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Research Objectives ‘éwecm
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€ Accuracy of High-Resolution Marine Meteorological
Forecasts

€ Analysis of Offshore Wind Speed Conditions

€ Development of new physical & statistical forecast
tools




Accuracy of High-Resolution )4
Meteorological Forecasts = &

€ Comparison of Forecasts at FINO1, 103m height:
12 months, 2004 (mean possible power: 51%6)
€ Benefits of NWPs combination

RMSE Forecast vs. Obs., Power
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Accuracy of High-Resolution 1Y%
Meteorological Forecasts S

& Regional Power Forecasts for 25 GW Offshore Wind

Smoothing of errors

same Size as onshore?
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Accuracy of High-Resolution
Meteorological Forecasts ez

® Regional Power Forecasts for 25 GW Offshore Wind
@®Error smoothing factor of 0.73 in German Bight

RMSE of Forecasts, ecmwf

€ Only 5%- 30 - | | ‘
o — all single ecmwf1GW vs. An.
10% RMSE —&— average of ecmwf1GW vs. An.
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Analysis of Offshore Wind Speed Y~
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Conditions ewec

€ \Wind Profiles and Forecasts at Horns Rev
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Analysis of Offshore Wind Speed Y~
Conditions = LA ARG
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New Physical and Statistical )4
Forecast Tools

€ Inertially Coupled Wind Profiles

1.) Coupling of Ekman- and Log-Profile
Height 2.) Coupling of wind and wave field
A

Ekman Layer:
n(z) = const.

t(z) =? n ?ul?z ~20m

_ Matching height for

speed, stress { and
nz)=ku*z eddy viscosity N

Wave Boundary Layer (Log.):

t(z) =t (wave)
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New Physical and Statistical 1Y%
Forecast Tools =

€ Inertially Coupled Wind Profiles

WAsSP bias=-0.3m/s 7 Observation
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New Physical and Statistical
Forecast Tools

€ Forecasts at Middelgrunden

Observed
Predicted log. 70 m
Predicted stability 70 m

# Avoid dt in stability calc. _ ”
Use duU. —
€ Stability defined dU =10
m and model level S |
(—100m) g \ |
abili orrection :..‘ It
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New Physical and Statistical 1Y%
Forecast Tools =

€ Forecasts at Middelgrunden

Observed
70m log
520 — | 70mstabi|it|y . — 120
mean error log ’\\
————— mean error stability aon b -
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€ Not a
simple
case...
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@ Forecasts at Middelgrunden

 HIRLAM Meteo Grid
* 9 meteo points.
» Spacing about 10 Km.

........................ 23§ —0.98-1
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£90.92-0.94
0.9-0.92
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1) » Correlations Intervals between points
« Wind Speed : [0.90 ; 1.00]

» Wind Direction : [0.81 ; 1.00]

 Air Density : [0.98 ; 1.00]
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€ Results are similar to Tuno study
(ANEMOS-WP2 Benchmarking)
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¢ Total wakes ~10%b ool B om M E E E E E N
power loss but s150500- I

individual wake —
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Wakes ‘ewec
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Wind speed gradients ewec

€ \WVind farms >20 km?2, >20 km from the coast

€ One wind speed prediction from e.g. NWP
model

® Is the gradient across the wind farm
Important?

€ Quantified:

“*Mesoscale (16 runs)  : |

“*WASP Engineering |
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Wind speed gradients ‘éwe 2008
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€ Gradient over the wind
farm <0.1 m/s for all but _*7]
one run

€ Mean weighted gradient
~0.4 m/s over 40 km

€ Similar predictions from
WASsP Engineering
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Benefits of Satellite-Radar "\“'7
Information
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Benefits of Satellite-Radar
Information




Benefits of Satellite-Radar %
Information SWEEL

— NWP Grid

XXXXX Wind farm

XXXXX




- N
Forecasts at Gibraltar |y am—
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€ NWP models don’t reproduce the channelling effect at the Gibraltar Strait

¢ ECMWFand other global models do not use the actual topography

€ Tarifa is the place with largest NWP’s forecasting errors in Spain

€ Local adaptation of wind prediction for TARIFA and Gibraltar Strait area




Conclusions ewec

®  Offshore wind power predictions evaluated:
FINO1, Tunoe Knob, Middelgrunden:

- Relatively good results compared to onshore with
respect to the higher power output;

" Main parameters of vertical wind speed profiles identified:

Crucial impact of coastal effects and thermal
stratification quantified




