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Introduction

*Episodes of severe wind variability are

observed at Horns Rev. | HEH HHS

sParticularly serious for offshore wind farms,
due to the high concentration of turbines within
a small area.
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*Fluctuating power supply is a challenge for
TSOs and wind farm operators

—_
o

Wind Speed (m/

*Technical considerations ) grid
management, security of supply

sFinancial considerations ) fluctuations . ; ; ; ; ; ;
must be balanced with reserve power B =




/0

14

Methodology



Observational Data

*62 metre meteorological mast

*4 years of 10 minute wind speed —w7____|
observations, from top-mounted cup
anemometer.

*10 months of 12Hz windspeed
observations from sonic
anemometer mounted at 50 metres.

*Also measurements of wind speed
and temperature at several heights,
pressure, precipitation, wind
direction, water temperature.




The Hilbert-Huang Transform

 First described in 1998 by Huang et al.

» Using the Hilbert transform, the instantaneous frequency and
amplitude of a time series can be calculated

* The concept of .instantaneous frequencyOonly makes sense for a
.mono-componentOsignal.

 Huang(s innovation was to find a way of decomposing the data, such
that each component was a mono-component signal.

* The Hilbert transform can then be used to successfully calculate the
Instantaneous frequencies and their amplitudes in the data at each
time.



Empirical Model Decomposition



Amplitude Modulation



Frequency Modulation
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The Hilbert Spectrum
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Results: Seasonality of wind fluctuations



Results: The effect of wind direction
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What does the wind see from
different directions?
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Results: Variability and Pressure Tendency



Results: Variability and Precipitation
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Contours show probability density
function of variability for each R,
value.
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A classic event



Conclusions

« Some climatological patterns have been seen in the occurrence of
large amplitude wind fluctuations at Horns Rev

* The majority of episodes are associated with onshore flow, in rainy,
unstable conditions

» The predictability of wind fluctuations is linked to our ability to
accurately forecast the wind field in these conditions

* Further work
— modelling the wind field in severely variable conditions

— Installation of rain radar at Horns Rev in 2009 to track precipitation
cells approaching the wind farm (Radar@SEA Danish project)
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