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Abstract

The invention relates to a method for controlling at least one wind power installation for
generating electrical energy from wind for infeed into an electrical supply network (2), wherein
the wind power installation has an aerodynamic rotor (18) with rotor blades which can be
adjusted in respect of their blade angle, the rotor (18) can be operated at a variable rotor
rotational speed, and the wind power installation has a generator, which is coupled to the
aerodynamic rotor (18), for generating a generator power, wherein the wind power installation
is operated in a normal mode in which it feeds available wind power up to a rated power into
the electrical supply network (2), wherein the available wind power indicates a power which
can be obtained from the wind and fed into the electrical supply network (2) depending on the
wind and technical limitations of the wind power installation, and the wind power installation
changes over from its normal mode to a support mode depending on an operating situation of

at least one solar installation which feeds into the same electrical supply network (2).

(Figure 3)
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Method for controlling a wind turbine

The present invention relates to a method for controlling at least one wind power installation.
The present invention also relates to a corresponding wind power installation, and it relates to
a wind farm comprising a plurality of wind power installations of this kind. The present
invention also relates to a wind power system comprising at least one wind farm and at least

one solar installation.

Wind power installations are known and are provided, in principle, for drawing energy from the
wind and feeding said energy into an electrical supply network as electric current. In addition
to this basic task, wind power installations also more and more frequently perform tasks for

supporting the electrical supply network.

This increasing importance of network support is therefore also partly related to the increase
in the proportion of decentralized energy infeed devices which, in addition to wind power
installations, also include photovoltaic systems in particular. Therefore, it is desirable for
decentralized energy infeed devices to also be able to make a contribution to supporting the
network; it is desirable at least for some of these decentralized infeed devices to be able to

make a contribution of this kind.

One problem which is often mentioned in respect of supporting the electrical supply network
by means of wind power installations is that the ability of said wind power installations to feed
in additional power for network support depends on the prevailing weather situation. In other
words, the problem can arise that, when there is little wind or when there is no wind at all,

wind power installations can feed in little or absolutely no support power.



In fact, a similar problem is also mentioned for photovoltaic systems which, of course, can
generate current only during the day, particularly when the sun is shining.

In principle, wind power installations have the potential to store kinetic energy, in particular,
in their rotors in order to be able to thereby provide, for example, instantaneous reserve.
However, providing positive instantaneous reserve from said kinetic energy in this way will
only be possible if the rotor of the wind power installation in question is also rotating. If the
rotor of the wind power installation is rotating, it is then possible to provide an instantaneous
reserve, that is to say to briefly increase the fed-in power. However, infeed of instantaneous
reserve in this way is not known in the case of photovoltaic systems. At best, said infeed
could be realized by precautionary reduction or the provision of an energy store.

The German Patent and Trademark Office has performed a search of the following prior art
in the priority application pertaining to the present application: DE 10 2011 081 795 A1,
DE 10 2013 101 099 A1, DE 10 2013 203 540 A1, DE 10 2014 101 809 A1,
US 2011/0057445 A1, US 2016/0065115 A1, WO 2014/118059 A1, DE 10 2009 037 239
A1 and DE 297 15 248 U1.

The present invention is therefore based on the object of addressing at least one of the
abovementioned problems. In particular, the invention is based on the object of improving
the network integration of renewable energies. The aim is to realize instantaneous reserve
provision in the network at any time as far as possible. A particular aim is to achieve or at
least render possible as high a level of coverage as possible by renewable energy sources
when generating power. A very particular aim is to avoid a network-related upper limit, when
adding renewable energy sources, on account of a lack of network support. The aim is to at

least propose an alternative solution to previous solutions.

The invention proposes a method of controlling at least one wind power installation for
generating electrical energy from wind for infeed into an electrical supply network. The
method for controlling one wind power installation can correspondingly be transferred to
controlling a plurality of wind power installations. In particular, each wind power installation
preferably controls its operating point automatically but, for coordination purposes, can
additionally receive guidelines which can be coordinated

Date Regue/Date Received 2020-07-21
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and provided, in particular, by a superordinate control unit, such as a farm controller for

controlling a wind farm for example.

The wind power installation has an aerodynamic rotor with rotor blades which can be adjusted
in respect of their blade angle. In principle, a single rotor blade may also be sufficient, but this
has been found to be unsuitable in principle nowadays. In addition, the rotor can be operated
at a variable rotor rotational speed. The rotor rotational speed can depend on the selected
operating point particularly in the partial load range when the wind speed has not yet reached
a rated wind speed. However, in principle, the rotor rotational speed is variable and

prespecifiable, within reasonable limits.

A generator, which generates a generator power, is coupled to the aerodynamic rotor.

The invention proposes that the wind power installation is operated in a normal mode in which
it feeds available wind power up to a rated power into the electrical supply network. The
available wind power and therefore as much power as possible is obtained from the wind and
fed into the electrical supply network in this normal mode, provided that the wind is still so
weak that it cannot deliver a rated power. If the wind speed reaches the rated wind speed and
exceeds said rated wind speed, the power has to be limited to a rated power in order to
protect components of the wind power installation. An operating point which depends on the

wind speed is generally also associated with this normal mode.

The invention also proposes that the wind power installation changes over from a normal
mode to a support mode depending on an operating situation of at least one solar installation
which feeds into the same electrical supply network. The wind power installation can therefore
also be operated in a support mode which differs from the normal mode. It is proposed here
that this support mode takes place depending on a solar installation which feeds into the
same network. This is proposed particularly for photovoltaic systems in which the respectively
fed-in power fluctuates virtually without delay with the irradiated solar power and which usually
have virtually no energy stores. Therefore, particularly in the case of photovoltaic systems, the
problem can arise that said power is not suitable for providing an instantaneous reserve.

Nevertheless, other solar installations can also be assisted by said power.



10

15

20

25

CA 03032468 201%-01-30
1
LS

-4-

Provision is particularly made here for the wind power installation to feed in more
instantaneous reserve, to be able to feed in more instantaneous reserve or to at least offer
more instantaneous reserve in the support mode than in its normal mode. However, it is also
considered that the wind power installation makes a higher support contribution for supporting

the electrical supply network in said support mode than in the normal mode.

Provision is particularly made for said support mode to be selected when the at least one
photovoltaic system which feeds into the same electrical supply network, which can also be
referred to as network for simplicity, feeds comparatively more electrical power into the
network, in particular when it feeds in at its rated power. In other words, the support mode of
the at least one wind power installation is proposed here when there is a large amount of solar

radiation.

According to the invention, it has been specifically identified that there is generally a
correlation between a high level of solar radiation and therefore a large amount of fed-in solar
power on the one hand and weak wind and therefore a small amount of fed-in solar power on
the other hand. In this respect, it is now proposed to provide the at least one wind power
installation in a case of this kind for the purpose of making a comparatively large contribution
to supporting the electrical supply network. The provision or at least offer of instantaneous
reserve in particular can also be undertaken by a wind power installation in a situation of this

kind virtually for the at least one said feeding-in photovoltaic system.

As a result, it is possible to achieve the situation that a large amount of photovoltaic power
can be fed in in the case of strong solar radiation, while at the same time a high level of
support potential, particularly instantaneous reserve, which the photovoltaic solar installations
themselves could not provide can be provided. As a result, photovoltaic systems and wind
power installations can advantageously complement one another by virtue of the photovoltaic
systems providing infeed and the wind power installations providing support in the case of

strong solar radiation.

However, in principle, the at least one wind power installation can also enter the support mode
when it can also feed in a certain amount or even a large amount of wind power itself.

Although it has been identified that there is a correlation between a large amount of solar



10

15

20

25

CA 03032468 201%-01-30
v
LI

-5-

radiation and little wind, the proposed solution can also be used in the rare cases in which

there is a large amount of solar radiation and, at the same time, a large amount of wind.

Therefore, it is preferably proposed that the wind power installation can provide more

instantaneous reserve in the support mode than in the normal mode.

According to one embodiment, it is proposed that an instantaneous reserve power Py is fed
into the electrical supply network depending on a change in frequency df/dt of a network
frequency f which is detected in the electrical supply network, wherein different dependencies
of the instantaneous reserve power Py on the change in frequency df/dt are provided between
the normal mode and the support mode in such a way that, in the case of the same change in
frequency df/dt, the magnitude of the instantaneous reserve power Py in the support mode is
greater than in the normal mode. An instantaneous reserve which is fed into the electrical
supply network depending on the change in frequency serves particularly to counteract
changes in frequency. Counteraction of this kind is intended to take place as quickly as
possible, that is to say immediately. Therefore, the term instantaneous reserve power, or
instantaneous reserve for simplicity, is also used and said term “instantaneous reserve” is

also used synonymously for instantaneous reserve power in the text which follows.

The infeed of an instantaneous reserve of this kind is suitable for supporting the electrical
supply network and is therefore desirable. Nevertheless, it should be noted that the infeed of
an instantaneous reserve of this kind can also represent a load for the feeding-in wind power
installation. The rapid increase in the fed-in power in particular, especially if this increase
reaches design limits, can subject the components to loading as a result. In addition, losses in
power can also be caused as a result because the wind power installation at least briefly
leaves its optimum operating point in the process. In particular, the use of oscillating energy
from the rotating rotor of the wind power installation causes braking of said rotor, this possibly
leading firstly to the aerodynamically optimum operating point also being left but secondly also

possibly leading to mechanical loading of the installation.

The infeed of an instantaneous reserve is therefore not necessarily desirable for the operator

of the wind power installation.
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Therefore, it is proposed that less instantaneous reserve is fed in or offered in the normal
mode than in the support mode. The infeed of an instantaneous reserve generally depends on
the detection of a change in frequency of the voltage of the electrical supply network,
specifically on the change in frequency df/dt. It is now proposed that the response to a change
in frequency is weaker in the normal mode than in the support mode. Accordingly, less
instantaneous reserve is provided, that is to say fed in, in the normal mode than in the support

mode in the case of a change in frequency of equal magnitude.

The instantaneous reserve power Py can preferably be calculated using the following formula:

Pu=k « df/dt

Here, k forms a dependency factor which, in respect of magnitude, is greater in the support
mode than in the normal mode. The dependency factor k therefore determines the
relationship between the instantaneous reserve power Py to be fed in from the change in
frequency df/dt and can, in this case, be set at a different magnitude for the normal mode and
the support mode. The magnitude of said dependency factor is set to be larger for the support
mode. Since instantaneous reserve is intended to be fed in for support purposes in the case
of a reduction in frequency, that is to say a negative df/dt, the dependency factor k will usually
have a negative value. In this case, instead of the dependency factor k, it is also possible, for
example, for a function to be used and further criteria may be included, such as taking into
account limit values or starting values for example. Boundary conditions can also be taken
into account, for example that a limit value of an absolute deviation in frequency first has to be
exceeded in respect of magnitude. The dependency factor k in the case of the support mode
is preferably at least twice the magnitude of that in the case of the normal mode. According to
one embodiment, it is considered that the dependency factor k is zero in the normal mode, so

that no instantaneous reserve is then fed in in the normal mode.

Therefore, it is also considered that the normal mode and the support mode differ in particular
owing to this different level of the instantaneous reserve. In this case, it is also considered that
the specific operating point does not differ between the normal mode and the support mode.
Therefore, it is considered that, in principle, the wind power installation is operated at its

optimum operating point in both modes, provided that an instantaneous reserve has not been
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called up, that is to say provided that the change in frequency df/dt is, for example, small
enough, or if the absolute deviations in frequency from the normal network frequency, that is

to say particularly the rated frequency, only occur in a small particularly negligible region.

According to one embodiment, it is proposed that, for the purpose of supporting the electrical
supply network, a support power, in particular an instantaneous reserve power, is offered,
which support power can be called up for the purpose of infeed into the electrical supply
network, or which support power can be fed in depending on a network behavior, wherein the
at least one wind power installation offers a higher support power in the support mode than in
the normal mode. It is also taken into account here that the infeed of an instantaneous reserve
for supporting the electrical supply network is advantageous for the network but is not
necessarily advantageous for the operator of the wind power installation. Therefore, it is
proposed to not offer an instantaneous reserve in the normal mode or to offer an

instantaneous reserve with a lower amplitude in the normal mode than in the support mode.

Just like in the above-described different dependence on a change in frequency, this is based
on the idea that the offer or infeed of a higher instantaneous reserve is advantageous
particularly when the photovoltaic systems which feed into the same network feed in with a
high power. In this case too, it may be provided for the at least one wind power installation to
be operated at the same operating point both in the normal mode and in the support mode,
provided that no instantaneous reserve and no other support power is called up. However, it is
also considered, as will be explained further below, that the wind power installation is also

deliberately operated at a different operating point.

According to one embodiment, provision is preferably made, in the support mode, for the wind
power installation to at least temporarily feed less power into the electrical supply network
than in the normal mode or for said wind power installation to draw power from the electrical

supply network in order to provide an increased instantaneous reserve in this way.

In particular, the possible support power, particularly the possible instantaneous reserve, can
be increased owing to a measure of this kind. To this end, the wind power installation leaves
its optimum operating point because the provision or at least offer of instantaneous reserve is

then the priority. In particular, this can result in such a large instantaneous reserve or other
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support power being provided or at least offered that this is therefore sufficient for the at least
one photovoltaic system which feeds into the same network. In general, less power is fed into
the network owing to said wind power installation leaving the optimum operating point.
However, it can also come into consideration that another operating point is found, in which
no or substantially far less power is fed into the network, but that a changeover toward this
new operating point temporarily means a reduction in the power infeed. This applies
particularly for a new operating point which has a higher rotational speed, wherein the
acceleration to this higher rotational speed means a power loss for the rotor for the duration of
the acceleration. Nevertheless, a similar amount of power as at the optimum operating point
may be able to be fed in at this higher rotational speed, but perhaps with greater loading on

the installation or other disadvantages.

According to one embodiment, it is proposed that the support mode comprises an idling
operating mode in which the rotor of the wind power installation rotates by virtue of being
driven by the wind, without generating power. ldling of the wind power installation in this way
can be provided particularly when only little wind prevails. The wind power installation is then
generally not commissioned because the existing wind power is insufficient to raise the power
required for operating the wind power installation, with the result that no power could be fed
in. Therefore, it is proposed here to deliberately permit this idling operating mode and,
however, not switch off the wind power installation. The normal mode here would involve
switching off the installation and the proposed support mode here is that the installation is
switched on in this idling operating mode. Therefore, the rotor of the wind power installation
rotates at least to a certain extent and as a result may possibly also at least briefly provide an

instantaneous reserve if required.

According to a further variant, it is proposed that the support mode comprises a high rotational
speed operating mode in which the wind power installation is operated at a rotational speed
which is as high as possible, without feeding in power, or wherein only little power is fed in,
specifically less power than would be possible at the rotational speed in the normal mode. The
operating point of the wind power installation also changes here from the normal mode to the
support mode. The optimum rotational speed, at which the maximum power can be

generated, is now no longer set, but rather a rotational speed which is as high as possible is
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set. A rotational speed which is as high as possible is, in this respect, a rotational speed which
can be achieved on account of the prevailing wind, wherein rotational speed limit values are
naturally taken into account. Owing to this high, that is to say at least increased, rotational
speed, an operating point with a high level of kinetic energy, that is to say a high level of
rotational energy, is selected. This high rotational energy can then be used as instantaneous
reserve if required. A high instantaneous reserve can also be provided in this way, it being
possible for said high instantaneous reserve to lie above the amount which the wind power

installation usually provides or would have to provide in the case of the wind here.

According to one embodiment, it is proposed that the support mode relates to a zero-power
operating mode by virtue of the rotational speed being increased up to the maximum
rotational speed without power infeed. This corresponds, in part, to the above-described
operating mode at a rotational speed which is as high as possible. However, it is expressly
proposed here that the rotational speed is moved up to the maximum rotational speed, that is
to say in particular up to the rated rotational speed, and in the process power is deliberately
not fed in. This also includes the case in which the installation is now operated at rated
rotational speed and could still feed in power but does not feed in power. This case relates
particularly to the situation in which a sufficient amount of wind is present in order to operate
the wind power installation at this maximum rotational speed. Therefore, it is also possible, at
least taking into account the fluctuations in wind, for the rotational speed to be further
increased, but this is prevented by regulation here. In particular, the wind power installation is
therefore kept at this maximum rotational speed. To this end, control is provided by means of
blade adjustment, in the case of which the rotor blades are adjusted and continuously
readjusted in control terms such that this maximum rotational speed is maintained. In this
case, it is considered that the wind power installation generates so much power that it can
therefore supply power to itself. Therefore, the wind power installation then generates power
to meet its own requirements and does not feed in, but can feed in immediately if this is

necessary.

According to a further embodiment, it is proposed that the support mode comprises a
motorized operating mode in which the rotor of the wind power installation is driven by

electrical power from the electrical supply network. In this case, this electrical power for
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driving the wind power installation should not exceed the solar power instantaneously fed into
the electrical supply network by the solar installation. Otherwise, the solar installations may
not be able to contribute to infeed into the network as a result. However, in principle, it is
assumed that, in the support mode, specifically particularly when there is a large amount of
solar radiation, the solar installations feed substantially more power into the electrical supply
network than is necessary for this motorized operation. This is also based on the idea that
said solar installations feed in a large amount of power and a little of this power is used for
operating the wind power installations in the motorized operating mode but substantially under
no-load conditions. The rotor blades are adjusted such that they have as little flow resistance
as possible during rotation. However, this low power for driving the wind power installations
renders it possible for a high instantaneous reserve to be provided owing to the rotation of the

rotors of the wind power installations.

Photovoltaic systems, which therefore generate current directly from solar radiation, in
particular can be assisted by the wind power installations using the proposed variants. The
fed-in power of photovoltaic systems of this kind can fluctuate directly and, to all intents and
purposes, immediately when the solar radiation correspondingly fluctuates. Therefore, it is not
only difficult for photovoltaic systems of this kind to support the network but rather, in the
event of fluctuating solar radiation, they can also contribute to fluctuations in the electrical
supply network themselves if they are dominant enough. This should also be taken into
consideration according to the invention and be compensated for by the behavior of the wind

power installations.

According to one embodiment, it is proposed that the changeover to the support mode
depends on the prevailing wind speed. A changeover can be made to this support mode
particularly in the case of weak wind. In the case of strong wind, operation of the wind power
installation at an optimum operating point at which the wind power installation itself feeds in a
large amount of power and therefore as a result also has an operating point at which it also

has a high support potential may possibly be advantageous.

In addition or as an alternative, it is proposed that a property of the support mode depends on

the prevailing wind speed. For example, in the case of low wind speeds, provision can be
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made to deliberately provide a high rotational speed, that is to say to change over the
operating point toward a higher rotational speed, in the support mode. In the case of high wind
speeds, provision can be made to not change the operating point, but to at least offer a high

instantaneous reserve.

It is preferably proposed that the changeover to the support mode and in addition or as an
alternative at least one property of the support mode depends on at least one network state of
the electrical supply network or depends on at least one variable which represents said
network state. As a result, it may be possible to anticipate whether a support mode,
specifically particularly a support power or instantaneous reserve, could be needed and/or the
extent to which it could be needed. The network states explained below can also be taken into
consideration directly in the sense of the physical variable or else by a value representing said
physical variable. The latter is also considered particularly when the respective variable, that
is to say the respective the network state, is not detected directly by the wind power

installation.

Therefore, a changeover or a property of the support mode is proposed depending on the
network frequency. For example, a support mode may be expedient particularly when the
network frequency is already at a comparatively low value, that is to say when it lies, for

example, below the rated frequency but still above a lower limit value.

A change in network frequency can also provide an indication as to whether it appears that a
support mode will shortly be required. In the case of a particularly steady network, that is to
say when few and/or only small changes in network frequency occur, a support mode is
required to a lesser extent than when the network is more unsteady in terms of changes in its

frequency.

Taking into account a gradient of a change in network frequency can also be helpful in order
to be able to assess whether it appears that a support mode will be required. Here, a
quantitative evaluation of a change in network frequency in respect of the change in its
amplitude takes place in this respect. The frequency of occurrence of the change in frequency
does not play a role here. Nevertheless, it may be advantageous to take into account both the

frequency of occurrence of the change in network frequency, that is to say how unsteady the



10

15

20

25

CA 03032468 201%-01-30
«

-12-

network is, and also the gradient of the change in network frequency, that is to say the

amplitude of the change in frequency.

A further network state is the network voltage. The need for a support mode is more likely
particularly in the case of a comparatively high voltage than in the case of a lower network
voltage. In this case, the property of the measurement point for this network voltage
measurement should be taken into account in particular since the network voltage changes

with its location in a complex electrical supply network.

It is also proposed to take into account a change in network voltage. For example, a drop in
network voltage may be an indication of a support mode being required, even if the network

voltage is initially still at a comparatively high value.

It is also proposed that an external network state signal which indicates a network state is
taken into account. The support mode and possibly also its properties can be selected
depending on said network state signal. Here, it is taken into account that the network
operator operating the electrical supply network has information about the electrical supply
network, particularly also of different network points. Conclusions about requirements of or
expected events in the electrical supply network can be drawn more effectively depending on

said information.

According to one variant, it is proposed that a frequency converter proportion, which specifies
a ratio of power which is fed into the electrical supply network by frequency converters to the
total power which is fed into the electrical supply network, is taken into account. When, for
example, the proportion of the frequency converters in the network, that is to say only based
on the power fed in by said frequency converters, is greater than 80% and the proportion of
photovoltaic systems, which likewise feed into the network by means of a frequency

converter, in this is greater than 50%, this can affect the electrical supply network.

One possible way of identifying the frequency converter proportion could also involve said
frequency converter proportion being known to the operator of the electrical supply network

and this information being passed on to the wind power installations in question.
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The selection of a support mode can also be made dependent on whether a network operator
transmits a corresponding request signal for requesting an instantaneous reserve, that is to
say whether an instantaneous reserve is requested by a network operator. This can also
mean that an instantaneous reserve of this kind at a certain level in relation to the fed-in
power is requested. In this case, a power-dependent request of this kind taking into account
the power infeed of the photovoltaic systems taken into account could be adjusted to an
instantaneous reserve for the wind power installations which would then provide said

instantaneous reserve for the solar installations.

According to one embodiment, it is proposed that the at least one wind power installation
changes over to the support mode and the rotational speed thereof increases in comparison
to the normal mode when the at least one solar installation feeds at least a prespecifiable
minimum proportion of its rated power, in particular 50% of its rated power, into the electrical
supply network and also a requirement for an instantaneous reserve has been detected. This

support mode can be specifically selected in this way.

It is preferably proposed that the at least one wind power installation is permanently operated
in the support mode at a rotor rotational speed which is increased in comparison to the normal
mode, provided that the at least one solar installation feeds in at least a prespecifiable
minimum proportion of its rated power, in particular at least 50% of its rated power, into the
electrical supply network and the prevailing wind is so weak that the at least one wind power
installation can feed at most a prespecifiable maximum proportion of its rated power, in
particular at most 50% of its rated power, into the electrical supply network. This is particularly
based on the idea that the weather situation, specifically simply a large amount of sun and
little wind, is taken into account and accordingly the solar installations are used for the infeed
of as much power as possible and the wind power installations are used substantially for
supporting the electrical supply network, at least to the effect that they are able to deliver a

support power if required.

One embodiment proposes a solution which is characterized in that a requirement for a
relative instantaneous reserve is detected, wherein this relative instantaneous reserve

identifies a power, which can additionally be fed in, with respect to a reference power. A solar
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instantaneous reserve, which is a power which identifies an instantaneous reserve which is to
be kept in reserve or to be provided by the solar installation, is determined based on this
detected requirement for the relative instantaneous reserve and a solar reference power
which identifies the solar installation. This solar instantaneous reserve is therefore a
calculation value when the instantaneous reserve which is to be provided overall is distributed

in equal portions to the generators which feed in power.

To this end, it is now proposed that the at least one wind power installation is operated in a
support mode such that it can provide the determined solar instantaneous reserve. It can
preferably provide said solar instantaneous reserve in addition to an instantaneous reserve
which it would have to feed in on account of its own operation and the relative instantaneous
reserve. As a result, a unified instantaneous reserve provision in particular can be estimated
in terms of magnitude. In this case, it is proposed that the generators, which cannot or can
only with a high level of expenditure feed in or provide the instantaneous reserve calculated
for them, allow this to be taken from wind power installations which are suitable for this
purpose. The wind power installations can then take over this requirement from the solar

installations in a support mode in particular.

It is preferably proposed that the relative instantaneous reserve specifies the power, which
can additionally be fed in, with respect to a power which is instantaneously fed into the
electrical supply network or a relevant network section. According to this proposal, the
reference power is that power which is instantaneously fed into the electrical supply network

or which is fed into a relevant network section.

In addition or as an alternative, the solar reference power specifies the solar power which is
instantaneously fed into the electrical supply network by the solar installation. Therefore, the

focus is also on the current actual value here.

In addition or as an alternative, the at least one wind power installation is then operated in a
support mode such that it has an increased rotational speed in comparison to its normal mode
in order to provide the solar instantaneous reserve for the solar installation in this way. In
particular, said wind power installation can provide or feed in the solar instantaneous reserve

in this way.
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The solar instantaneous reserve is preferably calculated as the product of the relative
instantaneous reserve and the instantaneously fed-in solar power. In this case, the relative
instantaneous reserve can be a comparatively constant value which can be easily multiplied
by the instantaneously fed-in solar power which is known in principle, at least to the respective

solar installation.

It is optionally proposed that a weighting function is taken into account, in particular by way of
multiplication by a positive weighting factor. Therefore, the solar instantaneous reserve can
additionally be changed by a weighting function, particularly by way of said solar
instantaneous reserve being multiplied by a positive weighting factor which can lie in the
range of from 0.5 to 2 in particular. As a result, it is possible to readjust the solar
instantaneous reserve or take into account particular conditions, such as the specific location
of the network connection point in the network at which the solar installation in question feeds

in for example.

Descriptions of or in connection with solar installations above and below particularly preferably

relate to photovoltaic systems.

According to one embodiment, it is proposed that the method is characterized in that a solar
instantaneous reserve which can be provided is calculated for the solar installation, or for a
mixed installation which comprises at least one solar installation and at least one wind power
installation. Said solar instantaneous reserve indicates how much instantaneous reserve the
at least one wind power installation can keep in store with the assistance of the at least one
solar installation when the wind power installation is operated in a corresponding support
mode. To this end, it is proposed that this solar instantaneous reserve which can be provided
is calculated depending on the instantaneously fed-in solar power, the wind power which is
instantaneously fed in by the at least one wind power installation in the normal mode, and the
network state of the electrical supply network or of the variable representing said network
state. The solar instantaneous reserve which can be provided is therefore one which can be
provided and can be called up as required, that is to say which is not permanently provided or
even fed in. Therefore, it is the value which specifies the level up to which a solar

instantaneous reserve which can be provided should be kept in store. To this end, the
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instantaneously fed-in solar power is included since this is intended to be supplemented by
support power of the wind power installation. Said method also includes the normal mode in
which the wind power installation could be operated if it does not change over to the support
mode. It can also incorporate the network state of the electrical supply network since the
question of whether there is a need for a support power at all can ultimately depend on said

network state.

The invention also proposes a wind power installation which can generate electrical energy

from wind for infeed into an electrical supply network and wherein

- the wind power installation has an aerodynamic rotor with rotor blades which can be

adjusted in respect of their blade angle,

- the rotor can be operated at a variable rotor rotational speed, and

- the wind power installation has a generator, which is coupled to the aerodynamic rotor, for

generating a generator power, wherein

- the wind power installation is operated in a normal mode in which it feeds available wind
power up to a rated power into the electrical supply network, wherein the available wind
power indicates a power which can be obtained from the wind and fed into the electrical
supply network depending on the wind and technical limitations of the wind power

installation, and

- the wind power installation changes over from its normal mode to a support mode
depending on an operating situation of at least one solar installation which feeds into the

same network.

In particular, the invention proposes a wind power installation which is primed to execute a
method according to at least one embodiment as described above. To this end, said wind
power installation has, in particular, a process computer on which the method is implemented.
However, it is also considered that said wind power installation is connected to external

computers and/or has corresponding interfaces in order to be able to take into account the
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necessary external variables for the method. Some of the method can also be executed or

controlled on an external process computer.

There is preferably a weather module for evaluating and/or recording weather data, which
weather module can also detect the amount of solar radiation. This is based on the finding
that detecting the solar radiation at the at least one wind power installation can provide
enough information about an available photovoltaic power of a photovoltaic installation in the
vicinity. The weather module can have a photocell for measuring the light and/or an interface

for receiving external weather data.

The invention also proposes a wind farm comprising a plurality of wind power installations.
The wind farm therefore has at least two wind power installations as described above and
said at least two wind power installations feed into the electrical supply network via a common
network connection point. As a result, the method can be employed in a particularly efficient
manner owing to the use of a plurality of wind power installations because a high potential

instantaneous reserve or other support power can be created as a result.

The invention additionally proposes a wind power system which comprises at least one wind
farm as described above and at least one solar installation, wherein the at least one solar
installation feeds into the same electrical supply network. In this case, said solar installation
can preferably feed into the electrical supply network via a different network connection point
than the wind farm. This has the effect that, in principle, both the wind farm and also the at
least one solar installation can be operated independently of one another. Nevertheless, a
synergy is created, in the case of which the wind power installations, that is to say the wind
farm, perform/performs support tasks, particularly the provision of support power or
instantaneous reserve, for the solar installation. This is performed by way of the wind power
installation in each case changing over from its normal mode to a support mode depending on

an operating situation of the at least one solar installation.

The invention is explained in more detail by way of example using embodiments with

reference to the accompanying figures.

Figure 1shows a perspective illustration of a wind power installation.
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Figure 2schematically shows a wind farm.

Figure 3schematically shows a detail of an electrical supply network.

Figure 4dillustrates possible relationships between an instantaneous reserve power and a

change in frequency in the electrical supply network.

Figure 1 shows a wind power installation 100 with a tower 102 and a nacelle 104. A rotor 106
with three rotor blades 108 and a spinner 110 is arranged on the nacelle 104. During
operation, the rotor 106 is set in rotation by the wind and in this way drives a generator in the

nacelle 104.

Figure 2 shows a wind farm 112 having, by way of example, three wind power installations
100 which may be identical or different. The three wind power installations 100 are therefore
representative of basically any desired number of wind power installations of a wind farm 112.
The wind power installations 100 provide their power, specifically, in particular, the generated
current, via an electrical farm grid 114. In this case, the respectively generated currents or
powers of the individual wind power installations 100 are added together and a transformer
116, which steps up the voltage in the farm, is usually provided in order to then feed into the
supply network 120 at the infeed point 118, which is also generally referred to as a PCC. Fig.
2 is only a simplified illustration of a wind farm 112, which does not show, for example, a
control system, although a control system is present, of course. The farm grid 114 can also be
designed differently, for example, wherein, for example, a transformer is also present at the

output of each wind power installation 100, to mention just one other exemplary embodiment.

Figure 3 shows a detail of an electrical supply network 2 to which a photovoltaic system 4 and
a wind farm 6 comprising wind power installations 7 are connected, as is schematically
illustrated. The wind farm 6 can be designed like the wind farm 112 of figure 2 and have wind
power installations 7 respectively like the wind power installation 100 of figure 1. The electrical

supply network 2 can correspond to the electrical supply network 120 of figure 2.
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To represent further loads or infeed devices, figure 3 shows a city 8 which is connected to the
electrical supply network 2, an industrial load 2 which can be a factory for example, and, as a

further generator, a large power plant 12.

The schematically indicated sun 14 and the limp wind sock 16 are intended to indicate that
figure 3 shows the general weather situation for the electrical supply network 2 shown, in the
case of which weather situation strong solar radiation prevails and there is little wind.
Accordingly, the photovoltaic system 4, which can also be referred to as PV system for
simplicity, generates a large amount of electrical power Ppy which is output to the electrical
supply network 2. The thickness of the arrow and of the further arrows still to be described is
also intended to at least illustrate the power level in each case. Therefore, a large amount of
PV power Ppy is fed into the electrical supply network, said PV power being split into the
power components P, and P, which flow into different regions of the electrical supply network
2. This serves only for illustration purposes in order to show that said power Ppy which is

generated by the PV system 4 is generally available to the electrical supply network 2.

In addition, a power component P; is indicated by a thin arrow and is therefore intended to
make up only a small proportion of the fed-in PV power Ppy. Said further power fraction Ps is
available to the wind farm 6. It should be noted that this also serves only for illustration and
said power fraction P3; does not have to originate directly from the PV system 4. Rather, what
matters is that the wind farm 6 draws a power fraction P; which is considerably lower than the
power Ppy fed in by the PV system. Therefore, the power fraction P; can, at least

mathematically, be a fraction of the PV power Ppy fed in in total.

In this illustration of figure 3, it is therefore assumed that the wind farm 6 cannot generate any
power from wind in the situation shown. Accordingly, the power component P; is used to set
the rotors 18 in rotation 20. The rotors 18 can correspond to the rotors 106 according to figure

1. The rotation 20 is indicated by corresponding arrows in figure 3.

Therefore, the rotors 18 of the wind farm 6 are set in rotation and are kept in rotation. The
power component P; can be used for this purpose. The wind power installations 7 of the wind
farm 6 and therefore, as a result, also the wind farm 6 as such are therefore in a support

mode. In the situation shown in figure 3, in which there is no wind, the normal mode would be



10

15

20

25

CA 03032468 2019-01-30
<

-

-20-

that the wind power installations are switched off or at best are kept in a standby operating

mode,

On account of these rotors 18 each being set in rotation 20, each wind power installation 7
has kinetic energy in the form of rotational energy of the respective rotor 18. Therefore, the
wind farm 6 has a high quantity of rotational energy overall. Purely by way of precaution, it
should be noted that four wind power installations 7 are shown only schematically in the wind
farm 6, but considerably more wind power installations, for example more than 20, more than
50 or even more than 100 wind power installations 7, can be present in the wind farm and can

be operated as described.

This rotational energy which is present can be fed in as instantaneous reserve power Py as
required for the purpose of supporting the electrical supply network 2. A wide arrow is shown
in interrupted form for illustrating this. This is intended to illustrate that said instantaneous
reserve power Py may possibly be fed in, but that it is not fed in permanently, but rather only
at brief moments in which corresponding support of the electrical supply network 2 is required.

However, a large support power Py can then also be fed in.

The infeed of support power PM of this kind in this way may be required, for example, when
the industrial load 10 is connected to the electrical supply network 2 or when a large amount

of power is suddenly drawn in the city 8.

Figure 3 illustrates a type of support mode for a particular situation, specifically in which there
is absolutely no wind. However, other variants also come into consideration, such as, for
example, that there is a sufficient amount of wind in order to feed at least a certain amount of
power into the electrical supply network 2 by way of the wind farm 6. According to one variant,
the wind farm 6 and therefore the wind power installations 7 would be operated at an optimum
operating point at which particularly the rotational speed of the rotors 18 is at a value which is
optimum for the prevailing wind. This operating point can be maintained for the selection of
the support mode. Nevertheless, a high value of instantaneous reserve power Py is offered.
This may mean that a different dependency to that in the normal mode is used as a basis for
infeed of the instantaneous reserve power Py, which infeed is dependent on a change in

frequency.
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A situation of this kind is illustrated by way of example in figure 4. In the graph of figure 4, an
instantaneous reserve power Py is plotted as a function of the change in frequency df/dt for
two cases. The instantaneous reserve power Py is standardized to an instantaneous reserve
power Pymax Which can be fed in at most and which is identical for both modes of operation.
The change in frequency of the electrical supply network df/dt is also standardized,
specifically to a maximum df/dt. -df/dt is also plotted. Therefore, the graph of figure 4 shows,
in principle, negative values of the change in frequency df/dt. The standardized abscissa

therefore ranges from O to -1.

Two dependency functions for the instantaneous reserve power Py, specifically the
instantaneous reserve power Pys for the support mode and the instantaneous reserve power

Pwmn for the normal mode, are indicated by way of example.

In this illustrative example, the gradient of the instantaneous reserve power Pys for the
support mode is twice the magnitude of the gradient of the instantaneous reserve power Pyy
for the normal mode. In addition, the instantaneous reserve power Pys is also called up earlier
in the support mode, that is to say in the case of a change in frequency df/dt which is relatively
small in respect of magnitude, than the instantaneous reserve power Pyy which here is called
up by way of example only starting from a change in frequency df/dt which is twice the

magnitude.

To the extent that the instantaneous reserve power Py is understood to be a function
depending on the change in frequency which exceeds a starting limit value, the instantaneous
reserve power Pys of the support mode in each case delivers a value which is twice the
magnitude of the instantaneous reserve power Pyn of the normal mode. For example, the
instantaneous reserve power Pys of the support mode has a standardized power value of
somewhat more than 0.4 in the case of a standardized change in frequency of 0.4, that is to
say at 0.2 above its start value, whereas the instantaneous reserve power Pyy of the normal
mode has a standardized power value of approximately 0.2 in the case of the standardized
value for the change in frequency of 0.6, that is to say 0.2 above its start value, and therefore

half the corresponding value of the instantaneous reserve power Pyg of the support mode.
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This is also only an explanatory example and it is also considered, for example, that the two

start values of the normal mode and of the support mode are identical and/or zero.

Therefore, it has been identified that, under certain circumstances, a requirement for
instantaneous reserve provision can be provided by converter-based generation systems in
the case of a high level of coverage by regenerative energies during power generation. In this
case, it has been found that PV systems can implement instantaneous reserve only by way of
the integration of an additional storage means. For this purpose, it is now proposed to also
use wind power installations for providing instantaneous reserve when the wind is not blowing
but, as a result of solar radiation, a large amount of PV current is proportionally fed in. One
proposal for this is to bring the wind power installations up to rotational speed by motor in
order to support the network from the rotor energy or rotational energy in the case of an
instantaneous reserve requirement. This is also based on the finding that, at least statistically,
generally hardly any wind power is fed in and therefore the capacitors of the wind power
installation converters are hardly utilized in the case of a high level of coverage of the power
requirement by PV. However, there are also other possible ways of implementation, as have
already been explained above.

One aim of the proposed invention is also to generally improve the network integration of
renewable energy sources as far as possible. Since, in principle, an instantaneous reserve
provision may be required in the network at any time, one idea is to implement said
instantaneous reserve provision by way of wind power installations. In this case, it has been
found that wind power installations are generally very well suited to providing instantaneous
reserve since the rotor mass, in particular the moment of mass inertia, of each rotor is very

high in relation to the installed power.

Therefore, an improvement in the network integration of renewable energies can be achieved
very generally and in particular for wind power installations and photovoltaic systems, and
therefore a high level of coverage can be achieved by renewable energy sources during
power generation. Conventional power plants can also be replaced by power plants which are
based on wind power installations. In addition, a network-related upper limit for the addition of

renewable energy sources which could be set or are already present on account of the lack of
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network support can be avoided or at least increased. In principle, fully converter-fed networks

can be created or at least can be created more effectively by way of the proposed solutions.

A motorized operating mode or idling operating mode of the wind power installations for
providing instantaneous reserve by the kinetic energy of the rotor is also proposed as a
solution, amongst others. One important advantage of the invention is avoiding rotating phase
shifters and/or avoiding the installation of storage devices in photovoltaic systems (PV
systems) for providing instantaneous reserve. Therefore, it is possible not only to generally
lower the costs of network integration of renewable energies, but rather the proposed solution
also offers the operators of wind power installations the option of offering an additional system
service. A functionality of this kind can be implemented, in particular, in the installation or farm

control arrangement.
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Claims

A method for controlling at least one wind power installation for generating electrical

energy from wind for feeding into an electrical supply network, comprising:

4.

operating the at least one wind power installation in a normal mode in which the
at least one wind power installation feeds, into the electrical supply network, available
wind power up to a rated power, wherein the available wind power is a power obtained
from the wind and fed into the electrical supply network depending on the wind and
technical limitations of the wind power installation; and
switching operating the at least one wind power installation from the normal
mode to a support mode depending on an operating situation of at least one solar
installation which feeds into the electrical supply network, wherein:
the at least one wind power installation has an aerodynamic rotor with
rotor blades having an adjustable blade angle;
the aerodynamic rotor is operable at a variable rotor rotational speed,
and
the at least one wind power installation has a generator, coupled to the
aerodynamic rotor for generating a generator power.

The method as claimed in claim 1, comprising:
providing by the at least one wind power installation, more instantaneous
reserve power in the support mode than in the normal mode.

The method as claimed in claim 2, comprising:

detecting a network frequency of the electrical supply network; and

feeding the instantaneous reserve power into the electrical supply network
depending on a change in the network frequency wherein a dependency on the
change in the network frequency is different in the normal mode than in the support
mode.

The method as claimed in claim 3, wherein in a case of a same change in the network

frequency, a magnitude of the instantaneous reserve power in the support mode is greater
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than the magnitude of the instantaneous reserve power in the normal mode by a multiplicative
dependency factor.

5. The method as claimed in any one of claims 1 to 4, comprising:
providing, by the at least one wind power installation, a support power for
supporting the electrical supply network, wherein the support power is fed into the
electrical supply network or fed into the electrical supply network depending on a
network behavior, wherein the support power is higher in the support mode than in the
normal mode.

6. The method as claimed in any one of claims 1 to 5, comprising:
at least temporarily feeding less power into the electrical supply network in the
support mode than in the normal mode or drawing power from the electrical supply
network to increase instantaneous reserve.

7. The method as claimed in any one of claim 1 to 6, wherein the support mode of the at
least one wind power installation includes at least one operating mode selected from a list
comprising:

an idling operating mode in which the aerodynamic rotor of the at least one
wind power installation rotates by virtue of being driven by the wind without generating
power;

a high rotational speed operating mode in which the aerodynamic rotor of the at
least one wind power installation rotates at a higher rotational speed with no power or
substantially no power fed in;

a zero-power operating mode in which the rotational speed is increased up to a
maximum rotational speed without power infeed; and

a motorized operating mode in which the aerodynamic rotor of the at least one
wind power installation is driven by electrical power from the electrical supply network
that does not exceed a solar power instantaneously fed into the electrical supply

network by the solar installation.
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8. The method as claimed in any one of claims 1 to 7, wherein at least one of: switching
operating the at least one wind power installation from the normal mode to the support mode
or at least one property of the support mode depends on a prevailing wind speed.

9. The method as claimed in claim 1, wherein:

at least one of. switching operating the at least one wind power installation
from the normal mode to the support mode depends on at least one network state of
the electrical supply network,

at least one property of the support mode depends on the at least one network
state, or a variable representing the at least one network state depends on the at least
one network state, and

the at least one network state of the electrical supply network is selected from a
list comprising:

- a network frequency;

- a change in the network frequency;,

- a gradient of the change in the network frequency;

- a network voltage;

- a change in the network voltage;

- an external network status signal indicating a network state;

- a frequency converter proportion specifying a ratio of a power fed into
the electrical supply network by frequency converters to a total power fed into
the electrical supply network; and

- a request signal, received from a network operator, for requesting an

instantaneous reserve.

10.  The method as claimed in claim 1, comprising:
increasing a rotational speed of the aerodynamic rotor in the support mode than
in the normal mode when:
the at least one solar installation feeds, into the electrical supply
network, at least a prespecifiable minimum proportion of a solar installation
rated power of the at least one solar installation; and
a requirement for an instantaneous reserve has been detected.
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The method as claimed in claim 10, wherein the prespecifiable minimum proportion of

the solar installation rated power is 50% of the solar installation rated power.

12.

13.

The method as claimed in any one of claims 1 to 11, comprising:

operating the at least one wind power installation in the support mode at a rotor
rotational speed that is higher than the rotor rotational speed of the normal mode
provided that:

the at least one solar installation feeds, into the electrical supply network, at
least a prespecifiable minimum proportion of a solar installation rated power of the at
least one solar installation; and

the at least one wind power installation can feed, into the electrical supply
network, at most a prespecifiable maximum proportion of the rated power.

The method as claimed in claim 12, wherein the prespecifiable minimum proportion is

50% of the solar installation rated power and the prespecifiable maximum proportion is 50% of

the rated power of the at least one wind installation.

14.

The method as claimed in claim 1, comprising:
detecting a requirement for a relative instantaneous reserve that identifies a

power to be additionally fed in with respect to a reference power;

15.

determining, based on the requirement for the relative instantaneous reserve
and a solar reference power which identifies the at least one solar installation, a solar
instantaneous reserve as a power which identifies an instantaneous reserve to be kept
in reserve or to be provided by the at least one solar installation; and,

operating the at least one wind power installation in the support mode such that

the at least one solar installation provides the solar instantaneous reserve.

The method as claimed in claim 14, wherein:

the relative instantaneous reserve specifies the power that can additionally be
fed in with respect to a power instantaneously fed into the electrical supply network or
a relevant network section;
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the solar reference power specifies a solar power instantaneously fed into the
electrical supply network by the at least one solar installation; and/or

the at least one wind power installation is operated in the support mode such
that the wind power installation has an increased rotational speed compared to the
normal mode to provide the solar instantaneous reserve for the at least one solar
installation.

16. The method as claimed in claim 15, comprising determining the solar instantaneous
reserve as a product of the relative instantaneous reserve and the solar power
instantaneously fed into the electrical supply network.

17.  The method as claimed in claim 16, comprising multiplying the solar instantaneous
reserve by a positive weighting factor.

18. The method as claimed in claim 1, comprising determining a solar instantaneous
reserve specifying an instantaneous reserve the at least one wind power installation keeps in
reserve with an assistance of the at least one solar installation when the at least one wind
power installation is operated in the support mode based on an instantaneously fed-in solar
power, the wind power instantaneously fed in by the at least one wind power installation in the
normal mode, and a network state of the electrical supply network or of a variable
representing the network state, wherein the at least one solar installation is operated or a
mixed installation which includes a solar installation and the at least one wind power
installation.

19.  Afirst wind power installation for generating electrical energy from wind for feeding into
an electrical supply network comprising:
an aerodynamic rotor having a variable rotor rotational speed and rotor blades
having adjustable blade angles;
a generator, coupled to the aerodynamic rotor, for generating a generator
power, and

a process computer configured to:
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operate the first wind power installation in a normal mode in which the
first wind power installation feeds available wind power up to a rated power into
the electrical supply network, wherein the available wind power is a power
obtained from the wind and fed into the electrical supply network depending on
the wind and technical limitations of the first wind power installation; and

switch operation of the first wind power installation from the normal
mode to a support mode depending on an operating situation of at least one
solar installation which feeds into the electrical supply network.

20. A wind farm comprising at least two wind power installations including the first wind
power installation as claimed in claim 19 and a second wind power installation, wherein the at
least two wind power installations feed into the electrical supply network via a common
network connection point.

21. A wind power system comprising at least one wind farm as claimed in claim 20 and the
at least one solar installation, wherein the at least one solar installation feeds into the
electrical supply network, via a different network connection point, and wherein each wind
power installation of the at least two wind power installations switched from the normal mode
to the support mode depending on the operating situation of the at least one solar installation.

Date Regue/Date Received 2020-12-30
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