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The New European Wind Atlas

e Accurate mapping of wind conditions
for the estimations of resources and
loads

e Development and testing of the
model chain

e A series of atmospheric field
experiment to validate the model and
atlas.
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¢ EU countries
e NEWA partners
o Offshore coverage

e Experimental sites
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Largest NEWA campaign: The Perdigao Experiment

anemometers on 50

20 scanning lidars + 7 profiling lidars

‘) S : : -+ Various temperature profilers, ballon
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Most comprehen51ve dataset for model
evaluation /n,Comp/ex terrain to date
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Research from Perdigao
Data available through, NCAR, Uni Porto or DTU, Fernando et al, 2019

e ombrs o[
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e Qverview paper in Bull. Am. Met
Soc, May 2019
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Research from Perdigao
C Veiga Rodrigues et al 2016 J. Phys.: Conf. Ser. 753 032025
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Research from Perdigao
Witze, A. World's largest wind-mapping project spins up in Portugal. Nature, 542, 282-283, 2017

INFOCUS

> assumptions. Until now, it was not clear
thatone colduly detcmine Ea -
ture usingonly wave traveltim

ot s what Vi and it proof

e Overview paper in Bull. Am. Met N

Michels, was thatthe curved space, or man-

ifold, isstructured with concentric layers.
S ocC M a 2 0 1 9 “Thisallowed them to construct aolution in
1 stages, “You golayer by layer, like peclingan

onion;"says Uhlmann. For practical appli-

e News article in Nature Fb i

to alculate thatsolution explicity.

‘The three mathematicians circulated
their 50-page paper among a small pool
of experts and then posted it in the arXiv
repository. Depending on the feedback they
get,the authors hope o submit ittoa jour-
nalinthe coming weel

FROM THEORY TO REALITY
But applying the theory to real geophysical IR

data will not happen immediately, says

Maarten de Hoop, a computational seis- .
mologistat Rice University i Houston, u e wm _— ow
“Texas. One difficly i that the theory

assumes that there i information at every

‘point. I reality; however, data are collected .
iy spaelocions stu y Spms up
The theory could lead to a better under-
standing of known features, such as the
‘mantle plumes underneath Ieeland or . ; N
Hawait and, perhaps, o the discovery of InFernanDnal teamin Portugal. s(?eks to improve models of
new ones,adds de Hoop. wind patterns over rugged terrain.

‘As with every meaty mathematical

proofandvetit thoroughly, says Gabriel  BY ALEXANDRA WITZE project. The aim s to lluminate fundamental
Paternsin, a mathematician a the Univer- properties of wind flow over complex terrain,

sty of Cambridge, UK. windswept
the claim seriousy, in part because t builds rural valley in eastern Portugal.  puter models and enable engineers to decide
i where to put wind turbines to get the most
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Research from Perdigao
Menke et al, Wind Energ. Sci., 3, 681-691
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Research from Perdigao
Dar et al, Wind Energ. Sci. Discuss., 2019
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Research from Perdigao
Barthelmie & Pryor Atmos. Meas. Tech., 12, 3463-3484, 2019
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Research from Perdigao
Wagner et al., Atmos. Chem. Phys., 19, 1129-1146, 2019
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Research from Perdigao
Bjarke T. Olsen, PhD thesis, DTU, 2019
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Research from Perdigao
Menke et al, Atmos. Chem. Phys., 19, 2713-2723, 2019
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The NEWA model chains

The NEWA open-source chain The NEWA production chain

e NEWA setup of WRF o NEWA setup of WRF

e CFDWind3 OpenFOAM library e WAsP (not CFD-WASP) run in a

o URANS forced with tendencies (like Python implementation on a 50 m grid
SOWFA) e Statistical downscaling

e Code, setup and test example
available on github
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Meso-scale production run

Long term mean wind speed at 100 m. 30 years available.

60°W 30°W 0° 30°E 60°E 90°E
60°N 60°N
e Sensitivity tests, evaluation on
SN SN simple sites, optimal domains,
ensemble runs
40°N 40°N
30°N — 30°N

1000 1500 2000 2500 3000
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Meso-scale production run

Long term mean wind speed at 100 m. 30 years available.

e Sensitivity tests, evaluation on
simple sites, optimal domains,
ensemble runs

e March 57 mio. core hours granted
on PRACE's MareNostrum
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Meso-scale production run

Long term mean wind speed at 100 m. 30 years available.
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e Sensitivity tests, evaluation on
simple sites, optimal domains,
ensemble runs

e March 57 mio. core hours granted
on PRACE’s MareNostrum

e Mesoscale simulation output
covering all Europe 1989-2018 on
NEWA server
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Meso-scale production run
Long term mean wind speed at 100 m. 30 years available.
30°W  15°W  0° 15°E 30°E 45°E  60°E
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e Weekly simulations with 1 d
spin-up, one-way nesting

Jakob Mann Overview of the NEWA project (8 of 15)



New European Wind Atlas Experimental campaigns

Model-chain development

Wind atlas production and assessment

Systematic atlas validation with Vestas masts

e Site locations not available outside
Vestas

e 291 masts selected based on
40 < z < 150 m and high availability

e Results based on groups of masts will
be published in Wind Energy Science

Vesias.

WIND
ENERGY
SCIENCE

eawe!

xcademy of wind er
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e~ Masts per country
P
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Validation results: Upias = Upodel — Uops

uto
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Validation results: Upias = Upodel — Uops

| I
i Uto
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-1.50+1.30
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o WRF preforms extremely
well
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Validation results: Ub,-as

uto

ERA5
-1.50+1.30
WRF
0.02+0.78
WAsP
0.29+0.76

-4 -3 -2 -1 0 1 2 3 4
Ubias [ms_ll

= Umodel - U obs

o WRF preforms extremely
well

e So far a systematic
downscaling from such a
good starting point has not
lead to an improvement in
the prediction
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Terrain complexity: All masts, n = 291
RIX: Fraction of slopes within 3500 m radius above 16.7°

0.8
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3 5 0.4 - s \VASP
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Terrain complexity: Low, RIX = 0%, n = 110

RIX: Fraction of slopes within 3500 m radius above 16.7°
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Terrain complexity: Meidum, 0 < RIX < 2%, n = 96

RIX: Fraction of slopes within 3500 m radius above 16.7°
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Terrain complexity: High, RIX > 2%, n =85
RIX: Fraction of slopes within 3500 m radius above 16.7°
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What happens is we arbitrarily change the roughness?
Multiplying the roughness translation table by 1/2, 1 or 2

Conclusion

WRF-WAsPRCT-B u+o

Metric RIX Cat. 1/2zp 20 220 Units
Upias All (291) 0.61+0.78  0.2840.76  —0.11+0.75 [ms ']
Upias Low (110) 0374050  0.06+049 —0304+049 [ms~']
Upias Medium (96)  0.57+0.78 0234076  —0.18+0.75 [ms ']
Ubjas High (85) 0.98+0.92 0.621+0.91 021+091 [ms ]
Phias All(291) 23.93+£29.10 13.284+27.36  0.88+25.38 [%]
Phias Low (110) 1821+19.83 7.33+£17.56 —515+1576  [%]
Priss Medium (96) 24.15427.76 13.134+25.11 0.11+22.81  [%]
Phias High (85) 31.08+£37.78 21.16+36.66 9.56 =34.24 [%]
Jakob Mann Overview of the NEWA project (12 of 15)
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Interface to NEWA map .neweuropeanwindatlas.eu

User Specific

Power Density .
Climate mear
Sectorwise mean

Horizontal winds -

Air temperature .
Long-term mear

Monthly mean
Air density -
Turbulence intensity B
Relative humidity -

Inverse M-O length -
Surface layers
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Conclusion

e An validated atlas with 50 m resolution over
Europe has been created

NEW EUROPEAN WIND ATLAS
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Conclusion

e An validated atlas with 50 m resolution over
Europe has been created

e 30 years of meso-scala data available (1989-2018)

- ﬁ NEW EUROPEAN WIND ATLAS

~Newd
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Conclusion

e An validated atlas with 50 m resolution over

Europe has been created

e 30 years of meso-scala data available (1989-2018)

e Data from a series of atmospheric experiments will

be used for testing models

- 0 NEW EUROPEAN WIND ATLAS

~Newd
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Conclusion

An validated atlas with 50 m resolution over
Europe has been created

30 years of meso-scala data available (1989-2018)

e Data from a series of atmospheric experiments will
be used for testing models Yy
e A model-chain based on OpenFoam and WRF © o\ NEEURCHEAN WIND ALAS

58
Anewa
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Conclusion

e An validated atlas with 50 m resolution over
Europe has been created

e 30 years of meso-scala data available (1989-2018)

e Data from a series of atmospheric experiments will
be used for testing models

e A model-chain based on OpenFoam and WRF © o\ NEEURCHEAN WIND ALAS

58
Anewa

e Downscaling to microscale leaves room for
improvement.
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Conclusion

e An validated atlas with 50 m resolution over
Europe has been created

e 30 years of meso-scala data available (1989-2018)

e Data from a series of atmospheric experiments will

be used for testing models )

e A model-chain based on OpenFoam and WRF St N AENLEURCERN JIND ATes

58
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e Downscaling to microscale leaves room for
improvement.

1. Direct, physical surface description, not land-use
classes
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Conclusion

e An validated atlas with 50 m resolution over
Europe has been created

e 30 years of meso-scala data available (1989-2018)

e Data from a series of atmospheric experiments will

be used for testing models )

e A model-chain based on OpenFoam and WRF "t N AENLEURCERN JIND ATes

58
Anewa

e Downscaling to microscale leaves room for
improvement.
1. Direct, physical surface description, not land-use
classes
2. Better downscaling model
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