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The present invention relates to a method for feeding electrical power into an electrical
supply grid. The present invention also relates to a wind power installation for feeding
electrical power into an electrical supply grid. The present invention also relates to a wind
farm, comprising multiple wind power installations, for feeding electrical power into an

electrical supply grid.

The feeding of electrical power into an electrical supply grid by means of wind power
installations or wind farms is known. It is also known in the meantime to offer with wind
power installations or wind farms so-called system services, which help to support and/or

improve the electrical supply grid.

It is particularly problematic if, to support the electrical supply grid, the power to be fed in
is to be increased, because wind power installations usually feed in as much power as
they can take from the wind at the time. In this respect, it has been proposed to make an
improvement just for achieving short-term increases in power by using power from the
flywheel mass of the rotating rotor. If, however, increased power is fed in and power from
the rotating rotor is used for this, it slows down, so that the power fed in that is

correspondingly increased can only be fed in for a short period of time.

Consequently, although these proposed solutions provide a short-term increase in power,
the effects of such a short-term increase in power on the respective wind power

installation are tolerated or are not taken into consideration, or only little.

By taking power from the flywheel mass, the rotational speed of the wind power
installation is reduced. This not only has effects on the wind power installation concerned,
it may also put the electrical supply grid concerned in a degraded state. For example, if
too much flywheel energy is taken, the wind power installation may lose its operating
point and then possibly first has to continue being operated at an operating point that
allows less power to be fed in than would be possible on the basis of the wind prevailing.

What is more, the retrieval of such supporting energy also has the effect that at first no
further supporting energy can be taken if the wind power installation concerned or the
wind power installations involved altogether have provided their potential for supporting
energy. Then the rotational speed of the wind power installations concerned first has to
be increased again, in a process which possibly takes quite a long time, to then have

flywheel energy available again.
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The German Patent and Trademark Office has searched the following prior art in the
priority application relating to the present application: DE 10 2011 006 670 A1, DE 10
2015 208 554 A1, WO 2012 /171 532 A2 and EP 1 665 494 B1.

The International Searching Authority and the Examining Division have searched the
following prior art relating to the present application: DE 10 2010 014 165 A1, WO
2005/025026 A1, EP 2 306 001 A2, DE 10 2009 014 012 A1, WO 2012/041527 A1, and
WO 2013/135592 A1. Document DE 10 2010 014 165 A1 concerns a dynamic inertia
control of a wind power installation in which, by means of an additional control, kinetic
energy is extracted from the wind rotor in a controlled manner by reducing the speed,
which is converted into additional electrical energy by the generator. In this way, primary
control power can be made available in a targeted manner by changing the speed, even
under unsteady wind conditions. Document WO 2005/025026 A1 concerns a wind power
installation and a method for operating a wind power installation, in which the kinetic
energy stored in the wind power installation is used to support the grid when required.
Document EP 2 306 001 A2 relates to a wind power installation in which a rechargeable
energy storage device is provided in order to be able to supply additional support energy
to the electrical supply network when required. Document DE 10 2009 014 012 A
describes a method of operating a wind power installation in which the power delivered by
the wind power installation is increased for a short time if the frequency of the electrical
grid falls below a certain setpoint. Document WO 2012/041527 A1 proposes to damp
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power oscillations by appropriately driving converters with an oscillation control signal.
Document WO 2013/135592 A1 describes a wind power installation that feeds electrical
power into a supply grid and also feeds electrical power to a conversion device for
generating combustible gas or to an electrical storage device.

The present invention is therefore based on the object of addressing at least one of the
aforementioned problems. In particular, it is intended to propose such a solution in which,
for a short-term increase in power, one or more wind power installations can provide
corresponding supporting power without however at the same time losing a stable
working point. In particular, it is intended to avoid such provision of supporting power
causing one or more wind power installations to become unstable or even to stop. At

least it is intended to propose an alternative in comparison with what is known so far.

According to the invention, a method according to claim 1 is proposed. This method
concerns the feeding of electrical power into an electrical supply grid by means of at least
one wind power installation at a grid connection point. The wind power installation
therefore feeds into the electrical supply grid at the grid connection point. The method
may also concern multiple wind power installations, to be specific in particular multiple
wind power installations that are organized in a wind farm and feed into the electrical

supply grid together at the grid connection point.

The at least one wind power installation has an aerodynamic rotor with rotor blades and
the rotor has a moment of inertia and can be operated with variable rotor speed.
Therefore, a so-called variable-speed wind power installation is taken as a basis. The at

least one wind power installation also has a generator for generating a generator power.

It is also taken as a basis that multiple energy generators feed power into the electrical
supply grid. Therefore, not just the at least one wind power installation feeds power into
the electrical supply grid, but at least one further energy generator, in particular multiple
or many energy generators. It is also taken as a basis that multiple consumers take
power from the electrical supply grid. This produces a power balance in the electrical
supply grid between the power fed in and the power taken. This balance is regarded as
positive if more power is fed in than is taken. Ideally, such a power balance is 0, that is

when precisely as much power is fed in as is taken.

It is thus proposed for the method that a basic electrical power is fed into the electrical

supply grid by the at least one wind power installation in dependence on the wind power
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available. This basic electrical power is consequently the basis for the power that the
wind power installation takes directly from the wind and feeds into the electrical supply
grid. This observation disregards power losses that are caused for example by line losses
and/or heat losses in transmitting or converting elements of the wind power installation.
For purposes of explanation, it is therefore assumed that the power taken from the wind is

also fed into the electrical supply grid as this basic electrical power.

Furthermore, a supporting power to be additionally fed in is specified. This supporting
power to be fed in consequently goes beyond the basic electrical power and therefore
goes beyond the power that can at the moment be taken from the wind by the wind power

installation concerned.

This specified supporting power is then additionally fed in, to be specific in addition to the

basic electrical power, in order to support the electrical supply grid.

It is thus proposed in this respect that an available amount of supporting energy is
determined for the supporting energy to be fed in. The supporting power that is specified
and additionally fed in requires an energy source in addition to the wind. This may be for
example rotational energy of the aerodynamic rotor. Other or additional energy sources
may also be present and used, such as for example a battery store. It is thus proposed to
determine such an available amount of supporting energy for the supporting energy to be
fed in. In other words, the amount of energy present in the energy sources that is
available for the supporting power is determined. The available amount of supporting
energy, and not a momentarily available supporting power, is deliberately determined
here, in order in this way to make possible a consideration that goes beyond the

momentary point in time.

Finally, the supporting power is specified in dependence on the available amount of
supporting energy determined. The supporting power therefore does not just depend on
the demand for supporting power of the electrical supply grid at the moment and also not
just on technical boundary conditions for feeding in this additional supporting power, such
as for example current limits, but rather the available amount of supporting energy is also

deliberately taken into consideration.

Consequently, it can particularly also be planned over which time period a supporting
power of what magnitude can be fed in, in addition to the basic electrical power. In other

words, a full consideration of the energy reserve in the additional energy sources is
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proposed. This proposal also makes it possible to avoid the situation where the available
amount of supporting energy is suddenly used up, the corresponding energy sources are
therefore depleted, and then the supporting power must abruptly drop. It also creates the
possibility of making an appraisal between a momentary supporting demand and a
supporting demand still required a short time later. The possibility of planning a
progression over time for the supporting power to be fed in is also created. In this case,
such planning concerns time periods in the range of seconds, in particular in the range of

5 to 30 seconds.

Preferably, at least one inverter is used for the feeding in of the electrical power. This is
also proposed quite generally for any embodiments. Preferably, the supporting power to
be additionally fed in is determined depending on a capacity utilization of the at least one
inverter. In principle, the supporting power to be fed in is particularly determined in
dependence on a power balance, in particular depending on the frequency of the
electrical supply grid, which can be a good indicator of the power balance. For this
purpose, it is additionally proposed to take into consideration a capacity utilization of the
at least one inverter. This particularly means that the feasibility of the additional feeding in
of the supporting power is taken into consideration here. Also or alternatively, the reactive
power fed in may be taken into consideration, and the supporting power to be additionally
fed in correspondingly determined according thereto. The reactive power fed in also
contributes to the capacity utilization of the at least one inverter, and it has been
recognized that it may therefore be advantageous to take the reactive power fed in into

consideration when determining the additional supporting power.

It is preferably proposed to reduce the reactive power fed in, in order to be able to feed in
a greater supporting power. Such a reactive power reduction may then already be taken
into consideration in the determination of the supporting power to be additionally fed in. In
other words, the supporting power to be additionally fed in can then possibly be
determined with a greater value than it would be on the basis of the reactive power fed in
at the time if the reactive power fed in is reduced to a new value. In this case, this new
value of the reactive power fed in is taken into consideration for determining the

supporting power to be fed in.

Preferably, the available amount of supporting energy is determined from the moment of
inertia of the rotor, at least one operating parameter of the operating point at the time of
the wind power installation and an admissible lower rotor speed. The case that the

rotational energy stored in the rotor of the wind power installation is the energy source for
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the available amount of supporting energy is particularly assumed for this. If additional

energy sources are present, they may be additionally taken into consideration.

In this determination of the available amount of supporting energy from the rotational
energy of the rotor that is proposed here, consequently first the moment of inertia of the
rotor is taken into consideration. The moment of inertia of the rotor of the generator may
also be added here, but often has a significantly smaller value than the moment of inertia

of the aerodynamic rotor.

Also taken into consideration is at least one operating parameter of the operating point at
the time of the wind power installation, which is in particular the rotor speed at the time.
However, other variables may also be taken into consideration or added here, such as an
angle of attack at the time of the rotor blades of the rotor and the electrical generator
power delivered at the moment. The moment of inertia of the rotor and the rotor speed
can be used to calculate kinetic energy stored in the rotational movement at the time of

the rotor.

This kinetic energy of the rotating rotor, that is to say the rotational energy, is however not
necessarily the available amount of supporting energy for the supporting power to be fed
in, since this rotational energy often cannot be retrieved completely, or it is often
inadvisable to retrieve it completely. Retrieving it completely would mean reducing the
rotor to 0. That would however be disadvantageous from many aspects, specifically
because after that the wind power installation cannot at first feed in any power at all,
which adversely affects the overall situation. Furthermore, with a reduction of the rotor
speed to very small values or even to 0, the power that can be taken from the wind will
also be reduced, so that the power fed in altogether may be reduced, and consequently in

fact less additional supporting power is fed in.

It is therefore proposed to take an admissible lower rotor speed additionally into
consideration. Such an admissible lower rotor speed is a speed to which the rotor may be
decelerated for this support. This admissible lower rotor speed consequently takes into
consideration in particular that, at it, further operation of the wind power installation is still
possible. In addition, it may take into consideration a reduction of the power taken from
the wind, and consequently be set to a value at which the power that can be taken from
the wind is only reduced by a predetermined value, which is preferably chosen to be as

small as possible.
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According to one embodiment, it is proposed that the at least one operating variable of
the operating point at the time comprises at least one of the following variables, to be
specific the rotor speed at the time, the generator power at the time and the prevailing
wind speed.

The rotor speed at the time is particularly used for determining the kinetic energy present,

to be specific the rotational energy, of the rotating rotor.

The generator power at the time, particularly together with the rotor speed, is an
important operating parameter of the operating point at the time of the wind power
installation. It can be used to ascertain whether the wind power installation at the
particular time is converting a lot of power or little power, and it can also be deduced from
that how much reserve the wind power installation has to shift its operating point. The
retrieval of rotational energy has the effect that the operating point of the wind power
installation shifts and, depending on where this operating point is located, a
correspondingly great or small shift of the operating point is possible. Particularly if the
wind power installation converts a lot of power, the prevailing wind speed is also usually
high. If the operating point is then shifted from its optimum position into a less optimum
position, it can then however be brought back to the previous operating point again more

easily when there is particularly strong wind, that is to say a high prevailing wind speed.

On the other hand, a comparatively high power with respect to the rotational speed at the
time may indicate that the installation is not operating at an optimum operating point. This
may also mean that the operating point on a speed/power characteristic curve lies on one
flank and therefore a change of the rotational speed may lead to a comparatively great
power reduction. In this case, the taking of rotational energy would lead to a
comparatively severe drop in power. This may also mean that the rotational speed can
only be lowered a little. As a result of the consideration of the generator power, it can be

taken into consideration in the determination of the supporting energy available.

Also or instead, the prevailing wind speed may be taken into consideration. For this
purpose, it may be measured, a measurement by a corresponding measuring instrument
on the wind power installation or else a measurement by a nearby measuring mast being
conceivable. Since the measurement of a wind speed is often inaccurate, it is also

conceivable to derive the wind speed from the rotor speed and the generator power.
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In any event, it can then be ascertained better from it to what extent the operating point
can be changed, and in particular how much the rotor speed can be reduced and
consequently how much rotational energy can actually be taken. It is indeed this
rotational energy that can be taken that then leads to the available amount of supporting
energy. If no further energy sources are present and losses are disregarded, this

rotational energy that can be taken is the available amount of supporting energy.

According to a further embodiment, it is proposed that, for determining the available
amount of supporting energy, a power loss due to a reduction of the rotor speed is taken
into consideration. If, for taking the power, the rotor speed is reduced, the taking of the
power from the wind may also be adversely affected by the rotor thus slowed down. That
restricts the amount of supporting energy that is in fact available, and consequently can
be taken into consideration in the determination of the available amount of supporting

energy.

Alternatively or additionally, it is proposed that the specification of the supporting power to
be additionally fed in is performed in dependence on the power loss due to a reduction of
the rotor speed. As a result, the power loss can be compensated by corresponding

adaptation of the supporting power.

According to one configuration, it is provided that the at least one wind power installation
for providing the supporting power is coupled to at least one electrical store and, for
determining the available amount of supporting energy, a rotational energy of the rotor
and in each case a storage content of the at least one electrical store are taken into
consideration. The supporting power may in this case rely on multiple energy sources, to
be specific on part of the rotational energy of the rotating rotor and on at least one
electrical store. Particularly, such an electrical store may be provided in order to increase
a possible amount of supporting energy, to be specific to increase it beyond the amount

that can be used from the rotating rotor.

The electrical store may be a battery and also or additionally be a high-capacity capacitor,
which is also referred to by those skilled in the art as a supercap or ultracap. Particularly
the use of such high-capacity capacitors is proposed because they are low in
maintenance and can provide energy or power very quickly. Nevertheless, it is also
important here what storage content they have, that is to say to what extent they are
charged. It also applies to such electrical stores, to the battery and also to the high-power

capacitor, that it may be conceivable that they also cannot be discharged completely.
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This is the case with a capacitor particularly because of the falling voltage and with the
battery because of an increasing internal resistance during a discharge. Consequently, it
is also proposed here to take into consideration how much the energy present can
actually be taken. That may also depend on the electronic switching unit that respectively
takes the energy from the electrical store. For example, it may be the case that a
capacitor charged to a voltage of 800 volts can for example only be discharged to 300
volts, because such a low voltage of 300 volts or less would require an electronic unit that
correspondingly steps up this voltage for use in the wind power installation. This is only
mentioned as an example and the stated voltage values are also only given by way of
example. Similar problems may occur with a battery. With a battery there is also the

problem that it may be destroyed by excessive discharge.

All of these effects are preferably taken into consideration in the determination of the

available amount of supporting energy.

According to one embodiment, it is proposed that, when feeding in a supporting power,
the available amount of supporting energy is updated, in particular is continuously
updated. This updating is therefore intended to take place during the feeding in of the
supporting power and must correspondingly be updated quickly and at the same time as
the feeding in. It is in this case proposed that this updating is performed in dependence
on the supporting energy fed in. Consequently, the supporting energy fed in is monitored
and this information is used for constantly updating the available amount of supporting
energy. In addition to this, it is particularly conceivable that the supporting energy fed in is
continuously integrated over time to give a supporting energy fed in. It should be
particularly noted here that, if the available amount of supporting energy allows, a
supporting power is fed in in dependence on a frequency in the electrical supply grid.
Fluctuations of the frequency may consequently also lead to fluctuations of the supporting
power. It is also proposed to take into consideration that there may be a difference
between the intended supporting power, that is to say a supporting power setpoint value,
and the supporting power actually fed in, that is to say a supporting power actual value.
Nevertheless, along with a measurement of the supporting power fed in, it is also
conceivable for the supporting power fed in to be taken into consideration on the basis of
its setpoint value and to take into consideration particularly dynamic deviations between

the intended power and the actual power that are possibly known.

Also or alternatively, it is proposed that the available amount of supporting energy is

updated while taking into consideration a behavior of change of the wind power



10

15

20

25

30

DK/EP 3545599 T3

10

installation as a reaction to the feeding in of the supporting power. It is particularly
conceivable here to take into consideration a decrease in the rotor speed as a reaction to

delivering rotational energy of the rotor.

Particularly the rotor speed can often be detected very accurately and quickly. Since the
moment of inertia of the rotor does not change appreciably, the rotational energy present
in the rotor at the time can consequently also be detected. Particularly on the assumption
that an admissible lower rotor speed for the supporting case at the time does not change,
the change in the available amount of supporting energy can be detected quickly and

accurately by observing the decrease in the rotor speed.

The taking of the energy present in one or more electrical stores that are present can
often be detected by monitoring the output voltage of these electrical stores. Particularly
for battery stores, however, other methods that are in principle familiar to a person skilled

in the art are conceivable.

By updating the available amount of supporting energy, the supporting power to be
additionally fed in that is specified at the time can be determined in a particularly easy

way.

According to one embodiment, it is proposed that the at least one wind power installation
is coupled to at least one consumer that can be controllably reduced in its consumption
and the determination of the available amount of supporting energy takes into
consideration an amount of energy that is available due to a reduction of the at least one
controllably reducible consumer. This is particularly based on the idea that a consumer
that is coupled to the wind power installation consumes power of the wind power
installation. The wind power installation consequently feeds this power less into the
electrical supply grid. If this consumer can be reduced or switched off, at least for a short
time and also at short notice, this power that is consumed by it, which is normally missing
during the feeding in, can then be used for support. This is preferably also taken into
consideration during the determination of the available amount of supporting energy.

It is pointed out that such power that the consumer does not consume during the
supporting case could be added directly to the supporting power. This is also proposed
according to one embodiment, but, while taking into consideration the fact that part, in
particular a large part, of the supporting power is taken from the rotational energy of the

rotor, the overall situation must be borne in mind and for this it is proposed that this power
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made available by the consumer reduced in its consumption is also to be converted into
available energy and added to the available amount of supporting energy, or the available
amount of supporting energy is to be determined while taking into consideration this
energy made available by the consumer. For this purpose, for example, the power made
available by the consumer may be integrated over the time period of the likely supporting
case to give an energy. If this time period changes, the calculation of the available
amount of supporting energy can be updated. Alternatively, this power made available by

the consumer is directly added to the supporting power.

It is pointed out that, in this case of a consumer that is fixedly coupled to the wind power
installation and is controllably reducible in its consumption, the basic electrical energy lies
below the power generated from the wind by an amount equivalent to this power

consumption.

According to one embodiment it is proposed that, for specifying the supporting power, a
progression of the supporting power in dependence on the amount of supporting energy
is specified. In particular, it is provided that the specifying of the supporting power
depending on the amount of supporting energy takes place by way of a time-dependent
progression. Such a progression of the supporting power in dependence on the amount
of supporting energy may particularly take the form that, with a sufficient amount of
supporting energy present at the beginning, as the supporting power a constant
supporting power is specified on the basis of boundary conditions such as the capacity
utilization of the inverter. If the available amount of supporting energy is then reduced
below a specifiable minimum amount of supporting energy, the supporting power is then
reduced as the available amount of supporting energy falls further. Preferably, a
proportional relationship can be provided here between the available amount of
supporting energy and the supporting power fed in or correspondingly specified. In this
case, this would result in an ever more slowly falling supporting power, which ideally
would asymptotically approach the value 0. According to another variant, it is proposed
that, for the said remaining minimum amount of supporting energy, a remaining time
interval is calculated, a time interval in which the power falls to 0 proportionally with time,
and in this case exactly this remaining minimum amount of supporting energy is fed in, to

give a further example.

If the time-dependent progression is used, it may also be provided that a progression of
the supporting power over time that leads exactly to the consumption of the available

amount of supporting energy is already predetermined for the entire available amount of
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supporting energy. Of course, the feeding in of the supporting power is always interrupted

whenever supporting of the electrical supply grid is no longer necessary.

According to one embodiment, it is proposed that the at least one wind power installation
is operated at an operating point that is initially improved when delivering rotational
energy, in particular that the wind power installation is operated at such a high rotor
speed that the rotor speed is temporarily reduced to an optimum rotor speed in terms of
power by delivering centrifugal energy, that is to say rotational energy. This is proposed
particularly for lower part-load operation, in which the wind speed is still well below the

rated wind speed, for example is a maximum of 50% of the rated wind speed.

This is based on the realization that, although there is theoretically only one optimum
operating point for the wind power installation, to be specific the optimum operating point
in terms of power, near this optimum operating point there is an operating range that is
only minimally less favorable than the operating point that is theoretically optimum in
terms of power. Particularly, there is often an optimum rotor speed in terms of power,
which is particularly also optimum with regard to taking the power from the wind. Both a
higher rotor speed and a lower rotor speed are less favorable, but to a minor extent.
Thus, it has particularly been realized that a rotor speed that is higher than the optimum
rotor speed in terms of power only leads to a minimal worsening of the working point, but
at the same time creates a significantly greater rotational energy, in particular a
significantly greater available rotational energy. Often, it may even be the case that the
resultant worsening of the working point is scarcely detectable by measuring instruments.
Particularly in this case, it is proposed to operate the wind power installation at a
correspondingly shifted operating point, to be specific at a correspondingly higher

rotational speed.

Preferably, the available amount of supporting energy, that is to say here the available
amount of rotational energy, that is to say the rotational energy that can still be
reasonably taken, is taken as a measure for how much the rotor speed rises above the
rotor speed calculated as optimum in terms of power. Here, an appraisal can be made
between on the one hand the increasing available amount of supporting energy and on
the other hand the efficiency of the operating point worsened by increasing the rotor
speed. Particularly depending on whether a supporting case is to be expected in the
electrical supply grid, or whether or how many other generators in the electrical supply
grid can carry out sufficient support, a corresponding rotor speed can be set or changed

by this appraisal.
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According to one embodiment, it is proposed that the supporting power is specified in
dependence on a grid state of the electrical supply grid, in particular in dependence on
the power balance of the electrical supply grid, an upper power limit being additionally
determined in dependence on the available amount of supporting energy and maintained,
and the specified supporting power being reduced with a progression falling over time, in
particular a flank falling over time, as soon as the available amount of supporting energy

has reached a specified limit value.

The supporting power is therefore initially specified in dependence on a grid state of the
electrical supply grid. This may be in particular the grid frequency, that is to say the
frequency of the electrical voltage of the electrical supply grid, which may be an indicator
of the power balance. It may possibly be conceivable to take the power balance of the
electrical supply grid into consideration in some other way. This may for example take
place by an externally transmitted item of information, which for example a grid operator
could send.

To this extent, the electrical supply grid determines the supporting power, because the
supporting power is intended to support the electrical supply grid. The wind power
installation can however only make supporting power available to a limited extent, and it
is consequently proposed to be economical with the supporting power. For this purpose, it
is proposed to determine an upper power limit in dependence on the available amount of
supporting energy and then of course also to maintain it. For this purpose, a supporting
time period that experience suggests is to be expected can be taken as a basis. It is also
conceivable to take a time period of 10 seconds as a basis. Preferably, this time period
lies in the range from 5 to 30 seconds. Depending on the available amount of supporting
energy determined, this gives a power value for the supporting power. In the simplest
case, this means that this power value of the supporting power, that is to say the upper
power limit, is chosen such that, with constant feeding in of a supporting power with this
upper power limit, the available amount of supporting energy is used up at the end of the
supporting time period assumed, or is used up apart from a remaining minimum amount
of supporting energy. In order then to avoid abrupt ending of this supporting power, it is
proposed to reduce the specified supporting power toward the end with a progression
falling over time.

According to the invention, a wind power installation is also proposed, and it is prepared
for feeding electrical energy into an electrical supply grid at a grid connection point. It

comprises an aerodynamic rotor with rotor blades and the rotor has a moment of inertia



10

15

20

25

30

DK/EP 3545599 T3

14

and can be operated with variable rotor speed. Furthermore, it has a generator for
generating a generator power and a control unit for controlling feeding in of a basic
electrical power in dependence on wind power available. Such a control unit may be for
example a process computer, which assumes some or all of the controls of the wind
power installation. This control unit may for example control an inverter, and possibly

further elements of the wind power installation.

Furthermore, the wind power installation comprises a specifying means for specifying a
supporting power to be additionally fed in. Such a specifying means may be part of a
control device such as a control processor of the wind power installation. Such a
specifying means may however also be provided as a separate control means, or at least
a separate control program. It specifies the supporting power to be additionally fed in, for
example in dependence on the detected frequency and the electrical supply grid or on the
basis of an external demand signal. The specified supporting power may be specified as
an absolute value or else as a relative value. For example, the specification as a relative
value is conceivable with respect to the rated power of the wind power installation or as a
relative value is conceivable with respect to the power that is fed in at that moment in

time.

Furthermore, the wind power installation has a feeding device for feeding in the specified
supporting power for supporting the electrical supply grid. Such a feeding device may be
for example an inverter, which for example obtains power from the generator as direct
voltage or direct current and generates from it an alternating current to be fed in. The
feeding device is in this case preferably provided at the same time for feeding in the
power to be fed in altogether. To put it another way, a usual feeding device such as an
inverter may be used, and can also at the same time assume the task of additionally

feeding in the specified supporting power for supporting the electrical supply grid.

It is also provided that the wind power installation has a calculating unit for determining an
available amount of supporting energy for the supporting power to be fed in. This
calculating unit consequently determines an available amount of supporting energy,
which can then be used as a source for the supporting power to be fed in. The supporting
power is specified in dependence on the amount of supporting energy determined. The
specifying means that specifies the supporting power to be additionally fed in
consequently takes the available amount of supporting energy determined by the
calculating unit into consideration and, depending on it, determines the supporting power.

The specifying means for specifying the supporting power to be additionally fed in and the
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calculating unit for determining the amount of supporting energy may also be integrated in

a unit, such as for example in a common microprocessor.

The wind power installation is preferably prepared for carrying out a method according to
at least one of the described embodiments.

A wind farm comprising multiple wind power installations is also proposed, the wind
power installations of this wind farm being designed according to at least one described
embodiment of a wind power installation. Also or alternatively, the wind farm is prepared
for implementing a method according to a described embodiment. This implementation
can consequently be performed in such a way that each wind power installation of the

wind farm itself carries out a corresponding method.

Also or alternatively, it may also be provided that the wind farm as a unit performs at least
one method according to the described embodiment. In particular, a central farm
computer or other central unit that assumes this task altogether for the farm may be
provided for specifying the supporting power and/or for determining the available amount
of supporting energy. The result may for example be distributed to the individual wind
power installations for actual implementation. In this case, the specified supporting power
and/or the available amount of supporting energy can be distributed among the individual
wind power installations. Particularly when using a central energy store in the wind, the
amount of supporting energy contained therein can be divided among the wind power
installations and added to the available amounts of supporting energy of the rotational

energy of the rotors of the wind power installations.

According to another embodiment, in the case where such a central energy store is
provided in the farm, a feeding device which feeds into the electrical supply grid directly
from the central energy store may be provided. In this case, it is also proposed that such
supporting power fed in directly by the wind farm, without the use of a wind power
installation, is coordinated by a farm controller, or in some other way. In this case, a
coordination of this fed-in supporting power with the power fed in by the wind power
installations or provided for feeding in is also performed. The calculation of the available
amount of supporting energy takes both types of energy source into consideration, that is

to say the rotational energies and the battery storage energy.

The invention is now explained in more detail below on the basis of exemplary

embodiments with reference to the accompanying figures.



10

15

20

25

DK/EP 3545599 T3

16

Figure 1 shows a wind power installation in a perspective representation.

Figure 2 shows a wind farm in a schematic representation.

Figure 3 schematically shows a control structure of a wind power installation.

Figure 4 shows a power- and energy-time diagram.

Figure 5 schematically shows in a diagram the progression of a rotational energy in

dependence on a rotational speed.

Figure 1 shows a wind power installation 100 with a tower 102 and a nacelle 104.
Arranged on the nacelle 104 is a rotor 106 with three rotor blades 108 and a spinner 110.
During operation, the rotor 106 is set in a rotary motion by the wind, and thereby drives a

generator in the nacelle 104.

Figure 2 shows a wind farm 112 with, by way of example, three wind power installations
100, which may be the same or different. The three wind power installations 100 are
consequently representative of essentially any number of wind power installations of a
wind farm 112. The wind power installations 100 provide their power, to be specific in
particular the electricity generated, by way of an electrical farm grid 114. In this case, the
electricity or power respectively generated by the individual wind power installations 100
is added together and there is usually a transformer 116, which steps up the voltage in
the farm in order then to feed into the supply grid 120 at the feed-in point 118, which is
also referred to generally as the PCC. Figure 2 is just a simplified representation of a
wind farm 112, which for example does not show any controller, although there is of
course a controller. It is also possible for example for the farm grid 114 to be differently
designed, in that for example there is also a transformer at the output of each wind power

installation 100, to name just one other exemplary embodiment.

Figure 3 shows in a schematic and illustrative structure a nacelle 2 of a wind power
installation with a control structure 4 including an inverter 6, which forms a feeding device.
There is also a battery store 8 as a further energy source. With the feeding device 6,
specifically the inverter, feeding takes place via a transformer 10 into a schematically
indicated electrical grid 12. Further energy generators also feed into this electrical grid 12

and electrical consumers are connected to it, neither of which is shown here.
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There follows first a general description of the operating principle of the wind power
installation, of which the nacelle 2 and the end piece of the tower 14 are indicated.
Arranged on the nacelle 2 are likewise schematically represented rotor blades 16, to be
specific in the region of a hub 18 of a spinner 20. These rotor blades 16, of which there
are preferably three, though only two are shown in Figure 3, are driven by the wind and
set the rotor 22, which consists substantially of the rotor blade 16, the hub 18 and the
spinner 20, in a rotary motion. From this, electrical power is generated with the aid of the
generator 24, to be specific generator power. The generator 24 has for this purpose a
generator rotor 26 and a stator 28. The term generator rotor is used here irrespective of
the type of generator 24, to avoid confusion with the aerodynamic rotor 22. The generator
rotor 26 is in this case fixedly connected to the hub 18, and consequently to the rotor 22.
In principle, however, a gear mechanism may also be interposed.

The preferred generator 24 is a synchronous generator. In particular, an externally
excited synchronous generator is proposed. For providing exciter power for the externally
excited synchronous generator, the current adjuster 30 is provided, feeding exciter

current to the generator rotor 26. A slip ring used for this is not shown here.

The generator power generated by the generator 24 is passed by the stator 28 to the
rectifier 32, which rectifies it and provides a correspondingly rectified direct current with a
corresponding direct voltage at a bus bar 34. When operation is in progress, the current
adjuster 30 can also draw its energy from the bus bar 34. For the following observations
of the feeding in and grid support, the power component that the current adjuster 30

requires is ignored.

The bus bar 34, which does not necessarily have to be configured as a bar but may also

be realized by lines or bundles of lines, is coupled to an input of the inverter 6.

The inverter 6 consequently converts the direct current or the direct voltage of the bus bar
34 into an alternating current or an alternating voltage, which is transformed via the
transformer 10 and fed into the electrical grid 12.

If there is then a more or less sudden power demand, because for example the power
balance in the electrical supply grid 12 has become negative, it may be envisaged to feed
additional supporting power in through the inverter 6. In the embodiment shown in Figure
3, it is particularly considered in this respect to use power from the battery store 8 or from

the rotational energy of the rotor 22. For this purpose, the control unit 36 may specify a
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corresponding preset power Ps for the inverter 6. Otherwise, it is suggested that the
control unit 36 can also specify a reactive power Qs for the inverter 6. Furthermore, the

inverter 6 may give the apparent power S to the control unit 36 as information.

This power Ps to be fed in, which to this extent represents a preset power, is made up of
a basic electrical power and the supporting power to be fed in. In a normal case, if there
is no demand for supporting power, the preset power Ps substantially corresponds to the
basic power. It is consequently also used in normal operation to control the power
delivery of the wind power installation. If a supporting power is then additionally to be fed
in, because the value of this preset power Ps is therefore to be additionally increased, the
control unit 36 must first have a reason for this. Often, the reason will arise from the
sensing of the grid frequency f. Particularly if the grid frequency f falls, such a demand for
feeding in additional power for grid support may arise. Provided for this is the voltage
measuring device 38, which apart from the output voltage U of the inverter 6 also senses
the grid frequency f and feeds it to the control unit 36. Alternatively, the measurement of
the woltage and frequency may also be performed elsewhere, such as for example
between the transformer 10 and the electrical supply grid 12, that is to say at the grid

connection point 40 there.

Also or alternatively, a demand for grid support may be detected or initiated by way of an
external signal, which in Figure 3 is indicated as "ext". The signal "ext" may be provided

by a grid operator.

Consequently, the control unit 36 can detect the demand for feeding in additional
supporting power for grid support on the basis of at least one of these variables

mentioned.

It is thus proposed that, in addition to the calculation of the supporting power to be fed in,
depending on these variables, which indicate such a demand, an amount of supporting

energy that is present altogether is first sensed and then taken into consideration.

For the determination of the available supporting energy Ev, the calculating unit 42 is
provided. The calculating unit 42, which can also be combined with the control unit 36 in
one device or in a process controller, takes into consideration in the embodiment of
Figure 3 both available energy from rotational energy of the rotor 22 and storage energy

of the battery store 8. The available amount of supporting energy Ev thereby determined
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altogether is then taken into consideration for specifying the supporting power and for

this, according to the structure of Figure 3, is transmitted to the control unit 36.

The available amount of supporting energy Ev is in this case additively made up of the
individual available amounts of supporting energy of the rotor 22 and of the battery store
8. It is therefore made up of the available rotational energy of the rotor 22 and the

available storage energy of the battery store 8.

The available storage energy of the battery store 8 may be determined for example
depending on the battery voltage Us. For this, the battery store may transmit this value of
the battery voltage Us to the calculating unit 42. Alternatively, particularly whenever it is a
complex bank of stores comprising many units, the battery store 8 could itself determine
the available storage energy and transmit it to the calculating unit 42 or for example
transmit a state of charge to the calculating unit 42, from which the calculating unit 42

then determines the available amount of storage energy.

For the determination or calculation of the available rotational energy of the rotor 22, the
calculating unit 42 obtains inter alia the rotational speed n, which can be sensed by the
speed sensor 44. The mass moment of inertia of the rotor 22 is available to the
calculating unit 42, and consequently the rotational energy can be calculated in

dependence on the rotational speed n.

The rotational energy stored by the rotor 22 on the basis of its rotational speed n at the
time is however not in fact available completely, because, in particular at a moment in
which the grid is to be supported, the rotor should not or must not be reduced to 0, or

another rotational speed that is too low.

Correspondingly, the calculating unit 42 also takes into overall consideration the
operating point of the wind power installation, which can also be referred to as the
working point. In this respect, it is particularly conceivable also to take into consideration
the power P at the time, to be specific the installation power at the time, that is to say the
power that the wind power installation is delivering at the particular time. The calculating
unit 42 obtains this currently applicable power P from the control unit 36. The control unit
36 usually knows this currently applicable power P because it uses this power P for
controlling the wind power installation itself. In particular, the control unit 36 sets the

working point of the wind power installation.
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As a precaution, it is pointed out that such control of the wind power installation may also
be carried out in a further control unit or that a common central control unit that combines
performing the tasks of the control unit 36 and the calculating unit 42 may also be

provided.

On the basis of this operating point, which is consequently known to the calculating unit
42, at least with regard to the rotational speed n and the power P, it can thus be
estimated down to which speed the rotor 22 could be braked. This can then not only be
used for determining the rotational energy that is present, but also the rotational energy

that is available, which is part of the rotational energy that is present altogether.

Moreover, the calculating unit 42 may give the control unit 36 a proposal or setpoint value
for a speed increase, to which the speed can be increased in order in this way to create
greater rotational energy, to then achieve a greater available rotational energy after all.

However, this is not shown any further in Figure 3.

In addition, the blade angle of the rotor blades may also be taken into consideration for
the evaluation of the operating point. This blade angle a may for example be measured at
the rotor blades 16, which is indicated in Figure 3. Alternatively, the control unit 36 may
specify such a blade angle and at the same time transmit it to the calculating unit 42. If for
example in part-load operation, when the installation is therefore not running at rated
power, the blade angle is greater than a part-load angle typical for this operating mode,
this indicates that a stronger wind is blowing than would be assumed just on the basis of
the rotational speed and the power. This may mean for example that the operating point
at the time is at a flank of a speed/power characteristic curve, and therefore the rotational
speed cannot be reduced greatly, because that could lead to a great power loss. This is
taken into consideration in the determination of the supporting energy present. If this
available amount of supporting energy Ev has been determined, the control unit 36 can
consequently determine the supporting power to be additionally fed in, and can
correspondingly increase the preset power Ps and give a corresponding setpoint value to

the inverter 6.

In addition, the control unit 36 can for this purpose increase the exciter current Ie and for

this purpose pass a corresponding signal to the current adjuster 30.

It is also conceivable in principle to use instead of a passive rectifier 32 a controlled

rectifier and in addition to change the stator currents, and thereby change the generator
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power. By changing the generator power, particularly by increasing the exciter current [,

the rotor 22 is braked and the rotational energy is thereby taken.

It is thus possible to already preplan the supporting power feeding in for grid support in
light of the available amount of supporting energy, and thereby achieve a support of the
electrical supply grid and at the same time ensure that the wind power installation has a
stable operating point at every point in time. It is particularly prevented in this way that the
wind power installation suddenly collapses in its power delivery while it is feeding

additional supporting power into the electrical supply grid.

One possible way of planning supporting power Pa in dependence on the available
supporting energy Ev is illustrated in Figure 4. There, the available amount of supporting
energy or the available supporting energy Ev is plotted in dependence on the time t and
the supporting power Pa is likewise plotted in the same diagram. The embodiment
illustrated there provides that the supporting power Pa is first specified in dependence on
a sensed underfrequency in the electrical supply grid, and for the amount of supporting
energy Ev it is checked whether this lies above or below a specified limit value, to be
specific whether it lies below the minimum amount of supporting energy Emin. For this, it is
assumed as a simplification that the criterion that initiates the supporting power Pa in
principle, for example a frequency that is too low, would lead to a constant supporting
power Pa. A constant value is correspondingly initially assumed for the supporting power
Pa to be fed in. That could however also vary, for example depending on the deviation of
the grid frequency from a grid frequency setpoint value, or be determined in dependence

on a frequency gradient of the grid frequency.

Consequently, this supporting power Pa initially has the value Pao and retains this value
from the point in time to to the point in time t1. The available amount of supporting energy
Ev begins at the point in time to with the maximum value for the amount of supporting
energy Emax and falls linearly as a result of the constantly fed-in supporting power Pa up

to the point in time t1.

At the point in time t1, it reaches and goes below the value of the minimum amount of

supporting energy Emin and that leads to the supporting power Pa being reduced.

The embodiment shown there proposes in this case that, from the point in time ti, the
supporting power Pa is reduced linearly to 0, to be precise such that exactly the amount

of supporting energy still available at the point in time t1 is used up. For the special case
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where a power is reduced linearly from an initial value, here specifically the constant
supporting power value Pao, to 0, the energy E required thereby can be calculated with
the formula E=1/2P-. Since the energy to be consumed corresponds here to the energy
still present at the point in time t1, to be specific the minimum amount of supporting
energy Emin, and the initial power corresponds to the power Pag, the time in which power
is reduced linearly to 0 is calculated with the formula t=2-Emin/Pac. The time thus
calculated is the time period according to the diagram of Figure 4 from the point in time ti
to the point in time tz. This progression is illustrated in Figure 4 and, with this variant, at
first a great supporting power Pa can be fed in, and only later is reduced, and even with
the reduced values can initially still provide a supporting contribution. At the same time,

the available amount of supporting energy Ev is optimally utilized.

Figure 5 illustrates relationships between the rotational speed n and the available
rotational energy. The diagram shows on the x axis the rotational speed n from the value
0 to beyond an extended rotational speed ne. In addition, the rotational energy Er is
plotted in dependence on the rotational speed n. It is evident that the rotational energy Er
at the rotational speed with the value 0 is likewise 0 and, from there, increases

quadratically with the speed n.

In the case of the diagram of Figure 5, it is assumed that the wind power installation is
operated at the rotational speed no. That represents the normal rotational speed for it,
which would usually be used, in particular with the prevailing wind speed in this case.
This rotational speed no is consequently assigned a rotational energy Ero. This rotational
energy Ero is however not the available amount of rotational energy, because the
rotational speed may only be reduced down to the minimum speed nmin. Correspondingly,
here the available amount of rotational energy is only the normally available amount of
rotational energy, indicated by Evo. Precisely this normally available amount of rotational
energy Evo is calculated here as the available amount of supporting energy, assuming
that no further energy sources are present.

Figure 5 also illustrates that an increase of the available amount of rotational energy is
possible if the wind power installation is operated at a higher rotational speed. For
illustrative purposes, the increased or extended rotational speed ne is proposed for this.
This leads to an energy value Ere as the extended rotational energy of the rotor. As a
result of this increase in the rotational speed to this extended speed ne, the available
amount of rotational energy can consequently be increased to the value of the extended

available amount of rotational energy Eve. On account of the quadratic relationship
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between the rotational energy Er and the rotational speed n, this proposed increase in
speed has a very great effect. As a precaution, it is pointed out that Figure 5 is illustrative
and, depending on the operating point, smaller speed increases are also conceivable,

and to this extent Figure 5 is only illustrative.
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Patentkrav

1. Fremgangsmade til tilfersel af elektrisk effekt til et elektrisk forsyningsnet
(12) ved hjeelp af mindst et vindenergianleeg ved et nettilslutningspunkt (40),
hvor

- det mindst ene vindenergianleeg omfatter en aerodynamisk rotor (22) med
rotorvinger, og rotoren har et treeghedsmoment og kan drives med variabelt
rotoromdrejningstal,

- det mindst ene vindenergianlezeg omfatter en generator (24) til generering af
en generatoreffekt,

- flere energigeneratorer tilf@grer effekt til det elektriske forsyningsnet og

- flere forbrugere udtager effekt fra det elektriske forsyningsnet,

saledes at der i det elektriske forsyningsnet fremkommer en effektbalance mel-
lem den tilfarte og den udtagne effekt, som er positiv, nar der tilfeares mere
energi, end der udtages, og fremgangsmaden omfatter trinnene:

- tilfarsel af en elektrisk basiseffekt afhaengigt af tilgeengelig vindeffekt,

- angivelse af en statteeffekt (Pa), der yderligere skal tilfares, og

- yderligere tilf@rsel af den angivne statteeffekt (Pa), der yderligere skal tilfares,
til understatning af det elektriske forsyningsnet, hvor

- en stetteenergimeengde (Ev), der er tilgeengelig til stetteeffekten, der skal
tilferes, bestemmes, og

- angivelsen af stotteeffekten (Pa), der yderligere skal tilf@res, sker afheengigt
af den bestemte tilgeengelige statteenergimaengde (Ev), hvor

- stotteeffekten angives afheengigt af en nettilstand (U, f, ext) af det elektriske
forsyningsnet, iseer af netfrekvensen, hvor

- en gvre effektgraense (Pao) yderligere bestemmes og overholdes afheengigt
af den tilgeengelige stetteenergimeengde (Ev), kendetegnet ved, at

- den angivne stwatteeffekt (Pa) reduceres med et angivet tidsmeessigt faldende
forleb, sa snart den tilgeengelige statteenergimaengde (Ev) har naet en forud-
bestemt greenseveaerdi (Emin).

2. Fremgangsmade ifalge krav 1,
kendetegnet ved, at
den tilgeengelige statteenergimaengde (Ev) i det mindste bestemmes ud fra
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- rotorens treeghedsmoment,

- mindst en karakteristisk driftsveerdi af det aktuelle driftspunkt af vindenergi-
anleegget, og

- et tilladt nedre rotoromdrejningstal.

3. Fremgangsmade ifalge krav 2,

kendetegnet ved, at

- den mindst ene driftssta@rrelse af det aktuelle driftspunkt omfatter mindst en
sterrelse, der er valgt fra listen bestaende af

- det aktuelle rotoromdrejningstal,

- den aktuelle generatoreffekt og

- den fremherskende vindhastighed,

og at derudover eller alternativt

- det tilladte nedre rotoromdrejningstal bestemmes afhaengigt det aktuelle
driftspunkt, iseer afhaengigt af det aktuelle omdrejningstal.

4. Fremgangsmade ifglge et af de foregaende krav,

kendetegnet ved, at

der til tilfarsel af den elektriske effekt anvendes mindst en vekselretter (6), og
stotteeffekten (Pa), der yderligere skal tilferes, bestemmes afhaengigt af en
udnyttelsesgrad af den mindst ene vekselretter og derudover eller alternativt
afheengigt af en tilfart blindeffekt.

5. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

der til bestemmelse af den tilgeengelige stetteenergimeengde (Ev) tages hen-
syn til effekttab pa grund af en reduktion af rotoromdrejningstallet.

6. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

det mindst ene vindenergianleeg (100) til tilvejebringelse af statteeffekten er
koblet med mindst et elektrisk lager (8), og der til bestemmelse af den tilgeen-
gelige statteenergimaengde tages hensyn til en rotationsenergi af rotoren (22)
og i hvert tilfeelde et lagerindhold af det mindst ene elektriske lager, hvor det
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mindst ene elektriske lager omfatter et batteri og/eller en hgjeffektkondensator.

7. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

den tilgeengelige statteenergimaengde (Ev) ved tilf@rsel af en statteeffekt

- afheengigt af den tilfgrte statteeffekt (Pa) og derudover eller alternativt

- aktualiseres under hensyntagen til en eendringsadfeerd af vindenergianleeg-
get som reaktion pa tilferslen af stetteeffekten, isaer under hensyntagen til et
fald af rotoromdrejningstallet som reaktion pa en afgivelse af rotorens rotati-
onsenergi.

8. Fremgangsmade ifalge et af de foregaende krav,

kendetegnet ved, at

det mindst ene vindenergianlaeg (100) er koblet med mindst en forbruger, der
kan reduceres styrbart i sit forbrug, og bestemmelsen af den tilgeengelige stet-
teenergimaengde (Ev) tager hensyn til en energimaengde, der er tilgeengelig
ved en reduktion af den mindst ene styrbart reducerbare forbruger.

9. Fremgangsmade ifelge et af de foregaende krav,

kendetegnet ved, at

der til angivelse af statteeffekten angives et forlab af statteeffekten afhaengigt
af den tilgeengelige statteenergimaengde (Ev), iseer at angivelsen af statteef-
fekten sker afheengigt af stetteenergimaengden via et tidsafhaengigt forlab.

10. Fremgangsmade ifglge et af de foregaende krav,

kendetegnet ved, at

det mindst ene vindenergianleeg (100) drives i et driftspunkt, der farst forbed-
res ved afgivelse af rotationsenergi, iszer at det drives med et sa hajt rotorom-
drejningstal, at rotoromdrejningstallet reduceres midlertidigt til et effektoptimalt
rotoromdrejningstal ved afgivelse af svingenergi.

11. Vindenergianlaeg (100) til tilfarsel af elektrisk effekt til et elektrisk forsy-
ningsnet ved et nettilslutningspunkt (12), omfattende
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- en aerodynamisk rotor (22) med rotorvinger, og rotoren har et treeghedsmo-
ment og kan drives med variabelt rotoromdrejningstal,

- en generator (24) til generering af en generatoreffekt,

- en styreenhed (36) til styring af en tilfarsel af en elektrisk basiseffekt af-
haengigt af tilgeengelig vindeffekt,

- et fastleeggelsesmiddel til angivelse af en statteeffekt (PA), der yderligere
skal tilfares,

- en tilfarselsindretning (6) til tilfarsel af den angivne statteeffekt (Pa) til under-
statning af det elektriske forsyningsnet,

- en beregningsenhed (42) til bestemmelse af en statteenergimeengde (Ev),
der er tilgaengelig til statteeffekten, der skal tilfagres, og hvor

- stetteeffekten (Pa) angives afheengigt af den bestemte tilgeengelige statte-
energimeaengde (Ev), hvor

- stotteeffekten (Pa) angives afhaengigt af en nettilstand (U, f, ext) af det elek-
triske forsyningsnet, iseer af netfrekvensen, hvor

- en gvre effektgraense (Pao) yderligere bestemmes og overholdes afheengigt
af den tilgeengelige statteenergimaengde (Ev),

kendetegnet ved, at

- den angivne stwatteeffekt (Pa) reduceres med et angivet tidsmeessigt faldende
forleb, sa snart den tilgeengelige statteenergimaengde (Ev) har naet en forud-
bestemt greenseveaerdi (Emin).

12. Vindenergianleeg (100) ifelge krav 11, som er forberedt til at udfere en
fremgangsmade ifelge et af kravene 1 til 10.

13. Vindpark (112) med flere vindenergianlaeg (100), hvor
- der anvendes vindenergianleeg ifelge krav 11 eller 12, og/eller
- der anvendes en fremgangsmade ifglge et af kravene 1 til 10.
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