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Offshore wind energy
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SAR wind data archive at DTU

30,000+ ENVISAT ASAR scenes (2002-2011)
« 36,000+ Sentinel-1 A/B SAR scenes (2014->)
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SAR Ocean Products System
(SAROPS)

e Evolved from the APL/NOAA SAR Wind Retrieval System
http://fermi.jhuapl.edu/

e SAR wind retrieval in near-real-time

* NOAA covers polar seas and US coastlines (operational)

Monaldo, F.M et al. (2015): A Weather Eye on Coastal Winds, Eos, 96,

doi:10.1029/2015E0034581)

e DTU covers the European seas (routine)

DTU Wind Energy, Technical University of Denmark
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Sentinel-1 A retrievals over the UK
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Mountain gravity waves
November 6, 2006
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Larsén X., Larsen S. and Hahmann N. A. 2012: Origin of the waves in “A case study of mesoscale spectra of wind and
temperature, observed and simulated”: Lee waves of the Norwegian mountains, Q. J. R. Meteorol. Soc. 137
DOI:10.1002/qj.916, 138: 274-279.

Larsén X., Larsen S. and Badger M. 2011: A case study of mesoscale spectra of wind and temperature, observed and
simulated, Quarterly Journal of Royal Meteorological Society, Doi: 10.1002/qj.739, 137:264-274.

Larsén X., Vincent C. and Larsen S.E. 2013: Spectral structure of mesoscale winds over the water, Q. J. R. Meteorol.
Soc., DOI:10.1002/qj.2003, 139, 685-700.
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Boundary layer rolls
May 17 and May 25, 2011
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Wind resource mapping

16.04
Sectar: All

U 7.77 mjs
P 523 W m?
-- Emergent

F 4
[#=f{m/s)]

15.0% 0o . : . : .
; ] u[mjs] 25,00

DTU Wind Energy, Technical University of Denmark

Energy density (W/mz}

0

200 403 B0 BOC

=
=
=

i



HE

Chain of processes

SAR
Wind wind
Download a_nd GFS SAROPS wWind S_WASP resource WRF + resource
pre-processing maps maps MOST maps
Ice
(10 m) (100 m)
Wind retrieval Wind resource Wind resource
(APL/NOAA) assessment (DTU) extrapolation (DTU)

ESA OWI product

DTU Wind Energy, Technical University of Denmark



The New European Wind Atlas (NEWA)

e Envisat ASAR and
Sentinel-1 A/B

e Extrapolation to different
heights up to 100 m

e Extensive measurement
campaigns and modeling

Coverage of the satellite based atlas in NEWA

(image courtesy Google Earth)

!4<
DTU Wind Energy, Technical University of Denmark &

NEW EUROPEAN WIND ATLAS

SEVENTH FRAMEWORK
PROGRAMME




Preliminary 10-m atlas for Europe
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Wind speed comparisons
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See also: Monaldo, EM et al. (2015): Preliminary evaluation of Sentinel-1A wind speed
retrievals. IEEE JSTARS, doi: 10.1109/JSTARS.2015.2504324.
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wind class sampling

Weightings:
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Badger et al. (2010): J. Appl. Meteor. Climatol. 49, 2474-2491.

17 DTU Wind Energy, Technical University of Denmark 11/15/2016
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Advantages of wind class sampling

e Compensates for a limited number of SAR samples

e Long-term wind climatology may be obtained

e Results are directly comparable with mesoscale modeling results

Example from the UAE:

50 51 52 53 54 55 56 57 58

50 51 52

27

50 51 52 53 54 55 56 57 58

50 52 53 54 55 56 57

10-m mean wind speed from Envisat 10-m mean wind speed from
ASAR data (225 scenes) KAMM mesoscale modeling

18 DTU Wind Energy, Technical University of Denmark 11/15/2016



Long-term average wind profile
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Wind speed extrapolated to 100 m
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Conclusions

e Future wind energy developments are global and high-
wind issues must be considered

e SAR wind retrievals offshore are valuable for:
1) Model validation
2) Wind resource mapping
3) Wind farm wake analyses

e Strenght of SAR winds: a high spatial resolution

e Limitations of SAR winds: Lack of high-wind samples and
Information above the 10-m level above m.s.I.

DTU Wind Energy, Technical University of Denmark
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