set and that indicates to an actuator of an adjustable part of the wind
energy system what action the actuator has to perform. For instance, the nacelle drive is
responsible for turning the nacelle such that the rotor blades extend perpendicular to the wind
direction. When wind direction changes, the nacelle orientation has to be adjusted. In order to
do so, the operational parameter of the nacelle position has to be changed. Being instructed by
the adjusted operational parameter of the nacelle position, the nacelle drive moves the nacelle
into the correct orientation. Apart from the nacelle position, typical operational parameters are
the pitch angle of the rotor blades, the torque demand curve, the rotations per minute (rpm),
the tip speed ratio, the loads on various elements of the wind energy system, azimuth position,
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or the vibration levels.

[0026] According to various aspects of the present invention, historical data on yield
parameters are stored on the database. The term "yield parameter" is to be understood as any
parameter being correlated to the output of the wind energy system. Typically, the power curve
is one of the yield parameters. The power curve indicates the power output of the wind energy
system versus the wind speed. Further examples for typical yield parameters are energy,
power, current, vibration level, loads on components, and component temperature. Examples
for components of the wind energy system are the tower, the blades, the generator, the drives
etc. Typical embodiments of the present invention allow optimizing one yield parameter of the
wind energy system or several yield parameters of the wind energy system at the same time.
As will become apparent by the examples given, some parameters of the wind energy system
may be both yield parameters and operation parameters. For instance, the vibration level may
be an operation parameter for optimizing the energy output of the wind energy system. In
other embodiments, the vibration level may be the yield parameter which is to be optimized, as
a reduction of the vibration level yields to a longer lifetime and, consequently, to a higher ratio
of produced energy per installation and maintenance costs.

[0027] According to a further embodiment of the present invention, condition parameters can
be stored in the database. The term "condition parameter” shall be understood in this
application as any parameter being related to the environment of the wind energy system that
changes in time. For instance, typical condition parameters are wind speed, wind direction,
turbulence intensity, temperature, air pressure, or the number of days since the last rainfall. It
shall be understood that all types of parameters described before can be stored in the
database, however, it is not necessary to store all of them for performing aspects of the
present invention.

[0028] Figure 4 is a block diagram illustrating aspects and details of the present invention.
Further to the elements already shown in Figures 2 and 3, a clock 245 is connected to the self-
learning controller 200 via the clock connection 240. In one embodiment, the clock provides
the self-learning controller with the actual time. According to another embodiment, the clock
supplies the self-learning controller with the time of day, the day, the day of the week, the
month and/or the season. These time parameters might be useful in optimizing the wind
energy system operation for different reasons. For example, the season can be an interesting
time parameter as rain in autumn and winter cleans the blades and as such might improve the
energy vield and power curve of the wind energy system. Another example is the time of day.
The operation of the wind energy system could be limited by statutory noise regulations which
allow for a smaller noise level at night than during day time. In this case it is important to meet
the statutory noise requirements and at the same time optimize the energy yield of the wind
energy system.

[0029] Figure 5 is a schematic view of a plurality of wind energy systems according to the
present invention. The wind energy systems are connected to another by data connections
300. It is possible, though not necessary, that each wind energy system is linked to each other
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wind energy system. The data connection can be an arbitrary network that allows for the
exchange of information between several wind energy systems. In particular, the data
connections can be cable connections or wireless connections for transmitting data between
the wind energy systems. The data connections are directly or indirectly linked to the
controllers 200 of each wind energy system. VWhen calculating optimized values of the
operational parameters, the self-learning controller may also base its optimization calculation
on the information provided by other wind energy systems and transmitted via the data
connection 300. For the sake of simplicity, in the following, the "optimized values of the
operational parameters” will be referred to as "optimized operational parameters”. Typically,
the wind energy systems of the same type are linked to each other in this way. By doing so, the
optimization can be based on comprehensive experience data. Combining experience can be
done, for example, on wind farm level, or by storing the data of all wind energy systems of the
same type worldwide. In the latter case, it is not necessary that there is a direct or indirect
connection between all wind energy systems. For example, it is possible that the data obtained
in one wind energy system during a specific period of time, such as half a year or a year, is
already stored in the database of another wind energy system when the latter is installed.
Further, it is possible to select one wind energy system as being the central control station that
gathers the data from all wind energy systems connected, and that provides the other wind
energy systems with this data and/or data already analyzed and evaluated.

[0030] According to a typical embodiment of the present invention, the wind energy system
comprises a database for providing the historical data. Based on the historical data, optimized
operation parameters are calculated. According to another typical embodiment of the present
invention, the wind energy system is linked to a data base that is not part of the wind energy
system. For instance, the wind energy system could be connected to a central database that
gathers the data from all wind energy systems that are connected to the central database. The
central database may provide also other wind energy systems with the historical data and/or
further data already analyzed and evaluated. In this case, it is possible that the wind energy
system itself does not comprise a database. The central database may be connected to 10,
50, 100, or even more wind energy systems. The central database may comprise a processing
unit (not shown) for evaluating all the data received by the wind energy systems. The central
database needs not necessarily be at a wind energy system but could also be a stand-alone
database, e.g. at the manufacturer's site.

[0031] Figure 6 is a flowchart diagram illustrating aspects and details of the present invention.
At step 400, at least one operational parameter of the wind energy system is set. The value at
which that the operational parameter is set, may be taken from the database or have been
calculated before as optimized operational parameter according to an embodiment of the
method of the present invention. For instance, the operational parameter in question could be
the number of rotations per minute.

[0032] In step 410 one or more yield parameters of the wind energy system are measured.
For instance, the power output of the wind energy system could be measured. Both the value
of the at least one operational parameter which was set in step 400 and the measured yield
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parameter of step 410 are provided to the self-learning controller. In step 415 one or more
condition parameters of the wind energy system are measured. For instance, the actual wind
speed, turbulence intensity, wind direction, air pressure, or temperature could be measured.
The value of the at least one operational parameter which was set in step 400, the measured
yield parameter of step 410, the measured condition parameters, and historical data 418 are
provided to the self-learning controller. Based on these values, in particular on the historical
data and the outcome of the measurements, one or more optimized operational parameters
are calculated by the self-learning controller in step 420. In order to do so, it is typical that the
self-learning controller bases its calculation on further information such as the actual value of
further operational parameters, time parameters, site parameters or condition parameters. For
example, apart from the measurement result of the yield parameter such as the energy output
at the generator, the optimization calculation could be further based on the season, the
weather condition, i.e. if it is rainy or sunny, the tower height, the actual wind speed, and the
turbulence intensity as measured during the last two hours.

[0033] In step 430, the one or more operational parameters in question are reset to the
optimized operational parameters as calculated in step 420. By setting the operational
parameters to the optimized operational parameters, the energy yield of the wind energy
system is improved. Hence, in the example given above, the energy output at the generator is
increased. According to some embodiments of the present invention, the operation of the wind
energy system is continued with said optimized operational parameter for a period of time such
as 1 minutes, 10 minutes, 15 minutes, 30 minutes, 1 hour or more. According to other
embodiments of the present invention, the optimized operational parameter is a starting point
for further optimization loops. This will be explained exemplarily with respect to figures 7 and 8.

[0034] According to typical embodiments of the present invention, the operation of the wind
energy system is not instantaneously reacting on varying condition parameters. The self-
learning controller may use a historical database to determine its optimum parameter settings.
As such it is reacting indirectly on the condition parameters.

[0035] Figure 7 is a flow chart of an embodiment of the method according to the present
invention. As in the embodiment described with respect to Figure 6, step 400 refers to the
setting of at least one operational parameter, step 410 refers to the measurement of at least
one yield parameter, step 415 refers to the measurement of at least one condition parameter,
step 418 refers to the provision of historical data, step 420 refers to the calculation of at least
one optimized operational parameter, and step 430 refers to the resetting of the at least one
operational parameter to the one or more optimized operational parameter as calculated in
calculating step 420. For the sake of simplicity, step 410 and step 415 are shown in one box. In
all embodiments of the present invention, the condition parameters and the condition
parameters may be measured at the same time or one after the other. It is possible to
measure the yield parameter prior to measuring the condition parameter. It is also possible to
measure the condition parameter prior to measuring the condition parameter. It is typical that
the historical data is provided to the self-learning controller constantly, and the self-learning
controller retrieves historical data whenever it is needed for the calculations. Further to these
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steps, in step 440, the one or more calculated optimized operational parameters are
transmitted to one or more actuators with each actuator being connected with an adjustable
part of the wind energy system. Examples for actuators and their respective adjustable parts
are: Pitch drive and rotor blades; nacelle drive and nacelle; break activator and break; and
magnetic field control and generator. The actuators, such as the pitch drives, adjust the
respective adjustable parts of the wind energy system, such as the rotor blades, to the
optimized operational parameter.

[0036] In step 450 one or more yield parameters are measured. Typically, the measured
parameters in step 450 are identical to those measured in step 410. In step 460, the outcomes
of the measurement of step 410 and the outcomes of the measurement of step 450 are
compared by the self-learning controller. Additionally or alternatively, the measured values are
also compared to historical data stored in the database and retrieved therefrom. In the
situation that the yield parameter worsened when the wind energy system was operated with
the one or more optimized operational parameters, the self-learning controller may use this
information for a repeated calculation in a repeated step 420. In more detail, according to a
typical embodiment, the loop 468 is obligatory when an increase in the yield parameter can not
be detected in step 460. Typically, the yield parameter is optimized if it can be increased when
operating the wind energy system with the optimized value of the operational parameter.
Further, the yield parameter is also optimized if it cannot be increased any more, but remains
at a high level given the actual circumstances.

[0037] Further, in step 465, the one or more operational parameters as set are stored in a
database along with the outcome of the yield parameter measurements for later retrieval and
comparison. Dependent on the outcome of the comparison result gathered in step 460, the
optimization is stopped at this stage as it is indicated by reference number 470 in Figure 7, or
the optimization loop is continued. In this case, as indicated by line 468 in Figure 7, the method
is repeated from step 420. That is, one or more new optimized operational parameters are
again calculated as described with respect to step 420. Those further steps already described
are repeated as often as is necessary and/or meaningful. As the optimization of operational
parameters can very much depend on actual condition parameters, it is possible that the
optimization loop as described is never stopped during operation of the wind energy system.
On the other hand, according to other embodiments, the number of loops in the method of the
present invention, such as the method described with respect to figure 7, may be restricted to
a given number, such as 5 repetition loops. Alternatively, the method may be stopped by
proceeding to step 470 instead of starting the loop again when the comparison of step 460
yields to no or only a negligible improvement of the yield parameter. Further, carrying out the
method of the present invention can be repeated in distinct time intervals such as 10 minutes,
30 minutes, 1 hour or 1 day.

[0038] Figure 8 illustrating aspects and details of the method according to the present
invention. In step 500, one or more yield parameters are measured. In step 520, the self-
learning control calculates one or more optimized operational parameters based on the
measurement result received in step 500 and further on the data retrieved from the database
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in step 510. The relevant actuators are instructed to reset their respective operational
parameters to the calculated optimized operational parameters in step 530. In step 540, the
yield parameters which have already been measured in step 500 are measured again. At this
stage, it is possible that the yield parameters measured in step 540 are compared to historical
yield parameters from the database. In step 560, the measured yield parameters along with
the optimized operational parameters as calculated in step 520 are stored in the database for
later retrieval. At this stage, the method can be stopped as indicated by reference number 570.
Alternatively, in typical embodiments, the method is continued with step 510 or step 520. If the
method is continued with step 520, it is also possible that the information on the measured
yield parameters is stored in some temporal memory such as an random access memory.

[0039] Figure 9 is an exemplary diagram of three power curves 610, 620 and 630. The x-axis
600 represents the wind speed whereas the y-axis 605 represents the power output of the
wind energy system. The power curve 610 shows the power curve of a wind energy system
known in the art. After running an embodiment of the method of the present invention, it is
possible to shift the power curve to better and higher yield values, as it is indicated by power
curve 620. Power curve 630 refers to a further improvement of the yield parameter power
curve. For instance, the improvement from power curve 610 to power curve 620 can be
accomplished by performing an embodiment of the method of the present invention repeatedly
for 10 days. The further improvement to power curve 630 could be based on performing an
embodiment of the method of the present invention for a month. This is due to the fact that the
more experience and historical data gathered, the better the optimization calculation.

[0040] This written description uses examples to disclose the invention, and also to enable any
person skilled in the art to make and use the invention. While the invention has been described
in terms of various specific embodiments, those skilled in the art will recognize that the
invention can be practiced with modification within the scope of the claims. Especially, mutually
non-exclusive features of the embodiments described above may be combined with each
other. The patentable scope of the invention is defined by the claims, and may include other
examples that occur to those skilled in the art.
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KRAV

1. Fremgangsmade til drift af et vindenergisystem (100) omfattende trinnene:

10

15

20

25

30

35

indstilling (400) af mindst en driftsparameter for vindenergisystemet til en veerdi,
hvor den mindst ene driftsparameter er en eller flere valgt fra gruppen bestdende af
pitchvinkel, kravkurve for drejningsmoment, rotationshastighed,
tiphastighedsforhold, belastninger pd komponenter, azimut position og
vibrationsniveau;

maling (410) af mindst en udbytteparameter i vindenergisystemet, derved opnaelse
af mélingsresultater for udbytteparameteren, hvor den mindst ene
udbytteparameter er valgt fra gruppen bestdende af effektkurven (610, 620, 630),
vibrationsniveau, belastninger pd komponenter, og komponenttemperatur;

maling (415) af mindst en tilstandsparameter, derved opndelse af malingsresultater
for tilstandsparameteren, hvor den mindst ene tilstandsparameter er en eller flere
valgt fra gruppen bestdende af vindhastigheden, turbulensintensiteten, vindretning,
lufttryk, temperatur, og antallet af dage siden sidste regn;

hentning (418) af historiske data fra en database;

modtagelse af data fra andre vindenergisystemer end vindenergisystemet;
beregning (420) af mindst en optimeret veerdi af mindst en driftsparameter baseret
pd udfaldet af maling af mindst en udbytteparameter, udfaldet af maling af mindst
en tilstandsparameter, de historiske data og dataene fra andre vindenergisystemer;
nulstilling (430) af den mindst ene driftsparameter til den mindst ene optimerede
vaerdi af den mindst ene driftsparameter;

transmission (440) af den mindst ene optimerede veerdi af den mindst ene
driftsparameter til en eller flere aktuatorer, hvor hver aktuator er forbundet med en
justerbar del af vindmgllesystemet, hvor den ene eller flere aktuatorer og deres
respektive justerbare dele er valgt fra driv- og rotorblade; nacelle drev og nacelle;
bremseaktivator og bremse; og magnetfeltstyring og generator;

gentagne malinger (450) af vindenergisystemets udbytteparameter, derved
opnaelse af gentagne malingsresultater af udbytteparameteren;

sammenligning (460) af udbytteparameterens malingsresultater med de gentagne
malingsresultater af udbytteparameteren; og

lagring (465) af data fra beregningen i databasen, omfattende veerdierne for den
ene eller flere driftsparametre og de respektive udbytteparametermalinger.
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2. Fremgangsméde ifglge krav 1, hvor den optimerede veerdi er optimeret med hensyn til den
mindst ene udbytteparameter.

3. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor nulstillingen (430) er
sddan, at udbytteparameteren er optimeret.

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, yderligere omfattende
trinnet:

bestemmelse af mindst en stedsparameter og/eller bestemmelse af en tidsparameter; hvor
beregningen af mindst en optimeret veerdi af den mindst ene driftsparameter yderligere er baseret
pa resultatet af bestemmelsen af mindst en stedsparameter og/eller bestemmelsen af
tidsparameteren.

5. Vindenergisystem (100) konfigureret til udferelse af fremgangsméaden ifglge et hvilket som helst
af kravene 1 til 4.

6. Vindpark omfattende mindst to vindenergisystemer ifglge krav 5 og en forbindelse mellem de
mindst to vindenergisystemer, hvor forbindelsen inkluderer en dataforbindelse til udveksling af
data.
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