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(57) Abstract: A method for operating a wind turbine is disclosed. The
wind turbine comprises a rotor having a set of wind turbine blades, said
rotor being mounted on a tower. The method comprises the steps of: Pro-
viding a curve defining optimal pitch angle as a function of tip speed ratio
l for the wind turbine blades or as a function of wind speed. Modifying at

least a part of said optimal pitch angle curve by applying a safety buffer,
e.g. at tip speed ratios and/or pitch angles where there is a risk that the
blades may stall and/or that overload is caused to the wind turbine, thereby
obtaining a satety modified pitch angle curve. Operating the wind turbine
in accordance with the safety modified pitch angle curve. Measuring one
or more parameters providing information regarding wind conditions and/
or loads on one or more components of the wind turbine, during operation
v of the wind turbine. Adjusting the safety butfer, based on said measure-
ments, thereby obtaining an adjusted pitch angle curve, and operating the
wind turbine in accordance with the adjusted pitch angle curve. The safety
buftfer is applied in order to ensure that the blades of the wind turbine do
not stall and/or that the wind turbine is not overloaded, but it has the effect
that the wind turbine is operated in a suboptimal manner from an energy
production view. Since the safety buffer is adjusted based on measured pa-
rameters, it can be reduced if it is detected that the actual operating condi-
tions are less severe than expected. This allows the wind turbine to be op-
erated in a more optimal manner, thereby increasing the energy production
of the wind turbine.
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A METHOD FOR OPERATING A WIND TURBINE AT IMPROVED POWER OUTPUT

FIELD OF THE INVENTION

The present invention relates to a method for operating a wind turbine, in particular a pitch
regulated wind turbine. More particularly, the method of the present invention provides an
improved annual energy production of the turbine while reducing the risk of rotor blade stall,

and reducing the risk of damage to the wind turbine.

BACKGROUND OF THE INVENTION

When operating a pitch controlled wind turbine, the pitch angle of the blades is controlled in
order to maximise the rotor power coefficient, Cp, without exceeding the nominal power
coefficient, Cps nom. Thus, at relatively low wind speeds, the so-called ‘partial load’ region, the
pitch angle is controlled in such a manner that the power coefficient is as high as possible,
and at higher wind speeds, the so-called ‘full load’ region, the pitch angle is controlled in such
a manner that the power coefficient is limited to the nominal power coefficient, Cp, nom. TO this
end theoretical curves are used for calculating the pitch angle to be applied under the given
circumstances. Such curves could, e.g., specify the optimal pitch angle as a function of tip
speed ratio, A, the optimal pitch angle in this context being the pitch angle which provides
the highest possible power coefficient, Cp. The tip speed ratio, A, is the ratio between the

blade tip speed and the wind speed.

In some wind regimes, in particular at wind speeds just below the wind speed where the
nominal power coefficient, Cp, nom, is reached, there is a risk that the rotor blades stall and the
airflow over the blades separates from the blade,if the turbine is operated in accordance with
the ‘optimal pitch’ curves described above, e.g. in the case of turbulence or strong wind
shear. Since this is very undesirable, a more precautious control of the pitch angle must be
selected, at least in this wind region. Furthermore, the precautious control of the pitch angle
is performed in a manner which prevents stalling of the blades as well as excessive loads on
various components of the wind turbine, even in a ‘worst case scenario’. As a consequence,
the wind turbine is operated in a sub-optimal manner, and the power production of the wind

turbine is reduced as compared to a theoretical maximum power production.

In Zhang, X., et al., “Intelligent control for large-scale variable speed variable pitch wind
turbines”, Journal of Control Theory and Applications 3 (2004) 305-311, a method for
operating a wind turbine is disclosed. The proposed control system consists of two loops: An
inner loop for generator torque regulation using adaptive fuzzy control based on variable

universe to maximise the capture of power at below-rated wind speed; an outer rotor loop to
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control pitch angle and keep rated power using least square support vector machine (LS-
SVM) control. The rotor loop controller input variables are the generator output power, the
shaft rotational speed, w, and the estimated effective wind speed, V,,. The output control

variable is the reference pitch angle, B, of the rotor blades.

DESCRIPTION OF THE INVENTION

It is an object of embodiments of the invention to provide a method for operating a wind
turbine in which the annual energy production is increased as compared to prior art operating

methods, without increasing the risk of the blades stalling.

It is a further object of embodiments of the invention to provide a method for operating a
wind turbine in which the annual energy production is increased as compared to prior art
operating methods, without increasing the risk of overload on one or more components of the

wind turbine.
According to the invention there is provided a method for operating a wind turbine, the wind
turbine comprising a rotor having a set of wind turbine blades, said rotor being mounted on a

tower, the method comprising the steps of:

- providing a curve defining optimal pitch angle as a function of tip speed ratio for the

wind turbine blades or as a function of wind speed,

- modifying at least a part of said optimal pitch angle curve by applying a safety buffer,

thereby obtaining a safety modified pitch angle curve,
- operating the wind turbine in accordance with the safety modified pitch angle curve,
- measuring one or more parameters providing information regarding wind conditions
and/or loads on one or more components of the wind turbine, during operation of the

wind turbine,

- adjusting the safety buffer, based on said measurements, thereby obtaining an

adjusted pitch angle curve, and

- operating the wind turbine in accordance with the adjusted pitch angle curve.
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According to the present invention, a curve defining optimal pitch angle is initially provided.
The curve may be ‘optimal’ in the sense that it defines the pitch angle which, under the given
circumstances, e.g. wind conditions, provides the highest possible power output or power
coefficient, Cp, for the wind turbine. Alternatively or additionally, the curve may be optimal
with respect to other factors or conditions, such as wind direction and/or turbulence. For
instance, at some sites it may be known that higher turbulence is present when the wind
comes from one direction than when it comes from an opposite direction. In this case,

various curves may be selected, depending on a measurement of the wind direction.

In the present context the term ‘pitch’ should be interpreted to mean rotation of a wind

turbine blade about an axis extending along a longitudinal direction of the wind turbine blade.

The curve defines the optimal pitch angle as a function of tip speed ratio for the wind turbine
blades or as a function of wind speed. Accordingly, the curve may advantageously be an

‘optimal pitch’ curve as described above.

The curve may be selected on the basis of site specific data, such as height of the position of
the wind turbine, climate, prevailing wind direction, average wind wake conditions, average

turbulence conditions, etc.

Next, at least part of the optimal pitch angle curve is modified by applying a safety buffer.
The safety buffer is applied in order to prevent blade stall, and/or that one or more
components of the wind turbine are overloaded, in the case of gusts or strong wind shear.
The safety buffer is normally designed in such a manner that even a ‘worst case scenario’ can
be handled. As described above, the safety buffer therefore will cause the wind turbine to
operate in a suboptimal manner, at least in some tip speed ratio or wind speed regions. A

safety modified pitch angle curve is thereby obtained.

The entire optimal pitch angle curve may be modified, or only a part of the curve may be
modified. In the case that only a part of the curve is modified, the safety buffer may only be
applied at tip speed ratios and/or pitch angles where it is known that there is a high risk of

the blades stalling and/or that overload is caused to the wind turbine.

The wind turbine is then operated in accordance with the safety modified pitch angle curve.
Thereby the risk of the blades stalling and/or of overload on the wind turbine is eliminated or
at least reduced considerably. However, as mentioned above, it must be expected that the
wind turbine is operated in a suboptimal manner, i.e. the energy production may be lower

than the maximum possible energy production.
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While operating the wind turbine in accordance with the safety modified pitch angle curve,
one or more parameters providing information regarding wind conditions and/or loads on one
or more components of the wind turbine are measured. The parameter(s) may, e.g., include
parameters relating to loads, such as fatigue loads, on blades, bearings and/or tower

construction, wind speed, wind shear, turbulence, wind direction, etc.

The parameter(s) may be measured directly. However, as an alternative, one or more
parameters may be measured indirectly in the sense that they are estimated or calculated
from measurements of one or more parameters which do not directly provide information
regarding wind conditions and/or loads. For instance, loads on the tower construction may be
estimated or calculated on the basis of measurements of amplitude and/or frequency of

measured tower oscillations.

Based on the measured parameters the safety buffer is adjusted. Thereby an adjusted pitch
angle curve is obtained. Finally, the wind turbine is operated in accordance with the adjusted

pitch angle curve.

The measured parameters represent actual conditions at and/or in the wind turbine. Since
the safety buffer is adjusted on the basis of the measured parameters, these actual
conditions are taken into account when the final safety buffer is defined. Thus, if the
measured parameters indicate that a ‘worst case scenario’ is not eminent, the safety buffer
can be reduced, thereby allowing the wind turbine to be operated closer to the optimal pitch
curve, thereby obtaining a power coefficient, Cp, which is closer to the maximum power
coefficient, Cp max, and increasing the energy production of the wind turbine. On the other
hand, in the case that the measured parameters indicate that there is a very high risk of the
blades stalling and/or of excessive loads on one or more components of the wind turbine, the
safety buffer may be maintained, or even increased, thereby ensuring that blade stall as well
as excessive loads are avoided. Thus, the safety buffer is dynamically updated based on the

actual operating conditions.

Accordingly, the step of adjusting the safety buffer allows the wind turbine to be operated as
close to the maximum power coefficient, Cp, max, as the actual conditions allow. Thereby the
power production of the wind turbine, and thereby the annual energy production, AEP, is

increased.

It should be noted that the step of adjusting the safety buffer could be performed by actually
changing the safety buffer and calculating or generating a new pitch curve. However, in
practice a number of pre-generated pitch curves may be available, and the step of adjusting

the safety buffer may simply be performed by selecting another one of the pre-generated
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curves, which is more suitable under the given circumstances indicated by the measured

parameters.

The step of adjusting the safety buffer may comprise:

- calculating an estimated power coefficient, Cp, eq,

- comparing the estimated power coefficient, Cs e, to a reference power coefficient, Cs,

ref, @nd

- adjusting the safety buffer based on the comparing step.

According to this embodiment, the measured parameters are used for calculating an
estimated power coefficient, Cp er. Thereby a measure for the actual power being produced
by the wind turbine is obtained. The estimated power coefficient, Cp, £, is then compared to a
reference power coefficient, Cp rer. The reference power coefficient, Cp rer, may
advantageously be an optimal power coefficient, Cropt, in which case it may be obtained by
measuring the tip speed ratio of the wind turbine and consulting an optimal C; curve. The
comparison may, e.g., result in an error signal indicating how close the actual power
coefficient is to the reference power coefficient. Finally, the safety buffer is adjusted based on

the comparing step.

The step of adjusting the safety buffer based on the comparing step may be performed in a
manner which is expected to decrease the difference between the estimated power
coefficient, Cp s, and the reference power coefficient, Cp, rer. According to this embodiment,
the adjustment of the safety buffer brings the actual power coefficient closer to the reference

value.

Alternatively or additionally, the step of adjusting the safety buffer based on the comparing
step may comprise reducing the safety buffer in the case that the estimated power
coefficient, Cp e«, is smaller than the reference power coefficient, Cp, rer. In the case that the
estimated power coefficient, Cp es, is smaller than the reference power coefficient, Cp, rer, it is
an indication that the actual operating conditions allow the wind turbine to be operated in a
more aggressive manner than it is currently being operated. It is therefore possible to reduce
the safety buffer, thereby selecting a more aggressive operating strategy and increasing the
power production, without risking that the blades stall and/or that the wind turbine, or one or

more components of the wind turbine, is overloaded.
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The step of measuring one or more parameters may comprise measuring an amplitude of an
individual and/or cyclic pitch control of the wind turbine blades, and the step of adjusting the
safety buffer may be performed on the basis of said measured amplitude. The pitch angles of
the wind turbine blades may sometimes be controlled in an individual and/or cyclic manner.
This may, e.g., be in order to take into account that the wind conditions experienced by a
blade varies depending on the angular position of the blade as it rotates along with the rotor.
Such variations are, e.g., due to wind shear and tower passage. When such cyclic
adjustments to the pitch angles are used when controlling operation of a wind turbine, a
relatively large safety margin on the pitch regulation is normally required in order to prevent
blade stall and/or that the wind turbine is overloaded. Accordingly, the contribution to the
safety buffer which can be accounted to the cyclic adjustment process may constitute a
relatively large fraction of the total safety buffer. It is therefore very relevant to investigate
how large the amplitude of the cyclic variations of the pitch angles is in reality, and to adjust
the safety buffer in accordance with this investigation. Thus, if it turns out that the amplitude
of the cyclic variations is much smaller than a ‘worst case scenario’, the safety buffer can

safely be reduced.

The step of adjusting the safety buffer may comprise the steps of comparing the measured
amplitude to a maximum allowable amplitude and reducing the safety buffer in the case that
the measured amplitude is smaller than the maximum allowable amplitude. According to this
embodiment, the maximum allowable amplitude may advantageously be an amplitude which
is expected under the worst possible conditions. In this case the safety buffer is, according to
this embodiment, reduced if it is established that the actual operating conditions are less
severe than the ‘worst case scenario’. As an alternative, the maximum allowable amplitude
may be an amplitude which is expected under conditions which have been assumed when the
optimal pitch curve was selected and the safety buffer applied. If it turns out that the actual
amplitude is smaller than this, it indicates that the actual conditions are less severe than

expected, and the safety buffer can be reduced accordingly.

The step of adjusting the safety buffer may comprise:

- estimating a load on one or more wind turbine components based on one or more of

the measured parameters, and

- maintaining or increasing the safety buffer in the case that the estimated load

exceeds a predefined threshold value.

According to this embodiment, at least some of the measured parameters are used for

estimating a load on one or more wind turbine components. If it turns out that the estimated
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load is larger than expected and/or that there is a risk of overload on one or more wind
turbine components, it is not safe to reduce the safety buffer. Therefore the original safety

buffer is maintained, or the safety buffer may even be increased.

The step of estimating a load may, e.g., comprise estimating a blade fatigue level. As an

alternative, loads on tower, bearings, drive train, etc. may be estimated.

As an alternative to loads, other parameters may be measured or estimated and used as a
basis for determining whether to increase, maintain or decrease the safety buffer. For
instance, a decrease or increase in power and/or in estimated power coefficient, C,, may be
detected, and the safety buffer may be reduced or increased in accordance herewith. Or one
or more parameters indicating a sudden stall of the blades may be measured, and the safety

buffer may be increased accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further detail with reference to the accompanying

drawings in which

Fig. 1 is a graph showing optimal pitch angle as a function of tip speed ratio, A,

Fig. 2 is a graph showing optimal power coefficient, Cp, o, as a function of tip speed ratio, A,
Fig. 3 is a graph comparing optimal pitch angle as a function of tip speed ratio, A, during
operation of a wind turbine in accordance with a prior art control strategy and a control
strategy according to an embodiment of the invention, respectively,

Fig. 4 is a graph comparing optimal power coefficient, Cp, o, as a function of tip speed ratio,
A, during operation of a wind turbine in accordance with a prior art control strategy and a
control strategy according to an embodiment of the invention, respectively, and

Fig. 5 is a flow diagram illustrating a method according to an embodiment of the invention.
DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing a pitch angle of a wind turbine rotor blade as a function of tip speed

ratio, A=Rw/v,,, where R is the rotor radius of the wind turbine, w is the rotational speed of

the rotor of the wind turbine and v,, is the wind speed. The curve shown in Fig. 1 is
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theoretically determined in such a manner that for a given tip speed ratio, A, the pitch angle
which optimises the power coefficient, C;, is selected. Thus, the curve is generated in a
manner which takes only maximisation of the power production into consideration. Thus,
other relevant parameters, such as loads, risk of stall, etc., have not been taken into
consideration when generating the curve. Accordingly, if the pitch angle is always controlled
along the curve shown in Fig. 1, the rotor power coefficient, Cp, will be optimal, resulting in

optimal power production of the wind turbine.

At low wind speeds, i.e. at high tip speed ratio, the pitch angle is controlled in order to
maximise the rotor power coefficient, Cy. This region is sometimes referred to as the ‘partial
load region’. When the nominal power coefficient, Cp ,om, is reached at higher wind speeds
(lower tip speed ratio), the pitch angle is controlled in order to restrict the power coefficient,
Cp, to the nominal power coefficient, Cp.om. This region is sometimes referred to as the ‘full
load region’. It is clear from Fig. 1 that the pitch angle is generally significantly larger in the

full load region than in the partial load region.

At wind speeds in the region where the nominal power coefficient, C; o, is reached, the
optimum pitch angle is very low. The low pitch angles in this region increases the risk that
the wind turbine blade stall if high turbulence is present. Furthermore, there is a risk that
excessive loads are applied to some wind turbine components, such as blades, bearings,
drive train and/or tower in the case of high turbulence or wind shear. Such excessive loads
may reduce the expected lifetime of the wind turbine or of one or more components of the
wind turbine. In order to prevent stalling of the blades, and in order to avoid excessive loads
on components of the wind turbine, the pitch angle is normally not controlled in accordance
with the optimum pitch curve shown in Fig. 1, but rather in accordance with a modified curve
in which a ‘buffer zone’ is added, at least in the region where the nominal power coefficient,
Cr nom, is reached. Thereby a pitch angle which is larger than the optimal pitch angle is
selected, at least in said region, and the wind turbine is therefore operated in a suboptimal

manner.

Fig. 2 is a graph showing optimal power coefficient, Cp, o, as a function of tip speed ratio, A.
The curve shown in Fig. 2 illustrates the maximum obtainable power coefficient, Cp, for a
given tip speed ratio, A. The curve of Fig. 2 is obtained if the pitch angle of the wind turbine

is operated in accordance with the curve shown in Fig. 1.

As described above, the pitch angle is normally not operated precisely in accordance with the
curve shown in Fig. 1 for safety reasons. Instead a buffer zone or safety margin is added, at
least in the region where the nominal power coefficient, Crom, is reached, the buffer zone or

safety margin causing the applied pitch angle to be larger than the optimum pitch angle,
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thereby decreasing the power output of the wind turbine. The buffer zone or safety margin is
selected in such a manner that there is no risk that the blades stall or that the components of
the wind turbine experience excessive loads, even if the worst possible conditions, in terms of
turbulence, gusts and/or wind shear, should occur. This has the consequence that the wind
turbine is for most of the time operated in a suboptimal manner without any real danger of
the blades stalling or the lifetime of the wind turbine being affected, because the worst
possible conditions only occur very rarely. However, for safety reasons it must be ensured

that when the worst possible conditions occur, the blades will not stall.

According to the present invention the actual wind conditions are examined and evaluated,
and in the case that it is revealed that the severity of the actual wind conditions is far from
the worst possible conditions, then the safety criteria are loosened, the buffer zone or safety
margin is reduced, and the pitch angle is controlled to be closer to the optimal pitch curve
shown in Fig. 1. If, on the other hand, it is revealed that the severity of the actual wind
conditions is close to the worst possible conditions, then the original buffer zone or safety
margin is maintained. Furthermore, in the case that it is revealed that the severity of the
actual wind conditions is worse than expected and accounted for in the buffer zone or safety
margin, then the buffer zone or safety margin may be increased, thereby reducing the risk of

blade stall or that excessive loads are applied to the components of the wind turbine.

Fig. 3 is a graph showing pitch angle as a function of tip speed ratio, A, similar to Fig. 1. In
Fig. 3 two curves are shown. The full line 1 illustrates a reference curve, i.e. an optimal pitch
curve including a full buffer zone or safety margin as described above. Thus, the full line 1
represents a prior art control strategy. The dashed line 2 represents a more aggressive
control strategy, where the buffer zone or safety margin is decreased in the case that it is
revealed that the severity of the actual wind conditions is far from the worst possible
conditions. Thus, the dashed line 2 represents a control strategy according to an embodiment

of the invention.

It is clear from Fig. 3 that the control strategy according to an embodiment of the invention
allows a smaller pitch angle to be selected in the region where the nominal power coefficient,
Cr nom, is reached, than is the case if the pitch angle is controlled in accordance with the

reference curve 1.

Fig. 4 is a graph showing rotor power coefficient, Cp, as a function of tip speed ratio, A,
similar to Fig. 2. In Fig. 4 two curves are shown. The full line 3 represents the power
coefficient, Cs, obtained when the pitch angle is controlled in accordance with the reference
control strategy illustrated by curve 1 of Fig. 3, and the dashed line 4 represents the power

coefficient, Cp, obtained when the pitch angle is controlled in accordance with the control
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strategy of the invention illustrated by curve 2 of Fig. 3. It is clear from Fig. 4 that the
aggressive control strategy 4 results in a significantly higher power coefficient, Cp, than the
reference control strategy 3, over a wide range of tip speed ratios, A. As a result, a significant
increase in the annual energy production of the wind turbine is obtained, without increasing
the risk that the wind turbine blades stall or that excessive loads are applied to the

components of the wind turbine.

Fig. 5 is a flow diagram illustrating a method according to an embodiment of the invention. In
step 5 a number of parameter values are measured. The parameter values may, e.g., include
tip speed ratio, output power, pitch angle, yaw error, wind speed, rotational speed of the
generator, temperature and height of the location of the wind turbine. The parameter values
may be measured directly. As an alternative, one or more of the parameter values may be
estimated or calculated from measured values. For instance, loads or turbulence may be
estimated on the basis of measured parameters, and the estimated loads or turbulence may
be used when adjusting the pitch angle. Thus, measured and/or estimated parameters may
be used for calculating and/or estimating quantities which are required for pitch angle

adjustment, e.g. C;, loads, turbulence, etc.

Based on the measured tip speed ratio, a reference pitch angle can be selected at step 6. The
reference pitch angle is selected by means of a reference pitch curve including a buffer zone

or safety margin as described above with reference to Fig. 3.

Some or all of the measured parameter values are supplied to a Cp estimator, and in step 7
an estimated value, Cp ey, Of the actual current rotor power coefficient, Cp, of the wind turbine
is calculated on the basis of the measured parameter values, and possibly on the basis of one
or more estimated values. Simultaneously, a reference Cp value is obtained on the basis of
the measured tip speed ratio and by means of a maximum C; reference curve. The reference
Cr value, Cp s, and the estimate C; value, Cr s, are compared in step 8, thereby obtaining an

error signal, Cp ervor-

In step 9 it is investigated whether C; oror is smaller than a threshold value. If this not is the
case, i.e. if the error signal, Cr eror, IS large and positive, a Cp compensation is calculated, and
the pitch angle is decreased in step 10. Thus, in this case a pitch angle which is smaller than
the pitch angle specified by the reference pitch curve is selected. Exactly how much the pitch
angle is to be adjusted is carefully calculated, depending on the size of the error signal, Cp
error- FUrthermore, it should be noted that other considerations may be taken into account
when adjusting the pitch angle. For instance, measured, estimated or calculated loads, blade
stall, outputs from other controllers, etc. may be incorporated when the pitch adjustment is

calculated.
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In the case that the investigation of step 9 reveals that Cr <o is smaller than the threshold
value, then the process is advanced to step 11, where it is investigated whether Cp ¢(ror iS
smaller than zero. If this is not the case, i.e. in the case that the error signal, Cs oo, is equal

to or close to zero, the reference pitch angle is maintained as shown in step 12.

In the case that the investigation of step 11 reveals that Cp ..ror iS Negative, then the pitch
angle is increased in step 13. Thus, in this case, a larger pitch angle than the one specified
by the reference pitch curve is selected, since this is an indication that the actual wind

conditions are more severe than expected.

The method may further comprise calculating an estimated value of the fatigue on the blades
under the given operating conditions. Based on the estimated blade fatigue, a lower limit for
the pitch angle may be calculated, the lower limit representing a pitch angle below which it
must be expected that excessive loads are applied to the blades. According to one
embodiment, the adjustment of the pitch angle described above, based on the error signal,

Cr errors 1S NOt allowed to decrease the pitch angle below the calculated lower limit.

Furthermore, the pitch angles of the blades may be controlled in an individual and/or cyclic
manner in order to reduce the loads on the blades, bearings, drive train, tower, etc., e.g. due
to wind shear, gusts or turbulence. This is normally obtained by applying a correction to the
pitch angle of each blade, the correction varying cyclically depending on the angular position
of the blade. The correction may be calculated on the basis of measured parameter values
representing the actual wind conditions at the wind turbine site. The amplitude of the
cyclically varying corrections is a measure for the current wind shear. The buffer zone or
safety margin applied to the optimal pitch curve may, among other things, be established on

the basis of a maximum expected amplitude of the cyclic variations.

The actual amplitude of the cyclic variations may be measured, and this measured amplitude
may be compared to the maximum expected amplitude. In the case that the comparison
reveals that the actual amplitude is much smaller than the maximum expected amplitude,
then the buffer zone or safety margin may be reduced accordingly, thereby allowing a

smaller pitch angle and a more aggressive control strategy.
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CLAIMS
1. A method for operating a wind turbine, the wind turbine comprising a rotor having a set of
wind turbine blades, said rotor being mounted on a tower, the method comprising the steps

of:

5 - providing a curve defining optimal pitch angle as a function of tip speed ratio for the

wind turbine blades or as a function of wind speed,

- modifying at least a part of said optimal pitch angle curve by applying a safety buffer,

thereby obtaining a safety modified pitch angle curve,
- operating the wind turbine in accordance with the safety modified pitch angle curve,
10 - measuring one or more parameters providing information regarding wind conditions
and/or loads on one or more components of the wind turbine, during operation of the

wind turbine,

- adjusting the safety buffer, based on said measurements, thereby obtaining an

adjusted pitch angle curve, and

15 operating the wind turbine in accordance with the adjusted pitch angle curve.
2. A method according to claim 1, wherein the step of adjusting the safety buffer comprises:

- calculating an estimated power coefficient, Cp, eq,

- comparing the estimated power coefficient, Cp e, to a reference power coefficient, Cs,

ref, @nd
20 - adjusting the safety buffer based on the comparing step.
3. A method according to claim 2, wherein the step of adjusting the safety buffer based on

the comparing step is performed in a manner which is expected to decrease the difference

between the estimated power coefficient, Cp e, and the reference power coefficient, Cp rer.
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4. A method according to claim 2 or 3, wherein the step of adjusting the safety buffer based
on the comparing step comprises reducing the safety buffer in the case that the estimated

power coefficient, Cp, o, is smaller than the reference power coefficient, Cp, rer.

5. A method according to any of the preceding claims, wherein the step of measuring one or
more parameters comprises measuring an amplitude of an individual and/or cyclic pitch
control of the wind turbine blades, and wherein the step of adjusting the safety buffer is

performed on the basis of said measured amplitude.

6. A method according to claim 5, wherein the step of adjusting the safety buffer comprises
the steps of comparing the measured amplitude to a maximum allowable amplitude and
reducing the safety buffer in the case that the measured amplitude is smaller than the

maximum allowable amplitude.

7. A method according to any of the preceding claims, wherein the step of adjusting the

safety buffer comprises:

- estimating a load on one or more wind turbine components based on one or more of

the measured parameters, and

- maintaining or increasing the safety buffer in the case that the estimated load

exceeds a predefined threshold value.

8. A method according to claim 7, wherein the step of estimating a load comprises estimating

a blade fatigue level.
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