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The atmosphere dissipates more than
30 times all the energy used by
mankind



European Wind En;r'g)«r
Technology Platform
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Wind energy resources
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3 % vision: 2030 Objectives wy fuds’

e Reduce the uncertainty of the estimated wind characteristics.

CurrentTechniques must be improved so that given the
geographic coordinates of any wind farm predictions with an
uncer tainty of less than 3% can be made concerning:

I The annual energy production

11, The wind conditions that will affect the design of the
turbine
I A short-term forecasting scheme for power production

and wind conditions
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Euroy ropean Wind Ener

3 % vision: Research TOPiCS tedoiog bacforn’

* Siting of WTs in complex terrain and forrested areas
¢ Wakes in and between wind farms

¢ Offshore meteorology

* Extreme wind speeds (reference Wind)

* Wind profiles at hﬁights greater than 100m

e Short-term forecasting




Project SRA matrix

Eu-r;pean Wind Energy
Techncrlogy Platform

Description BLM | Remote | Advanced | Vertical Turbulence/ Wakes | Extreme | Shortterm
of sensing | flow profiles short term gust wind prediction
experiments modeling | {min {3 sec)
200m)
Complex X% XX X X XX
terrain
Complex X X X X X
Terrain / wind
farm
Forested Site | X X XX X X XX
[flat and
complex
Offshore/ X X X Xx X X X X
wind farms
Costal / wind | XX X X Xx X X X X
farms
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ECMWF FORECAST T+168 VT: Sunday 28 January 1880 12z
30 Metre Winds incorporating 850 hPa Temperatures
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Global Reanalysis data
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Wind Atlas for Egypt
New wind resource maps
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Predicted wind clim ate
Mean wind speed
S50m aal, [ms]

7 speed classes

kAMM modelling
Resolution 7.5 km
MCER/MNCAR data
SRTM20 elevation
GLCC land cover

Terrain features may give higher wind
speeds locally!

Output form ats:
- m ap graphics
- statistics. ..



Shuttle Radar Topography Mission

Elevation map of Egypt Wind Atlas for Egypt met. stations
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e Grid point elevations
o 3" {~30 m)resolution
e ‘ertical accuracy 5-10 m




Mesoscale and microscale modelling in China

* Funded by the "Sino-Danish Wind
Energy Development Programme”

Project focuses on Dongbei
Project period 2008-2009

Dongbei

Wind resource assessment in Dongbei
— Measurements
— Microscale modelling
— Mesoscale modelling
— Application

Project emphasis
— research and development
— measurement practices
— numerical wind atlas methodologies
— verification and uncertainties

— application aspects for wind energy
planning and project preparation
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Sample wind farm layout and estimated production
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Mesoscale modelling
for wind resource assessment

Twinning projectwith Chinese Meteorological Adminstration (CMA)

Topographic map
Mesoscale modelling domain

located around Harbin in
Dongbei.

600 x 600 km region.
5km resolution.
Contourinterval 100 m.

Notice elevated terrain running
north-south, with gap and
passsage of one major river
system.
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Mesoscale modelling
for wind resource assessment

Twinning projectwith Chinese Meteorological Adminstration (CMA)
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Wind resource map : : -

Annual mean wind speed at 50 m
a.g.l. given by 121 simulations
(wind classes).

Wind classes capture scale forcing
in terms of direction, speed and ~
stability.

Maximum of 7.6 m/s.

Notice highest winds located on
exposed elevated terrain, in
gap, and parts of plane area.

Credit: simulations shown

Zhu Rong, Yuan Chunhong,
Xiaoli Larsen
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Mesoscale modelling
for wind resource assessment

Twinning projectwith Chinese Meteorological Adminstration (CMA)

Ensemble wind resource map

Annual mean wind speed at 50 m
a.g.l. given by 345 simulations
(wind classes).

Comprises of 3 sets of wind
classes, each set using a
different breakdown of stability:

set 1: no stability classes
set 2: 2 stability classes
set 3: 3 stability classes

Red contours show ensemble
spread (1.5%, 3%, 6%)

Q: Relationship between
sensitivity to stability and
uncertainty in wind resource
estimate?
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mean wind, REMO 10km

99.9

99

4.5

latitude®

54

53.5

53

longitude®

=
—
| —

i



=l

.............................

_Suwi paads puim w ()|

40 60 80
distance from the shore km

20




Mean Wind Speed at the Netherlands' Exclusive Economic Zone (NEEZ)
Penod; 1947 - 2002
Haight: 90 m aborve mean soa kvl
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3.3 INDICATIVE VALUES (WINDS)

) Hourly wind speeds at 10m above sca level

Estimates of S0-year return hourly wind speeds are shown in Figure 1. The speeds ure appropriate for a
beight of 10 m above still water level. The map gives no indication of the direction of the extreme wind.
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Estimates of SO-year return aemnidirectional hourly-mean wind speeds at 10 m above still

Figure 1
wataer lewvel

Estimates from Figure 1 are likely to be subject to a maximum ermor of £2m/s,
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RANS computations from a complex terrain in New Zealand
Six wind directions

Iso-contour of turbulent kinetic energy clearly indicating areas

where problems may arise







The complete description of turbulence remains one of
the unsolved problems in physics.

Werner Heisenberg was once asked what he would ask
God, given the opportunity. His reply was: "When | meet
God, | am going to ask him two questions: Why
relativity? And why turbulence? | really believe he will
have an answer for the first."
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Example: " Strong velocity shear” (2:2)

The difference in u at the two black point is 10 m/s.

Euromech, Oldenburg Jakob Mann, Sth October 2005
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Size of Wind Turbines
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LM 38.8 m

LM 61.5 m (17.7 tons)




National Test Station for Large Wind Turbines - 2007

Coastal, flat terrain
5 test positions
Max. 10 MW

Max. height 165 m
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Since 2005:
Tall met-masts now replaceable by wind

Lidars...
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A new research facility
for WT research based on 3-D Wind scannin

HYT MOBILT VINDMALINGSSYSTEM | 3-D

Den meteorologritor mblingsmaest Tl veratre ks kun mble vinden | &1 pusikt. Rites smdmdlingpiigiters
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striler kan allsd Nyties rond efber behay

. ummm-ﬁm |
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Artist’'s impression of a Wind scanner
research facility in operation at Hovsore DK

=
p—
—

i



Fi"s‘ WGInnwE Dl AtIQf

7 2005

TR

ITREAW




VISION
2. Active "proactive” WT control:
€« € €
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TKE [m/s’]

Horizontal wind speed, U [m/fs]

Bolund Experiment (Vestas), Profiles of U and TKE,
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al ' ' “RANS, 270 deg. ]
2 magl
5 moagl 1
12 b ¥ 9 m agl
- Measured, 2m x
easured, Sm o+
10
b
i
4
2
0 PR -
' ' “RANS, 270 deg.
1o 2 moagl 4
X 3 magl 1
9 m agl
Measured, 2m » |
8 Measured, 5m + 1
“ i i it | pr " i
- 1K} =50 (] A0 104} 150 FilN) 250 300

Distance, [m]

A0

350

300

250

2003

130

100

M)

400

330

250

00

150}

106}

50

Height, [m]

Height, [m]




VISION:

Wake Measurements On and Offshore...
{Horns Rev wind farm)
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Horns Reef - 80 turbines

160 MW

FPhotos: ELSAM A/S
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Short Term Prediction: The
Principle

TERRAIN

Production [MW]

DAY +1 DAY +2
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New Needs:

New information on wind and turbulence is required by the
Wind Energy industry to move ahead:

Better and improved insight into

1. Wind profiles aloft

2. Turbulence and wakes around huge WT's - on shore & off-shore
3. Devastating strong wind gusts and wind-shear phenomena’s

is required in 3-dimensional space and time, and at heights up to ~200-
250 m height above ground/sea level.

.. ambitious? ...yes, but:
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European Wind Atlas
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GTOPO30 global elevation data

_ |Global 30 Arc Second Elevation Data | §

GTOPO30

LS. Geological Survey
National Mapping Division
ERQS Data Center —a

Grid-point elevations

47

Risa DTU, Technical University of Denmark

Resolution: 30 sec. (~900 m)

Presentation name 17/04/2008



Meteorological Challenges
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Flguge 5.4, Isolines for wind speeds |m/s| in Denmark at 10 meter

above the ground, based on data from 1931-60, compiled by Pryden-
dahl [personal communication).

Vindressourcekort
for Danmark - 1999
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3 % vision

¢ Reduce the uncertainty of the estimated wind characteristics.

Current Techniques must be improved so that given the geographic

coordinates of any wind farm predictions with an uncertainty of less than
3% can be made concerning:

I. The annual energy production

II. The wind conditions that will affect the design of the turbine

III. A short-term forecasting scheme for power production and wind
conditions

HE
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DY) CMA

S www.cma.gov.cn

Conceptual design - modelling

+ Mesoscale modelling

- KAMM/WASsP numerical wind atlas
— covers large areas

— fast and cost-effective

— regional wind climate @ grid points
— provides inputs for microscale

— comparisons of several models:
KAMM, WRF, MM5 and MC2

+ Microscale modelling

52

— analysis of 12 met. towers

— analysis of CMA met. stations
— WASP observational wind atlas
— regional wind climate @ tower

— parameter studies used for
localisation of model setup

— same model as for applications

Risg OTU and Cha

i) o |

Risg 25/02/2009
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S wWwWw.cma.gov.cn

By the end of 2009

* 12 measurement stations in operation
- hine 70-m + three 100-m masts
- double instrumentations: Riso and CMA

+ Observational Wind Atlas

- measurements and microscale modelling
- for regions close to the towers and met. stations

e Numerical Wind Atlas

- reanalysis data and mesoscale modelling
- covering all of Dongbei with a resolution of 5 km

e Verification of numerical wind atlas against towers and met. stations

« Databases, tools and guidelines for applications

33 Rizg DTU and CMa,

Risg 25/02/2009
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Windscanning also needed for secure WT siting in e.g.
complex terrain...
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CFD computations of wind over complex

terrain

elocity contowr: LES

“elocity contonr: RLANS

Turbulence intensity along line A, 10m over terrain, Askervein 1983 TU03-B
By 1 v

¢ Vertical Gill LWW anemometar
— k- model
s Ripsolved: Hybrid RANSILES
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Summary:
DK's proposed large scale infrastructure
“Windscanning.eu”

is a new mobile experimental research facility, that will improve

1. Secure WT "Siting” - particular in complex terrain..

2. Optimal WT Design ( gives more power and less wake effects...)
3. Proactive upwind WT control
and will spur research within wind energy society to provide:

4. enhanced WT power performance and control
5. higher WT longevity
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Simulated Wind scanner measurements of 3-D turbulence
in high space & time resolution...
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Vision

New 3-D Windscanners...

Full Scale Laser Wind Scanner
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