SAWEP Workshop
Wind Atlas for South Africa (WASA)

Cape Town, 4t March 2010

Presentation and demonstration of
the Wind Atlas Method and the WASsP software

Micro-scale modelling and wind resource mapping

Risa OTU

i



Wind resources - the problem

Determining the wind resources accurately is important and difficult

Main parameters governing

wind power economics:

e Investment costs

e Operation and maintenance costs

e Electricity production / Wind resources
e Turbine lifetime

e Discount rate

e Environmental bengfits

0 /
°* Wind speed, U [m/s]

¢ Kinetic Energy flux, P = ¥.pU3 [W/ mZ?]
* AU of 5% (e.g. U=10.0+0.5m/s)e==p) AP of 15%

Hurghada WETC 1992-2001 {10 v)
Data from 24.5 metres a.g.l, Latitude: 27,32, Longitude: 33.7

269

Sector: All
Al 7.6 ms-1
k2,32

°* Wind resources are in fact more P than U

° Both U and P are statistical distributions

°* We measure U (and D) in one point in space, but
need it in the entire atmospheric boundary layer ol o

f[%]

1
] 20,0
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Linear interpolation
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The Wind Atlas Method
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REGIONAL WIND CLIMATE

. OBSERVED WIND
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European Wind Atlas
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Wind Atlas Analysis and Application Program (WAsP)

Tunoe - WASP version 9.0 (ol x|

He| Member Library] Repors | Took Window | Help ‘

2EE & s 2 2 @E

odomcehioardy____ I wcranatvien = e
1

ﬁ'%ﬁn\:ﬁp:;sa‘ Project koA« Blonon B Db o e * Alsectors [k @Q « @lasas
- = ; n N . ‘E AEP ~ Allsectors - ‘

2] ‘Explanatory’ Nate
-8 Beldrings 1987-56' Wind atlas
‘Beldringe’ Map
-0} '06 120 Odense Lufthavn’ Met. station

Y 06120 Odense Lufthav OWE

- Tunoeaanew’ Map
-4 Tung Phase 1 +IT' Wind farm
_Ts 'Monitor' Reference site
-4 Tung Knob Turbine site group
\.; 'Vestss w32 (500 kw) Wind turbine
‘Turbine site 1' Turbine site
Turbine site 2 Turbine site
Turbine site 3 Turbine site
Turbine site 4 Turbine site
Turbine site 5 Turbine site
Turbine site & Turbine site
Turbine site 7 Turbine site
Turbine site 8 Turbine st i =

Turbine site 9 Turbine st ©.000m)| (@0:0m) (@ 100m)
Turbine site 10" Turbine site

6208000

Height 1 U [mfs] 4.92 429 3.38
)48 ‘Phase IT Turbine site group (z=10m) P [Wijm7] 137 a0 P
k4 Bonus 600 kW Mk IV Wind turbine | | | eight 2 1 fmje] 508 520 Fpn
Turbine site 11 Turbine site (z=25m) P [W/m3 218 160 ES
"Turbine site 12" Turbine site Height3 U [mf3] .50 6.19 5.36
Turbine site 13' Turbine site {z=50m) P[W/m? 309 238 157 | AEP gross &wake lo: & - Small
Turbine site 14 Turbine site Height4 U [mfs] 8.05 7.37 6.46
Turbine site 15' Turbine site - 100m) P [Wjm3] i1 75 351 [& = v allsactors - ‘
"Turbine site: 16' Turbine site Height 5 U [mfs] 9.98 5.07 7.87
"Turbine site 17 Turbine site {z =200m) P [W/m?] 962 717, 464
‘Turbine site 18' Turbine site
urbine site 18 Turbine site 120 Sectar: Al

"Turbine site 20' Turbine site
- @B 'Offshore’ Resource grid

{522 'vestas 33 (500 kw)' wind turbine gen
- g8 'Samsg’ Resource grid

.. 'estas 33 (500 kw)' wind turbine gen
Turoeg4hlew_sample' Map
Tunoe' Spatial image

U:8.26mfs
P: 539 Wjm2
%/ m/s)]

20.0% 0.0

0 u [mfs] 25.00 ,
| 8 '06120 Odense Lufthavn’ OWC
0| isogram s | Locton ormatn|
{al Library folders - 250
(@I EWA (154 files) gEEGWD“mAfl farm (33.273 GWh Net)
([@RwA (1 file) k: 2.02 SEﬁ]ﬂgSI Site list  Statistics |Puwev curve |

(@ sample files (12 fies) U:5.31mjs
=453 Wind turbine generators (33 files) P: 174 \ifm2
L Bonus 1 MW.wig

%]

[Total  [Mean |
1775
L

Jonus 300 kW MKIILwig
Jonus 450 kW MKIILwig

0.0 =
20.0% 0 u [mfs] 20.00

[EG-Micon NM 750-44 (750 k). wig
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The world according to WAsP

e WASP software since 1987
e 2800 licensed users by now
e 105 countries and territories

Risa DTU
National Laboratory for Sustainable Energy

e National wind atlases... =
e Regional and local studies... =
e No information available...
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WASP arithmetic @Pii Jﬁi i

WAsP = ROU + ORO + OBST

ﬁ\/\
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Terrain effects

AEP @ 10 m a.g.l.

0B+
00 Land
2000 4000

6000
: 8000
Distance [m] 10000

Power production at 10 & 100 m a.g.l.
Uniform wind rose, hill is 100 m high.

12000
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User interface

< WindFarm - WAsP version 9.0

File Member Library Reports Tools Window Help

Workspace hierarchy

3 "WindFarm' WAsP warkspace
=8 "Wind farmer' WAsP project
{3 "Waspdale' Wind atlas
- "Waspdale' Vector map

A2 1 MW Wind turbine generator
EI.% ‘Good places’ Wind farm

------ 'G1' Turbine site

------ ‘G2 Turbine site

------ 'G3 Turbine site

------ 'G4 Turbine site

------ 'GS' Turbine site

------ 'GE' Turbine site

Bad places' v~ ' 7

------ 'B1 Turk

©
e

‘Waspdale' Wind atlas

Show 'Bad places'
...... 52 Turk [ Show 'Bad places' in an existing spatial view
------ B3 Turk {71 Show 'Bad places' in a new spatial view

R-dass0 R-dass1 R-dass2 R-dz |E Q | &

(0.000m) (0.030m) (0.100m) (0.40

4.44
101

Height 1

{z=10m)

Height 2 U [mys] 7.93 6.06
{z=25m) P[Wm? 493 243
Height 3 U [mys] 8.50 5.98
{z=50m) P[WmI] 805 344
Height4 U [m/s] 9,19 8,22
{z =100m) P [W/m3] 778 535
Height5 U [mjs] 10.12 10.10
{z =200m) P [W/m3] 1070 1012

M| @ spatial view

Elll =l

* MNodata

"E Mo data grid

5.46
178

6.33
265

7.55 [
413

9.22 H
766

Sector: Al

...... 'BS' Turk J Calculate the wake losses and summary statistics for wind farm 'Bad places’
Explain why the power curw

e for wind farm 'Bad places' cannot be calculated

U: 7.25 m/fe
F: 388 W/

------ ‘B4 Turk
Insert new
E Library folders Insert from file

[ Pinheiro maps (16
|3 Portugal maps (3
(3 Portugal RWC {21

(Z1EWIA (154 files) Y& Insert sites from the dipboard (none)
Extract 5 site locations from the wind farm

3, Rename Bad places'

[FIRWA (163 fles) = Remoye ‘Bad places’

(3 sample files (14 f m Export 'Bad places' to file...

Wind turbine gen
{Borus 1My Beparts

. Bonus 1,3 M'

:Bonus 1 MW j:E| Re-order the children of 'Bad places' ...

. Bonus 1,3 M

Enable automatic naming counter for children of 'Bad places'

. Bonus 2 My

Risa DTU
National Laboratory for Sustainable Energy

3 | Show properties for ‘Bad places'




Hierarchy

5 "“WindFarm_CompPraj WasP workspace
EI@ "Wind Farmer' WasP project

context-sensitive menues, e.g.

= %'Waspdale' Wiind atlas
:I----CF' "“Wwaspdale Airport 1933-55, Runway My anemometer,' Mek, station
£ Ty i‘. "Waspdale’ Observed wind climate
b i "Waspvaledirport’ Yeckar map

------ "-.-'-.-'aspu:lale' Weckar map

------ i._._. 1 MW" ind turbine generator

E—].qr% ‘aood places' Wind Farm

------ 'G31" Turbine site

------ "G2' Turbine site

------ '53 Turbine site

------ a4 Turbine site

------ '35 Turbine site

- ot "6 Turbine site

.’1[% 'Bad places' Wind Farm

------ 'B1' Turbine site

------ 'B2' Turbine site

------ ‘B3 Turbine site

------ 'B4' Turbine site

- ot 'BS' Turbine site

E

'G1' Turbine site:

Show 'G1'
2] show 'G1'in an existing spatial view
i1 Show 'G1'in a new spatial wiew

% Explain why the delta-RIX for turbine site 'G1' cannot be calculated

Insert pmew

Insert from file

Extract site location
L%, Rename 'G1'

2 Remove 'G1'

Reports

El Show properties for 'G1'

Modelling scenario is defined by the hierarchy set-up!
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But first input data

< \Wind data
e Terrain data

Risa OTU
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Wind data
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Wind observations

B Imported data: 1997 ('Bergamo192977) i [m] A
Graphs | Grid IImportreportI

("]

[m/s]

NI

1997-01-01 00:05:00 1997-12-31 23:55:00
30+
25
Zl:l_
15
10
5
11 1 .1
1 T T T 1
1997-01-01 00:05:00 1997-12-31 23:55:00

1997-01-01 00:05:00 1997-12-31 23:55:00

ci M| e | < |fortan 57 7] to [31Deco7 =] > | =1 ]

Risa OTU
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Wind distributions

S 'Bergamo airport at 35.0 m' Observed wind climate o |m]
|Histogran1 bins I Location information | Generation reportl Statistics |
Sector Wind dimate Power Quality
# angle [?]  freq. [%] W-A [mfs] Weibullk | U[m/s] power [W/m3  delta-l [%]
1 a 7.1 6.8 1.78 6.05 294 -0.243%
2 30 3.2 4.6 2.23 4.07 71 1.133%
3 B0 4.8 6.0 2.70 5.33 138 2.595%
4 90 5.8 8.1 3.19 .27 320 2.5496%
5 120 10.6 8.3 2.78 7.39 363 0.496%
=] 150 8.2 7.2 2.61 6.40 296 0.134%
7 180 5.5 6.5 2.38 5.73 183 -0.026%:
3 210 8.2 7.6 226 6.74 321 -0.683%
9 240 11.4 8.7 2.31 770 429 1.904%
10 270 13.7 3.2 211 3.15 &00 1.772%
11 300 12.8 3.8 1.34 7.80 607 -0, 506%:
12 330 8.8 7.0 1.55 6.25 3_7 -1,522%
All (emergent) 6,95 391
Source data 6.91 390
20.01 Sector: All
1 U: 6.95m/s
P: 391 W m2
—Emergent
e
%/ {m/=)] 1
m
i g
1 "
| h
15.0% 0.0 Pizoar '
0 u [m/s] 30.00

Risa OTU

Mational Laboratory for Sustainable Energy

'S 'Bergamo airport at 35.0 m' Observed wind c

Wind I Histogram bins | Location information {| Generation report

Description:

Height: 35.0 metres a.g.l.

Latitude: 45,6721249° (45.67217)

Longitude:  9.598618° (9.5985%)

Mote that the location data are read from file and cannot be editec
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Weibull distribution

= A N = o= —'n

Fuerteventura Canary Islands, Spain
A=72ms1, k=278

20+
15

10}

20

Schiphol, The Netherlands
A =56ms1 k=183

1

20]

i

Snaefell, UK
A =154 ms, k = 2.08

] Weibull distribution

f(u)=—| — Exp| —| —
W="% Pl = &

o 5 1 15 % 2 s s T :frequency (probability) of occurrence

Mont de Marsan, France U : wind Speed
A=24ms1, k=124

4 K : shape parameter
40

35 A : scale parameter




Annual variation

-
[&)]
T

Wind speed [m/s]

Monthly
Yearly
Decadal
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Data from NCEP/NCAR reanalysis for a site in Ireland

Risa OTU

National Laboratory for Sustainable Energy

 w—)
—]
[

i

Running means

Sharp means



Terrain data - description in WAsP
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Roughness and Orography

e Roughness = terrain surface characteristics
— vegetation, buildings etc. on small scale (land-use)

— from “smooth as silk” (water, snow, sand, soil) to
the high roughness of a forest or a city

e Orography = terrain height (elevation) variations
— large-scale geometry of terrain surface

— from plains and low smooth hills and valleys to
complex, rugged terrain and mountains

Risa OTU
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ROU
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Roughness examples

e \Water surface
z, = 0.0 (0.0002) m

e Many shelter belts, forest
zo = 0.4 m (or more)

T
|
a

Risa OTU
National Laboratory for Sustainable Energy
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How is roughness represented?

e Roughness is represented by
roughness-change-lines.

e Each line has a pair of right- and
left-hand roughness lengths (m)
as attributes.

e Roughness change lines are also
represented by a number of
points:

— connected line segments
— polygon

e Combined elevation and
roughness-change lines are
allowed (coastline)

Risa OTU

i
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ORO
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Orography examples

e Low, smooth hills
Relative height variations are small

Risa OTU
National Laboratory for Sustainable Energy

< Mountainous terrain
Relative height variations are large
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How Is orography represented?

e Orography is represented by
height contour lines — as on a
paper map.

e Each contour has the elevation
above mean sea level (m a.s.l.) as
attribute.

e Each contour is represented by a
number of points:

— connected line segments
— polygon

Risa OTU




Digital height contour maps

/\\——\\
1

A/

/
A
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Orn EDDDm

e WASP spatial view window

Risa OTU )
National Laboratory for Sustainable Energy
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e Map editor window, grid size 2 km
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OBST
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Obstacles viewed in WASP

Risa OTU
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Maps - Scanned, Google Earth, SRTM and Map
Editor

Risa OTU
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Map files

e The entire terrain description is contained in a digital *.map-file (binary
or ASCII format)

e The map may contain three types of lines:
— height contours (2)
— roughness change lines (z,5,, Zy,)
— no-attribute lines (NA-lines) for area boundaries etc.

e The Map Editor tool is provided for the digitization and editing of *.map
file(s) that can then be loaded into WASP.

e In case a terrain map contains no roughness-change lines, a default
roughness length of 0.03 m (3 cm) is assumed.

Risa OTU
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How to acquire digital maps

e Manual on-screen digitisation (WAsP Map Editor) using as background...

— scanned bitmap images of paper maps
— satellite imagery (Google Earth)

e Buy vector digital maps from e.g. the national survey

— Map Editor can handle a number of standard formats:
MAP, DXF, BNA, NTF, XYZ, ...

e Create from a raster DEM (Digital Elevation Model) using e.g.
Surfer, GIS or similar

— SRTM (Shuttle Radar Topography Mission) elevation data
e 3 arc-sec (—90 m) grid point spacing
e 1 arc-sec (—30 m) spacing in USA

Risa OTU
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Shuttle Radar Topography Mission

Space Shuttle February 2000
Radar interferometry technique
— Resolution — 25x25 m?
80% of the Earth’s land mass
9 terabytes of raw data
Grid point elevations for every
— 1 arc-sec (—30 m) for USA
— 3 arc-sec (—90 m) outside
Vertical accuracy 5-10 m (cz)
Unedited and finished data

Ninital Crivrfara Mnadal rathoar +h
LJIUILOU Ul IAuT 1IVIUUCIT 1TAllicl u

Digital Elevation Model

For more information, visit
http://www?2.jpl.nasa.gov/srtm/

=
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Map coordinate systems

Map projection

Map plane

Reference surface

Risa DTU
National Laboratory for Sustainable Energy
I

Map datum

Local geographic
coordinate system

=
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—— Earth’s surface

—— Earth-centered (WGS84) datum 1

- — - Local (NAD27) datum

Earth-centered geographic
coordinate system



Three 20-MW wind farms

i

Turbine type Gamesa G47 Nordex N62 Enercon E66
Rated power 30x660 kW 16x1300 kW 11x1800 kW
Hub height 50 m a.g.l. 69 m a.g.l. 67 m a.g.l.
Total net AEP 57.7 GWh 56.8 GWh 58.3 GWh
Range [GWh] 1.77-2.17 3.10-3.99 5.11-5.43
SRTM maps* \ = -0.9% \ = -0.4% \ = -1.7%
Total net AEP 57.2 GWh 56.6 GWh 57.3 GWh
Range [GWh] 1.76-2.18 3.19-4.07 5.17-5.44

* Details only added around the met. station — not the turbine sites!

Risa OTU



WASP analysis: wind atlas generation

— from observed to regional wind climate

Risa OTU
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Ingredients

To calculate a regional wind climate one needs:
e Observed wind climate (*.owc or *.tab)
— measured time-series of wind speed and direction
— statistical summary of wind measurements
e Local (met. station) terrain descriptions:
— roughness
— orography
— obstacles

The regional wind climate or wind atlas (*.rwc or *.lib)
e is reduced to certain standard conditions

e can be compared to other wind atlas data sets

« is the basis for the wind resource predictions

Risa OTU
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Generating a wind atlas

Member Library Reports Tools Window Help

=10 x|

$ "Wind atlas' WasP workspace
=& Hiltop turbine' WASP project

------ 2] H|||to|:| Yector map
E'Waspdale' Wind atlas
B UF W#.sPdaIe Airport 1983-85. Runway MW anemometer.' Met. station
i B "waspdale' vector map
------ 1‘., "Waspdale' Observed wind dimate
P e ﬂ "Waspdale Airport’ Obstade group
El dﬁ H|IIto|:| Turhine site
Ll ' MW Wind turbine generator

B Library folders
[II Sample files (2 files)
- (@] Wind turbine generators (41 files)

Risag OTU
National Laboratery for Sustainable Energy
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Observed and regional wind climates

% 'waspdale’ Observed wind climate =] |
. istogram bins | Location information | Statistics |
Sector Wind dimate Paower Quiality
#  angle [*] | freq. [%] W-A[mfs] Weibullk U [mfs] power [W/m3]  delta-U [%]
1 a 2.0 3.4 1.99 3.04 33 -2.485%
2 30 4.4 4.4 2.01 3.88 63 -2.385%
3 &0 5.6 3.8 1.85 3.38 49 -1.830%
4 90 7.6 4.0 2.66 3.59 43 1.326%
5 120 6.1 4.3 2,33 3.83 54 1.119%
] 150 5.3 4.5 2.31 3.97 64 0.684%
7 180 7.8 5.0 2,19 446 95 -1.231%
g 210 8.3 5.9 2,25 5.23 150 0.805%
9 240 12.3 6.8 2.66 6.04 204 -0.263%
10 270 15.58 6.9 2.32 6,08 230 -0.128%
11 300 8.7 6.3 2,33 5.59 178 0.782%
12 330 7.9 4.3 1.95 4.26 93 -2.362%
All (emergent) 4.90 135
Source data nfa nfa
30,04
Sector: All
U: 490 m/s
P: 135 W/m?
£ —Emergent
[%e/(m/s)]
20.0% 0.0
. 25.00

"Waspdale' Wind atlas

=101 ]

R-cdlass 0 R-dass1 R-dass2 R-dass3 R-dass4
(0.000m) (0.030m) (0.100m) (0.400m) {1.500m)
Height 1 U [m/s] 7.43 5.27 4,59 3.62 241
(z=10m) |P [W/m3] 432 172 114 55 16
Height 2 U [m/s] 5.05 6.26 5.69 4,75 3.63
{(z=75m) P [W/mzI] 543 275 01 120 54
Height 3 U [m/s] 3.50 7.19 6.57 5.70 4,63
(z=50m) P [W/m3 635 336 298 196 107
Height 4 U [m/s] 3.93 3.41 7.75 6.86 5. 78
(z = 100m) P [W/m7 765 586 456 314 193
Height 5 U [m/s] 2,31 10,24 .42 .39 7.21
(z =200m) P [W/m32] 934 1067 828 5az2 372
30,01
| Sector; All

: 4.59 m/jz

f - P: 114 W/ m2

[%f{m/s]] — Emergent

0.0 T T T T |
20.0%
; i u [mjs] 25.00 ,
o

=
=
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Observed wind climate (*.owc)

e |ocal terrain effects

e emergent and fitted Weibull
distributions are shown

Risa OTU

National Laboratory for Sustainable

Ener BY

distributions

Regional wind climate (*.rwc)
* no local terrain effects
e emergent and combined Weibull



Wind Atlas for Denmark 1987-96

Risa OTU
. [ 2

2 Lib Interpolator

Odenze Lufthavn, Wind measurements every 3 hours 1387-1396 from 0

H = 50m
z0 = 0.03mm
=741 mss
3= BE4 m3/e3
E =428 /m2
k=239
A =836 mss
Level and Roughness Class | pMeasurements | Interpolations I Options I
|| 20 =0.03mm
H =50 - 3 L - Cmm 4 oo e A .
‘_ b_ ; " [ dense Lufthavn, Wind measurements every 3 hours 1387-15336 from 06120 (15 m.a.s. .
- Distribution Property—— Gedser Odde, Wind measurements every hour 1334-1996, 06149 (8 m.a.s] 1.000
Griben, Wind meazurements every hour 19871936 from 06169 [13 m.a.z) = 1.020
K.abenhavnz Lufthawvn, Wind measurements every 3 hours 1987199606180 (S moas) | = 1.000 X
" Mean Cubed Spesd <3| [ Grid
r(: Weibul Shape k & DK vindresourcekort [Risa) " Yindatlas for Swverige [SMHI)
Welbul Scale A ; - p " p B
R s e = Winddaten flir Energienutzer [D%D]  European Wind Atlas [Riza] Save |:.;.”_| Exit I
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Regional wind climate of Denmark

400 km

500 km
Mean wind speed [ms-] at 50 m over z; = 0.03 m

Risa OTU
Natiomal Laboratory for Sustainable Energy
I

Samsg PWC!
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Numerical wind atlas

25°E  26°E  27°E  28°E
3600

29°E

30°E 31°E  3°E

3500

3400

3300

3200

3100

3000

Northing [km]

2900

2800

2700

2600

2500

2400
0 100 200 300

Risa OTU
Mational Laboratory for Sustainable Energy

MLditerrJgnean SLa

e

400

500 600 700
Easting [km]

1000

1100

30°N

29°N

28°N

27°N

B 26°n

1200

4 25°N

24°N

23°N

22°N

Mesoscale modelling

Wind climate over flat,
uniform terrain (RWC)

Resolution 7.5 km

Map shows mean wind
speed 50 m a.g.l. [ms1]

Output format: WAsP
wind atlas *.lib files

— Weibull A and k
— standard heights
— standard z,
— database of
> 50,000 *.lib files!

=
—
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WASP wind resource predictions

— from regional to predicted wind climate

Risa OTU
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Ingredients

e Regional wind climate (wind atlas data set)
e Roughness map

e Height contour map

e [Obstacle list]

e [Power curve]

E_- "Waspdale' \WAsP workspace
EI@ "Waspdale' WaAsP project
------ "Waspdale' Vector map
% "Waspdale' Wind atlas
------ Tz 'Mast 3 Reference site
% ‘Hilltop' Turbine site
(-4 'Simple’ Wind farm {50.0 m)
- ¥ 'Crest’ Resource grid

Risa DTU
National Laboratory for Sustainable Energy
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Wind resource objects

_"LE » Reference site: single site and height specified by user
— comprehensive wind climate results + model outputs #)

c;!#, e Turbine site: single site and height specified by user
— comprehensive wind and power results + model outputs #)

 Wind farm: collection of turbine sites, arbitrarily placed within the map,
includes wind farm wake effects

— turbine site results for each turbine + wake model outputs *)

» Resource grid: multiple sites, regularly spaced in an area, and one height
specified by user

— summary results and no model outputs #)

#) No site-site interference
*) Only site-site interference within wind farm

Risa OTU
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Resource grid

PatternGrid’ Resource grid

Settings =patial view | Statistics |

|_ f} Q| - |E||_|Meanspeed

Mo data grid

45000+

B \eibulk
Sector frequency
Elevation

F All sectors

Export selected grid to .grd file

=10l |

"

F

Edit mask...

Edit grid...

Calculate

Risa DTU
National Laboratory for Sustainable Energy

_lnix
Settings Spatial view | Statistics |
’E @ q | = |ﬁ Mean speed * Al sectors - ﬁ
1 1
45000
40000
35000+
'w/’// = ]
m
Edit mask. .. Edit grid. .. | Calculate |
- Resource grid configuration il
Boundary Modes Structure
MinmumX: | 19000.0 | 200000 Resolution: |
Minimum Y | 29900.0 | 30000.0 Columns: I
MaximumX: | 351000 | 35000.0  Rows: | 75
Maximum | 45100.0 | 45000.0 -= 5776 nodes
Restore | OK | Cancel |

DTU



Sample wind resource map

lal 41:082381° lon -8I054817°

Risa OTU
National Laboratory for Sustainable Energy
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Sample wind farm layout and estimated production

Settings | Sitelist Statistics |W‘F Power curve I

[Totasl [mean [min  [max [

31,027 2,586 2,367 2,801

Propartional wake loss [%] 6.16
Mean speed [m/s] 7.48
Power density [W/m2] 691
RIX 5 25.4

Calculate |

) 755 Godgle

Eyealt. 1.11km

Risa OTU
Mational Laboratory for Sustainable Energy




for Denmark

Risa OTU
National Laboratery for Sustz

Wind resource map
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The WASP elements

e Interface
— WASsP workspace
— Projects
— Hierarchy
* Inputs
— Map
e Digital map (elevation &
roughness)
e Digital obstacle description
— Wind data
e Raw data (time-series)
e OWC, *.tab
— Wind turbine specifications

Risa OTU

e WASP Analysis

— Generating the Wind Atlas
e WASP Application

— Wind resource prediction
e Wind resource grid and map

e Wind farm

— Annual Energy Production
(AEP)

i



