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2.0 BASIS - Start-up introduction

2.0.1 Introduction to windPRO BASIS

The windPRO BASIS module is, as the name implies, the basis for all windPRO calculation modules.
With BASIS users can create a project, which typically consists of background maps and WTGs (wind
turbine generators - turbines) positioned on the map. Also, most of the other objects such as digital
height contour lines, neighbors for noise calculations, etc., can be established from the BASIS module.
In addition, the WTG Catalogue is managed through the BASIS module.

Enter all relevant information for a given wind energy project in BASIS, and use the WTG Catalogue to
get detailed technical information for most of the wind turbines on the market and for adding new
turbines to the WTG Catalogue, e.g. for documentation and comparison purposes.

The calculations you can carry out depend upon which windPRO calculation modules you have
purchased. Non-activated modules can operate in DEMO mode, which means that you can input data,
print reports (e.g. from the samples), but you cannot perform calculations.

Sample projects containing various calculations can be downloaded directly from windPRO.

2.0.1.1 Quick guides

Multiple quick guides are available at . There you can find tutorials on
, how to clean measurement data, how to run various energy calculations and much more.
These quick guides take you through different topics of windPRO step-by-step. Additionally, visit
for webinars and demonstration videos.

2.01.2 Conversion of previous projects

There is an almost full backwards compatibility to windPRO projects created in the very first versions.
In general, older windPRO projects can be opened with the latest version, and conversion of data
structures that might need revision will be performed. In the latest version, there is a “save as” feature
allowing for saving in the format of the previous version.

In case of version conversion problems, please contact windPRO hotline, and the team will do what is
possible to help you out.

2.01.3 File type overview
By default, all windPRO 4.1 files are located in the folder \windPRO Data\Projects\...

The two main windPRO formats are:

*.w41p — windPRO 4.0 project file — holds data stored in objects, calculation reports and links to files.
*.~w41p — backup of windPRO 4.0 project file — is created when an opened project is saved and is a
backup of the opened project. This gives you the opportunity to revert to the original project file if your

PC or software should "break down" during the saving process and damage your project file.

For older versions, the project file and back up file have the same structure as presented above. Only
the file extension differs, as follows:
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Version Project file extension Backup file extension
windPRO 4.0 *.wp40p *~w40p
windPRO 3.6 *.w36p *.~w36p
windPRO 3.5 *.w35p *.~w35p
windPRO 3.4 *.w34p *~w34p
windPRO 3.3 *.w33p *~w33p
windPRO 3.2 *.w32p *~w32p
windPRO 3.1 *w31p *~w31p
windPRO 3.0 *w30p *~w30p
windPRO 2.9 *.w29p *~w29p
windPRO 2.8 *.w28p *~w28p
windPRO 2.6 — 2.7 *.w3p *~w3p
windPRO 2.0 - 2.5 *.w2p *~wW2p
Version Export file extension
windPRO 4.0 *.w40e
windPRO 3.6 *.w36e
windPRO 3.5 *.w35e
windPRO 3.4 *.w34e
windPRO 3.3 *.w33e
windPRO 3.2 *.w32e
windPRO 3.1 *w31e
windPRO 3.0 *.w30e
windPRO 2.9 *.w29e
windPRO 2.8 *.w28e
windPRO 2.6 — 2.7 *.w3e
windPRO 2.0 - 2.5 *.w2e
windPRO 1 *.wpe

Export file extensions, corresponding to different windPRO versions are presented below. During the
export process, users can select which data to include in the file (e.g. bitmap maps).

Other file types used in windPRO:

*.bmi - Binary map info. Coordinate settings for user-defined or online maps. When a local coordinate
system is used, it can be imported to another project from a BMI file.

*.bx - Bitmap maps with coordinates defined in a BMI file. In the current version the files are saved in a
PCX format. "x" is the file number, starting with "0" for the first one.

*.wpo — Digitized lines from Line Object — holds height contour or roughness lines plus a digital
elevation model (Triangular Irregular Network (TIN)).

*.wpg — Digital elevation data as gridded data saved from the elevation grid object — holds regularly-
spaced digital elevation points, can hold more layers with different grid resolutions.

*.w2r — windPRO regions — digitized polygons from Area Objects.
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* Ity — Landscape types for windPRO Area Object. The landscape types are included in the .w2r files,
but the .lty files makes it possible to exchange the definitions with other .w2r objects.

External file types (data from other sources), used within windPRO:
*.map — WAsP map file format for digitized height contour and/or roughness lines.
*.rsf — WAsP Wind Resource Map.

*.wrg — WAsP Wind Resource Grid.

In the folder \windPRO Data\Standards:

* . EMDLayout — windPRO windows layout.

*.wla — predefined object layers setup.

*.wmi — meteo import filter.

*.wbs — WINDBANK input file (template or complete input data file for economy calculation).
*.wsd — Solar and/or wind distribution for SHADOW calculation.

* linecolorsetup — windPRO color setting.

* rastercolorsetup — windPRO color setting.

*.noisemapsetup — windPRO color setting for specific country and model.

* flickermapsetup — windPRO color setting for specific country.

* Ity — Landscape types

*.wti — Wind time variation file to use for time varying AEP calculations and loss calculations. There will
be some example files included that can be used.

In the folder \windPRO Data\Windstatistics:

*.wws — windPRO Wind Statistics. Binary equivalent to LIB files, in addition to the Wind Statistics

information, it contains information about country, coordinates, creation time, source, elevation, height
and other info on the basis for the wind statistic. Also user comments written when the wind statistic is
saved are included. File type can be locked so a license key is required to use the file ( ).

*.LIB — Wind Statistics in Risg's WAsP format (when saved from windPRO, coordinate information is
included) ( )-

*.GWC - Wind Statistics in WAsP 11 format, ( )-
In the folder C:\windPRO Data\WTG data:

*.wtg — Wind turbine file — holds all relevant data of a specific wind turbine, such as WTG type, defined
from manufacturer, type-designation, rated power (kWnom-kWsman), rotor diameter and tower type.

A typical name: VESTAS V112-3.6 3600 112.0 !O!.wtg, Where "!O!" means tubular tower, '#! means
lattice tower, "13!" mean tripod tower and "!-I" means unknown or other tower type. All information is
integrated in a file, which is flexible enough to hold multiple sets of data, e.g. power curves, noise
data, etc. In the .wtg files from EMD, the power curves etc. are integrated in the .wtg file. If the user
adds some data, these will be placed in a separate file so an update from EMD can update previous
data without destroying the user-added data.

*.uwt — User-defined wind turbine file, which holds additional data to the .wtg file, added by the user.
Note: The .uwt file only works together with a .wtg file with exactly the same name. If you want to send
turbine data to another user, BOTH files must be copied.

*.wbl — windPRO blade file, defines the shape of a blade for visualization purposes.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com
http://help.emd.dk/knowledgebase/content/windPRO4.1/c3-UK_windPRO4.1_ENERGY.pdf
http://help.emd.dk/knowledgebase/content/windPRO4.1/c3-UK_windPRO4.1_ENERGY.pdf
http://help.emd.dk/knowledgebase/content/windPRO4.1/c3-UK_windPRO4.1_ENERGY.pdf

‘ \wmd\ Introduction to windPRO BASIS 7

File created by windPRO:
*.wpobjects — export of one or more windPRO objects (including coordinates and attached files).

Other relevant file formats:
*.shp — Shape file (from Arc View GIS software) — polygons, lines or points that can be imported to, or
exported from, windPRO.

*.dae - file format based on COLLADA, making it possible to import 3D graphics files and use in
visualizations.

*.dxf — Auto desk exchange file format (AutoCAD) — can be digitized height contour lines, which can
be imported in the Line Object or can be drawings of e.g. high voltage mast or lattice WTG-towers,
which can be used for visualization purposes.

*.ntf — From the UK Ordinance Survey, digitized height contour lines can be imported in the Line
Object or gridded terrain data that can be imported into an Elevation Grid Object.

*.kmz — Google Earth files can be imported in windPRO. In the same manner a .kmz file can be
exported from windPRO to Google Earth.

.cfdreq — Output file from windPRO for WAsP CFD
.cdfres — Result file for input to windPRO from WAsP CFD

flowreq - Output file from windPRO, to be used in third party CFD software such as OFWind (link)
flowres - Result file from third party CFD software to be used as input in windPRO (link)

.siteres — A generalized output format containing a complete set of modelled flow conditions for use in
optimization models and site-compliance analyses (link)

.optireq — Output file from windPRO, to be used in third party optimization software [GIRAFFA] (link)
.optires — Result file from third party optimization software [GIRAFFA] to be used as input in windPRO

(link)

.wakereq — Output file from windPRO, to be used in third party wake calculation software (link)
.wakeres — Result file from third party wake calculation software to be used as input in windPRO (link)

.PowerMatrix — A file format containing multiple climate-dependent power curves, ct curves,
operational modes and noise data for a specific turbine model. (link).

2014 Proposed way to organize data

We recommend that you create a folder in \windPRO Data\projects\ for each new project (or group of
projects in same region or for the same client). In this folder, the project file (*.w35p) is stored as well
as all other elements used in the project, such as the local bitmap maps, digitized files, e.g. height
contour maps, measured wind data, generated Wind Statistics, photos for visualization, site specific
WTG-types etc. Hereafter it is always possible and recommended to have all data in the same folder.
This ensures that the backup file will incorporate the entire project, and makes it easier to hand over a
complete project to other windPRO users.

Below, the structure of default sub-folders to windPRO Data is shown:
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v WindPRO Data
3DA Data
ClimateData
Collada
Dxf
EGrid Data
Globe
LoadResponse
Projects
Samples
Standards
TileCache
Windindex
Windstatistics
WTG Data

For Wind Statistics and WTG-types that you might use for other projects, it's recommended to store a
copy in the folders:

\windPRO Data\WTG Data
\windPRO Data\Windstatistics

If you are connected to a server and need to have files there for sharing of data with other employees,
you simply create a folder on the server and add this folder to your Project Browser (and WTG and
Wind Statistics Browsers). This folder should have exactly the same structure as the one described
above, which makes it easier, e.g. when you want to move projects from the server to your local PC or
Laptop for travelling.

Note: In the windPRO project file (*.w35p), all files, which cannot be found in the original folder will be
searched for and, when found, replaced automatically in the actual project folder or sub-folder to this
(working directory).

The mentioned rules of addressing files mean that links to data (for example folders with WTG Data or
wind statistics) will be replaced with links on the new PC if project files are moved from one PC to
another.

If you always want to use WTG Data from a common server, make sure that only a search path for this
is specified in the WTG Explorer.

To be completely sure that you are working with exactly the same files as your colleague, but from

another PC, make an export file (from tab File-> Export) with all files included and open them from
your own PC, or work directly with the project files placed on a common server version.
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Recommended hardware and auxiliary software

Hardware
PC

windPRO 4.1 supports 64-bit versions of Windows 10/11.
Full HD (1080*1920px) monitor or better.

8 Gb RAM or more.

Older/lower specifications often works but are not officially
supported.

Digital camera

A digital camera is useful for photomontages or for general
documentation of the site.

Most cameras store EXIF information about focal length and
exposure date & time which windPRO automatically reads into a
camera object when preparing photomontages.

In case no EXIF information is available, you should know the exact
focal length of the lens in 35 mm film equivalent. Around 45-50 mm
is closest to the human eye’s “focal length” and preferred by many
as “fixed lens”, however always check the local regulations relating
to photomontage photography.

Many cameras store GPS coordinates for the photo position and
even the bearing along which the photo is taken. This makes it
even easier to make a photomontage with windPRO.

A GPS unit

A useful GPS device for acquiring coordinates of objects (e.g.
existing turbines, measuring mast positions, photographers’
positions) in fieldwork.

Auxiliary software

WAsP
v.6.0+
(from Risg/DTU)

Flow calculation engine used by windPRO. There are some differences from WAsP 9 to
later versions (a separate note on this topic can be found at help.emd.dk).

WASsP 11 and later includes a CFD model that can be called from windPRO, subject to
the purchase of CFD credits. WAsP 11 or later is needed for utilizing the new time-step
based energy calculation concept based on a SCALER (see )-

WEng
(WASsP Engineering)
v3.0+(from Ris@/DTU)

For the Site Compliance module WENg can contribute with valuable calculation options
in turbulence and extreme wind calculations. Latest version recommended!

WAsP CFD, OF.Wind
or other CFD software

To increase the accuracy of the energy calculation in complex terrain, it is
recommended to use a CFD model. CFD results from a wider range of models can be
read and used in the calculations. WAsP CFD can be operated directly through
windPRO. CFD credits can be purchased from EMD.

SketchUp (from
Trimble)

For generating your own 3D models to be used for visualizations. Models can be
exported as .dae files from SketchUp and these can be imported into windPRO.

An image editor
e.g. Paintshop PRO,
Photoshop etc.

For stitching photos together into a panorama for photomontage.
For re-powering projects, you can erase existing turbines from a photo.

A PDF viewer

windPRO can save reports as .pdf files which can be previewed directly in the pdf
viewer.

Google Earth PRO

Synchronize Google Earth with windPRO to view or present the project (wind turbines,
noise points, etc.) in a 3D terrain model based on aerial photos. Photos from Google
street view can also be imported for photomontages.
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2.0.3 Getting started — language selection, etc.

To start windPRO, open the Windows Start menu and find “windPRO-4.0 language selection” or just
“windPRO”. It's always worth creating a short-cut on your desktop, start menu or taskbar.
windPRO-4.0 language selection lets you choose which language to use as default when starting
windPRO (if more language modules are purchased). To start with a specific language, click on the
flag. Unlicensed languages can be started in DEMO mode.

windPRO 4 *

English Dansk Francais
(Dema) (Demo) (Dema)
Deutsch Espafiol Svensk

(Dema) (Demo) (Dema)

No license file activated

Go to activation Start as Demo

2.0.3.1 Report language

Calculation results can be presented in reports in a language other than the one you are working in.
To use this feature requires a Print Language module.

204 Online data services

We continuously put a lot of effort into providing valuable data sources for wind energy project
development in windPRO. Many (freely) available online sources can be very difficult to extract, and
often it requires engineering expertise to understand and convert the data to something that can be
used. windPRO does all this for you, so you are only a few clicks away from useful data.

At present there are the following online data sets:

= Background maps (See , )
= Elevation data (See , )
= Surface roughness data (See , )

Meteorological data (Chapter 12, section 12.3.1,
)

= Existing turbines, position, type and actual production (See ,

)

Besides, we have the comprehensive wind turbine catalogue, which we do not refer to as an online
service, as the catalogue is built and maintained solely by EMD. The catalogue can be updated from
the update button in the turbine catalogue and users can add their own entries.
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2041 Availability of online data for older windPRO versions

The Online data services are quite comprehensive to maintain, giving EMD host servers an extremely
large amount of data. So, the Online servers at EMD are frequently (every 1-3 years) updated. When
this happens, EMD no longer updates older versions of windPRO with the latest updates made in the
online data services. This means having continuous access to online data services can only be
guaranteed if you have the latest version of windPRO. EMD tries to keep the service alive for older
versions, but this cannot be guaranteed. Typically, the phase out of the data service happens a year
after the release of the new version of windPRO. Users are always notified of the imminent removal of
such data.

2.0.5 Backup / recovery

windPRO has an automatic backup feature which runs each time a calculation is performed and is
also triggered by several other events. It checks when the last backup ran, if less than 3 minutes it
won’t run again, disturbing as little as possible. If the software or the PC crashes, a restart of windPRO
will ask if you want to open the recovery file.

If multiple windPRO projects were improperly closed, a recovery window will appear the next time you
open windPRO:

W Recover windPRO Session(s) O >
Project Restore Delete Ignore
Mew Salem(1).w36p .
Bingham Canyon Mine.w40p ®
Nordkap.w32p .
0ok Cancel

Restore: Open windPRO with this project in recovery mode — this will be like answering YES in the old
recovery dialog. Only one project can be recovered at a time.

Delete: Delete the recoverable project from disk. It will NOT be possible to recover that project again.
The last saved copy of the project is, of course, not deleted.

Ignore: Ignore the recoverable project for now. The next time you open windPRO, this recovery
window will open again, so you can decide later what to do with that project.
The above screen will only be shown if you have more recoverable projects.

2.0.51 Force closing windPRO

Before windPRO version 3.2, a windPRO instance could be forcibly closed by opening a new instance
of windPRO. This is no longer the case. Instead, you have two options for forcibly closing existing
windPRO instances:

1) Using the Windows task manager — as has always been possible.
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17l Task Manager - a b4
File Options  View
Processes  Pedformance App history Startup  Users Details  Services
5% 30% 9% 0% 4%
Mame Py Memary Diisk Metwork GPU | GPU Engin
A
Apps (8)
» . windPRQ "7 T "% 83,1 MB 0 MB/s 0 Mbps 0%
Expand
rn Windows Switch to 0% 8,0 ME 0 MEBfs 0 Mops 0%
1] Task Man End task [}I 6% 225MB 0 MB/s 0 Mbps 0%
[ sticky bo R ' hn :sMe 0 MBfs 0Mbps 0%
a1 Paint Debug 0% 17AMB OMBfs  OMbps 0%
Create durmg file
m Microsofi 1% 300,82 MB 0 MB/s 0 Mbps 0% GPUD-
Go to details
ﬂq Microsofi . file % 1671 MB 0 MB/s 0.1 Mbps 1.0% GPUD-
pen file location
[H Camtasia Search online g%  2006MB 0.3 MB/s 0 Mips 10% GPUD-
Propertie
Background | e
h W
< >
Fewer getails End task

2) Using the built-in Terminate other windPRO button in windPRO in the Settings & Help tab.

Settings & Help

. About Chedk for updates x Terminate other windPROs

windPRO Versions

Using this option, you will not be able to terminate the current windPRO instance (but you can open
another instance to do this). For windPRO instances which have a project open, the project name will
be listed.
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2.1

BASIS- Project Manager (Starting screen)

2.1.1 Introduction to the Starting screen
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The starting screen of windPRO is divided into several parts. It allows users to get an overview of the
most recent projects opened in windPRO, to view the projects on the globe with the Project Explorer
or to start a new project. The Project Explorer is described in the next section. The other parts of the
starting screen are presented below.

Recent projects: this window provides a list of the most recently opened projects. When the project
line is expanded, some relevant information can be seen. By double clicking on the project name, the
windPRO project is opening.

Recent projects

v iLillgrund.w40p -
Path: C:\Users\pmn\Workables\windPRO L
Modified: 05/07/2023 16.34.06

Project name: C:\Users\pmn'\Workablesiw

Actions: A new project can be created by clicking on “Create new project”. Alternatively, double click
on the location on the map to start a new project there. Use the small search bar in the upper left
cover of the map to search for the nearest city or town of the desired project location:

Project Explorer

Aalborg Search

Below, the link to windPRO web site allows the user to check the different windPRO modules, the
upcoming courses or which fairs EMD will exhibit at.
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windPRO RSS Feeds: RRS feeds show the latest news of EMD International A/S (related to
windPRO), the latest updates available from windPRO online help and announcements of upcoming
windPRO courses around the world.

2.1.2 Project Explorer — map and globe navigation

The colored dots on the map are projects which are found in the search paths defined at the bottom of
the screen. It is possible to assign different colors to each search path to better organize the project
view (see ).

Projects are opened from the Project Explorer by double clicking a dot on the map. To start a new
project, simply double click on the desired located on the map. The site center of the project will
correspond to the position where the double click was made on the globe. This position will likely need

to be adjusted later on (see

).

N
The Project Explorer can be accessed any time from a project via the Project Explorer button: %"

The refresh button refreshes your project list (colored dots on the map), if you e.g. copied some
projects with the Windows Explorer into your Project Explorer search path or if connected to a server
with additional projects.

Search paths

Project list/filter

&k Refresh

Filter |All

The Project list/filter gives access to a list of all windPRO projects located in your search path:

W Project list/filter
Search profile
Close (@), Edit search path

Show Address List Export to Shape

= o X

| Name Distance Cou.nt = I:Ieil:lﬁpti Create | it gate Filenam | Address Filename
n on date data
| |@ Bingham Canyon Mine 0,0 USuT 20/06/202 28/06/202 C:\Temp'y Bingham Canyon Mine. w40
| [Z New Salem 0,0 USHD New Saler 20/05/201 06/06/202 C:\Users\y New Salem.w35p |
[ [ New Salem 0,0 USND New Saler 20/05/201 26/10/202 C:\Users\; New Salem.w36p
= meso example 0,0 SE 28/06/202 28/06/202 C:\Users\t meso example.w40p
| & Lillgrund 0,0 SE Offhore pr 20/05/201 20/09/202 C:\Users\p Lillgrund.w36p
; = Lillgrund 0,0 SE Offhere pr 20/05/201 05/07/202 C:\lUsers\; Lillgrund.w40p
| = ElZayt-NREA_kfW5_PerfC4_trimmed 0,0 SA Gabal El Zi 01/05/200 16/11/201 C:\Temp' ElZayt-NREA_kfW5_PerfC4
(& ElZayt-NREA_KAWS_PerfC4_trimmed 0,0 SA Gabal El Zi 01/05/200 30/11/202 C:\Temp\ ElZayt-NREA_KFWS_Perfcd_
[ ElZayt-NREA_KFWS_PerfC4_trimmed 0,0 SA Gabal El Z 01/05/200 26/01/201 C:\Temp\ ElZayt-NREA_kPWS_Perfcd_
= CurtailmentTest 0,0 PE 02/08/201 04/07/202 C:\Temp'y CurtailmentTest.w32p
[ Nordkap 0,0 NO 29/09/201 09/01/201 C:\Temp'y Nordkap.w32p
& Gaussian hill2 0,0 GB 13/10/202 09/01/202 C:\Temp'\ Gaussian hill.w36p
[ Gaussian hill3 0,0 ES 26/05/202 18/05/202 C:\Temp'y Gaussian hill.w3sp
= Gaussian hil 0,0 DK 29/11/202 29/11/202 C:\Users\p Gaussian hill.w36p
. & Test3 0,0 DK 06/02/202 21/06/202 C:\Users\t Test3.w36p
’ [Z HYBRID 0,0 DK 16/03/202 22/09/202 C:\Users\p HYBRID_QuickGuide.w36p
[ EddyVCurtailmentTest 0,0 DK 28/01/202 31/01/202 C:\Temp'y EddyVCurtailmentTest.w36f
= FddwrnrtmilmantTact nnnK IR/011/707 22/0a/307 CATamnl EddvrurtailmantTactCnnue

edit date or directory by clicking Search Profile and New.

From the project list you can create search profiles to filter projects with certain attributes like country,

Once a search profile has been created it filters the list of projects, and also can be selected next to
the map, to show only the filtered projects on the map.
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21.3 Search Paths

windPRO allows users to save files in different locations. Therefore, when a file has to be selected,
several Search Paths can be defined in order to browse in many folders. The Search Paths option
appears in the following places:

Project Explorer (to select a windPRO file)

WTG Catalogue (to select a wind turbine file)

eGrid Catalogue (to select transformer and cable data)
Site data object (to select a Wind Statistics )

Therefore, a common review is given here in general terms.

Edit search path o

Search paths (+ means sub directories included, default search path highlighted with bold)

& +C:\Users\ pmn\Workables\windPRO Data\ Projects |
@ +C:\Users\pmn\Workables\windPRO Data\Samples i
& +C:\Temp\wPTestProjects i

Remaove Set as default

ok Cancel

Adding locations on the local disk(s) or network gives access to the project you may want to see or
work on, without searching through multiple paths and files every time you open windPRO. When
adding a new search path, a color can be specified which will determine how the file is shown on the
map/globe.

W Edit search path O X

Selected path:
|C: \Users\pmniWorkables\windPRO Data'\Prujectd Browse

Selected color: I -

| Include subdirectories

Manual file updates only

Ok Cancel

A Search Path can be edited. By default, the subdirectories are included.
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2.2 BASIS - windPRO overall structure

2.2.1 windPRO structure — System overview

The main window of windPRO consists of several sub windows highlighted below:

L] - : o
= = _ . = Tools, Calculations, Definitions, Catalogues
n i = LT e o =
e e
e e 4 et Rasoo s o smare Lo s
- Calculation results & reports A= Objectiist =i ==, oh
: = S smromn wmivw e |l Result
- = layers
‘waal;“ : = =) (bt hapers
UUS Ausellies W T A
Tl TET » % w
A % ).)\ ] : g
o T 4 B @ »
XJ\ = JJ‘\ i A A i f -
Aoy KL L ke
A A A A -
A X (283) s
Maps with object positions . ‘|| Object
: b || layers
. | SE

You can jump to each section here:

Input to the program is given in the following items:

Project Properties, where the general project information is entered (name, project description, client,
coordinate system and any associated map).

On the map and object list sub window: specific conditions for the project are entered as objects

(wind turbine positions, wind turbine type, information on calculation of wind conditions, noise
conditions, etc., depending upon the type of calculations desired).
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windPRO can add the following objects to a map:
Objects | Notes | More info in chapter

)\ New wind turbine >1000 turbine models in catalogue 2: Basis + 3: Energy
* Existing turbine For e.g neighboring wind farm 2: Basis + 3: Energy
A Park design object Design regular turbine layouts 8: Optimization
ooo WTG area object Define polygon to place turbines 8: Optimization

) . Height and roughness contours + ) . .
@ Line object Ahetomartzde 2: Basis + 7: VISUAL

Height and ZVI polygons +

1 Area object 2: Basis + 7: VISUAL

photomontage
f Obstacle objects Wind + noise obstacle rectangle 3: Energy + 7: VISUAL
@' Site data object Store site specific settings 3: Energy
& Noise sensitive area Polygon or Point 6: Environment
2] Elevation Grid object Height data container 2: Basis
(% shadow/Glare Receptor | Polygon or Point 6: Environment
N Meteo object Store and analyze wind data 12: Meteorological data handling
4 Camera object Add images for Photomontage 7: VISUAL

GPS marker, control point for

Control point photomontage 2: Basis + 7: VISUAL
éf:?' 3D object Add 3D models for Photomontage 7: VISUAL
ﬁ eGrid objects Collection of grid objects 9: eGRID
= Ruler object Measure distances 2: Basis
% Shape object Draw figures on map 2: Basis
T Text object Enter text label on the map 2: Basis
ﬁ- Radar object Define radar positions 6: Environment
) Road object Draw roads, cutting and filling terrain 2: Basis
% PV objects Define area to fill with PV panels 14: Solar PV

Calculation modules. When a calculation module is activated you can restrict the calculation to
selected objects from the object/map list. You are also given various choices, e.g. which calculation
module to select when more than one calculation module can be used.
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22.2 windPRO structure — sub-windows

The windPRO main window is divided in sub windows, all dedicated to a specific kind of task, data or
information.

2221 Ribbon
' H " [Project Mamewd1p] - windPRO

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual

«1
W? orrvize nPARK () MNoiseMatrix Analyzer iy n LOSS & UNCERTAINTY £y Single P

In the top of windPRO you can find all modules and tools in different sections. If a license for a module
has been activated, a green bar underneath the icon appears. Icons with a small document generates
reports. Icons with a small cog, are project specific settings.

2222 Object list

Objects (1 / 46 / 104) o o x
b4 Description Locked | Easting | Southing 4 Tyl
A Siemens SWT-3.0-113 3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 601.464 6.814.260 1.226,2 Ney

3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 601.350 6.815.470  1.195,1 Nev
MT-3.0-113 3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 600.857 6.812.742  1.224,1 Ney
NT-3.0-113 3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 600.993 6.813.542  1.230,7 Ne
VT-3.0-113 3000 113.0 0! hub: 98,3 m (TOT: 154,8 m) (10 601.320 6.814.792  1.190,4 Ney
¥T-3.0-113 3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 599.970 6.818.839  1.246,7 Ney
A siemens SWT-3.0-113 3000 113.0 10! hub: 98,3 m (TOT: 154,8 m) (10 594.998 6.814.276  1.219,9 Nev

The Object list sub-window is the list of visible objects (according to the Object layers that are
selected). Any objects visible on this list will also be visible somewhere on the map.

In the image above the yellow tab is called “Object (1 /46 / 104)”. The first number in the tab refers to
the number of selected objects, the second refers to the number of visible objects and the last refers
to the total number of objects in the windPRO project.

2223 Calculations

CGalculations (64)
Hame Created Caleulated Duration | Ver... | Size

© g0 SiTE CoMPLIANGE: 08/08/2018 10.34.09 0B/08/2018 103624 001 (mn) 3371 0

18/05/201817.16.03  18/03/201817.24.14  0:01 (min) 3.3.84 64,9

FowerMatrix Test (1) New Decibel test (3) | TEC ed. 4 - tesls (5) 3rd party err test (2) L (3) M (1) iFinal (2| Test LR (1) windgU (3) =+

From this sub-window, the performed calculations can be viewed, re-calculated, cloned, etc.
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2224 Data and models
Data and Models ] I ®

v Data -
@ Data for existing WTGs in Denmark
@ EMD-ConWx Meso Data, EUROPE
& EMD-WRF China
@ EMD-WRF Europe+ (ERAS)
@ EMD-WRF India (ERAS)
@ EMD-WRF Middle-East NWW
@ EMD-WRF South Korea
@ EMD-WRF South Korea (ERAS)
@ European Windatlas, Rise
@ Heliosat (SARAH)
@ Heliosat (SARAH) East
@ Polish wind statistics
@ Wind statistics, DWD
@ Wind statistics, SHMI
v Models
> WASF 10.2 (Mot installed)
& WAsF 11 (Not installed) .

This sub-window shows which purchasable data and/or models are available to the user (green dots).
Access to purchasable data is defined in the license agreement and included in the registration file.
The validity of the models depends on whether the given software is licensed or not on the computer.
The WASsP version in bold is the one connected to windPRO. To connect other versions, visit the

This window can be accessed from the Settings & Help tab and then selecting the Show Data and
Models button:

@ Show window |Z|

Show Modules
i Show Data and Models
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2225 Maps

Bing Aerial Maps o * x
bmi Be @ # Zoom Level 13 ~ | Coordinate systern |UTM (south)-WGS84 Zone: 22 * | Select @ q E

SWBHAO - # S  KrZEARINTOP = %>

E 605774 N:6.816.274

Google Maps 008 = Google Maps 009 = Open Street Map 005 = Google Maps 001 = Bing Aerial Maps OpenTopoMap Blank map

All the background maps defined in the Project Properties are presented on a specific tab at the
bottom of the Map sub-window. Users can easily switch from one map to another one by clicking on
the tab. Maps can be hidden with the cross on the tab:

Bing Aerial Maps =

They can be reselected from the Geo Data tab with the Select maps button:

¥ H <« vl windPRO 4.0 - [windE

File Definitions Geo Data Climate

! “ Select maps |Z| | Synt

« Google Maps 003
Calculat + Google Maps 006
~ Google Maps 007
Name Google Maps 003
v 80 . Google Maps 009
« Open Street Map 005
« Google Maps 001
~ Bing Aerial Maps
« OpenTopoMap

~ Blank map
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2226 Result layers

Result layers o z 4

> [m [l Layout
b ! Masts
+| '8H] Hours per year, worst case
/e Shadow days per year,
worst case
& Max minutes per shadow
day, worst case
| 98 6,0 m/s
| 9H 8,0 m/s

Several calculations in windPRO (such as Resource, Noise, Shadow, ZVI) can present their results as
isolines or raster data layers. These results can be loaded on a result layer in order to incorporate
them in the project design. The result presented on the background maps can easily be read and
analyzed. Within the result layer sub-window, several options are also available to compare or to
export the data.

2227 Object layers

Object layers o =z b4
Layer 1
> = Terrain
Site data objects
> = Wind data
b4 = Reference data
v || [ Layouts
v|"& Layout
Small layout
Small layout disp
Small layout PM
Small layout rho
RK Vestas data
Photomontages
Site Area
WhasP CFD

> LA Al

The Layer structure is very useful for organizing your objects. You can save a preferred layer structure
and load it in other projects by right-clicking in the layer window. The layer window can be docked into
the main window.
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2228 Arrange

The sub-windows can be re-arranged as required. They can be moved individually. Click in the sub-
window and drag it from its top bar to move it around. It becomes a standalone window (on the same
or another screen) or it can be added a group of sub-windows that it is docked to.

On the top right corner of each sub-window, the arranging icons o % * are found.
[0: expands the sub-window.

7: Restores the sub-window

¥ pins the sub-window to the border of the main window as an orange tab. The sub-window is then
active every time the cursor is moved over the tab. The tabs can be moved on any side of the main
window. When the symbol is horizontal ( 44) the sub-window is pinned. To unpin it, click again on the
icon.

“: closes the sub-window. To open the window again, it has to be selected from the menu view.
Alternatively, a window setup can be reloaded (See below).

A user defined layout of sub-windows will be kept for the current windPRO session. To re-use it during
another session, it has firstly to be added to the dropdown list in the Arrange menu of the available
setups. When added to the dropdown list, it can be selected later on. The layouts can be adjusted to a
specific type of task in windPRO or hardware configuration (laptop, one or two screens). Some pre-
defined set-ups can be imported using the Arrange menu:

Arrange | - ||SEEREN -
EMD default
Two Maps

SquareMap Obj Layer Calc
SquareMap LaptopSize
Sma!! Screen

A layout can easily be shared between different users thanks to the Export and Import options. The
format of an exported layout is *.EMDIlayout. Some predefined layouts are available in the windPRO
data/ Standard folder.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

‘ \wmd\ windPRO structure — Ribbon 23

223

windPRO structure — Ribbon

In this section, an overview of the ribbon is given.

File

2.2.31

File

€= mED#

Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

File, is where you find open, save, project properties and the Project Explorer.
Definitions, is where you find define global project settings like scalers, seasons, costs etc.
Geo Data, is where you find maps, terrain profiles, turbine data.

Climate, is where you treat all your climate data for later calculations.

Energy, is where create flow and power calculations.

Loads & Operation, is where you run load calculations and analyze SCADA data.
Environment & Visual, is where you find noise, shadow, zvi, photomontage and more.
Solar, is where you find all tools related to solar calculations.

System Integration, contains tools for hybrid calculations and electrical works.

Tool, contains a selection of independent tools .

Settings & Help, is where you find the program settings and links to help and support.
Favorites, is where you can place your favorite items.

File
Definitions Geo Data Climate Energy Loads & Ope

New
Mew with wizard
Dpen Cerl+0
Save Ctrl+5
Save as...
Close project
Properties F3
Project explorer
History
Show all project: files - relink fies
Cut Project...
Expaort

Besides the usual New, Open and Save options, the File menu contains a few extra options:

Properties See 2.4.1 Introduction to Project Properties (PP)
Project Explorer See 2.1.2 Project Explorer — map and globe navigation
History See 2.3.1.1 History

Show all project files  See 2.3.1.2 Show all project files — relink files

Cut Project See 2.3.1.3 Cut project

Export See 2.3.1.4 Exporting windPRO project files
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2232 Definitions

File |! Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

” €% )
@ Scaling setup ﬁ Season and dayjnight setup 2 Displacement height calculator setup ﬁ ORA @ CostModel Setup 7 Currency Setup /M! Indices Setup 'E{i Period Cost Model Setup (2 VTG catzlogue
i r } ) < £® -]

This tab gives access to various project specific setups that can be used across multiple calculations
in windPRO. The first group contains definitions related to energy calculations (see Energy Chapter):

Scaling setup
Season and day/night setup
Displacement Height calculator setup
e ORA
while the second group relates to financial calculations:
Cost Model Setup
Currency
Indices
Period Cost Model Setup

2233 Geo Data

File  Definiions | GeoData | Climate  Energy  Loads & Operation  Emvironment & Visual ~ Solar  System integration  Tools  Settings&Help ~ Favorites

K P
S Wizard ’ ' Selectmaps /| Synchronize maps ’ MepComposs: | g Temanfrofie W5 Quekerofie 4 Dmap == Google Earth Toners WTGs () WG catslogus

The Geo Data tab contains tools to attach background maps, visualizing the terrain and downloading
online data. This includes:

BASIS - Map Composer

Terrain Profile - based on shape object

Quick profile, based on Ruler object

BASIS - 3D Map view

BASIS - Google Earth exporter

WTG Catalogue

downloads existing turbines and masts as objects in a specified radius. The data
sources are expanded over time. At present, many turbine positions can be download anywhere in the
world, while production data for existing turbines are available for Danish, Finnish, German and US
projects.

The WTG catalogue gives access to a comprehensive wind turbines catalogue with references of
most wind turbines. The official power curves, noise, visual and electrical data can be viewed or
created from scratch in the wind turbine catalogue. See

2234  Climate

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

Meteo andlyser =y MCP ﬂ STATGEN b Wind statistic viewer 2 Model: RESOURCE ¥ StingParameters (GASP etc.) * windPROSPECTING @I Mesoscale Data (8 TG catalogue

The Climate tab contains the tools necessary to prepare the data for subsequent energy and
environmental calculations.

e The Meteo Analyser is a tool for analyzing wind data across multiple measurement devices
and locations. See the Meteorological Data Handling Chapter for more information.
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MCP utilizes local short-term data and long-term representative data to generate either a wind
statistic or a complete timeseries for e.g., 20 years to be used in subsequent energy
calculations. See the Energy Chapter for more information.

Wind statistic viewer gives access to all wind statistics available in the region of the project.
Both official wind statistics and user-created ones will be available. Users can choose to
search for wind statistics in a different country or region than the one of the project. The Wind
statistics viewer shows information about each wind statistics, like name, creation date,
energy level, number of sectors used in its creation and so on. See the Energy Chapter for
more information.

Model:RESOURCE is used to generate resource maps, which can be used in later energy
calculations. See the Energy Chapter for more information.

Siting Parameters (GASP etc.) is a tool to download global maps containing 250m wind

resources, siting parameters & turbine design classification. See

offers a spatial visualization of EMD mesoscale and global data in a web
browser.

Mesoscale Data is your one-stop-shop for ordering and downloading on-demand

Energy

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

. ) ¢ ! . L - - - [ L "
f OPTIMIZE 5] PARK L_) Moise Matrix Analyzer ) LOSS & UNCERTAINTY & [ Single Point AEP ! Model: Flow request export 'y WAsP-CFD m WTG catalogue

The Energy tab contains various energy calculations:

OPTIMIZE calculates the optimal position of wind turbines either in terms of AEP, LCOE or
NPV, taking wakes, noise, loads and costs into consideration. Alternatively, optimize the
curtailment strategy of fixed locations to maximize production while adhering to noise
demands.

PARK calculates the energy production of an entire wind farm with timeseries, windstatistics
or resource maps. Includes wake, power corrections, curtailments, grid capacity etc.

Noise Matrix Analyzer makes it easy to get an overview of optimized curtailment strategies
and enables the user to edit or create a manual noise curtailment scheme.

LOSS & UNCERTAINTY adds additional losses, biases and uncertainties to a PARK
calculation.

Single Point AEP is a group of AEP calculations which are very basic and only calculates the
production at a single point.

o METEOQO: AEP in one point, using data from a Meteo Object.

o ATLAS: AEP in one point using the simple flow model ATLAS.

o WASsP INTERFACE: AEP in one point using WASsP.

Model: Flow request export is a tool for collecting the necessary data to generate a .flowreq
file which external flow models can use to generate a .flowres file. The .flowres fil can be re-
imported into windPRO and used in energy calculations.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com
https://help.emd.dk/mediawiki/index.php?title=GASP_Global
https://www.windprospecting.com/
https://help.emd.dk/mediawiki/index.php/EMD-WRF_On-Demand_and_Custom-Area
https://help.emd.dk/mediawiki/index.php/EMD-WRF_On-Demand_and_Custom-Area

‘ \wmd\ windPRO structure — Ribbon 26

e WAsP CFD is a one-stop-shop for ordering and downloading fast and reliable cloud-based
CFD calculations.

2236 Loads & Operation

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

39 - -
B SITE COMPLIANCE Q:I LOAD RESPOMSE Zip and encrypt Load Response = ] Performance chedk @I Quality factor calculation [ ] catalogue

The Loads & Operation tab contains load calculations and tools for SCADA data analysis:

e SITE COMPLIANCE makes it easy to evaluate the site suitability according to the IEC 61400-
1 standards, spanning terrain complexity, extreme winds, turbulence etc.

e LOAD RESPONSE is used for analyzing the potential for lifetime extension and allows for
manufacturer specific load models to be used for higher accuracy.

e Zip and encrypt Load Response is mainly used by manufacturers to generate turbine specific
load models with or without encryption.

e Performance check contains a collection of SCADA data analysis tools for various purposes:
o Model Validation and Calibration
o Post construction according to IEC 61400-26-1
o Quality Factor Calculation (TR10) according to German law EEG2017

e Quality Factor Calculation evaluates whether German projects built after 2017 are subject to

increased or decreased subsidies according to the FGW’s Technische Rechtlinie 10 (TR10)
standard.

2237 Environment & Visual

Eile  Defintions GeoData  Climate  Energy  loads & Operation | Environment&Visual | Solar  System integration  Tools  Settings & Help  Favorites

» DECIBE { NORD2000 ,'/ SHADOW A cLare (o Bt &, vPacT W8 rroToMONTAGE ¥ Lrkstreetven toPhotomontage (Gl Sketchup Integration Toners&WTGs ey WTG catslogue

The Environment & Visual tab contains calculations for wind and solar environmental calculations and
tools for visualizing renewable energy projects.
e DECIBEL calculates noise according to many national acoustic standards and ISO 9613-2
standards.
e NORD2000 is an advanced noise model typically used in Scandinavia.

e SHADOW calculates the amount of shadow flicker a wind farm creates at dwellings and other
shadow sensitive points and areas.

e GLARE calculates the amount of reflection from e.g., solar panels onto glare sensitive points.
e ZVI calculates which areas are visibly impacted by wind farms.

e IMPACT aggregates the environmental results into an easy-to-read report for neighbors.

e PHOTAMONTAGE accurately visualizes wind farms and solar farms on photographs.

e Link streetview to Photomontage makes it easy to get a first-try visualization without visiting
the site.
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e Sketchup Integration connects windPRO with Sketchup making it possible to import and
export any 3D model to create detailed visualizations of anything.

2238 Solar

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools

B SOLAR PV | Solar Optimize ’[—"I GLARE @ PHOTOMONTAGE ' Link streetview to Photomontage a Sketchup Integration

The Solar tab contains all necessary tools for solar projects:
e Solar PV calculates the AEP of any solar project ranging from domestic to utility scale plants.

e Solar Optimize finds the optimal configuration of panel tilt, azimuth, row spacing etc. yielding
the minimum LCOE or maximum AEP or NPV.

e GLARE, PHOTOMONTAGE, Link streetview to Photomontage and Sketchup Integration are
duplicated from the Environmental & Visual tab.

2239 System Integration

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar

_|=..| HYERID ];&.I WINDBAME !_}.:1 eGrid m eGrid catalogue \_J:Fx eGrid table m WTG catalogue

The System Integration tab links wind farm power production with electricity prices, financials, solar
and electrical grids.

e HYBRID combines electricity prices, plant costs, loans, demands and production to assess the
financial feasibility of building a power plant compared to importing power from the grid.

o WINDBANK models taxes, subsidies and loans to generate cash flow and liquidity budgets

e eGrid is used for designing and calculating the internal electrical network for wind farms from
each turbine up to the connecting point of the external grid.

e eGrid catalogue holds the data of transformers and cables for eGrid calculations.

e eGrid table shows the connections between turbines, transformers, loads etc in a table form.

2.2.3.10 Tools

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Salar System integration Tools Settings & Help Favarites

= Y 1y = ~ _—
:1 gasls </ > SCRIPTING Reslt to File export tool @] Zip and encrypt PowerMatrix & Wind statistic roughness extrapolator ‘ IEC61400-12-1 tool o TRIX == Cluster service status

The Tools tab is a collection of handy tools which does not belong to any of the other categories.
e BASIS generates a report of the maps and turbines used in the project.

e SCRIPTING is called through e.g. Python, C#, Ruby etc to automate windPRO
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Result to File export tool collects data from multiple calculations and exports results in one
batch.

Zip and encrypt PowerMatrix packages multi-dimensional power curves (power, thrust, wind
speed, noise, air density, shear etc) into the

Wind statistic roughness extrapolation extends the upper roughness values in a wind statistic

IEC61400-12-1 tool calculates and visualizes the terrain complexity checks prescribed by the
IEC standard.

T-RIX calculates the terrain complexity checks as prescribed by the FGW’s Technische
Rechtlinie 6 (TR6) standard.

Cluster service status gives an overview of all the available cluster based calculations.

2.2.3.11 Settings & Help

File  Definiions ~GeoData  Clmate  Energy  Loads&Operation  Environment&Visual — Solar  System integration  Tools | Settings & Help | Favorites

B L L~
Settings @ Show window & (ronledgehase [#] windPRO Samples g Support page Teamviewer support {L’x senderrorreport | (@) License Actvaton ‘ About Chedk for updates E Terminate other windPROS

Settings holds all program settings like theme selection, choice of WAsP versions, company
logo etc.

e Show window enables the user to open closed sub-windows like the Object or Calculation list.

Knowledgebase leads to the comprehensive

windPRO samples gives the ability to download various sample projects

Support page is a link to your windPRO representative support page

Teamviewer support is used for hotline support, unless disabled during program installation.

Send error report, if you want to report an error to EMD about windPRO. Information about the
installation of windPRO on your computer is included in the error report.

License activation relates to activation and deactivation of windPRO licenses.

About shows who has licensed the windPRO installation and the version number.

Check for updates will check if any new version of windPRO is available.
e Terminate other windPROs is used to close a windPRO project which is frozen

If you have subscribed for a service agreement, the windPRO support team is ready to answer any
question you may have at or by

22312 Favorites

File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

] SITE COMPLIANCE . Meteo analyser ) DECIBEL ] PARK

This tab is empty by default. Go to one of the other tabs and right click on a button to add it to the
Favorites tab:
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Geo Data Climate Ener

wsumy MCP ﬁ STATGE!
] Add to Favorites

Remove from Favorites

224 Save-Undo-Redo
In the title bar of windPRO there are shortcuts to save, undo and redo:
n H = & & [Project Name.w41p] - windPRO

£ Undo
V|- History of actions available to Undo

= Re-do

When Undo is selected, a message pops up to inform about the action concerned by the Undo. The
message can be avoided next time, by selecting the “Do not show again”.

Confirm

Undo: Insert object: VESTAS

V150-4.5 4500 150.0 10! hub:
105,0 m (TOT: 180,0 m) (1188)

Do not show again

In order to reactivate the warning, go to the Settings & Help tab and open Settings. Then go to the
Misc tab and and check Reset to default:

‘ Settings

User Start-up WAsP Search paths Online data | Misc. | R

Area and line object drawing:
+| Use quick drawing (may omit points in small scales)

Layers:
v Wordwrap titles in layer lists

Saving project
Compress project files (Check to reduce project size

v
always compressed.)

Calculation and module overview

— Do not start calculations immediately (allows to start
"Edit | Calculate selected™)

Show only licenced modules
Windows Quick Access
Add current project directory to Windows Quick Acce

Add windPRO data folder to Windows Quick Access i

Don't show again - dialogs Don't show a
| Reset to default ‘

When several changes are made inside an object (like the wind turbine), the Undo function is
applicable only when the object is closed and will then apply for all the changes made. As well when
using Edit mode (of line or area objects), the Undo function can be used only at the end of the edit and
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is applied to all changes at a time. Note that when an Apply button is available and used (like in the
Meteo object), the Undo function can then undo all actions since last time Apply was hit.

2.3 BASIS - General functions, setup and help

2.3.1

Introduction to general functions and setup

A description of the main features which can be found in the ribbon is presented below. New, Open,
Save, Save as, Close project are considered self-explanatory.

Eile Definitions

2.3.11

£ BEINC

Hew

Open

Save

Save as...

Close project
Properties
Project explorer

History

Geo Data

Show all project files - relink files

Cut Project...
Export

Energy

Environment & Visual 50

Loads & Operation

Cirl+0
Ctr+s

F5

1 C:\Users\pmn'OneDrive\One...\Project Name.w41p

2 C:\llsersin._\Anaradne da Serra hasic nrojact w4in

History

In the project menu, history shows different information of your project history.

‘ Histary Data Viewer

This can be used to identify which changes/calculations you or another user made and when. You can

Saved

22/09/2022 16.12.00
22/09/2022 14.33.07 (auto-saved)

22/09/2022 14.19.04
22/09/2022 14.14.05
(04/03/2019 12.36.43
04/03/2019 12.36.29
27/09/2018 00.31.55
27/09/2018 00.31.23
27/09/2018 00.07.33
27/09/2018 00.06.02
27/09/2018 00.05.25

20/09/2018 13.00.20
20/09/2018 11.25.03
20/09/2018 11.24.42
19/09/2018 22.25.42

18/09/2018 17.24.19
18/09/2018 17.24.13
18/09/2018 16.58.54
12/09/2018 10.14.14
11/09/2018 16.47.49
14/08/2018 09.40.35
14/08/2018 09.40.30
13/08/2018 14.55.59
10/08/2018 14.05.51
(09/08/2018 16.21.30
09/08/2018 14.41.32
(09/08/2018 14.40.01
09/08/2018 12.46.31

(auto-saved)

(auto-saved)

(auto-saved)

(auto-saved)

20/09/2018 15.15.37 (auto-saved)

(auto-saved)

(auto-saved)

19/09/2018 15.55.47 (auto-saved)

(auto-saved)
(auto-saved)

(auto-saved)
(auto-saved)

(auto-saved)
(auto-saved)

(auto-saved)
(auto-saved)

Details

Close

Project name -
C:\Temp\wPTestProjects\windEU-demo-PMNdema'\windEU-demo.w36p

WindPRO Version

4.0.368

Number of background maps

9

Number of objects

115

Map files

C:\Temp\wFTestProjects\windEU-demo-PMNdemo‘Height contours\Terrain_site_area_trim_extended.wpo
C:\Temp\wPTestProjects\windEU-demo-PMNdemo\Roughness\ROUGHNESSLINE_final.wpo
Customer number

1000

WindPRO User

pmn

PC User-name

pmn

PC Name

FC155

Coordinate system

UTM (south)}-WGS84 Zone: 22

Calculations

WASsP-CFD: For masts

WASP-CFD: For layout

MesoScaleData: Advanced course

PARK: Final calculation full layout Mew method based on measurements, adjusted
WASP-CFD: Masts

SITE COMPLIANCE: Pre-run (small layout)

PARK: Time-var

SITE COMPLIANCE:

SITE COMPLIANCE: Copy of M

see how many objects are in the project, where files are located, number of calculations etc.
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In the project menu, Show all files leads to a tool where external files linked to the project can be

\ Introduction to general functions and setup

Show all project files — relink files

31

relinked. This can be used if an extra hard drive for data is installed at your PC or projects are moved

from server to PC or opposite. If you move by exporting (recommended), all files should be correctly
relinked when importing. If your project is moved to another drive, then files that not are located in

your project folder or below, will not be found. Then the relink feature is useful.

Working directory

Praject file files overview

| Group similar file types

Selection

Filename

> Type : Binned curtailment database

>

Type :

Bitmap map

Change path on selected external files

C:\Temp\wPTestProjects\windEU-demo-PMNdemo',

(m]

Currently 1 file(s) of 170 selected

X

~| Display object reference column

= | Size [kB] Modified

Ty'

~ Type : CFD Result Files

v C:\Temp\wPTestProjects\windEU-demo-PMNdemo\Online CFDResults\For layout!\Ar

65.068,8 23/03/2014 15.25.02 CFl

C:\Temp\wPTestProjects\windEU-demo-PMNdemo\Online CFDResults\Masts\Area 1
C:\Temp\wPTestProjects\windEU-demo-PMNdemo\Online CFDResults\Masts\Area :

> Type : Map file

> Type : Meteo data
> Type :
> Type : Optimize Resource Files

> Tvne : Picture file

Meteo object time series data

Close

871.212,7

67.995,9 20/09/2016 13.05.38 CFl
62.966,1 20/09/2016 13.05.48 CFl

Files can be grouped by type and selected by group. After selection, browse for the new location and
click update paths. Then the files are relinked and operational in the project.

23.1.3

Cut project

The Cut project tool makes it possible to delete all data inside or outside a given area. If you import a

large amount of GIS data or height data from other sources and only wish to work on a limited part,

this is an easy way to get rid of many different types of unwanted data in one operation.

‘ Cut Project

All objects, except Area, Line and WTG Area
objects, from OUTSIDE the selected area:

22 objects outside selection

<

JRIRRRRRRRRRRRRRRRRRERE R

Siemens SWT-3.0-113 3000 113.0 10! hul »
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Siemens SWT-3.0-113 3000 113.0 10! hul
Camera: DSC00066.1PG (1)

Camera: DSCO0068.1PG (2)

Camera: DSC01025.1PG (9)
MERRA_basic_\49.999_529.000 (341)
PORTO_ALEGRE_SALGAD_SYNOP_83-971
ERA5_528.805611_W049.375000 (479)
ERAS S529.086641 W049.062500 (480) |~

Delete the selected objects: Go

All objects, except Area, Line and WTG Area
objects, from INSIDE the selected area:

96 objects inside selection

<

JRIRRRRRRRRRRERRERRREREREEE

iSiemens SWT-3.0-113 3000 113.0 10! huf +

Siemens SWT-3.0-113 3000 113.0 !0! hul
Siemens SWT-3.0-113 3000 113.0 !0! hul
Siemens SWT-3.0-113 3000 113.0 !0! hul
Siemens SWT-3.0-113 3000 113.0 !0! hul
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut
Siemens SWT-3.0-113 3000 113.0 !0! hut

Siemens SWT-3.0-113 3000 113.0!0! huf ¥

Delete the selected objects: Go

o

Area, Line and WTG Area objects in the current project:

3 area, line and WTG area objects

X

| Height Contours: Terrain_site_area_trim_extended.wpo (33
v| Roughness Lines: ROUGHNESSLINE_final.wpo (34)

v| WTG areas (18)

Prefix filenames with (leave original data):
CcUT_

Remove lines OUTSIDE the selected area, from

the selected objects:
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2314 Exporting windPRO project files

The Export function is used when you want to copy project information from one PC to another or
create complete backup packages. A "normal" copy from Windows Explorer can be used, but then you
will have to make sure that all files needed by the receiver are included and that the files are placed in
same folder structure. Otherwise, you have to re-link bitmap maps, Line Object files, etc.

With the Export function, you can let windPRO organize what should be included, and all data will be
packed into one file ready to be opened from another windPRO application with updated links.

W File overview [} >

Working directory C:\Temp\wPTestProjects\windEU-demo-PMNdema,
Filename Size [kB] Modified

> Binned curtailment database (Size: 160,0 kB, Selected: 4 of 4 )
» Bitmap map (Size: 7.122,4 kB, Selected: 16 of 16 )

> CFD Result Files (Size: 196.030,7 kB, Selected: 3 of 3 )

v Map file (Size: 5.769,3 kB, Selected: 2 0f 2 )
C:\Temp\wPTestProjects\windEU-demo-PMNdemo\Height contours\Terrain_site_area_trim_extended.w 5.716,5 05/07/2023 1
C:\Temp\wPTestProjects\windEU-demo-PMNdemo'\Roughness\ROUGHNESSLINE_final.wpo 52,8 01/02/2017 1

> Meteo data (Size: 44.664,2 kB, Selected: 90 of 90 )

> Meteo object time series data (Size: 117.299,9 kB, Selected: 27 of 27 )

> Optimize Resource Files (Size: 14.060,3 kB, Selected: 2 of 2 )

> Picture file (Size: 21.953,7 kB, Selected: 6 of 6 )

> Result layer data (Size: 459.819,0 kB, Selected: 7 of 7 )

1.294.280,3 kB

Selected group: Select Deselect Selected size: 1.294.280 kB Selected number of files: 169

Upload the export to EMD in case of problems which prevent you from working with windPRO. All data will be kept confidential.

Export Cancel Add file(s)

In the window shown above you can see how windPRO lists all relevant files for the export file. At this
point, files can be deselected in order to reduce the export file size or to exclude information from the
export file.

Simply expand the type of data and double-click on the file you want to select or deselect. Then click
on Export.

In addition to those files suggested by windPRO, you can also add files into the export from the Add
file(s) button (before exporting).

For windPRO support, it is possible to upload the export to EMD (local agency) by checking the box at

the bottom of the window. The export will be securely uploaded to EMD’s server and an email will
automatically be sent to the support agent. Any information deselected in the list is not uploaded.
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2.3.2 Settings

2.3.21

Find the Settings button in the Settings & Help tab:

W settings a s

Start-up WAsP Search paths Online data Misc. Report Language
Licensed to:

EMD International A/S
Niels Jernes Vej 10
DK-9220 Aalborg @
+45 6916 4850

End user name and e-mail address
Show in reports

|| |pmn = o

|| |pmn@emd.dk * ™

| 7

|

|| *) Read only, taken from the activation Preview
|| Theme

|| |Light -

ﬂ' Settings

Settings — User Reference in printouts

Here the name of the person and email address are from the activation (License) — it can be checked
which lines shall be shown in reports. An additional line is available for department name, for example.

The theme for windPRO can also be changed here:
Theme

|Light -]

Dark

Light

windPRO 3

Further settings of the report can be found under the Report tab. For instance, a company logo can be
included which will appear on all reports in the top right corner. See Settings — Report.

W Settings [m] X

User Start-up WAsP Search paths Online data Misc. | Report | Language

Report logo
BMP, JPG or PMG file with logo for report headers -
C:\Temp\EMD_logo.png
| ~ EMD
International
|| Report layout
1| 7 Background rast rt
ackground raster on reports Watermark text (Selected individually on reports)
F h it
orce monachrome printing Draft
|
{| Font size
|| ® Auto Fixed size 7,63
Font T Tahoma - EMD Default

Margins on report pages [mm from edge] |

Top 0,0
Left 0,0 Right 0,0
Bottom 0,0

Frame color _ - o EMD Default |
Raster color I:l - WP2.9 Default
Frame width [mm] 0,0 |

View reports in PDF viewer

0ok Cancel |

e T Bt g
D s e v

roject data averview

ot 1y VGO Engepers  Comas Lie.
T U s ok et ey

siceno @
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2322 Settings — Start-up

' Settings

Useré WAsP Search paths Online data Misc. Report Language

Show remaining days at startup, if using a temporary license:

When less than 30 days left -

+| Check for windPRO updates
- every (Week -

Reload last opened project

Hide list of recently opened
projects

Start-up options are set from this window, such as the number of days left when using a time-limited
license or the frequency of checks for windPRO updates. The last opened project can be set to be
opened automatically when windPRO starts. The list of recently opened projects can be hidden from
the list available under the tab File or from the starting screen (to protect confidentiality when

displaying the starting screen, for instance).

2323 Settings - WAsP Setup

' Settings

User Start-up
Internal WAsP versions *)

WASP 6-9 (Not installed)
WAsP 10.2 (Not installed)

‘| Search paths Online data Misc. Report Language

To use these versions, must be installed.

External WAsSP versions *)
WhAsP 11 (Mot installed)
® WASP 12

* uses installed WAsP directly

Allow use of WAsP 10.0 (For backward compatibility only)

34

If the WAsP program from Ris@/DTU is used by one of the energy calculation modules, the version of

the program must be chosen here.
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W settings [m] X

User Start-up WASP ESearch pathsg Online data Misc. Report Language

Root for data

C:\Users\pmn\Workables\windPRO Data\, Browse
Name Path E..
~ Projects

# +C:\Users\pmn\Workables\windPRO Data\Projects
# +C:\Users\pmn\Waorkables\windPRO Data\Samples
& +C:\Temp\wPTestProjects
~ Standards
#® +C:\Users\pmn\Waorkables\windPRO Data\Standards\
~ WTG Data
#® +C:\Users\pmn\Workables\windPRO Data\WTG Data
~ Wind statistics
#® +C:\Users\pmn\Workables\windPRO Data\Windstatistics
~ Climate data
# +C:\Users\pmn\Workables\windPRO Data\ClimateData
~ Sunshine probability
# +C:\Users\pmn\Workables\windPRO Data\ClimateData\WRDC
~ Transformer data
# +C:\Users\pmn\Workables\windPRO Data\EGrid Data\Transformers),

~ Cable data
#® +C:\Users\pmn\Waorkables\windPRO Data\EGrid Data\Lines)

The root for your windPRO data gives windPRO information on where the default file location is for
storing new projects, and where to search for projects, data etc.

The Search path of the data used in windPRO can be changed from this Option. If a path becomes
invalid, it will turn red in the list. The path can be edited by clicking on the three dots.

2325 Settings — Online data

W settings m} X

User Start-up WAsP Search paths |\Online data;| Misc. Report Language
Server Address

https://onlinedata.emd.dk/BIN

| This network uses a proxy server
Login:
Password:

v| Use compression

| Initialize AutoProxy

Access type: atPreconfig -
Test and save

Logs during this session

The standard configuration to access EMD'’s server to download online data as shown above is valid
for most users. However, if you are using a proxy with a password, these need to be entered here
(please consult your network administrator). The remaining settings might need to be changed if the
online data cannot be accessed. Test and Save button will tell if the connection to EMD’s server can
be established (internet connection is required). If the connection is not OK, try different combinations
of the settings until Test and Save returns “connection OK” as shown above.

In some cases, it may be necessary to add the online data address to your firewall program to allow

access. The online data address changes with each major update of windPRO, so it is always worth
checking that all such addresses are included.
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2326 Settings — Misc.
@ settings

User Start-up WAsP Search paths Online data iV

C.: Report  Language

Area and line object drawing:

v| Use quick drawing (may omit points in small scales)

Layers:
| Wordwrap titles in layer lists

Saving project

| Compress project files (Check to reduce project size at the cost of speed.
Exports are always compressed.)

Calculation and module overview

| Do nat start calculations immediately (allows to start multiple calculations
using menu "Edit | Calculate selected")

Show only licenced modules
Windows Quick Access
Add current project directory to Windows Quick Access list

Add windPRO data folder to Windows Quick Access list

Don't show again - dialogs Don't show again - hints

Reset to default Setup

Logging

| Create an event log for debugging. This log is attached when sending error-logs.

Data Protection Policy

Cancel

Many preferences can be defined here. Dismissed hints and dialogues throughout windPRO can be
re-activated here.

2327 Settings - Report

‘ Settings m] x
User Start-up WAsP Search paths Online data Misc. Report | Language
Report logo
BMP, JPG or PNG file with logo for report headers -
“ Browse
« | EMD
International
Report layout

Background raster on reports

Watermark text (Selected individually on reports)
Force monochrome printing

Draft
Font size
® Auto Fixed size 7,63
Font H Tahoma - EMD Default

Margins on report pages [mm from edge]

Top 0,0
Left 0,0 Right 0,0
Bottom| 0,0

Frame color B EMD Default
Raster color - WP2.9 Default
Frame width [mm] 0,0

View reports in PDF viewer

L

The last tab in Settings is the Report tab. From here you can specify settings affecting all calculation
reports. You can add your own logo to the report headers, add a watermark text, force monochrome

printing, and specify the font size and type. The margins of the page can be set and the size and
colors of the frame around the report can be changed.
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2.3.4 Arrange windows

EMD default - — ] e

Add to dropdown list
Remove selected from dropdown list
Export as file

Import from file

windPRO consists of several sub-windows which can be re-arranged.

Add to dropdown list allows to keep the current user defined layout of sub-windows. This layout can
be selected later on from the dropdown menu next to the Arrange tab.

Remove to dropdown list deletes the selected layout from the list.

Export as a file saves the layout as *.EMDIlayout file so that it can be saved for a backup or shared
between different users.

Import from file allows to use a given layout.

By default, the EMD default layout is selected in the dropdown list. Other layouts can be imported from
windPRO data/ Standards using the Arrange menu. Some examples are shown below:

Arrange = |[EMD default -

Twcu Maps
SquareMap
Small Screen

EMD default layout: Square map laptop size layout:

Séo Jose
dos Ausentes

AR o :
LA -4 . [Rs-020]
A 28] g
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2.4 BASIS - Project Properties and Maps

241

Introduction to Project Properties (PP)

Project Properties covers all information regarding site description, coordinate system, maps and
addresses.

If you select Project Properties from the File tab or create a new project, the window for input of
project information will pop up:

W Project properties a X

Project and site | Coordinate system Background maps Addresses
Project name Site

USA-North Dakota

UTM (north)-WGS84 Zone: 14

Iew Salem

Project description Easting 316.676
Mew Salem (US- Morth Dakota) outlins the process of dealing with
a project in the development stage located in complex terrain.
The input information are one met mast, turbine type and
locations and the input available in WindPRO like orography,
roughness conditions, mesoscale data, maps, power curve, efc. i — % \

The features presented are the long term correction of the wind =T Al \
measurements, annual energy output, wind reource, as well the [

Morthing 5.178.536

Search

Time zone
(UTC-06:00) Central Time (US & Canada)

® Auto time zone (some countries has more or none "auto") o Nl
i Manual time zone selection e Y T e

User defined time zone

utcl-s hours
Daylight savings

Start of day light savings

Second

Sunday March

1 Hours
End of day light savings
First

Sunday MNovember

ok Cancel

242

24.21

2422

Project Properties: Project and site

Project name and site description

A project name and a description of the project site and other information, which will appear on
printouts, can be entered. Please note, that for each calculation performed, additional text relevant to
the calculation can be entered. This means that the site description is the overall description of the site
or general assumptions.

Site coordinates

The preliminary site coordinates are entered here. If you have created a new project from the Project
Explorer, site coordinates will already be filled in with approximate coordinates. The site coordinates
(site center) will later appear on the map as a red crosshair and can be adjusted. The site center will
be centered on the screen when opening maps later in the project design phase and is the default
center of some calculations. If you are connected to Internet, Open Street Map maps will be available
as background for fine tuning the position.
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2423 Time zone

Selecting the correct time zone is important in order to perform a correct shadow flicker calculation or
photomontage. windPRO will aid you in the right choice showing major cities in the different time
zones. For most locations, the time zone will be detected automatically based on site country. Where
more time zones are used in a specific country, the manual selection will give you only the relevant
ones. With user defined, all time zones are available.

2424 Project Wizard

When creating a new project, a wizard automatically appears for easy download of online data. This
wizard can always be re-opening from the Geo-Data tab:

¥ H <

File Definitions Geo Data

ol

L

L AR 3
S, * Wizard m ﬂ :

The types of data that can be selected are elevation data, roughness data, climate data and existing
turbine/tower data. This data can also be downloaded individually from different parts of the software.
The project wizard downloads all at once, thus giving better efficiency, easy access to the data (and a
good coffee break, it can take some time depending on how many datasets you choose!).

' Project wizard

Elevation Data | Roughness Data Climate Data Turbine/Tower Import  Site Data Object
Download (grid) | Download (line) | Elevation Data Source
AW3D30: ALOS World 3D 30 m mesh - Digital Surface Model - version 2.1
Copernicus DEM GLO-30
Copernicus DEM GLO-90

EU-DEM: Pan-European DSM - 25m grid - Version 1.1
France MNT: TGHN BD AI TH& V2.0 — 25m - Metronolitan and Corsica

For all tabs, the amount of data to download (width and height of a selection rectangle) are given with
the site center as reference. The description of the data can be read at the bottom of the window when
selected with the mouse. The data to be downloaded is marked with the checked box on the left.
Several data of the same type can be selected.

Please note that the data availability depends on the location of the project.
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@ Project wizard o X
Elevation Data | Roughness Data Climate Data Turbine/Tower Import Site Data Object
Download (grid) | Download (line) | El Data Source Width (m) Height (m) EDist (m)

AW3D30: ALOS World 3D 30 m mesh - Digital Surface Model - version 2.1 20.000 20.000

Copernicus DEM GLO-30 20.000 20.000 [
Copernicus DEM GLO-90 20.000 20.000

EU-DEM: Pan-European DSM - 25m grid - Version 1.1 20.000 20.000

France MNT : IGN BD ALTI® V2.0 — 25m - Metropolitan and Corsica 20,000 20.000

France MNT: IGN BD ALTIE V2.0 = 75m - Metropelitan and Corsica 20,000 20.000

France MNT: IGN RGE ALTI® V2.0 — 5m - Metropolitan and Corsica 10.000 10.000

Global MERIT DEM: (Multi-Error-Removed Improved-Terrain DEM) 20.000 20.000

NASADEM (Successor of SRTM) 20,000 20.000

SRTM: Shuttle DTM 1 arc-sacond 20.000 20.000 [
SRTM: Shuttle DTM 3 arc-second 20,000 20.000

SRTM: Shuttle DTM 3 arc-second 20.000 20.000 |

ViewFinder Panoramas (_ hitp://www.viewfinderpanoramas.org/ ) 20.000 20.000

A number of French digital terrain models DTM’s (MNT - Modéle Numérique de Terrain) are available with windPRO - covering the whole of France and its overseas territories.
Grid resolutions vary between 5m, 10m, 25m and 75m. Three other d; are available from selected ative regions in high resolutions. Acknowledgements: The
French public, state {with IGN as its representative) and regions of Auvergne-Rhéne-Alpes, Bretagne and Nord-Pas de Calais are thanked for producing these digital elevation
datasets and disseminating them with an open-data licence - and thus aiding the development of renewable energy — and wind energy in particular.

Read more at the windPRO wiki: hitps://help.emd.dk/mediawikifindex.phpititie=French_Elevation_Modeld

Selection of height data, downloaded in a line or grid object.

W Project wizard [m] X
Project Wizard Background Maps Elevation Data | Roughness Data | Climate Data Turbine Import |
Downloat ‘ Roughness Data Source ‘ Type ‘ Width (m) Height (m) -
GLCC: Global Land Cover Facility Land Cover Use - 1 km grid. Area 60.000 60.000
Corine land cover 2012 - 100 m grid Lines 60.000 60.000
Corine land cover 2018 - 100 m grid Lines 60.000 60.000
Copernicus Global Land Service - Land Cover 100m - 2015 Lines 60.000 60.000 —
ESA CCI 2015 (Global) - 300 m grid Lines 60.000 60.000
GlobelandLand30 30 m grid Lines 60.000 60.000
USTUN windPROSPER Maps: Danish Roughness Lines 60.000 60.000
GlobeLand30 30 m grid Area 60.000 60.000
Corine land cover 2012 - 100 m grid Area 60.000 60.000
Corine land cover 2018 - 100 m grid Area 60.000 60.000:
USTUN windPROSPER Maps: Danish Roughness Area 60.000 60.000
AW3D30 Elevation Model - Quality Mask Ared 60.000 60.000
NASADEM (Successor of SRTM) - Quality Mask Area 60.000 60.000| |
Copernicus Global Land Service - Land Cover 100m - 2015 Area 60.000 60.000 =
Corine land cover 2018 is produced primarily by visual interpretation of high resolution satellite imagery. It consists of an inventory | *
of land cover in 44 classes which has been mapped in to roughness lengths for use in WindPRO. It is preduced and delivered by
the European Environment Agency (EEA). Read more at the windPRO wiki: https://help.emd.dk/mediawiki/index.php? =

Selection of roughness data, downloaded in a line or area object. The area object is recommended
though, as it allows for easier editing.

W Project wizard a * |
Project Wizard Background Maps Elevation Data Roughness Data [Climate Datal Turbine Import |
Downloac | Climate Data Source ‘ Max points Max distance (km' | Year
=2 EMD-WRF Europe+ (ERAS) 1 50 1990
[ EMD-ConWx Meso Data, EUROPE 1 50 1990
ERAS (Gaussian Grid) 1 50 1990
MERRA-2 1 50 1990
MERRA 1 50 1990
MNCAR Basic 1 50 1990
QSCAT 1 50 1990
METAR 1 50 1990
SYNOP 1 50 1990
CFSR-E 1 50 1990 L |
CFSR 1 50 1990
CFSv2 1 50 1990
Blended Coastal Winds 1 50 1990
EMD-Global Wind Data (based on ERA-Interim) 1 50 1990 -
High resolution Meso scale data modelled by EMD (http://www.emd.dk). -
The meso scale model is run in-house at a spatial resolution of 3x3 km with hourly temporal resolution. ERAS data from ECMWF
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Selection of wind data, downloaded into meteo objects.

@ Project wizard a X
Elevation Data Roughness Data Climate Data Turbine/Tower Import | Site Data Object -
ok
Download | Source Max number | Max distance (km)
Cancel
Georisques Eolien Terrestre 50 15
German Public Wind Turbine Register (MaStR - Marktstammdatenregister) 50 15
Online WTG Data OSM 50 15
Power towers from OSM 50 2
Towers from 0OSM 50 2l
The MaStR - Marktstammdatenregister - is the official, public german database for wind turbines. It contains information -

such as wind turbine data (manufacturer, model, hub-height) along with geographical information such as location and
comissioning date.New wind turbines are required by law, to register in the database within one month after commissioning.
Older wind turbines must complete their data entries before January 31, 2021. Available metadata can be found in the

Selection of the existing turbines or towers (max number and distance to the site center)

' Project wizard

Elevation Data Roughness Data Climate Data Turbine/Tower Import | Site Data Object

O *

Roughness data object:

New: Copernicus Global Land Service - Land Cover 100m - 2015 -

Elevation data object:
News: Copernicus DEM GLO-30 -

Automatic creation of Site Data Object (coupling elevation and roughness together) makes it easier to
start an energy calculation.

Objectlayers O & ®

d Layer 1

v Elevation data

4 Roughness data
o Existing Turbines

Y= Cimate data
> 1A Al
All downloaded data are sorted in a specific layer (see ).
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24.3 Project Properties: Coordinate System

On this page you can select which coordinate system you wish to work with. If you have created a new
project from the , a default coordinate system and zone will automatically be provided,
based on the country and the location. It's important that you select the system which matches the
scanned maps or object coordinates you will be using. Note: WAsP is not able to work with
latitude/longitude, so you may need to choose a more appropriate system. If not, windPRO wiill
automatically convert data to WGS84 when running WAsP.

' Project properties

Project and site Background maps Addresses

EPSG: 4326 | Limit to commonly used in country
Coordinate system Search

Geo [deq]

Datum Search

WGE584

Longitude positive Latitude positive EPSG code
Eastward - Northward -

Deviation from geographical north at sitecenter position: 0,0°

On old-school paper maps the coordinate system used is printed somewhere on the map itself. AlImost
all maps will contain a latitude-longitude (lat/long) grid. Therefore, this system can always be used.
However, the system (degrees, minutes and seconds) is inconvenient to work with and makes
measurements, conversions, checks, etc. a tiresome task. If the information is also available in an
orthogonal (easting-northing) system, this system should be used.

Number of decimals on coordinates can be chosen to be 0, 1 or 2.

The coordinate systems shown can be filtered, so only the most relevant ones for the project country
are shown.

The coordinate system engine is updated for every new windPRO version. Most often the updates are
unnoticeable. However, with the change to 64-bit in windPRO 3.4, all projects created prior to
windPRO 3.1 SP1 will automatically be converted to use a newer 64-bit compliant coordinate system
engine. This may cause a change of object positions of less than 100 cm.

The EPSG code is referring to the coordinate reference systems and coordinate transformations,
which may be global, regional, national or local in application made by the IOGP (International
Association of Oil & Gas producers).

2431 The UTM System
The UTM system is used worldwide, and is often printed on the map material.

The earth is divided into 60 zones as defined in the figures below. Each UTM zone has a longitudinal
width of 6 degrees. The median line of a 6 degree section has, by definition, the value of 500,000
meters. The widest part of a section (approximately 667 000 m) is at the Equator, (the Earth’s
circumference of ~40,000,000 m / 60 sections). The x-coordinate value (Easting) thus lies between
167,000 and 834,000 meters, and is always positive.
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In the northern hemisphere, the y-coordinate (Northing) equals the distance to the Equator. In the
southern hemisphere, the y-coordinate equals 20,000,000 meters minus the distance to the Equator.
This means that 1 km south of equator, the y-coordinate is 19,999,000.

The UTM South system is used more commonly, where the y-coordinate is 10,000,000 minus the
distance to the Equator. In this case, 1 km south of the Equator, the y-coordinate is 9,999,000.

The datum of the UTM system indicates how much the globe differs from being exactly round (the
datum refers to the set of “unfolding” algorithms used to change the curved surface of the globe into a
flat map, often referred to as the Ellipsoid). Several different datums are used in different parts of the
world, but more and more countries are changing to the WGS 84 also named ETRS89 in the EU.

Longitudes and UTM zones

UTM zone 1

Western longitude From | 180 &

(west of Greenwich) To
UTM zone 31

Eastern longitude From| @ 4

(East of Greenwich) To

UTMzone  Zone Zone Zone  Zone
True 1 30 31 32 60
84° N Latitude__ North . : : :
[ W | Grid Grid Grid
. north north north
! | | |
| I | ,
f | 1 1
Equator s i | '
. I 1 i
. I 1 '
| I 1 ,
0 | 1 1
1 1 1
. I 1 '
. | \ '
. | 1 '
80° S Latitude Equator > ; Equator 0
1 | (0 m northing), !
, | | |
1 | !
| | 1
1 | 1 1
1 | [ 1
. | | |
. | | 1
. | | 1
. | | [ —
L Central ‘4__‘/;,{”:‘/ 0
' Meridian 4 1 ! !
Central . (500,000 m i \ |
- . . | ! |
Mer{dian ! easting) | ! !
! I 1 ]
1 ! 1 1
I 6° 0° | 12°
(Greenwich)

Common datums used with UTM coordinate system:

WGS 84 = World Geographic System, the world standard since 1984. Similar to EUREF89.
ED 50 = European Datum since 1950 = Hayfort

NAD = North American Datum (More variants)

SAD = South American Datum

2432 Other metric systems

Many countries have also defined their own systems, which are commonly used instead of the UTM
system. In Denmark, the System 34 is used. In Germany it's the Gauss Kriiger system, and in Great
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Britain it's the British National Grid that is used. The list of which coordinate systems windPRO
recognizes is updated continuously.

The British National Grid calculates with two different Ellipsoids (Datums); the AIRY and the GRS80.
The British Ordinance Survey has informed us that all British maps use the AIRY Ellipsoid. The British
National Grid has its origin at Lat. 49 N and Long. 2 W.

If the system you are currently working with is not included in the windPRO list, you can define your
own local system, and indicate (0,0) as the bottom left corner of the project area.

If the "Local System" is selected, you have to enter 1-3 reference points for the local system, in a
coordinate system which is recognized by windPRO in order for it to be able to calculate the exact
geographic position. Several of the calculation modules and most printouts use the geographic
position. Lastly, you can enter deviation data if the system used calculates with an angular deviation to
geographic (true) north. This deviation is often indicated on the map material (if only at one fixed
point).

One of the advantages of using a local system is that you can work with small coordinate values
instead of the 6 and 7 digit coordinate values used by other systems. Another advantage is that you
can continue to work with client information when you receive information from a client in his local
system which he would like to see applied, e.g. in layouts.

Please note that your choice of coordinate system determines the system in which you can enter
coordinate information. However, you can always change the system during your work and let
windPRO handle the conversion. Coordinates already entered will automatically be converted to the
new system, as all coordinates are stored internally as latitude/longitude degree values. This means,
that you can enter different information in different coordinate systems, e.g. wind turbine positions in
the UTM system from GPS measurements and information from local authorities regarding existing
populated areas (for noise calculation) in the latitude/longitude system.
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244

Project Properties: Background maps

In the Tab Sheet Background maps, link to maps can be entered.

@ Background maps O x

Guide to background maps |

BT S % oW I

Georefere... BMIfile Merge maps GEO file Google  Import from Import from Impert from  Dynamic
new map overlay WMS server TMS server WMTS se... maps
| # Visible Description Format Scale | Site center on map | Path Attribution
0 EMD OpenStreetMap Dynamic map 1:1 Yes C:\Users\pm (C) OpenStree
1 Spanish Topegraphic Map Dynamic map Yes C:\Users\pm Contains elevi
2 \/ Bing Aerial Maps Dynamic map Yes C:\Users\pm (C) EMD Inten
| Edit | | Remove | | View/set site center | Scale column widths |

ok | | Cancel |

The map with # 0, will be the default map in reports. Drag and drop to reorder the list.

There are multiple ways to attach background maps:

Use MAPDEF for defining scanned maps from scratch or for stitching additional maps that
already contain coordinate information (GEO Tiff maps).

BMI files (windPRO'’s internal background map format), that holds information on geo-
referencing and coordinate system.

Merge maps is a function where you can open a number of .bmi files and the software will
automatically merge these into one map in the screen view. Note: all maps must have same
resolution (pixels/m).

GEO refers to geo-referenced “world file format” which is two files, an image file and a
coordinate specification file, like *.bmp and *.bpw, *.jpg and *.jgw files or *.tif and *.tfw files can
be attached just by pointing out the location of the formatted map file(s).

Google overlay enables you to import an image/map calibrated in Google Earth as an overlay.

WMS (Web Map Service), TMS (Tile Map Service) and WMTS (Web Map Tile Service), are
standard protocols for serving georeferenced map images over the Internet that are generated
by a map server using data from a GIS database. windPRO comes pre-loaded with a range of
servers, and you can add WMS, TMS and WMTS servers to the list. These servers may
include free and paid for sources of map data.

Dynamic maps are global background maps which are automatically downloaded as you

zoom and pan around the map window. Multiple datasets are available such as, satellite
imagery, topographic maps and Open Street Maps. Datasets are updated continuously.
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2441 Relevant background maps

As previously mentioned, maps make the project design work much easier. The maps used in
windPRO are primarily bitmap background maps, which show populated areas, roads, forests and
other objects that you need to take into consideration when planning the project layout. Digital
orography maps (Height Contour Lines) or roughness maps are described in section 2.8, Line Object.

Many maps can be downloaded directly within windPRO from EMD’s servers at the desired scale and
already georeferenced.

You choose the maps according to your kind of work. As a guideline, the following map scales are
recommended:

1:10,000 For very accurate positioning of turbines and measuring distances for noise
calculations. Possibly with landowner boundaries for planning consent work

1:25,000 Normal scale for positioning of turbines, definition of local obstacles, input of
orography, measuring distances for noise calculations and entering check points for visualization.

1:50,000 Suitable for roughness classification within the nearest 5-10 km of the site.
1:100,000 Used for roughness classification between 10-20 km from the site.

If you scan the maps yourself, a combination of 1:25,000 and 1:100,000 will probably be a reasonable
compromise between time consumption and usefulness. High quality aerial photos are also very
useful to locate important obstacles, dwellings, forest, existing turbines...

The link to the maps function is an option - not a requirement for carrying out calculations under
windPRO. However, this option should be used whenever possible.

24472 IT maps

This import option has been discontinued since windPRO 3.4.
This import option allowed loading of old maps in IT format from the Danish Kort- og Matrikelstyrelsen
(the Danish Ordinance Survey). The new version of maps for Denmark is available for free as

and as

2443 Calibration of bitmap maps with MAPDEF
Bitmap files can be scanned or digital images of maps, where you subsequently have to make a
coordinate calibration. MAPDEF is used for the Geo TIFF maps, where the TFW file holds the
coordinate information. It is also used for stitching additional maps together, rotating, cutting etc.
Double-click on the icon MAPDEEF in order to start processing one or more new maps for the project.
Georefere...
newr map

Using a bitmap image without coordinate information:

Scan the required map sections to a file on your computer.

Select the bitmap map containing the map sections.

Rotate the map so that it’s aligned with north (pointing up).

Mark three points and enter their coordinates. An example of positioning of the points you use for
the calibration of a bitmap to a .BMI file is shown on the below sketch.

AOON -
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_|_

5 Repeat the above four steps until three coordinates have been defined for each map section.

6 Orient the maps so they are correctly rotated for merging (combining the maps).

7 If necessary, cut the edges of the map sections. Note map 1 (first attached) is at the bottom, which
means that no cutting is needed for this one.

8 Save the .BMI map.

The preferred bitmap format is .PCX, although most other formats will also work. Make sure to include
the edges of the maps in the scanning process, as they usually hold the grid coordinates. Please
notice that the user has the full responsibility of not violating any copyrights. Save the maps in
folders that you use for this purpose only, or in the windPRO project folder with the local project.

@ open X
« h <« Projects » Wishek » Data_course_Wishek » Maps v (] Search Maps
Organise « Mew folder =~ [ @
~
Mame Date Type Size Tags

7 Quick access

|&] 24k Practice map fo...  03/10/1996 16:5 TIF File 3,218KB
@ Creative Cloud Files ] 24kTopo,jpg JPG File 1,358 KB
By EMD Intemational A* ,ﬂ, 100kTopo. TIF TIF File 11,976 KB

Ji=| AgrialPhoto,jpg JPG File 6,426 KB
& Onelrive - EMD Inter & 046099B5.TIF TIF File 3,742 KB
O This PC. ,ﬂ, 04609586.TIF TIF File 3,218 KB

|| Shaded HCL from G...  06/0 JPG File 34 KB
¥ Network

File name: | 24kTopo.jpg v| All lmage Files (*.bmp;*.dib;*.rl ~

When MAPDEEF is opened, you have to select which map file(s) to add (more than one map can be
added at a time). The file browser is used for this.
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| W@ Define map o X
File Points

P 115¢ 24K Practice map for GeoRef.TIF [4634x6733]
e

I

% UNITED STATES
%Y DEPARTMENT OF THE INTERIOR

2,
2 GEOLOGICAL SURVEY
99°4?' a3000mE 244
46°15 T RV | ‘
| 2200 |

£ il — "
[ B ENAL -
= e 2208 ) ) 2172 .
i
i
1’. g|N2 Point 1 |Point 2 Point 3 Result
i L i ] Pixel coordinates
| . (705,677) M s
Sl
. |/ q H ‘,‘:,r/;;.\ World coordinates
P LUl T S ——— r. e g | (A D
4 }F' 7 p Nerthing 5121000
i \\ I Deviaton: 0.25 %
| - S ~
™ i TN ; ! : =
" v

Once the first map segment has been scanned, the map is aligned with north.

The positions are marked by clicking on the positions on the map where coordinates can be read or
obtained. Make sure to place the three defining coordinate sets as far away from each other as
possible in order to be able to maximize the accuracy of the definition. When you mark the first point,

you have to tell the program which coordinate system you are going to use. The coordinate system is
usually printed on the map.

t | Point 1 | Point 2 Point 3 Result

Pixcel coordinates
(705,577) SR
World coordinates
: Easting 443,000
Morthing 5121000

Deviation: 0.25 %

II' The four arrows indicate a fine adjustment of the pixel coordinates if for example. an intersection
between two gridlines has not been selected precisely enough.

A The menu for entering positions enables you to center the map around the actual point (or to get
it inside the area which is rendered on the screen).

= | If a position is incorrect (or too poorly positioned) it can be deleted.
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The last Tab Sheet to the right in the menu box for entering positions is Result. This window indicates
the correlation between the entered coordinates and the pixel coordinates. One position is calculated
based on the two other positions and the deviation is checked. The deviation is categorized into:

¢ Fine (default deviation less than 1%)
¢ Not precise, but acceptable (default deviation 1-2%)
¢ Not acceptable (default deviation more than 2%)

The third category result indicates that you have to look for possible errors or redo the definition as

such a level will not allow the map to be saved. Note: The levels of acceptance can be defined
manually in the Points | Options menu.

| 4 Options O X

iCheck calculated mapping before save |

Max. allowable deviation, fine (%): 1,0
Max allowable deviation, acceptable (%) 2,0

Ok Cancel

You add more maps by clicking on the green arrow in the upper left corner of the window (repeat the
previous actions 1-4). Please note that this menu item is used to add maps that are to be merged to
the previous map(s). Different map scales or map types are created as new maps.

You save the map by clicking on the OK button. When you save the map it's added to the list of maps
that windPRO can use in the actual project. The map is saved as a .BMI file which holds the
coordinate information and file names for the new adjusted graphic files which are saved as .PCX files
designated as .BO0, .B1, .B2, etc. At this point, the original graphic files can be deleted to save disk
space.

Once the .BMI file has been defined and linked to the project, you can define the site center
coordinates on the map (See ).

Apart from the main items described here, a range of other functions are available, e.g. adjustment of
brightness and colors

24.4.4 GEO “world file” maps.

oy 2
JST

.l..l

GEO file

Double-click on GEO file to add one or more georeferenced world files that can be .JPG and .JGW
files, .BMP and .BPW files or .TIF and TFW files. Click Add Files and simply select the file(s) in the
list. Only the world files (.JGW, .BPW or .TFW) files will be shown in the browser by default.

-~

Marne Date modified Type Size

|| 50k topo.bpw 08/06,/2009 09:41 BPW File 1 KB

(@] 5K 22,/06,/2007 09:5: TFW File 1 KB
TF 22,/06,/200 TFW File 1 KB

|
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A small .TFW file holding the coordinate information must be available together with the main .TIF file
holding the bitmap. windPRO performs geo-referencing based on the .TFW file and the number of
horizontal and vertical pixels in the .TIF file (so do not change the pixel size of the .TIF file without
changing the info in the .TFW file!). However, it can be a good solution to change both the .TIF file and
the .TFW file if the .TIF file is very large and far too detailed). Make sure that the .TFW file is stored in
same folder as the .TIF file and has the same name. Please notice that the .TFW file does not hold
any information on coordinate system or datum. This must be known and given as input.

| 4 Edit bitmap with world file O X

| Map name/Description

Scale of map on paper Index in list
1 0 1
File(s)

File name(s)

Add file(s) Add folder Clear

World file for 1st file in list

| Coordinates for upper left corner in shown file. Please select
coordinate system below to match the coordinate.

Longitude =ddd,dddc Latitude £dd,dddddd

v Limit to commonly used in country
Coordinate system Search

Geo [deq]

Datum Search
WG584

| Longitude positive Latitude positive EPSG code

Eastward - Northward - o

Attribution

Add folder is used when you have a region or a large area covered by several georeferenced world
files. By linking to the folder where the files are, windPRO will find and show the relevant background
map in Maps and Objects window. This is convenient in the case of a large number of files without

knowing exactly which files are relevant for the project. When Add folder is used it is important that the
files in the same folder have the same scale and are of the same type.

2445 Google overlay

s

Google
overlay

Google Overlay is used to import maps calibrated in Google Earth (this should not be confused with
directly importing Google Earth images). In Google Earth, it is possible to add a bitmap as an overlay
o

using this icon “** | in the top bar. The bitmap can then be stretched, rotated and moved in order to fit
with the background of Google Earth. It might be useful to change the opacity to get a good match
between the whole image and Google Earth. The view in Google Earth shall also be vertical to the
map to avoid any distortion. Once the calibration of the image is done, right click on its layer and

select Save as to save the overlay as a kmz file. This file can finally be loaded in windPRO as a
background map with the Google Overlay import.
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2446 WMS

4

Import from
WMS server

A (WMS) is a standard protocol for serving georeferenced map images over the
Internet that are generated by a map server using data from a GIS database. windPRO has setup
some WMS servers, but users can add WMS servers to the list. The WMS maps is saved in BMI
format

Select the WMS service from the dropdown menu at the top and then the relevant layers of available
data. Click on Preview. One tile centered on the site center is downloaded and shown. The resolution
of the map is adjusted with the zoom. The more zoom the higher the resolution is. The size of the map
is defined by the number of tiles to be downloaded.

Some maps are available in different coordinate systems, which can be changed by expanding the
tree structure of layers on the left hand side in the image below.

T p— o x

kMS ~ Topografisk 1:25.000

lect Inyers:

< DTK25 - Danmarks Topografiske Kort.

sel
>
>
>
B
B
>
B
>

5
s
fant
»
B

Spnder Plantage
< B msusn

e o YT e iy a sngle v The rest is downloaded when sving as BML T is possible ta changa the semings later by

: anly m inthe
zoom o | [ EmGSEE] 1 - | using the Wi buttan in the map windov

It is possible to add WMS servers to the list by clicking on the three dots to the right and then on Add.
This way, you can get access to aerial satellite maps from Bing, custom OSM maps etc. However,
most WMS providers require a unique token in exchange for a paid subscription.

W Edit WMS server m} X

Title: Bxample WMS supplier

GetCapabilities URL:  [tp://wms.yourmapsupplier.com/WMSservice.svc/token/WMSLatLon

Attribution:

This is a password protected server (Basic HTTF Authentication)
Username:

Password:

Custom User-Agent:

Cancel
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The GetCapabilities URL has to be obtained from your WMS provider. If the WMS server is password
protected through basic HTTP authentication, you can input your username and password.

When the resolution and number of Tiles is decided, click on Save as bmi to download all the tiles
and get a new map in the list of the background maps. Note that the number of tiles and the resolution
can be adjusted later on, from the WMS icon on the map window. The map files are saved at
\windPRO Data\Samples\[Project]\maps.

If the WMS-server is password protected through basic HTTP authentication, it can be accessed by
ticking the password checkbox and inputting your credentials to the WMS-server.

2447 TMS

8

Import from
TMS server

Just like WMS, the TMS is a standard protocol for serving georeferenced map images over the
Internet that are pre-generated by a map server using data from a GIS database. Select a TMS
Service from the dropdown list or add your own.

Unlike the WMS, the preview updates instantly. Select the desired image resolution and click Save as

W VS Grabber (m] x
TMS Server:  [Open Strest bap [EMD Intemationsl /5]~ | | .
Kl
./
Fahaben 7
1/ 2
| N
N
4 f
e f
i : > /
S\
/
K
| 2 km
O—I1—©® 56,2°N 10,6°F ——
1 mi

Map size:
Save as BMI 3326 ¥ 3328 [pixels) - Cancel

2448 Dynamic maps

[

Dynamic
maps
are easy to use, as you don’t have to specify any boundaries or scale for your map.
Once a map source has been selected, the map will automatically adjust to the desired zoom level
and new map tiles are downloaded automatically as you pan around your site.
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W@ Dynamic maps [m] X
| select map(s):

=y meesy ey eITEsy |
T~ f\\ [ i f\ :

— SV — e
g { N e s " N V/a! I

| S 1T 1 N

1S = b %, |
\-, | \ = |
|
|

Aalbore y "y Aalborg
A A\ s : |
EMD OpenStreetMap EMD Open Infra Map Danish Orthophoto Mosaic OpenTopaMap |
|
|

v] windPRO Global Satellite windPRO European Satellte Bing Aerial Maps windPRO Global Satellite
Imagery - 10m (2018) Imagery - 2.5m Imagery - 10m (2022)

Tnformation ahait: windPRO Glohal Satellite Tmanery - 10m (30181

Our "windPRO Global Satellite Imagery - 10m (2018)" holds a global coverage and a (nearly) doud free dataset. It is based on Sentinel-2 satellite imagery obtained during years
2016-2017. The data was processed by EMD in late 2017 and was made accessible from our windPRO 3.2 release in early 2018. Please note, that global coverage is obtained by
an image mosaic, so you will might see a few areas without data coverage and tiles with various levels of cloud cover. Also, some tiles may seem dark or bright - as no
brightness adjustment has been made. A more recent and higher quality dataset is made available in 2022: "windPRO Global Satellite Imagery - 10m (2022)"

‘Add dynamic map(s) Cancel J

2449 View and set site center

When you click on one of the attached maps and then on the View/set site center button, the map
will appear, showing if the site center is within the map area (see below). If the site center is outside
the defined map, either move site center or redo the geo-reference.

@ Select site center [m] X

bS (c) OpenStreetMap contributors
i@ N\ 4

2 . -

= el

| lzoem W/ ¥
/ B kalevigh S

& | | Lystrup J /

kid Nationalpark,

- v Mols Bjerge

Ebelraft
Vig

|
alling ‘
|

Cance J

In the example above, the rectangle shows the coverage of the attached map and the red cross shows
the present location of the site center. The red line points to the center of the map that you are
currently trying to view. To move site center inside the map, simply single click inside the red square.

24410 Blank map
If no maps are available, you can still enter objects graphically by using a blank map, which is simply a
white background that is automatically scaled to your project design area. A blank map appears
automatically in every windPRO project. If the blank map is closed, it can be re-opened from the Geo
Data tab by clicking on the Select maps drop down menu.
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2.4.4.11 Some map window features
In the top bar of the map window, you will find a series of buttons to the left:

bmi @ 9
KMS - Topografisk 1:25.000
bmi By @ W # Zoom 100 Coordinate system|UTM (north)-WGSS4 Zone: 33
230,000 : /:/
d) . Keellinghoje
s
i \
710 AlhgjeT )
T N
r# 2

brmi The first one creates a .bmi file (windPRO’s native background map format) from whatever is
displayed in the map window. This .BMI file is then including “what you see” on the map, such as
objects etc. The map is immediately loaded after pressing the button. If you have a large wind
resource map file or detailed water depth map, that takes long time to render, it can be more efficient
to have a “hard copy” as a background map where you save the render waiting time.

The second button simply copies the map to clipboard, for pasting into other programs such as
Word for documentation reports.

& The third button allows to get back the background map tab, where new maps can be added, or
existing ones adjusted.

E"The fourth button is for adjustment of WMS or TMS maps. The icon is only shown when a WMS or
TMS map is selected. By clicking on the icon it is possible to download more (or less) tiles and to
change the resolution. The new resolution is defined by the zoom level on the current map. Less than
100% will lower the resolution (which can be useful to be able to cover a larger area since the
maximum number of tiles is limited) and, for a zoom greater than 100%, the resolution will be
increased. In this case, if the number of tiles is unchanged, the area covered will be smaller.

# The fifth button is for the grid tool. It allows a grid to be shown in the selected coordinate system. It
is possible to have the coordinates shown as labels and to define the properties of the grid.

The zoom, the coordinate system and coordinate zone can be changed at any time using the
dropdown menus. Zoom can also be changed by scroll button on your mouse (or by certain touchpad
functions on a laptop). Coordinate system choices can be limited to the country-specific ones. EMD
maintain a list that pairs countries and coordinate systems.

brmi @ YW # Zoom|50 - | Coordinate system|UTM (north)-WGe

v| Show grid N
v| Show labels

Step: | 1.000] m (converted to ® in Geo systems)
tine color: || -

Line width: 1, Close

L) PG Tl

oo Alhgie™=_
it

-

=il
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24412 Merge maps

55

With the merge map button, more maps can be “glued” to one map, although it requires all has same
scale. Simply press the button and select the maps to be glued in the browser. The glued map will

then be saved in the list as a new map.

24413 Synchronize maps

Going into the Geo Data tab and activating the Synchronize maps option, all maps will move to the
same position when panning around one of the maps. Zoom levels remain unchanged.

Geo Data | Climate Energy
Ject maps | Synchronize maps
@ H S 6o e
File Definitons Geo Data Chimate Energy Loads & Operation Emaronment & Visual Solar System integration Tools Settings & Help Fawarites

| re— < synchronize mops i oo compose | g, Srow eranpraie W5 G s quckrofie A Srowppdte D Mep Ve o

ting Acrial Maps
brri B3 @ W Zoom|Level 14

*x  EMD OpenStreetMap

- | Coordinate system|UTM (north)-WGSB4 Zone: 23 - | select.

™ Q EE

ol v
GO ¥

G

SHRTYCERSS

b @3 @ @ Zoom|Level 14

- | Coordinate system|UTH (north ) WGS8 Zone: 33

OpenTopoMap = ] s KMS - Topografisk 1:25.000
o @ & b Ra @ W 8 Zoom 100
D, e
i
B Alhejg
s
{3

G Tl

PURTYCEHRISNHOS = k>

Blank map x

Dansh OrEhophota Mosac X

stamen Terran wis

Orive WIEDsts il WIS catengue

» Result yers
Select : MG, i
A
&t
o
e
2y
*e
o
]
o IR
I’
&

FPURTFERIEN GO & ¥

Topagrafsk 1:25.900

austing Turbines

v ' Climate data

This makes it easy to compare different map sources at the same spot.
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24.5 Project Properties: Addresses

In the Address Tab Sheet shown below, you enter the address of the relevant customer, the electricity
company, the county, etc. You can individually select the addresses, which determines whether each
address will be printed on all printouts.

W Project properties [m] *
Project and site  Coordinate system Background maps | Addresses
Connected addresses

v| John Doe Name: John Doe
Person:
Address: West Street
Towntown

Langtbortistan
Tel.: +00 123456789
Fax:
Mail: johndoe@fictive-domain.com
|
|  Checked address is used in all reports
Browse Delete Edit Copy address Copy all

The buttons are as follow:

= New: Create a new address.

= Browse: Look in the list of addresses used in previous projects to use a previously typed
address.

= Delete: Remove the highlighted address from the project.

= Edit: Edit the highlighted address.

= Copy address: Copy name, person and address to the clipboard in order to paste them into a
text document e.g. a letter, a fax or an address label to send with the calculation reports.

= Copy all: Copy all fields in the address record to clipboard

Besides the fields shown in the screen above, you have some additional user-fields in which you can
add project status, customer number referring to other customer databank, more telephone numbers,
contact persons, etc. All fields are shown below. The field lengths are practically unlimited, but
remember that if you wish to use them in other databases, there might be a limited field length.
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W Address ] X
|

Address |
Name:

Person:

| Address #1: |West Street
| Address #2: |[Towntown
Address #3:  |Langtbortistan |
| Address #4: |
Telephone: +00 123456789 Alternative:
| Fax: Alternative:
e-rmail: johndoe@fictive-domain.com
| Home page:
User #1:
User #2:
User #3:
User #4:
| User #5:
| User #6:
: User #7:
User #8:
‘ User #9:
User #10:

Cancel Paste |

2451 Address list browser

When you browse for addresses, you will get a list of all addresses in previous projects which are
included in the project browser search path.

When opened with the browse button from Project Properties; if you double-click on an address,
windPRO will return the selected address. You can also return the address by highlighting and clicking
on OK.

The address list can also be copied to other programs simply by making your selection the same as
you would in the Windows Explorer (with the <Shift> key and/or the <Ctrl> key held down when
clicking), then right-click and select Copy. The entire address list with all fields can then be pasted into
a spreadsheet. This can be useful when making status reports on all projects or transferring
addresses to other software programs as general customer databases.
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2.5 BASIS - Project design, import/export, calculation,
report

2.5.1 Introduction to establishing a project

When the project properties have been entered, the actual project design work can begin. In this
section we will describe how WTGs or other objects are entered and how general object editing,
copying and import/export works. Other object inputs will depend upon the calculations you wish to
perform. These other object inputs are described in the relevant chapters.

2511  Map

WTGs and other Objects can be placed on the map by selecting the object from the toolbar to the left
of the map, and then clicking on the map.

If you wish to place multiple identical objects subsequently, simply hold down the <Shift> key while
selecting an object from the toolbar. This way you can place several objects with the same object
properties, e.g. a series of noise objects with the same distance and dB requirements, or a number of
parallel rows of WTGs etc.

You can insert bookmarks on the maps by <Ctrl+k> <1> for marking the first of up to 10 bookmarks,
then <Ctrl + 1> for GOTO bookmark 1, etc. Right —clicking on the map also brings up a bookmark
menu. This makes it possible to move quickly between different “sweet spots” on your map.
Bookmarks are not marked on the map and do not show up on the Object List.

2.5.1.2 Object List

The Object list displays all the objects located in the visible layers. In the Object List view, objects are
marked with a red x if there are errors associated with the object (typically missing data that the object
links to, or missing height information (TIN) where the object is placed). The latter error shows a red x
in the Z-value column, only if the object is set to get its Z-value from the Digital Height Model (DHM),
which in this case means the calculated Triangular Irregular Network (TIN) (see ).

Objects (1 [ 34 [ 104) o ¥ X

» Description = | Locked | Eastin—
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 L5874
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 597.

(

(
A GEWIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 507.:
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 598.
(
(
(
(

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 597.4
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 597.¢
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 5974
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 598.]
@ Height Contours: Terrain_site_area_trim_extended.wpo (33} 597.
/ Height: 150,0; Porosity: 0,0; Width: 1.166 m; Depth: 171,7 m; (3) 598.1
& Height: 150,0; Porosity: 0,0; Width: 293 m; Depth: 182,1 m; (2) 597.1

(7 Noise sensitive point: Demands defined in calculation setup. (1) 597.
(7 Noise sensitive point: Demands defined in calculation setup. (2) 597.
(7 Noise sensitive point: Demands defined in calculation setup. (3) 598.1~

In the Object List you can select several objects in the same way you would in Windows Explorer. The
selection will then work on the map also. For example you can then move all the selected objects in
one operation by dragging them to a new location on the map. Note also the right-click features
available for selected objects in Object List, such as Delete, Edit, Copy or import/export.

In the top line of the window, the word “Objects” is followed by three numbers. These numbers reflect
the number of objects selected/visible/total (e.g. 1/18/33 above - 1 selected/18 visible/33 total).
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Note the column “Results”, which show the most recent main calculation results for some selected
objects like Noise Sensitive Areas or WTGs. These results can also be shown as labels on the map,
and they can be copied to clipboard — a very efficient way when analyzing a special case where many
different smaller adjustments are performed.

A special feature for Line or Area Objects is the ability to center the object at the point where the
linked data is on the map. This may help you find where the imported data in line or Area Objects are
located and then possibly locate import errors.

It is possible to edit the object data directly in the object list, without opening the object. For example,
coordinates, user labels, description — just click on the cell and it turns yellow. Different right-click
actions are available when the individual cell is highlighted yellow, and when the entire line is
highlighted blue.

Any object can be copied from one open windPRO project and pasted into another open windPRO
project. However, the two projects must be located within £ 1 UTM zone. The target project may not
have all the information as the source project, like elevation, data objects etc. so a red cross will
possibly appear in the object list informing you to update the object properties in the new project.

) |Height Contours:
Mot found: hub:
Site center (1)

2.5.2 Entering, moving, snapping, and selecting WTGs (and other
objects)

WTGs can be created as individual WTGs or as rows with fixed in-row distance and WTG type. It's
always possible to turn a row into individual WTGs (with a right-click to “split row”) and still be able to
edit the coordinates and WTG type individually afterwards. The WTG type must be listed in the WTG
Catalogue and so, must first be created in the Catalogue if not already listed in it.

Moving an object:

There are three ways of moving an object
1. Mouse
2. Keyboard arrows
3. Coordinate input

Q=5
To move an object with the mouse you can position it at the correct location by clicking on the symbol
on the map so it is selected (small black square in centre of symbol) and dragging it to the desired
location on the map with the @ hand tool.
Multiple objects can be selected by holding down the CTRL key and clicking on the desired symbols.

You can also use the *li “select with box” or ¢ “select with polygon” tools, selecting all objects
contained in the area you draw. Note: These tools are only available in window layouts created since
version 3.3.

Holding down the <CTRL> key will also snap/link your mouse cursor to the nearest object. If you are
moving an object while holding the <CTRL> key, that object will be linked to the nearest snapped
object.

Holding down the <SHIFT> key while clicking and dragging the mouse will create a selection box. All

objects inside the selection box will be selected when letting go of the left mouse button. By keeping
the <SHIFT> button pressed, multiple selection boxes can be merged together.
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Once one object has been linked to another, it cannot be moved. To unlink, simply right click the
object on the map and uncheck the Linked to setting.

To move an object with the keyboard, hold down the <Ctrl> key and move the selected object with the
arrow keys.

The third way of moving an object is to manually change the coordinates of the object in the Object
list, or from the Object Properties.

If multiple objects are positioned close together, it can be difficult to aim the cursor at the right object.
Simply move the cursor over the group of objects to get a drop-down list of the objects. You can then
select the one you wish to move or enter properties for.

BN et Wil

&L i e ——t

Select object?

WG aeas 1]
GE WIND EMERGY 6.0-164 GT 135 6000 T64.0101 hub: 148,0 m [TOT: 230,0 m] [1]
Control Point: Uncertainty horz: 0 m wert: #0m [1]

TR T -~ 1

For rows of WTGs the following rule applies:

Place the cross hair inside the center mark, left-click and drag to move the row parallel to its original
position. Place the cross hair inside an outer mark to rotate the row around the opposite outer mark.
Hold down the <Shift> key while dragging an outer mark to change the in-row distance.

To “mass create” an object, hold down the <Shift> key while selecting an object from the toolbar. Once
the object properties have been defined, you can single click on the map again to create a new object
identical to the first one. Right click anywhere on the map, or hit the ESC key to stop the mass
creation.

2521 WTG Object Tab Sheet: WTG(s)

A

Activating the new WTG icon creates new WTGs by clicking on the desired position on the map. The
following window will appear:

‘ New WTG (Mot found: hub: 0,0 m (TOT: 0,0 m) (46)) m] X
Position Layers | WTG(s) | Visual Distance circles Curtailment Operation Description ok
WTG type: EMD-Exampla EMD-EX130-3.5MW 3500 130.0 - Edlt... Browse...
Cancel

Hub height [m]: |100,0

Design standard: Undefined - Design class: - -
-E
Displacement height: 0.0/ m (Will be subtracted from hub height in PARK calculations)
Number in row: 13

symbol color: | NS - 263,7 W/m?, 165,0 m total height
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Entering new WTGs:

The WTG type is selected from the WTG Catalogue via the drop-down list, which holds the last 10
WTGs used. Select <more WTGs> to access the WTG Explorer (see figure below), where you can
build different search profiles and select these in the WTG Explorer. This makes the searching and
selecting of a specific WTG type easier and faster. Note from the Setup you can edit the search path,
and thereby decide where to browse for turbines (in which folders). By default you browse in the
windPRO Data\WTG folder and the current project folder.

| TG Explorer =] x
Data Search profie Sgtup Onine ypoate <O Relosd WG
oise | vl | g | Pomere| pometn | L | o | v | P2 S5 | Ganart | viamets ot | gy | .
Hame Source Hose | Veual | d | hose | omx AU ; 0 we = powe | Sernt | BT | wyma | nab | ST | ooume Filename Uniquem
pars | count | G v height

ESTAS V164 8300 164.0 101 User 1 o 0 o OVESTAS Wies 8300 Veriable 1640 3929 107,0 16/03/2 DK ts\PHtesL_| (C7AZE0E]
TAS V164 8300 164.0 10! user 1 3 0 o DVESTAS VIS4 8300 Veriable 1640 392,59 1070 1/03/2 DK PH_Larg {C7A2608)
Wercrcon 126 7580 1270100 EMD 6 2 ) 0 0 0 ENERCON E-126  7.580 Variable 1270 5984 1350 16/06/2 DE dPR( (0747000
NERCON E-126 7500 127.0100  EMD ] 2 3 0 0 O ENERCON E-126  7.500 Veriable 1270 592,01 1350 13/04/3DE PR (35159828
y ) 2 . o 0 0 DVESTAS V1627, 7.200 variable 160 3493 119,0 28/02/2 DK PR (B021C10)
72001720101 EMD 2 5 0 0 0 DVESTAS V1727, 7.200 variable 1720 09,9 1660 28/02/3 DK PR (3E0035E
1630101 EMD. 0 4 o 0 10 0 NORDEX N1G3/5. 6800 variable 1630 3259 159,0 22/12/2 DE PR (08926722
SG 5.0-155 6600 1 END 7 3 o 0 0 0 Siemens (5G 6.0 6.600 variable 1550 M9 1225 24/0ES {_Scal [ABS324E
SG 5.0-153 6600 1 END 7 3 0 0 0 0 Siemens (56 6.0 6.600 1550 398 1225 18/04/2ES {A853248;
66-155 6600 1 EMD 7 3 0 0 0 0 Siemens (56 6.5 6.600 1550 398 1225 18/04/2ES 78383471
56 6.6-170 6600 1 EMD 15 7 o 0 0 0 Siemens (56 6.6 6.600 100 2908 1150 18/04/2 0K (z36ETAI
SG 5.0-170 6200 1 END 4 2 0 0 0 0 Siemens (56 6.0 6.200 e 272 cAzIF
[ siemens Gamess SG 6.2-170 6200 1 EMD n 2 [} 0 0 0 Siemens (5G 6.2~ 6.200 1700 2732 {881A80F
S5 155 6200 155.010! B 7 5 o 0 0 0 VENSYS 155 6.200 1550 3285 [9F991031
7 o o 0 0 DVESTAS V1626 6.200 1620 3008 21940971
Turbowinds ] 6 o 0 0 0 ENERCON E-175 61 6.000 1750 2495 {9F9834E:
vensys [ = v ENERGY 6.0-164 6000 164, EMD 10 0 [} 0 [} 0 GEWIND 6.0-164  6.000 1660 2840 167,0 09/03/ {0aD0BDC
Vesta 4/TND ENERGY 6.0-164 GT135 60 EMD-U 17 0 o 0 1 2GEWIND 6.0-164  6.000 1640 2840 167,0 22/06] (10M7331
Winend ESTAS V150-6.0 6000 150.0 101 EMD [ o o 0 0 DVESTAS VISO-6. 6000 1500 3,5 1050 1032 DK (297ABO0:
TAS V162-6.0 6000 162.0 10! EMD 7 6 0 0 0 0 VESTAS V162-6. 6.000 1620 2911 119,0 28/02/2 DK {s6F8987
[ ero erot6o-6.0 6000 1600101 EMD 2 0 o 0 0 Deo  enolst- 6000 1600 984 100,0 22/02/2 DE {26378,
ENSYS 170 5800 170.5 10! 0 a . o 0 0 0 VENSYS 170 5.800 15 2540 160,0 22/05/2 DE {zAp569F1
ORDEX H149/5.% 5700 148.0 10! EMD [ 7 o 0 o 0 NORDEX N149/5. 5.700 190 3269 1250 {E57CFOR

[l vorosx Hiss/sx 5700 163.0 100 EMD 0 9 v 0 12 0 NORDEX N1S3/5. 5700 w0 2732
ENSYS 170 5600 170.0 101 EMD ] 2 o 0 0 0 VENSYS 170 5.600 700 67 {CBF13561
TAS V15055 5600 150.0 10 EMD a 5 v 0 0 DVESTAS ViS5 5600 1500 369 {7crE9eTt

ESTAS V162 5600 162.0 101 0] 7 6 o 0 0 OVESTAS V162 5600 1620 L7

Wero erotsz-5.6 5600 1520000 EMD n 0 v 0 0 Deno  eno1sz- 5600 120 3085
HERCON E-160 EF5 E3 5560 160.0 EMD 1 ' 0 0 0 0 ENERCON E-60E] 5,560 1600 2765 {665FALES
HERCO E-16D EP5 E3 R1 5560 161 EMD 9 6 o o 0 0 ENERCON E-160F1 5,560 1800 2765 (48D60E:
[l eercon E-160 €75 £2 5500 160.0. EMD a 6 0 0 0 0 ENERCON E-60E] 5,500 1600 2735 {B3834FDI

WIND ENERGY 5.3-158 GTL20 55 EMD 7 1 o o 1 DEEWID 5.3-158 5500 1580 05

U4IND ENERGY 5.5-158 GTL20 55 EMD 7 1 o 0 ' DGEWND 55158 5500 1580 205

VHTND ENERGY 5,5-158 LT120 55 EMD 7 1 o o 1 D EEWIND 5.5-158 5500 1580 05

UHIND ENERGY 5.5-158 Thrust 66 EMD a 1 o 0 0 DEEWND 55158 5500 1580 2805

VHTND ENERGY 5.5-158 Thrust 70 EMD ] 1 o o 0 D EEWIND 5.5-158 5500 1580 05

0160-5.4 5400 160.0:0!  EMD 2 0 o 0 0 Deno  enotsk- 5400 1600 2685

VHIND ENERGY 5.3-158 GTL20 53 EMD 7 1 o o L DEEWIND 5.3-158 5300 [E

[l & v EnERGY 5.3-158 L7120 53 EMD 7 1 o 0 ' DGEWND 53158 5300 180 703

VHIND ENERGY 5.3-158 Thrust 66 EMD ] 1 o o o DEEWIND 5.3-158 5300 180 T3 1209 0303205
[ & v EnERGY 5.3-158 Thrust 70 EMD a 1 o 0 0 DGEWID 53158 5300 180 703 1209 03/03/2 U5
ok cancel

In the list you can sort by the different columns by clicking in the header bar of the column.

After having selected a WTG, it's possible to look for different power curves, noise data etc. by
deselecting Always use default (see below).

. New WTG (Mot found: hub: 0,0 m (TOT: 0,0 m) (2)} (m] X
Position Layers| WTG(s) | Visual Distance cirdles Curtailment Operation Description ok
WTG type: |[NORDEX N149/5.X 5700 149.0 10! -|[ Edit.. ][ Browse.. |

Hub height [m]: [105,0 - Always use default values 8 Use Power & noise pairs
+| Show only valid detail data v| Use PowerMatrix

PowerMatrix: |N149/5.X_R04 HH105_STE N
ELIEWGLE STE Mode 18
Uncertainty
Visual data: Default -
eGrid data: | Default -
Design standard: |Undefined - Design class: -
Displacement height: 0,0/m (will be subtracted from hub height in PARK calculations)
Number in row: =

symbol color: | -

326,9 W/m2, 179,5 m total height
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The two options Use Power & noise pairs and Use PowerMatrix will be explained in section 2.6.4.4
and 2.6.4.5.

With the Number in row it's possible to create not only one WTG at a time, but also a row of WTGs
with same in-row distance and on a straight line.

After having entered the WTGs on a map it's easy to move them like any other object. As a row object,

you can activate and drag an outer selection mark to rotate the row. Activate an outer selection mark
while holding down the <Shift> key to change the in-row distance between the WTGs.

i&\-a)g

2*NORDEX N149/5.X 5700 149.0 10! hub: 105,0 m (TOT: 1795 m) dist 100 m (0,7 RD) angle: 100" (2)

In the info field at the bottom of the map screen, the row bearing and distance in meters as well as in
Rotor Diameter (RD) is shown continuously updated, as well the hub height as total height (TOT) is
shown.

2522 Object Tab Sheet: Position

By right-clicking and selecting Properties, the input window for a WTG or any other object will appear,
and more details can be entered. The Tab Sheet Position is common for all objects. Here you can
enter the exact coordinates. The Z-coordinate can be entered or read automatically from a Digital
Terrain Model calculated on the BASIS of a Line Object (Height Contour Map), but then the object has
to be inside the TIN radius, see

@ New WTG (NORDEX MN149/5.X 5700 149.0 10! hub: 1050 m (TOT: 179,5 m) (2)) ] *
Position | Layers WTG(s) Visual Distance circles Curtailment Operation Description
Position Userdefined Cancel
Easting 230.488
Morthing 6.232.468
Z (Offset): 0.0 [v| Automatically from TIN (-0,8 m)

Description: [NORDEX N149/5.X 5700 149.0!0! hub: 105,0 m (TOT: 179,5 m) (2)

User label:

Position locked Frev

Label on map
Mone ® User label Coordinate
] Result

Next

Description

NOTE: Performing a WAsP calculation, an entered Z-value does not make any difference in
calculation result. This calculation will always define the Z value based on the elevation data.
However, the Z-value can be used in visualizations and environmental calculations.

A “Description” can be entered and used as label on map. It's shown in the Object List and will be
shown on printouts too. You can also enter a "User Label". The software automatically gives a
"System Label", where the first created object gets no. 1, the second no.2 etc. These system labels
can never be changed (even if objects are deleted, their System Labels are not reused). Therefore,
you have the opportunity to assign your own user label to objects, e.g. for a special numbering order in
your WTGs or other objects. Later on, when a calculation has been performed you can choose to sort
the WTGs by user label instead of system label and thereby obtain full control. If you use letters in the
user label, normal alphabetic sorting will be used.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

63

The following labels can be made visible on the map next to the object:

Description,

User label,

System label

Coordinates

Results (from the latest PARK calculation: Yield, MWh/MW, Capacity factor or Efficiency)
None

User label: [T39

Fosition locked
Label on map
None User label Coordinate

Description System label Result L_|H It 1abel
st Iabe

<] Yield
Miwth b
Capacity factor
| fwind speed
Efficiency

2523 Existing WTGs Tab Sheet: WTG(s) *

Existing WTGs are created the same way as the new WTGs. In a PARK calculation the results will be
grouped in new and existing WTGs respectively, including information on the impact of the new WTGs
on the production of the existing WTGs.

Treat as PARK WTG checkbox means: If checked, the turbine is handled as a part of the wind farm to
be calculated. The results for the existing PARK WTGs will appear at main results and take part in the
PARK Total as well e.g. in time varying calculation results.

If NOT checked (default), the existing turbines are considered as “reference turbines” and are reported
on separate page and do not take part in the totals or time varying results. As reference turbines it is
possible to get a check of calculated versus actual production (Goodness) as part of the reference
turbine print.

2524 Existing WTGs Tab Sheet: Statistics

A difference from the New WTG object, is that it is possible to input statistical data, i.e. actual
production data, for the existing WTGs and thereby compare the energy production calculations.

W Existing WTG (Mot found: hub: 0,0 m {TOT: 0,0 m) {23)) O *
Position Layers WTG(s) | Statistics | Visual Distance circles Curtailment Operation Production data ! ok
Annual production all WTGs in this row: *) 3.269,4) Mwh/yr
Cancel
Annual normalized production per WTG: 3.269,4) Mwh/yr

Statistical basis for normalized production: | 133 months

Production source: Imported coordinate precision:
|EMD-index ver.13 region 4

*) Notice: production should be corrected to normal wind year.

Prev

Mext
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The tab Production data is for more detailed production data, which can be used with the
Performance Check module, see

2525 WTG Object Tab Sheet: Visual
Here, the rotor angle and the rotational speed for the WTG rotor can be specified, and the Aviation
light marking can be defined (see ). A rotor angle of 0° will have one blade shown as vertical
in PHOTOMONTAGE views (for a three-bladed turbine).

‘ Existing WTG (Mot found: hub: 0,0 m (TOT: 0,0 m) {23)) m} X
Position Layers WTG(s) Statistics| Visual | Distance circles Curtailment Operation Production data Description
General
Render WTG Only used when "User selected" on tab "Use Cancel
~| Show as WTG symbol objects" in camera object
Rotor angle: o )

=) At 0 degrees one blade points up. Leave blank for random
angle.
Animation
Rpm start (cut in): rpm  [8,3 rpm, WindCat] *)
Rpm nom. power: rpm  [10,7 rpm, WindCat] =) Prev

v| Show defaults
=} Leave blank and default values will be used - these are read from WindCat if present, else calculated from
standard Tip speeds (m/s): 50 (start) and 70 (nom).

MNext

Warning lights. Positions and frequency

vliRed, Top, 1 Hz Check the wanted light(s) for this

White, Top, 0.5 Hz WTG — note you can apply to all |
WTGs from "Multi Edit”. Use the
| button or right-click the list to view |
| the lights tools.

options... |~

2526 WTG Object Tab Sheet: Distance circles

@ New WTG (NORDEX N149/5.X 5700 1490 10! hub: 1050 m (TOT: 1795 m) (4)]

Position Layers WTG(s) Visual | Distance circles | Curtailment Operation Description

iShow 1-2 distance circles/ellipses around WTG symbal's
1

Invisible
® Circle
Ellipse
Radius in meters Line color  Width
0+ 4,0000(«{Total height [m]1 - | N - 2
2
Invisible
Circle
® Ellipse
Axis  Radius in meters Line color Width Angle
| Major 0f+ 5,0000| = Rotor diameter [m_ - | [ - 2[ | 270,00 deg
1! Minor 0f+ 2,0000= Angle relative to row angle

windPRO European Satelite Imagery - 2.5m x Bing Aerial Maps

In the Tab Sheet Distance circles you can enter:
Distance circle/ellipses — this is often useful for project design. It's activated by right-clicking on WTG

symbol and checking Show distance circle. Two circles/ellipses can be established and the radius
can be made dependent on WTG main size specifications. Color and line width can also be specified.
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An example of how to use the distance circles to both ensure the distance to settlements (law
requirements) and to existing turbines (turbulence).

2527 Object Tab Sheet: Layer
(See Layer Structure)

2.5.3 Clone object (copy), multi-editing, import

Two useful tools are available for all types of objects.

2531 Clone object

Select one or more objects to clone (copy) from the map or the Object List. Select an object simply by
clicking on the object with the left mouse button. Select additional objects by holding down the <Ctrl>
key when clicking on objects on the map or multi-select in the Object List as you would in Windows
Explorer or used the new selection tools in the map window. Once the objects have been selected,
click on the right mouse button, then select Clone Object (go to the right from the top of the menu
"New WTG | Map >" and a local object menu appears) (see below).

New WTG
Properties

Show distance circle

Point out position on Photomontage  *

Delete selected object(s)

Clone object

Locked

Export P

The cloned objects are placed 100 m East and 100 m south east of the original ones unless the
original object positions are locked, in which case the cloned objects will be positioned at the exact
same coordinates as the originals. In this case, the newly-cloned objects need to be unlocked before
they can be moved. Cloning is a useful feature, especially for the terrain data object, since you don’t
have to enter values twice e.g. two roughness classifications nearby each other that are almost
identical. It's also a good way to ensure that parallel rows of WTGs have identical properties.

It is also possible to just Copy/Paste the object within the object list. In this case the object will be
identical and positioned exactly at the same coordinates. This feature is useful when a set of objects
has to be duplicated, for example two layouts of turbines with a different type for each. Entire layers
can also be duplicated from the Layers Menu
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253.2 Multi-editing

When working with many WTGs or other objects such as noise sensitive areas, where you need to
change the WTG type in general, the hub height or noise emission data, or attach all objects to a
height contour Line Object in order to read the Z-coordinates automatically, multi-editing is an efficient
way of changing the characteristics for a large number of objects. Start by holding down <Shift> or
<Ctrl> and selecting multiple objects in the object list or use the new selection tools on the map view.

Objects (8 / 24 / 104)

3 | Description
: M GE WIND ENERGY 6.0-164 GT135 6000 154.0 !0! hub: 148,0 m n

M GEWIND ENE  Edit selected objects 148,0 m

A GE WIND ENE Show distance circles 148,0 m (

A GE WIND ENE Delete selected object(s) 148,0 m (

A GE WIND ENE . 148,0 m ("
Clone chject(s)

M GE WIND ENE . 148,0 m (*
Copy object(s)

M GE WIND ENE 148,0 m ("

A GE WIND ENE 148,0 m ("

m Flmimbhd Mambn Cgpy rESL”t(S] o Y

Select the object to Edit from the object list and right click. Choose Edit selected objects.

& Muld Edit [m} X

X m relative Apply
Y: m relative Close
z: m (@ relative absolute

Automatically from DHM

® No change Activate Deactivate Erevious
Position locked
® No change Activate Deactivate Mext |
Label on map |
® No change User label Result |
None System label
Description Coordinate
Description
® No change |
Clear (Use auto description) ‘
User label |
Clear ‘
Symbol color i

Set all colors to default

Select which properties to edit as shown above, e.g. automatically from DHM and Label on map from
User Label. Only the relevant changes for each object are performed. The program will notify you of
the different selected types of objects before handling.

254 Import/export and copy/paste of object data

You may receive coordinates for objects (WTGs, neighbors, etc.) in a digital form that you don’t wish
to enter manually. Or, you need to make some changes to a wind farm layout with the aid of a
spreadsheet calculation. Maybe you want to copy all noise sensitive areas to shadow receptors at the
same positions, or copy a roughness rose from one project to another. All of these operations as well
as many others can be performed with help from the import/export and copy/paste functions.

The Object List window shown below is from where these functions typically are used. But it is also
possible to export by right click on an object on the map and export from there.
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Objects (4 / 34 | 104) o 3 X
b4 Description = | Locked | Easting | Southing z Type S| U| Resul|L -

M GE WIND ENERGY 6.0-164 GT135 6000 164.0 '0! hub: 148,0 m (ToT: 2 507.870 6.814.239  1.180,1 New WTG 15 11,68! Sm

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (ToT:2 597.449 6.815.427  1.205,7 New WTG 165 11,90¢ Sm

GE WIND ENERGY 6.0-164 GT135 6000 164.0 0! hub: 148,0 m (TOT: 2 507.420 6.814.939  1.204,0 New WTG

J GE WIND ENERGY 6.0-164 GT135 6000 164.0 0! hub: 148,0 m (TOT: 2 598.170 6.814.639  1.190,6 New WTG i

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (ToT: 2 597.870 6.814.239  1.180,1 New WTG 15 12,01: Sm

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 597.449 6.815.427  1.205,7 New WTG 15 11,890 Sm

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 !0! hub: 148,0 m (TOT: 2 597.420 6.814.939  1.204,0 New WTG 15 11,72¢ S

A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (ToT: 2 508.170 6.814.639 1.190,6 New WTG 19 Lot

@ Height Contours: Terrain_site_area_trim_extended.wpo (33) 597.166 6.813.326 Line Object 53 on

ﬁ Haoinht- 150 N+ Paracihe: N 0= \Width- 1 1RA m- Nanth- 171 7 m- 508 Nd? A R15 220 1 1AA O Nhatarla 11 Iee

To export (copy) one or more objects, simply mark the objects by dragging when holding left mouse
button down or, as in Windows Explorer, by holding down the <Ctrl> key or, by marking the first
selection and then holding down the <Shift> key when marking the last. When objects are selected,
right-click and get the menu shown below:

Properties

Center on map

Copy object(s) Ctrl+C

Paste object(s) ¥ Paste object(s) directly Ctrl+V i
Import ¥ Edit object(s) before pasting i
Export » Replace object data !

Choose Copy object(s) and all the stored information for the objects is placed in the Windows
clipboard. The data can be pasted back as new objects or as a replacement of the copied data with
the changes made in a spreadsheet, e.g. adding a user label (see next section).

Pasting objects from the clipboard can be done with <Ctrl>+<V>, or by right clicking the Object list
selecting Paste object(s) > and then Paste object(s) directly.

If you want to change the objects before pasting them, you can select the Edit object(s) before
pasting option. This way it is possible to convert a New Turbine into an Existing turbine, for example,
or to convert a Control Point into a Meteo object. You can also use <Ctrl> <Shift> <V> to paste the
objects and you will be prompted to change the object type.

Insert objects n

| This allows you to change the coordinates and object types before inserting them into the project.

i| Easting Southing z Type Apply type to all belov | Description Label
597.870 6.814.239 1.180,1 New WTG = Apply to all below
597.449 6.815.427 1.205,7 | Control Point * Iply to all below
MHew WTG
597.420 6.814.939 1.204,0 penesspyry ply to all below
598.170 6.814.638 1.190,6 |Multi Rator Object ply to all below
Site Data
597.870 6.814.239 1.180,1 Obstacle ply to all below
597.449 6.815.427 1.205,7 |Moise Sensitive Area ply to all below
507.420 6.814.939 1.204,0 (Shadaw/Glare Receptor| ™ |\ ¢, ot below

| 598.170 6.814.639 1.190,6 New WTG - Apply to all below

Cancel Edit objects after insert

Objects can also be easily created just by pasting coordinates from a spreadsheet to the object list of
windPRO. Then the window above allows you to select which type of objects will be created. Note that
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different types of objects can be created. If it is the same type of object, click on Apply to all Below.
The Description and Label can also be edited in this window.

2541 Copy/paste for remote editing of object data in spreadsheet
From the clipboard, you can simply paste the objects into a spreadsheet (or directly into the Object
List in another project). Depending on what you want to paste back into windPRO, you can copy the
data as shown below:

Description Objecttype System labelObject ID Easting Northing Z Object description Userlabel File name Hub height
EMD-Example Existing WTG 132 ExistWTG| 319277 5179735 669,5 WTG 5 Lotl C:\Templv 100
EMD-Example Existing WTG 133 ExistWTG| 318775 5178910 656 WTG 32 Lot4 C:\Temp\v 100

Paste only coordinates into windPRO. windPRO will ask what kind of object to create

EMD-Example Existing WTG 132|ExistWTG 319277 5179735 669,5 WTG 5 Lotl C:\Tempv 100
EMD-Example Existing WTG 133|ExistWTG 318775 5178910 656 WTG 32 Lot4 C:\Tempv 100
Paste ObjectID and coordinates. windPRO will create the specified object at the coordinates

EMD-Example Existing WTG 132|ExistWTG 319277 5179735 669,5 WTG 5 Lot1 C:\Templv 100
EMD-Example Existing WTG 133|ExistWTG 318775 5178910 656 WTG 32 Lot4 C:\Temp\v 100
Paste ObjectID, coordinates ,Z, Object description and/or User [abel to create objects with these values pre-filled.

The following properties are common for all object types:
Description — Same as in Object description
Object type — Name, identifying type of object.

(The properties listed above will not be used when copying changed object data back to the Object
List. Only those below will be used).

System label — unique internal number assigned when the new object is created (cannot be edited).
Object ID — Number OR Text, identifying the type of object (see )

X — Easting coordinate

Y — Northing coordinate

Z — Elevation (above sea level)

Object description - (User specified description, if no user description it is auto generated)

User label - (User label e.g. internal numbering for sorting in printout)

Lastly, depending of the type of object, additional information such as Hub height and WTG type for
WTGs.

Data can now be modified in the spreadsheet and copied back to object list, see what to include in list
shown above.
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2542 Export data from object list
Objects (2 / 8 / 104)
x Description = | Locked | Easting | Seuthing zZ Type S|L
A GE WIND ENERGY 6.0-164 GT135 6000 164.0 10! hub: 148,0 m (TOT: 2 597.420 6.814.939 1.204,0 New WTG 15
""""""" X GE WIND ENERGY 6.0-164 GT125 A00N 164 0101 hih: 148 0 m (TOT+ 2 507,440 6.815.427  1.205,7 New WTG a5l
A GE WIND ENERGY 6.0-164 G Edit selected objects 597.870 6.814.239  1.180,1 New WTG 15
A GE WIND ENERGY 6.0-164 G| Show distance circles 508.170 6.814.639  1.190,6 New WTG 15
A GE WIND ENERGY 6.0-164 G| Delete selected object(s) 597.420 6.814.939  1.204,0 New WTG 15
A GE WIND ENERGY 6.0-164 G| Clone object(s) 597.449 6.815.427  1.205,7 New WTG 15
A GE WIND ENERGY 6.0-164 G| copy apject(s) 507.870 6.814.239  1.180,1 New WTG 15
A GE WIND ENERGY 6.0-164 G| 598.170 6.814.639 1.190,6 New WTG 14
Copy result(s)
Impert 4
Export L Export object position(s) to a Shape file
Export object position(s) te a waypoint GPX file
Export to windPRO object export file...
Export distance circle(s) te a Shape file
Export to Google Earth kmz-file
Export to NoiseRequest
linate systern|UTM (south)-WGS584 Zone: 22 - | Select @ ORR LT

There are at present five export options:

The position to ESRI Shape files (for import in GIS software), a .shp file is created.
To a waypoint GPX file, the “generic standard” within GPS, meaning this is the format
that can be imported into a GPS.

To file — a windPRO object file (.wpobjects) is created — this is an efficient way to
transport objects from one windPRO project to another — this includes all data
“behind” the objects.

The distance circle to Shape files (only for wind turbine objects and requires that a
distance circle is defined in the properties of the wind turbine)

To Google Earth .kmz file, see

2543 Import data to object list

Properties

Center on map

Copy object(s)
Paste object(s)
Import
Export

Ctrl+C

> Import placemarks from Shape file...

> Import from XML file...

Import placemarks from a waypoint GPX file...
Import placemarks from Google Earth KMZ file...
Import from windPRO object export file..,

Here are at present five different options:

Import the position from Shape file

Import from xml file ( )

Waypoints from a GPX file, the generic GPS file format, see additional options about
GPS coordinates below.

From Google Earth kmz file, the points in the file (e.g. turbine positions specified by
client) will be established as control marks in windPRO. Copying to a spreadsheet and
pasting back you can change the control marks to the required object type.

From file — the native windPRO *.wpobjects can be imported including all object
information.
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If you have data in a GPS, you need to extract the data into a spreadsheet before copying. This can
be done simply by typing data from the GPS screen into a spreadsheet. Or, in the case of a larger
number of GPS points, by importing GPS data into a PC (a special cable may be required to do this).
Free software can be found on the internet or included with your GPS.

To get the coordinates pasted into a spreadsheet, you need to select one row at a time and then
paste. Afterwards, you have to divide the coordinate column into two in the spreadsheet e.g. in Excel,
use the "MID(A1;5;6)" function to extract, starting with the 5th character, the following 6 characters
from cell A1 (the X-coordinate).

2544 Identify what can be copy/pasted by object list

While the attributes that can be copied/pasted between object list and a spreadsheet will be revised
from version to version, we recommend you use a spreadsheet as an intermediate placeholder to see
which attributes are available before copying between windPRO versions. Simply copy the objects of
interest from the object list to the spreadsheet, see which attributes are included and thereby identify
what can be “pasted back” to windPRO.

2545 List of Object IDs

When copying coordinates into windPRO, it is possible to assign the object type.
From windPRO 2.8 the object ID type scheme was changed to the below IDs:

Object | Type ID Object | Type ID | Object | Type ID

NewWTG 0%, Shadow &h SiteData
= ExistWTG ¢ Camera (7 NSA
WTGnet CtrlPoint = Shape
000 WTGareas ) T UsrTextData28
HCData <%> # ExtGrid
HCGridObj S ell EGrid
&= AreaObj 77 VR 2y BusVar
N MeteoObjectData M RadarObject [} Transformer
f Obstacle & Ruler ? ELoad

For instance, pasting “CtrIPoint 514273 7513830 into the object list will create a Control Point at the
specified coordinate location

255 BASIS calculation

With the module windPRO BASIS alone, it's possible to perform a so-called "BASIS-calculation". The
"BASIS-calculation" does not calculate, it merely generates a complete report of the data that has
been inputted, and a map with a presentation of the project. This gives for example, the potential
buyer of WTGs the opportunity to work with different project layouts using the windPRO program at a
very favorable price and the ability to forward the information (e.g. a windPRO export file) to different
manufacturers for calculations and quotations.

After a calculation, you can copy the calculation (by right-clicking on the report header). Then a copy
of the report and all calculation settings is made. If you later change the WTG layout on the map, you
can recalculate the copied calculation, so you now have two calculation reports with same
specifications, but with different WTG layouts so that the two sets of calculations are identical except
for the layout.
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. \wind

2.5.6 Reports — general tips and setup

Calculation output (in the form of reports) is stored in windPRO. If a printout of an earlier calculation is
needed, you just have to open the project in question and print out the required reports without having
to rerun the calculations.

The output is arranged in a tree structure. It gives you a good overview of the calculations carried out.
This tree structure is shown on the calculation icon button:

¥ H<w9 windPRO
File Definitions Geo Data Climate Energy Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites
w OPTIMIZE PARK { I_) Noise Matrix Analyzer ~ LOSS & UNCERTAINTY ~ Single Point AEP $ Madel: Flow reguest export I WAsP-CFD WTG catalogue
- B - p Rl S todel: Flos LRy =
Calculations (11) o x x Objects (0 / 18
Hame = Created Calculated | Duration | Version | Size [MB] | Summary System |
> ¥ PARK: Manufacturer A 10/07/2024 1 10/07/2024 1« 0:04 (min) 4.1.201 0,3 Net AEP: 111.530,3 [MWh]; FLH: 4.131 [h]; CF: 47,1 [%]; Wake loss: 3,2 [%] O(%)
> P8 PARK: Manufacturer B 10/07/2024 11 10/07/2024 1< 0:15 (min)  4.1.201 0,7 Net AEP: 109.384,9 [MWh]; FLH: 4.051 [h]; CF: 46,2 [%]; Wake loss: 5,0 [%] O
»|~ P PARK: Manufacturer C 10/07/2024 1 10/07/2024 1« 0:05 (min) 4.1.201 0,3 Net AEP: 111.452,6 [MWh]; FLH: 4.128 [h]; CF: 47,1 [%]; Wake loss: 3,2 [%] O
Main Result 4
Map 0%
Park power curve @
Power Curve Analysis ®
Production Analysis o
Terrain L3
WTG distances -
‘Wind Data Analysis -
Wind statistics info @
> §8 RESOURCE: 10/07/2024 1 10/07/2024 1« 0:01 (min) 4.1.201 0,1 Resolution: Om; Heights: 0,0m 0%
A7) B(4) |+ .

Google Maps 007
brri Bz € # Zoom 100 - | Coordinate system|UTM (south)-WG584 Zone: 22 - | Select ¢ M & B

When a calculation has finished, the available reports that can be printed will be shown on in the
Calculation window (here 11 in the top left corner). Clicking the small “+” button creates a new sub-tab
and calculations can be drag-and-dropped from one sub-tab to another. The individual sub-tabs can
also be re-arranged.

o

,JI (2) +

There will be info columns showing when calculation was created, last calculated, the duration and
with which windPRO version. The size in MB shows how much space the given calculation takes in
the project file. Having a larger project file slows down Save/Open, so may some times be worth
deleting large calculations that are no longer required. The Summary column shows a few key results
like AEP, Full Load Hours, Capacity Factor, Wake loss, etc. This makes it easy to compare calculation
results.

A sub-level report will automatically pop up on the screen if you double-click on a sub-level report
name (e.g. “Main Result”). The sub-level report has its own right-click options, where you can define
report details. When you right-click on the calculation header or on one of the calculation reports, you
get access to this menu:
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Main Result Properties
Production Analy: Calculate
Power Curve Ana Print
Wind Data Analys Clone
WTG distances Delete Del
Scaling info Rename F2
Map Result to file

) PARK: RIX Save as PDF

0 WasP-CFD: CFd 3 til Expand all
Assumptions Collapse all

Print gives access to set up all report features that can be modified.

Clone makes a copy of the calculation, so it is easy to calculate another turbine layout with exactly the
same settings — just the turbine selection shall be changed. Multiple calculations can be cloned at
once.

Result to file allows for saving some results in other formats, e.g. copy to clipboard and then paste to
Excel or save results as text files. Some graphic outputs, like noise isolines, can be saved as ESRI
Shape files.

The line with the calculation name (in this case PARK), is the "header" of the calculations report. The
name the user gives the calculation (in this case "new energy concept..."), also appears in the header.
The reports follow subsequently.

To view setup or print the reports, there are several options described as follows:

256.1 Print a single report with default settings/preview
To print a single report, select report (click on report) and right-click and select Print from following
menu:
Preview .I
Save as PDF i
Print !
Properties

To preview a single report with default settings, simply double-click on the report, e.g. on Map or Main
Result. Depending on your general windPRO settings, the report preview will be shown in the built-in
windPRO previewer or in your PDF reader (see ).

2.56.2 Setup of a single report

Right-click on report name and select Properties from the following menu:

Preview
Save as PDF
Print
Properties
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The following window appears depending on which report you have selected.

| @ Report Setup

Reports
Main Result

Production Analysis
Power Curve Analysis

[ Terrain

Wind Data Analysis

Park power curve
WTG distances
wind statistics info
Map

Watermark

Report language
English

Preview
PDF file

Print

Pages

N = I = R

Settings...
Print setup

Result to file

Cancel

U\t Table sort Options

Print scale / Size of map
Automatic based on used objects

Center of map on report
Center of all objects in calculation

Mo map on main report

Background map quality on large zoom factor

Low ® Medium

24 New WTG
5 Site data

Google Maps 003

High

x

In the right part of the window, you get different tab sheets where individual settings can be applied to
the report. In the left part are following important features:

Result to file - in more reports; the calculation results can be saved to a file or to the clipboard for

further processing in e.g. spreadsheet tools.

Report language — Different report languages can be selected (if license is purchased)

Settings — The report setup can be saved and used for other reports. Also, the report language
selection can be saved so it’s used in all calculations until windPRO is shut down. The next time
windPRO is started, the original language will reappear as a default unless Use as default is checked.

2.5.6.3

Print all reports, define reports and settings, symbol scaling, etc.

To print all reports or to set up a complete calculation report right-click on the header and select Print
as shown in the menu.

Properties
Calculate
Print
Clone
Delete

Rename

Result to file

Save as PDF
Expand all
Collapse all

Del
F2

Note: With the Rename function you can change the calculation name and the description without
recalculating. In the case of a PARK calculation, where a simple gross-to-net reduction has been
applied, this can be amended using the Rename function without the need to re-calculate.
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When selecting Print, the Report Setup menu appears.

| @ Report Setup u] X |
Reports Pages |||[Main Result]| Table sort Options |
Main Result 1 Map Google Maps 003
[ Froduction Analysis 2
Power Curve Analysis 1
[# Terrain 0 Print scale / Size of map
[¥] Wind Data Analysis 0 Automatic based on used objects |
[@ Park power curve 1 |
[ WTG distances 1 |
[ wind statistics info 1 |
[ Map 1 |
| |
| Center of map on report |
| Center of all objects in calculation [
|
| Ne map on main report
Background map quality on large zoom factor
| Low ® Medium High
|
& New WTG
&} Site data
Watermark
Report language
English
Preview Settings...
PDF file Print setup
Print Result to file

74

On the left side you can select the different parts of the report you want to print, and on the right side
you can set up individual parameters, depending upon which report is selected.

In the Map report, you can_define which part of the map to print and which objects are to be included.

By clicking on the button i , you can define the appearance of the objects individually in the different

reports.

Symbol setupMNew WTG

Symbols
Symbol size (scaled)

Minimum size on printer output

Maximum size on printer output

Labels

Mone
#) Link to sorting index
Local system label

User label

Apply to all symbols

Cancel

1UC m Use rotor diameter scaled by
Show 1. distance circle

3| mm Show 2.

100 mm

| Use object color

Real system label Label height

Object description 2.0] mm
Coordinate
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2564 Sorting the objects by user label etc.

Objects can be sorted by user label or other labels.

Default objects listed in reports are sorted by object system label, but are numbered after a local
system label (where objects are numbered 1, 2, 3...or a, b, c...). This option is called “Auto sort”
(Local system label).

Selecting to sort by “User label”, you specify the label on the print (by supplying the objects user label)
and the objects are then sorted by that user label (numerically or alphabetically).

Lastly the "Advanced" option allows you to use the windPRO-assigned system label in printouts, in
which case you always have the same label assigned to the same object, regardless of which objects
have been inserted or deleted. In “Advanced”, you can chose different sorting options for different
types of objects.

This feature is found under the Tab Sheet Table sort.

[ W Report Setup [m] *

Reports Pages || Main Result | Table sort | Options

Labels and sorting order for object tables
Auto sort (Local system label)
User labe

Main Result
Production Analysis
Power Curve Analysis
Terrain

Wind Data Analysis
Park power curve
WTG distances

Wind statistics info
Map

Sorting label for all objects
Individually

e i e == =

Sorting label for New WTGs

Local system label

Sorting label for Existing WTGs

Local system label

Sorting label for Site data/Meteo data
Local system label

Sorting label for Obstacles

Local system label

2.56.5 Printer setup

‘ Report Setup m] X
Selected Printer
HP Color LaserJet CP5520 Series PCL 6 Setup

Report Destination
Printer

& Preview
PDF FEile

300

Cancel

Click on Print to select a printer or to specify the printer setup. Depending on your printer, you can
adjust the print-out by clicking Setup.
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If you want to output a standard file type e.g. for attaching results to an e-mail, choose Preview. From

the Preview window you can save reports as standard PDF documents. You do not need to have
Adobe Acrobat or another PDF package installed.

Note: If you want to print to a file which is not PDF, you must have an appropriate printer driver
installed. For example, you would need a Postscript printer driver to produce a postscript file, which
many copy centers can print for you on high quality printers for inexpensive mass production.

2.56.6 Settings for all reports

@ settings a *
User Start-up WAsP Search paths Online data Misc. Language
Report logo
BMP, JPG or PNG file with lego for report headers -
C:\Temp\EMD_loge.jpg Browse

= | EMD

International

Report layout

Background raster on reports Watermark text (Selected individually on reports)
Force monochrome printing

Draft
Font size
® Auto Fixed size
Font T Tahoma - EMD Default
Margins on report pages [mm from edge]
Top 0,0
Left 0,0 Right 0,0
Bottom| 0,0

Frame color B - || EMD Default
Raster color = || WP2.9 Default
Frame width [mm] 0,0

View reports in FDF viewer

Cancel

Settings regarding all report can be adjusted in Settings & Help tab and then select the Settings button
and go to the Report tab.

From here you can add your own logo to the report headers, add a watermark text, force monochrome
printing, and specify the font size and type. The margins of the page can be set and the size and
colors of the frame around the report can be changed.

The checkbox View reports in PDF viewer lets you control if reports should open the built-in
previewer in windPRO or in an external PDF viewer by default.
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2.6.1 Introduction to wind turbine catalogue

EMD has created a large catalogue of wind turbines for various purposes in windPRO. Over the years,
more than 1000 different WTG types and variations have been collected by EMD from many sources
and included in the WTG Catalogue. This Catalogue is continuously updated by EMD.

You can add your own new wind turbines to the Catalogue and you can amend the ones created by
EMD with your own data (new power curves, noise data etc.). You cannot edit the data that has been
supplied by EMD. You can however, make a copy of an "EMD" turbine, and use it as a template for a
new user-defined WTG.

Note, that the WTG Catalogue keeps track of whether the data is created/edited by EMD or the user.
In the Source field in WTG Explorer, there will be three possibilities:

EMD
USER
EMD-U

The EMD-U designation means that it's a WTG created by EMD, but the user has added some
information. Depending upon the power curve used in the calculation, it could be either an EMD or a
USER power curve. In the printouts of the energy calculation, it will indicate whether an EMD or a
USER power curve was used.

The information registered in the Catalogue is primarily the type of information which is most important
during the design phase of a project.

The Catalogue is structured such that, if a WTG is considered to be of a certain type (same
manufacturer, generator-system, rotor diameter and tower type), it's stored in one file. Inside this file
there can be additional power curves, noise data sets, visualization data sets, eGrid data, and different
hub heights (tower heights). This is a compromise between reusing data and keeping the structure
simple.

2.6.2 Invoke and Modify the WTG Catalogue

m WTG catalogue

The WTG Catalogue can be opened from multiple tabs. This shows you the turbines available in
windPRO. If you wish to access other turbines located outside the default windPRO folder, see
for more information on search paths and search profiles.
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When the Catalogue is open, a list of turbines is shown. Simply right-click or double-click on a WTG, to
enter the edit menu and see more information on the turbine.

2.6.3

WTG Catalogue Tab Sheet:

Tab Sheet Main has two groups of information:

. Windcat - C\Users\pmn\Workables\windPRO Data\WTG Data‘\Siemens Gamesa 5G 6.0-170 6200 170.0 !QLwtg...

WTG  Edit
D= &
Main | Details Comments Former names
Remarks
Manufacturer Siemens Gamesa
Type/Version |SG 6.0-170
Rated power 6.200,0/ kW
Secondary generator kw Load picture
Rotor diameter 170,0{ m
Tower
Grid connection
Country (origin}
Blade type
Generator type
Rated 8,8/ rpm
Initial 51| rpm
Default hub height 115,00 m
Alternative hub heights (m) |165,0
Add Remove
Maximum blade width 4,50/ m *) /
Blade width for 90% radius 1,500 m =) ‘4
Valid
Unique ID: {DCA770F5-1562-4E6C-AB06-6A019D4D635E}
) Used to calculste maximum distance in SHADOW. If not avaiable, altemative distance can
be salectzd in caloulation
) The choics influsnces the HF value check - “Variable” should be used for the “moden
eneration” of larger turbines with abje zpeed an pitc!
Cancel

Remove picture

Main

The upper section contains the unique identification
Manufacturer, Type, kWh (large/small generator), Rotor Diameter, Hub Height and Tower Type(s).

The lower section contains additional information such as: Country of Origin, Blade Type, Generator
type (rpm Control), rpm, default hub height and alternative hub heights. For a SHADOW calculation,
the blade width can be entered, which allows the shadow calculation to determine the distance from
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the turbine at which flicker may be a problem (at 20% Sun coverage). Lastly, there is a field indicating
whether the WTG is valid or not (i.e., is currently available in the market), a remark field and a picture.

Note that the choice of generator type decides the HP-check, see Checking the Power
Curve.

The Unique ID is an internal software generated code, that makes the link to a turbine from a
calculation unique, so later recalculations will always use same data. This ensures that old

calculations can be reproduced if data from EMD is used. EMD never changes data once sent out, but

creates new sets of data, if specifications for a turbine has been modified.

2.6.4 WTG Catalogue Tab Sheet: Details

—
‘ Windcat - CAUsers\pmn\Workables\windPRO Data\WTG Data\Siemens Gamesa 5G 6.0-170 6200 170.0 !OLwtg... [m] *
WTG Edit Details
UEH&HE

Main | Details | Comments Former names

~| Group by type | Hide invalid data

Type = | Name = | Default | Valid Creator | Create di | Edit date | Valid fror | Valid till | Sourci™
Noise N5 - 101dt No Yes EMD 19/03/202 19/05/202 SGRE
Noise N6 - 100dE No Yes EMD 19/03/202 19/05/202 SGRE
Noise N7 - 99dB( No Yes EMD 19/03/202 19/05/202 SGRE

v Type : Power curve

Power curve (AM 0, 6.2 Yes Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-1, 6.1 No Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-2, 6.C No Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-3, 5.¢ No Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-4, 5.€ No Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-5, 5.7 No Yes EMD 11/02/202 25/03/202 SGRE
Power curve (AM-6, 5.€ No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N1 -105.5 No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N2 - 104.5 No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N3 - 103dt No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N4 - 102dt No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N5 - 101dt No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N6 - 100dt No Yes EMD 11/02/202 25/03/202 SGRE
Power curve N7 - 99dB( No Yes EMD 11/02/202 25/03/202 SGRE
~ Type : Visual
Visual SG 6.0-171 Yes Yes EMD 03/02/202 27/03/202 SGRE
Visual SG 6.0-171 No Yes EMD 03/02/202 27/03/202 SGRE -
| Mew L Edit/Show & Delete Adjust columns Auto create Power & noise pairs

Cancel

- —

Under Tab Sheet Details, it's possible to add multiple sets of data belonging to different variants of the

specific WTG type, different sets of power curves, noise data, visual data, or eGRID data. A special
variant is the Power & noise pairs, which connects noise data and power curves together into

operation modes. PowerMatrix is a new data format capable of defining power, ct and noise data as

functions of multiple climate variables such as air density, turbulence and veer, all at different
operation modes.

2.6.4.1 WTG Catalogue general about entering data

To add a new dataset go to the Details Tab (shown above), and click New and select the type of
dataset you wish to add:
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Power curve

MNoise

Visual

eGrid

Power & noise pairs
PowerMatrix

Temperature curve

2642 WTG Catalogue power curve editing

| 4 Edit power curve X
|
| Mame ® Edit/show power curve
| |(AM 0, 6.2MW) - 1.225 kg/m3 Auto Edit/show CT curve

Source

Manufacturer Wind =
| spee Pover

Date (dd/mm/yyyy) Stop wind speed Dd = kW] Cp
| |31/08/2023 - 25,0/ m/s [m/s]
| Air density Tip angle Click here to add a new row

1,225| kg/m3 0,00/ ©

3,00 89,00 0,237
3,50 178,00 0,299
4,00 328,00 0,369

Measured on high voltage side of step up transformer

Power control

% Fi .
Stall PFitch Active stall 4,50 522,00 0412

Ct curve
Standard stall Standard pitch & User defined il EELLL LRET
Uncertainty 5,50 1.040,00 0,450
| (® None IEC cat A & IEC ca(_) IEC combined 6,00 1.376,00 0,458
Remarks 6,50 1.771,00 0,464
| |Rev. 0 7,00 2.230,00 0,468
| [The manufacturer and its affiliates reserve the right to change the 7,50 2.758,00 0,470

| above specifications without prior not\ce.| 8,00 3.351,00 0,471

8,50 3.988,00 0,467
| 9,00 4.617,00 0,456
9,50 5.166,00 0,433

1n 00 5 584 nn nanz
Annual energy at 8 m/s: 27.152,2 MWh

Cancel Graph

When adding a new turbine, most often you will need to include information about the turbine’s power.

The Power curve data sheet includes information on Source, Date, Stop wind speed (Cut-out wind),
Air density for the specific power curve, Power control system, Ct curve, uncertainty specification etc.

Please note when entering data in the table:

Enter first two sets of wind speed and value, then the increase in wind speed is calculated and auto
filled for the remaining inputs of value. More complicated data sets should be entered in Excel, and
copy - pasted into the table.

Note that the choice of power control decides the HP-check, see Checking the Power Curve
Click on the Graph button to get a plot of the power curve and the Ce curve respectively.

The Power curves are named according to different noise levels, where “level 0” is the power curve
corresponding to “no noise reduced” operation, and the different noise reduced levels follow as “level

17, “level 27, and so forth. The name of a power curve also mentions whether it has been calculated or
measured (when the information is available).
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| (AM 0, 8.2MW) - 1.225 kg/m3

| 6.000
5.500

0,65

05
5.000

0,45
4500

4.000 04

3.500

da

03

Power [kWW]

3.000

0,35
0,25

2500

2,000 02
1500 0,15
1.000 0.1

0,05

0 5 10 15
Wind speed [m/s]

NOTE on Air density:

The air density, which must be entered along with the power curve, is the one that the power curve is
valid for. Below a few examples:

1) The power curve is measured at an air density of 1.1 kg/m? and after that, normalized to a standard
air density of 1.225 kg/m?3. In this case, the standard air density of 1.225 must be entered.

2) A power curve is recalculated and entered with an air density changed from 1.225 kg/m3 to 1.05
kg/m3 (thin air conditions). Then the air density value of 1.05 must be entered (as well as when
entering air density in the later energy calculation where used with thin air conditions). The
recalculated power curve will then be saved correctly as well as used correctly on the specific site.

Regarding the power curve information, it should be noted that the selection of the Ct curve affects the
wake loss calculations.

Uncertainty input can be as category A & B or combined, see IEC 61400-12-1 for details. The
uncertainty can when entered be used in the Loss & Uncertainty module. When viewing the graph the
uncertainty is shown as horizontal bars on the power curve. It is not that common to use the actual
measurement uncertainty specifications, while this lead to a very high uncertainty. In “real life” the
uncertainties typically are lower while the manufacturer obtains power curve measurements on many
different turbines on many different locations and thereby brings down the uncertainty by clever choice
of official power curve among many curves.

It's possible to copy the power curve to a spreadsheet. Mark an arbitrary point inside the power curve

(right-click and choose Copy). In this fashion, it's possible to copy a power curve or a Ct curve to a
spreadsheet. Pasting into a power curve from a spreadsheet can be performed in the same fashion.
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2643

Data for wind speed: 8,0 m/s

The uncertainty will be added to the
octave data if available.

Add uncertainty

WTG Catalogue noise data editing
I ‘ Edit noise data
é Name (AM 9, 6.3 MW) - 106dB(A)
Source Manufacturer
Date 19/03/2020 -

| You can establish a “noise value matrix" by adding wind speeds and hub
heights — if you only have data for one hub height and wish to use this for all
hub heights you can add a "hub height independent column®,
If the turbine has data for different operation modes (noise reduced), create a
new noise data set for each operation mode.

Wind speed at 10 m Wind speed at hub height

Normal frequency | Low frequency

[mfs] | 1150m | 1650m [m/s]

2,0 92,0 50 04,5

3,0 93,0 93,5 6,0

4,0 97,8 08,8 7,0 1018
5,0 102,7 8,0 1047
6,0 105,7 106,0 9,0 1060
| 7,0 106,0 106,0 10,0 106,0
| 8,0 106,0 11,0 106,0

12.0 1n6an T

*} Octave data available

| Add wind speed Add hub height 10m > Hub height

Copy selected Paste from clipboard Delete selected

Remarks

| [The manufacturer reserves the right to change the above
specification without any notice|

Cancel

Pure tones (check if pure tones content reported)

Some countries operate with differentiated pure tonal
penalties, in such cases, this value is used. Other
countries have a fixed penalty and the value is not used.

+| Octave data (always input if available)
1/3 octave band
v| Octave and 1/3 octave data already A-weighted

Wind speed dependency Irelevant when data for more wind

1,0/ dB(A)/m/s speeds are available
Octave data
Frequenc | Lwa,p

y [Hz] [dB]

62,5 86,2

125,0 93,0

250,0 95,2

500,0 96,2

1000,0 99,4
2000,0 99,1
4000,0 94,6
8000,0 ? 82,8

?) If value for this frequency is not provided by the manufacturer you
can use the value from the frequency above/below.

Paste octave/terz data from clipboard

The table on the left half of the window gives the overview of all combinations of noise data for hub
heights and wind speeds at 10m height (left side) and at hub height (right side). The table on the
right half of the window shows details for the selected data from the table on the left haft of the
window. For example, the table of Octave data or /5 Octave data is shown when available (as marked
with a *) in the left table). Frequencies marked with asterisks (*) are used in regular noise calculations,
while those without asterisks are only used for low frequency calculations.
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' Edit noise data

Mame

Source
Date 07/0a/2023 -

‘You can establish a "noise value matrix” by adding wind speeds and hub

heights — if you only have data for one hub height and wish to use this for all

hub heights you can add a "hub height independent celumn®.

If the turbine has data for different operation modes (noise reduced), create a
| |new noise data set for each operation mode.

Wind speed at 10 m Wind speed at hub height

Mormal frequency | Low frequency

[m/s] [m/s]
1
|
<No data <Mo data to
to display> display=
|
*| Octave data available
| Add wind speed | Add hub height
1 H
Copy selected | Paste from clipboard Delete selected

When creating a new noise data set, click in the orange part of the table to activate the input of noise
data given for wind speed at 10m or in the green part to activate the input of data given for wind speed
at hub height. Click on “Add wind speed” and “Add a hub height” or “Paste from the Clipboard”. In
order to paste from the clipboard from Excel for example, the wind speed must be in column 1, the
hub height in column 2 and the noise value in column 3. In the case of pasting data for wind speeds at
hub height, the hub height must be defined (as a convention) in Excel as “-3” for all wind speeds.

It is also possible to enter low frequency noise data. As decreed by law in Denmark since 01.01.2012
the low frequency noise must be calculated and demands must be fulfilled. Basically, low frequency
data is just a part of the 5 octave band data, which can be entered from 10 — 10000 Hz. The values
from 10-160 Hz are used in the Danish Low Frequency Regulations. Values from 50 — 10000 Hz are
used in standard noise calculations. So there is an overlap, and therefore having the complete
frequency spectrum data, no additional input is needed for complying with all calculation methods.
Having only data for the low frequency spectrum, 10-160 Hz, the data shall be entered with the tab
Low frequency selected. If 5 octave band data are available for all frequencies, it will be the same
table that is seen for 10 m and for 10m low frequency and thereby editing in the one will edit the other.
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W Convert noise data O X

‘Calculate source noise data at hub heighté

Select hub height to base calculation on

115,0 Select all
165,0
Deselect all
Wind speed at 10 m Wind speed at hub height
Mormal frequency | Low frequency
[m/s] | 115,0m | 1650m [m/s] .
2,0 92,0 5,0 94,5
3,0 93,0 93,5 6,0 A hub height dataset will be created from the
10m-data (left pane) of all checked hub heights.
4.0 87,8 58,8 7,0 1018 Checking more hub heights will usually improve
5,0 102,7 8,0 104,7* the result, but may lead to inconsistent data if
the checked heights are from different data
&,0 105,7 106,0 8,0 108,0 sources. Transformation is done according to IEC
7,0 106,0 106,0 10,0 106,0 61400-11:2012
8,0 106,0 11,0 1060 Wind speeds are changed from hub height to
120 1060 " 10m, noise data are unchanged
*} Octave data available Interpolate wind speeds to integer values
Add wind speed ‘ Add hub height | 10m > Hub height | (recommended)
Copy selected ‘ Faste from clipboard | Delete selected | Ok Cancel

If noise data for wind speed at hub height is required but not available, it is possible to create this data
on the basis of the noise data for wind speed at 10m (if available). Click in the green part of the table
to make it active and press “10m > Hub height”. Several hub heights can be used if they are consistent
(from the same data source). The wind speed at hub height is obtained through the extrapolation of
10m wind speed with standard IEC profile (z0=0,05m). It is possible to have the table showing either
the calculated wind speed along with the original noise values (option: Keep noise data, transform
wind speed) or wind speed as integers requiring the noise data to be interpolated (option Interpolate
noise data to integer wind speed). Rules and common practice usually require data at integer wind
speed(s).

Conversely, it is also possible to create noise tables for wind speed(s) at 10m based on existing data
for wind speed(s) at hub height. Click in the orange part of the table to make it active and press “Hub
height > 10m”.

The name of the data set should include level or mode, e.g. Level 0 for the standard operational
mode, Level 1 for the first noise reduction mode, etc. The name could also include the “most
important” noise figure, e.g. 8 m/s typical hub height value.

The source should note if it is measured or calculated — and by whom.

The name of the noise data should match with a power curve with the same name. This power curve
corresponding to this noise-reduced mode of operation should be used to make the energy
calculation.

There is also a “Remarks” field to allow you to enter more background information such as document
references.

Detailed information:

Pure Tones
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If the noise measurement report states that pure tones are observed, then the field Pure Tones must
be marked. Pure tones will result in more restrictive requirements in the calculation models.

Octave Data

Data available as octave band values (i.e. for eight standard frequency levels), can be entered.
Additionally, 1/3 octave bands can be specified as well

Frequency Data

Data available as octave band values (i.e. very detailed, given on a number of standard frequency
levels), can be entered. This gives a more precise calculation and is a requirement in more models
used today.

A-weighted

If the data are given as octave band levels, this information may also be given as A-weighted values (if
so, it should be stated in the noise measurement report). In this case, you should mark the field A-
weighted.

Wind speed dependency

If data are missing at given wind speeds, windPRO will use the wind speed dependency factor to
calculate the missing noise data. By default, it's set to 1 dB(A)/ m/s but it can be changed by the user
if measurement report show other dependency.

2644 Power & noise pairs

In windPRO it is possible to create different operation settings, so you can, for example, use one
power curve during day and another during night. It can also be used together with the Optimizer to
reduce the noise mode to adhere to noise restrictions.

In windPRO 3.2 this setup was moved from the WTG object and into the turbine in the catalogue. In
the Catalogue, you already have information about power and noise data, and this information can
then be paired together.

To create a pairing between Power curve data and noise data, simply add a new detail data and select
the Power & noise pairs:

Power curve

Moise

Yisual

eGrnd

Power & noise pairs
PowerkAatrix

Temperature curve

In the new window, click Add new line to specify which power and noise data to use for each
operation setting:
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Name Operation modes for site Comments
Source
Date 13/07/2023 - |
Name Power curve Noise data Default .
(AM 0, 6.2MW) - 1 (AM 0, 6.2MW) - 1.225 kg/m3 = (AM 0, 6.2MW) - 106dB(A) L)
(AM-1, 6.1MW) - 1 (AM-1, 6.1MW) - 1.225 kg/m3 - (AM-1, 6.1MW) - 106dB(A)
(AM-2, 6.0MW) - 1 (AM-2, 6.0MW) - 1.225 kg/m3 - (AM-2, 6.0MW) - 106dB({A)
(AM-3, 5.9MW) - 1 (AM-3, 5.9MW) - 1.225 kg/m3 - (AM-3, 5.9MW) - 106dB(A)
(AM-4, 5.8MW) - 1 (AM-4, 5.8MW) - 1.225 kg/m3 - (AM-4, 5.8MW) - 106dB({A)
(AM-5, 5.7MW) - 1 (AM-5, 5.7MW) - 1.225 kg/m3 - (AM-5, 5.7MW) - 106dB(A)
(AM-6, 5.6MW) - 1 (AM-6, 5.6MW) - 1.225 kg/m3 - (AM-6, 5.6MW) - 106dB(A)
N1 - 105.5dB(A) N1 - 105.5dB(A) - 1.225 kg/m3 - N1 - 105.5d8(A)
N2 - 104.5dB(A) N2 - 104.5dB(A) - 1.225 kg/m3 - N2 - 104.5dB(A) ]
Add line | Delete line Auto create
ok | Cancel

Once the power and noise data has been paired together in a list, the setting can be selected in the
WTG object when selecting Use Power & noise pairs:

| . New WTG (Mot found: hub: 0,0 m (TOT: 0,0 m) (1188))

| Position Layers | WTG(s) | Visual Distance circles Curtailment Operation Description

m] x
|

| WTG type: Siemens Gamesa SG 6.0-170 6200 170.0 101~ || - |
| Always use default values (] Use Power & noise pairs |
. 1150 - . :
Hub height [m]: | Show only valid detail data s Use PowerMatrix |
Power & noise pairs: Operation modes for site || - |
Selection: | (AM 0, 6.2MW) - 1 -~ ||den

["] Uncertainty

Visuzal data: Default -
eGrid data: Default -

Prav
Design class: -

Displacement height: m (Wil be subtracted from hub height in PARK calculations) Next

Number in row:
Symbol color: 273,2 W/mz2, 200,0 m total height

Design standard: |Undefined -

If no Power & noise pairs have been defined for a turbine you will be asked to create a list of paired
power and noise data. This can be automated using the Auto create power and noise pairs button:

|r . Windcat - C:\Users\pmn\Workables\windPRO Data\WTG Data\Siemens Gamesa SG 6.0-170 6200 170.0 !O!PMN.wtg [m] x|
: WTG Edit Detais
| UeHH =

| 'Main | Details | Comments Former names

v| Group by type v| Hide invalid data

‘ Type = | Name = | Default | Valid Creator | Create di | Edit date | Valid fror | Valid till | Source Sourg
||| > Type : Noise

| > Type : Power curve

> Type : Visual |

|
"I ' o
|
1

L] New

o Edit/Show & Delete Adjust columns

Cancel
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2645 PowerMatrix

As turbines become increasingly capable at adjusting to various climate conditions, it is necessary to
be able to model this behavior when planning the wind farm. PowerMatrix is a new data format
containing information about the power at many climate conditions, at different operation modes, and
optionally with corresponding noise data. Since windPRO 3.3 the PowerMatrix format can be used in
PARK and DECIBEL calculations using alternative operation modes at various climate conditions. For
more information on the PowerMatrix format, and how to generate a PowerMatrix dataset for your
turbine model, see

W Edit Powerhatrix (] X | W Edit PowerMatrix a X

1_3000 Cantrolled T5106_R01

_AL2_ROL Name  |NL31_3000 Controlled TS106_ROL

source |NORDEX

1,
_ROL,

pate  [19/12/2018

wport PowerMat Filter modes... | Import PawerMat Filter modes...

Cimate variables Turbine data
ype

Climate variables

ode or climate variable
e/ mode indicated by *.

3 04 5 & 7 8 9 10 M 12 13 14 15 1§ 17 18 19 0 2 2 23 M 5 304 05 6 7 B 9 10 1 12 13 M 15 16 17 18 19 20 un 2
Wind specd [mis Wind speed mis)

| |
| |

| |

Qk Cancel ) Reference values ] Cancel Reference values |

Above, an example of a PowerMatrix for a turbine with power and thrust data for 26 operation modes
each specified at 45 wind speeds and at 17 air densities. It also contains noise information for all 26

operation modes at 10 wind speeds and 31 frequencies. This dense dataset eliminates the need for
air density corrections.

2646 Temperature curve

Wind turbines installed in high elevation/high temperature conditions may not be allowed to output the
maximum rated power (depending on the cooling systems installed). Instead of shutting down the
turbines some manufactures specify derating strategies limiting the maximum power output.

Such strategy can be specified as a Temperature Curve in the WTG Catalogue by clicking New and
selecting Temperature Curve

Power curve
Ok Moise
T Visual
0/e0 1
: elGrid
0/60 1 . _
Power & noise pairs
0/a0 1
PowerMatrix
0Hz 0
0 Hz 1 Temnperature curve

In the temperature curve window it is possible to specify the minimum and maximum operational
ranges for temperature and elevation and the number of steps in between to derate:
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Shut down temperatures Derating intervals
Min: -10,0) =C Temperature steps: 3
Max: 40,0 =oC Elevation steps: 3

When the temperature or elevation exceeds one of the thresholds, the turbine shuts down. Notice how

the default temperature cut-offs are at -10 °C and 40 °C.

The input of the above operational ranges will automatically update the rows and columns in the table

below for inputting the maximum power:

Maximum power as function of temperature and elevation:

Elevation Temp 1 Temp 2 Temp 3
0,0 30,0 35,0
0 0 o 0
500 0 0 0
1.000 0 0 0
1.500 0 0 0
2.000 0 0 0

To make it easier to input the data, it is possible to copy the table to excel, edit the values and paste
them back into windPRO:

- © o 3 3 o H L M a v

BUL S.400 0 L.oouy

= AL
0 T T T T T T T 0 0 0
D e o i e e
1TE 025 v c o e == = = & ¢
B e o= = T
Copy B o - - o o= == = = ¢ Copy
. R e e o e = e
R O e o o W ww we @
Paste | e e = Paste
S B - 3

Power values are always interpolated between temperatures. In case the manufacturer does not
provide a full set of values for all temperatures and elevations, it’'s possible to delete the value in a
field and the power values will be interpolated between the neighboring temperatures:

@ Temperature Curve ] X

| name: Bxample Max Power
. [E)

| 4400
Source: PMN M 2ot
4,000
| Shut down temperatures Derating intervals 3500
| 3800
Min: -20,0, °c Temperature steps: 12 3.400
Max: 45,0 °c Elevation steps: o 30
3.000
2.800
2.600
Maximum power as function of temperature and elevation: § 2.400
Elevat | Temp | Temp | Temp | Temp | Temp | Temp | Temp | Temp | Temp | Temp | Temp | Temp . gii;z
16,0 180 190 21,0 23,0 240 250 260 300 350 400 450 1.800
0 4500 4.500 4.500 4.500 4.500 4.500 4.500 4.200 4.000 3.602 2635 690 15600
500 4.500 4.500 4.500 4.500 4.500 4.500 4.500 4.200 4.000 3.574 2595 690 1400
750 4.500 4.500 4.500 4.500 4.500 4.500 4.200 4.000 3.566 2566 690 G5
1.000 4.500 4500 4500 4.500 4.500 4200 4000 3.608 2.524 690 1.000
1250 4.500 4.500 4.500 4.500 4.200 3.950 3.580 2515 690 ng
1500 4.500 4500 4.500 4.200 3900 3.549 2486 690 D
1750 4.500 4.500 4.200 3.850 3.500 2462 690 200
2000 4.500 2.200 3.800 3.450 2509 690 ]

2 -0 10 20 30 "
Temperature [C]
—0500m  — 500.780m  — 760-1000m — 1000-1250m — 1250-1500m
1500-1750m_— 1750-2000m _— 2000-

Notice that entering 0 (zero) values as maximum power effectively means shutdown at that exact
temperature.
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2647 WTG Catalogue visual data editing

Visualization data - describing the geometry of the turbine and its color(s)

The visualization data are divided into:

o Tower

e Nacelle

e Rotor/Hub

e Optional; Blade

A visualization of the input data is shown on a sketch during the input phase. Also, a full preview of the
entire machine is available from the Preview WTG button.

You can build both the tower and the nacelle using up to 10 sections. Note that skewed edges
(different top and bottom lengths) are only allowed for the outer sections of the nacelle.

For more complex structures, it is possible to import 3D files generated by external software such as
SketchUp™, in the following formats: .obj, .dae, .fbx, .skp. See on our YouTube channel.
EMD will gradually create and upload a number of turbine nacelles of particularly complex structure in
this format, upon request of the manufacturer.

TG Freien

Lattice towers can be selected from a .dxf (AutoCAD) file. Some standard towers are available from
the windPRO\dxA\ library. Lattice towers are automatically scaled to the correct hub height and can
also be scaled to certain widths at the bottom and top of the tower.

| 4 Edit visual data s

Info | Tower Nacelle Rotor and hub Blade data History

Mame

Source
Manufacturer

Date (dd/mm/yyyy)
03/09/2020 -

The Info tab sheet provides the ability to choose a specific hub height. Normally only one data set for
all hub heights is provided and the software automatically stretches the tower to the hub height given
in the WTG data input field. If data for more hub heights are entered, it will be possible to select the
best-suited option for the given hub height when selecting the WTG.
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| " Edit visual data

\ WTG Catalogue Tab Sheet: Details

Info | Tower | Nacelle Rotor and hub Blade data History

Tower type:
|

N Sides
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
11 0

0 sides means qylindrical tower section.

#® Built in tubular

Dxf file Bitmap

- .| Tower section default color (will be applied to

all sections)
) Bottom To
HFr'ng]ht diameter diamgter Color

[m] [m]
Click here to add a new row
28,50 345 3,22 -
23,83 3,90 3,45 -
18,29 4,28 3,90 -
11,48 4,58 4,28 .
11,48 4,89 4,58 7 o=
5,74 5,04 4,89 -
2,87 5,11 5,04 5 o
2,87 5,18 5,11 v o
2,87 5,25 15 T -
2,87 5,33 525 GG -
5,74 5,47 533 1 -

Cancel

Dae file

Preview WTG

90

The tower can be a built-in tubular tower, dae file or a .dxf file, which allows full flexibility to specify the

tower with an AutoCAD drawing. Note that the AutoCAD drawing has to be drawn following some
specific rules (contact EMD to get these). A tubular tower can be fully round or with a user-specified

number of faces (edges). Multiple sections can be applied (e.g. three sections as shown above). More

sections are added by placing the cursor in the lower right data line and pressing the <Enter> key.
Data lines can be rearranged by dragging them (right-click with the mouse on the section number

column). The data lines are numbered from top to bottom of the tower.
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| 4 Edit visual data [Read anly)

| Info Tower

Rotor and hub Blade data History

Cabin type: (@ Built in definition

Dae file

| Distance cabin front (rotor) to tower center:

e

Cabin section default color (will be applied to all sections)

= | Shape Height | Height | Width | Width | Length | Length | Front Rear Color
front back front back | bottom top offset | offset
1 Box 2,00 2,90 430 430 000 020 045 045 |- -
2 Box 5,20 4,60 4,30 4,30 0,25 0,25 1,05 1,35 - -
3 Box 360 340 430 430 030 030 o010 o020 |- -
4 Box 3,80 3,60 4,30 4,30 674 674 0,00 g0 |- -
5 Box 3,80 3,80 430 430 211 211 o000 o000 |- -
& Box 3,80 3,80 430 430 300 263 000 o000 0 |- -
<| | S

Arrow shows wind direction for Up-wind WTG

Left side logo
Right side logo
EI ;

Clear

Preview WTG |

The nacelle can be defined in two ways: As a built in definition or through an external DAE file.

91

With the built in definition the nacelle is designed in vertical sections. A bitmap can be attached with a

logo. You have to adjust the bitmap yourself so the size and placement on the cabin is correct. The
bitmap will use a square around the whole shape for positioning, so it’s just a question of having the
right bitmap canvas size relative to the logo size.

Using a Dae file, the 3D model has been made in an external tool and is simply imported into

windPRO and scaled accordingly.

| @ Edit visual data

Info Tower | Nacelle | Rotor and hub Blade data History

b

| Data size: 136 kb.

Import DAE file
Clear data
| Maodel size info...

Cabin type: Built in definition

& Dae file

Model offset
Right: m Distance from hub height (rotor-center) to buttom of model.
ght: This is used to scale the tower to the correct height:
Model scale
Absolute distance tower center to cabin front (change
Up: to move spinner and blades):
Away: 1,00
m
5] o
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| W Edit visual data (Read only] X

Blade type:  (® Built in definition Dae file

Rotor position relative to tower

|| Mumber of blades 3 & Up wind Down wind
Direction of rotation
Blade offset: 1,80/ m ® Clockwise Counter clockwise

Use standard blade

Blade data file NRG5.5 blade Browse
Chord max 3,94 m
Hub length (cabin to spinner tip) 3,90/ m B —
Spinner length (0 = no spinner) 0,30| m
Hub diameter (2xradius from hub center to blade root| 3,00/ m |
Spinner max diameter 4,28 m |
Shaft radius 4,28/ m ] !
Spinner color Copy . e |
Rotor tilt angle 5,00/ ©
Blade cone angle -1,50/ @

Ok Cancel Preview WTG

The rotor and hub can be defined as a built in definition or through an external DAE file import. If using
an external DAE file import, the rotor and hub needs to be in the same file as the nacelle

It's possible to choose up-wind or down-wind. This, together with the wind direction set in the Camera
Object in Photomontage, determines on which side of the tower the rotor appears. Direction of rotation
is only important when creating animations.
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— S— S — S —_— —

W Edit visual data x|

Info Tower Nacelle Rotor and hub | Blade data | History

|| Name
112 with red stripe

Sawve Default blade color -
_ Radius Chord | Thickness Twist Profile Color =
- [mm] [mm] [%%] [Degrees]

Click here to add a new row

|| 34 42.000 2.306 23,6 -3,1 Profile

35 44.000 2.182 23,2 -3,6 Profile

36 46.000 2.064 22,9 -4,1 Profile

37 48.000 1.950 22,5 -4,6 Profile

38 50.000 1.839 22,2 -5,1 Profile -

39 52.000 1.731 21,8 -5,6 Profile . -
||l 40 54.000 1.624 21,5 -6,0 Profile I
|| 41 56.000 1.519 21,2 -6,4 Profile . -
||| 42 58.000 1.411 20,8 -6,8 Profile -
||| 43 60.000 1.299 20,4 -7,2 Profile -
||| 44 62.000 1.182 20,1 -7,4 Profile -
|| 45 64.000 1.047 19,6 -7.6 Profile I - N

| | Blade is always scaled to rotor diameter and max chord.

fm Wm‘

|
| Cancel Preview WTG

By deselecting Use standard blade in the previous window, you will have complete flexibility to
design the blade yourself. Normally, it's only the addition of different color stripes (e.g. different blade-
tip color) or by unusual blade geometry that it will be necessarily to define blade shape. Even in short
distance visualization it will be difficult to see different blade shapes on a photomontage. .dae files can
also be imported here.

2648 WTG Catalogue eGRID data editing

The eGRID data of the WTG catalogue are fully described in the eGRID chapter of the Manual. Please
refer to Section 10.1.4.

2.6.5 Former names

Here, former names from previous software versions can be given so that restructuring names will not
affect the link from former projects to the specific WTG type.

2.6.6 Creating a new wind turbine

2.6.6.1 Copying and editing an existing wind turbine

It's often advantageous to use an existing turbine as a template for a new one. This can be done by
opening the turbine, selecting WTG in the menu bar, choose Create copy. Now a duplicate of the
turbine is ready for editing and can be saved afterwards.

When creating a turbine from scratch, you are presented with a blank input form. If a manufacturer is

not listed in the “Manufacturer List”, you can create a new one under this menu item. The same
applies for several other fields where you can select information from a list.
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26.7 Printing WTGs

L
=l When a turbine is "open" for viewing/editing use the print option to select which parts of the data
to print (see Report setup below).

(omiezp 3
| Powrer curves

All .
| Moise data

[ |al -
Visual data

All -

eGrid data
| Al -
| Internal comments

Include invalid data

Cancel

When one or more WTGs are selected in the WTG Explorer, all data for each selected WTG will be
printed. The print function can be selected from the WTG menu drop-down by right-clicking or simply
with by pressing the <Ctrl + P> keys.

2.6.8 Update WTG catalogue

The Updates menu offers access to update the WTG catalogue from EMD’s server with the official
wind turbine data. The wind turbines catalogue is updated regularly by EMD. The frequency of
updates varies as it depends mainly on the manufacturers. i i} I

@ Update WTG catalogue [m] x

Update directory with WTGs (only files in this directory are updated)
| |C:\Users\pmn\Workables\windPRO Data\WTG Data - |

List of WTGs that need update (or new WTGs)

|

|

| | . : ]
Server size Server time Local size

|

|

# = N
= Name [ke] stamp E Tka] Local tin
23 VENSYS 170 5800 170.5 !0Ol.wig 3.268 31/05/2023 04.09.09 3.268 01/06/202
7 VENSYS 170 5600 170.0 !0Lwtg 1.659 31/05/2023 04.09.08 1.659 01/06/202
8 Siemens Gamesa SG 6.6-170 6600 170.0 !0l.wig 5.685 19/04/2023 04.08.52 5.685 24/05/202
| 19 Siemens Gamesa SG 6.6-155 6600 155.0 !0l.wtg 2.531 19/04/2023 04.08.52 2.531 24/05/202
| 43 Siemens Gamesa SG 6.2-170 6200 170.0 !0!.wig 1.703 19/04/2023 04.08.52 1.703 24/05/202
38 Siemens Gamesa SG 6.0-170 6200 170.0 '0Lwtg 1.703 19/04/2023 04.08.52 1.703 24/05/202

| 11 Siemens Gamesa SG 6.0-155 6600 155.0 !0!.wtg 2.531 19/04/2023 04.08.50 2.531 24/05/202 |
| 5 ENERCON E-160 EP5 E2 5500 160.0 !0!.wtg 3.481 13/04/2023 11.09.22 3.481 24/05/202
9 ENERCON E-160 EF5 4600 160.0 !0t.wig 2.287 13/04/2023 11.09.22 2.287 24/05/202
| 37 ENERCON E-147 EP3 E2 5000 147.0 !0'.wig 2.296 13/04/2023 11.09.22 2.296 24/05/202
| 39 ENERCON E-147 EPS 4.3MW 4300 147.0 !0Lwtg 2.605 13/04/2023 11.09.22 2.605 24/05/202
| 22 ENERCON E-141 EP4 4200 141.0 !-l.wtg 976 13/04/2023 11.09.22 976 24/05/202
| 30 ENERCON E-138 EP3 E2 4200 138.3 !0!.wtg 6.450 13/04/2023 11.09.22 6.450 24/05/202

| 43 198.955

Download Selected WTGs Abort Close
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Specify the path for the folder where the wind turbine data are kept on your computer (normally in
WTG Data folder, directly below the windPRO Data directory). Based upon the search path, windPRO
determines which new or updated WTGs will be available. The specific WTGs to be downloaded can
be selected by pressing the Download selected button. When an existing wind turbine is updated, the
“old data” are kept so that no data is overwritten. The “old” data are then marked as not valid in the
catalogue but can still be used for calculations if required. The data defined by the user are not
overwritten by new files as well, since they are saved in the .uwt file.
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2.7 BASIS - Import of existing WTGs

2.7.1 Introduction to Import of existing WTGs

The Import of existing WTGs (into a project) is a very powerful function. It can be used for project
design in local areas where there are existing WTGs present, as well as for planning for a larger
region where existing WTGs must to be taken into consideration (e.g. for cumulative effects). The use
of existing WTGs is especially powerful if information on actual energy production is available. Then,
existing WTGs can have a distinct influence on the energy calculation in the new project. Also, it's
often necessary in environmental calculations to include existing WTGs in order to calculate the

impact on the environment not only from the new turbines, but also from all existing WTGs in the
neighborhood.

2.7.2 Importing existing turbines and towers from Online data

Towers & WTGs

Via this button in the Geo Data or Environment & Visual tab, it is possible to import existing WTGs
and other towers from the EMD Online data server.

W import data from EMD server a
Setup

Available data creators:

MName

ETowers from OSM

Power towers from OSM
Canadian Wind Turbines
Online WTG Data OSM
Online WTG Data US (2024)

Description

Towers are high structures, like antennas, masts, and chimneys (NOT WTGs) from -

Open Street Map (OSM). Meta data are included in import and can be seen in Object
description, e.g.:

* tower:type: communication
* tower:construction: lattice
* height: 200 m

[

EMD online data is only "an advanced link" to data provided by others. The data may be
restricted in use and/or require an acknowledgement from the provider when used. The
user has full responsibility for checking and respecting possible limitations of use.

| =] (o]

When there are available existing (operating) turbine data for the region, these will appear in the list
above. Currently all Danish turbines are available and as well as for some other parts of the World.
Selecting Online WTG Data OSM will import the position of existing turbines found in

OpenStreetMaps. Similarly, power towers, towers, masts and chimneys can be imported from OSM.
This is particularly useful for calibrating photomontages. In both cases, details such as heights and
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types are unlikely to be available. Note that the accuracy of OSM data may vary from region to region
since it is only based on OSM users’ input.

When data is available, the radius for import can be specified.

If production data for the turbine(s) is available, it will be imported into the Existing WTG object as well.

2.8 BASIS - Line Object (height, roughness and

Photomontage)

2.81

Introduction to the Line Object

@

The windPRO Line Object gives you a unique visual control over the height contours or roughness
lines, which are often the most important inputs for the energy production calculation. The Line Object
also contributes to a significant reduction in workload when the user has to find and read Z-
coordinates on traditional maps before calculating, e.g. shadow flicker, noise impact and visual
impacts. Height contour lines also form the basis for computer generated 3D landscape models used
for visualization.

One of the major advantages of the Line Object is that it allows the user to establish on-screen lines
just by clicking with the mouse and, in the same way, it's easy to edit existing height contour or
roughness line files. The auto point mode can be activated by holding down the <Shift> key while
moving the mouse. Backward deletion of points is performed by holding down the <Alt> key.

Important terms when using Line Objects with height contour lines:

DHM - Digital Height Model: Normally used for a table of (X,Y,Z) values defining discrete points on
the surface. An interpolation routine such as the TIN model (see below) is needed to find the Z-values
for points in between the table values.

TIN - Triangular Irregular Network: The triangle model established from the digital points (basis of
the contour lines), which makes it possible to calculate Z-coordinates at any point. The TIN will usually
only be calculated for a selected section of the digitized lines, as they are only needed within the area
where the objects are placed. Calculation time depends on the size of the TIN-area. Due to the large
number of calculations required when there is a large amount of data is present, there are very
advanced features for the TIN calculation (for more information see )-

If you need to import gridded data, you can use the Elevation Grid data object, see

2811 File formats for height contour lines

windPRO can load the following file types:

windPRO format: *.wpo - Internal format optimized for speed. Height contours or roughness lines in
one file. Includes the calculated TIN model, which means that the TIN calculation doesn’t need to be
recalculated every time you reopen a project.

WAsP MAP file: *.map - From the energy calculation program WAsP (DTU Wind Energy). Both height
and roughness can be included in the same file, but when saved from windPRO, only the data from
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selected purpose is saved. For this reason, always make a backup of the original .map file before
editing from the Line Object. Note that some binary versions may not be read from the Line Object. If
this happens, open the file in the WAsP Map Editor and save it as an ASCII .map file (with the DUM*
command in DOS-WAsP) before loading.

(The two formats discussed above are the only two that the windPRO Line Object can save)
AutoDesk *.dxf file: *.dxf - standard format from AutoCAD digitization).**

** Please note, that reading of .dxf files requires that certain regulations be respected when producing
the .dxf file. If in doubt, please contact EMD for details.

*.xyz, .grd or .asc gridded data - grid format where you know the Z-value for each point of a 50 m x 50
m resolution area. Note these data might be more convenient to load from the elevation grid object.

ArcView *.shp files — standard GIS (Geographical Information System) format from ESRI.

DEM files — typically used by the USGS, must be converted to *.dxf format before import.

2.81.2 EMD Online elevation data

The Online data makes it very simple to establish elevation data. Simply click the “Online data” button
in line object and everything works automatically. First the online service checks if there are any data
sources available for the site location, and then you select the source and specify the height and width
or the area you want to cover with data.

windPRO offers many datasets for elevation data, but also other purposes like wind, roughness, maps
etc. For more information on the available data sets, visit :

Line object (Height Contours: (1)) *®
Position Layers| Data | TIN Presentation Line colors Description ok
Purpose:
Height contour lines - Visual properties Cancel
.wipo (EMD) file properties Create new

Auto Filename setup

Filename: Load/Import file

Add file(s)

Limit Prav

Convert Next

New filename

EMD editor

‘lf"l Online data :

Load the "EMD Editor" on exit
| Use to link to Site data in energy calculations

To download online data simply set purpose to height contours and choose the Online Data
button. Then select the dataset from a list of sources and specify the needed dimensions.
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| @ Import data from EMD server O X
Setup
Available data creators: - -
1 || | 4 Online Data Setup O *
Name | |
DK DHM 2.5m lines |
| A ;!
EU-DEM: Pan-European DSM - 25m grid - Version 1.1 | | Width (m,. 2[!.[![![-
EU-DEM: Pan-European DSM - 1 arcsec (30 m) grid - Version 1.0
Copernicus DEM GLO-30
Copernicus DEM GLO-90 | HEIght [m,: 20.000
NASADEM (Successor of SRTM)
Global MERTT DEM: (Multi-Error-Remaoved Improved-Terrain DEM) |
. | |EU-DEM: Pan-European DSM - 25m grid -
Description I |version 1.1 |
The EU-DEM is a Pan-European digital elevation (surface) model covering European countries. WindPRO hnldsJ |
the version 1.1 of the dataset. It has a native grid resolution of 25m. The dataset is void-filled and is created
by a fuse of SRTM and ASTER GDEM by a weighted averaging approach. For areas outside SRTM coverage
(north of 60 degrees), the dataset is primarily based on Russian topography sources. The version 1.1 is
improved over the version 1.0 by using ICESat as a reference level along with removing correcting more than
75000 artefacts found in the version 1.0. Credit: Produced using Copernicus data and information funded by
the European Union - EU-DEM layers. |
+  |rRead mare: http://help.emd.dk/mediawiki/index.php?title=EU-DEM ‘
El | Convert to lines |
10,0 l
EMD online data is only "an advanced link" to data provided by others. The data may be restricted in use and/or i Yo
require an acknowledgement from the provider when used. The user has full responsibility for checking and Contour Separatlon (m"' ! |
respecting possible limitations of use.
|
[Cher | Cancel |
Cancel Refresh

For elevation data, SRTM data are available covering most of the globe. A few other data
sources are available, mainly covering the non SRTM cover.

2813 Conversion of xyz and hgt data formats to lines

Height data from .xyz and .hgt files can be inserted through the Line Object as point data, but the
Elevation Grid Data Object is a more convenient data object for this. Grid data are usable in all
windPRO modules. However, energy calculations based on the WAsP interface (PARK, MODEL:
RESOURCE and WAsP interface) cannot handle gridded data. windPRO therefore converts the grid
data internally, when using the WAsP Interface. Read more about the Elevation Grid Object in section
29

2.8.2 How to use the Line Object

In the current version, the Line Object can work with three types of data:

Height Contour Lines - The Line Object can import a number of different formats (see
), but lines can only be added or edited if the format is converted to the WAsP
.map format or to the *.wpo format.

Roughness Lines - The Line Object can use .map or .wpo file formats. Please note that the Area
Object (Section 2.9) can also be used for digitizing roughness areas, which can then be exported as
roughness lines. This is a very useful method, because it protects against crossing and inconsistent
roughness lines. We recommend using this method for new projects, since the new project won't be
based upon previously established .map roughness line files.

Photomontage - Used for roads or areas defined from a center line (like a tree fence

Height contours as well as roughness lines can be used together with WAsP, WAsP-CFD,
OFWindCFD or WindSIM for energy calculations.

The modules DECIBEL, SHADOW and VISUAL can only use the Line Object if it contains height
contour lines. With the Line Object, you can calculate triangles (TIN) between all the digitized points to
allow interpolation of elevations (Z-values) to any specific location on the map within the specified TIN
radius. Zones of Visual Influence (ZVI) are calculated based upon height contour lines, so for a ZVI
calculation, no TIN radius is needed.
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The principle is that, WTGs, noise sensitive areas, shadow recipients, etc. that are included in the
calculation will automatically take their Z-coordinate (their height above sea level) from the TIN.

The calculation of shadow isolines (SHADOW module) and noise isolines using the TIN provides a
more realistic calculation of the isolines by taking the variation of the terrain’s elevation into account.

For visualization, you can use the TIN for the calculation of either an artificial landscape, or the
visualization of a wire grid landscape. The latter is well-suited to control the camera model or to view
the WTG project in proportion to the landscape without "disrupting" elements in the landscape.

2.8.3 Establishment and presentation of the Line Object

Line Objects can be edited on-screen when they are in Edit Mode. The symbols shown below indicate
whether the Line Object is in Edit Mode or not. You can activate or deactivate the Edit Mode by right-
clicking the object symbol on the map or by pressing the <Crtl + c> keys when an object is selected.

5©— A Line Object which is not in Edit Mode

ra:f‘

A Line Object which is in Edit Mode on the current map.

The same principle applies for the Area Object, WTG Area Object, and Road Object.

2.8.3.1 Tab Sheet: Data

Line object (Height Contours: (1)) x |
Position Layers| Data | TIN Presentation Line colors Description

Purpose:
eight contour lines & Visual properties Cancel

.wpo (EMD) file properties Create new

Filename: Auto Filename setup Load/Import file
Add file(s)
Limit Prev

Convert Next
New filename

EMD editor

—~
@ Online data

Load the "EMD Editor" on exit
| Use to link to Site data in energy calculations

Create new - Used when starting digitizing data from scratch. First, select the input type, i.e. height
contour lines, roughness or photomontage lines in the Purpose field.

You can choose to save data in the WAsP .map file format or in the windPRO .wpo file format. When
choosing a file format, the following points should be taken into consideration:

If files are large, the .wpo format is faster and for large TIN calculations (height contour lines only), the
.wpo format has the advantage that the TIN is saved in the .wpo file, avoiding the need for
recalculating when reopening the project. On the other hand, the .map file format has the advantage
that the file can be used for stand-alone WAsP calculations (if this is relevant), and that the file can be
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loaded directly from the WAsP map editor (if installed and the path is set under ). However,
you can convert between these two formats at any time using the Convert button.

Load file - Loads an existing file with line data. Different file formats can be loaded (see
). The coordinate system in which data is given must be known. If the

coordinate system is a local system (or a system unknown to windPRO) the system can be defined in
“Project properties” before loading.

All formats (*.wpo,*.map,*.duf, *.ntf,*.shp,*.
Windpro wpo format (*.wpa)

WaAsP MAP format (*.map)

Autodesk DXF format (*.dedf)

MTF Data format (*.ntf)

Esri Shape Format (*.shp)

A irregular grid (Faoyz)

The supported file formats are shown in the list.

When GIS shape files with height contours are loaded, the dialog box changes as shown below:

& import options O *

Limit to commaonly used in country
Coordinate system Search
UTM {north}-WGS84 -

Search
fone Decimals Zone in eastern coordinate
33 2 0 Default -
EPSG code
—

Height unit in file
® Meters Feet

Height field in database

Ok Cancel

In addition to the normal input, the projection datum (e.g. ED 50) must be entered along with the
selection of which field in the shape file contains data on the elevation and the height unit used.

Add file - Used for merging additional files together in the same object. (see

).

By clicking on New filename, the file name of the file in which data is saved is changed and a copy of
the file is made. The following corrections will only appear under the new file name.

After loading large files, you may not wish to use the entire amount of data for the specific project. In

order to make the file-handling process faster and to save space on disk, you can limit the file so that
only lines with points inside a given radius will be stored. For more advanced data-limiting operations
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on a .map file (e.g. cut out a square, spline, etc.), the can be used. The EMD editor can be
loaded at closing the line object by checking box in the bottom of the window.

Online data is used to download elevation data from EMD server. For most of the globe SRTM data
are available, for some regions other datasets. This is the fast and easy way to get elevation data,
although they might not be detailed enough.

Extend data is replacing the Online button in Line objects where data have already been loaded. It
allows extending the existing data with Online data. To extend the data with any other data (in format
known by windPRO), you can use the Extend data option from the

By checking the box Use to link to Site data in energy calculations the data contained in the Line
Object will be used by default in energy calculations when creating a Site Data Object.

2.83.2 Tab Sheet: TIN

Line object {Height Contours: (1)) * ]

Position Layers Data | TIN | Presentation Line colors Description

Take active TIN on map from this object

TIN is a triangulation of height data, which gives any XY values
a Z-value

Method 1. Calculate the whole TIN at once within specified radius

Make sure that TIN radius includes all objects with auto-Z
calculation. This method can't handle single point contours, or

ensure that no triangles cross a line Prev

Method 2. Calculate TIM for the whole file Next
Method 2 solves a problem that exists in method 1, but it is

slower. It ensures that a triangle do not cross a line (dike

problem)

® Calculate "TIN on the fly"
Calculate only the needed areas which avoid initial waiting time. Using Method 2.

Advanced "TIN on the fly" options

The TIN calculation can be very time-consuming. For this reason, advanced settings for the TIN
calculation are available. For smaller, less complex projects with a limited amount of data, method 1 or
2 will be the best choice (typically used when a .map file is preferred). Method 1 is the fastest, but
doesn’t guard against crossing triangles, a problem that can cause problems, particularly at dykes,
where long lines based on a few points can result in triangles across the dyke.

For larger amounts of data, the “TIN on the fly” method (used as default) is recommended. With this
method, the TIN is calculated only as-needed while you work. The TIN database is built up as a
background calculation without disturbing the current operation and will always have the necessary
TIN values (e.g. where the object is placed). It's important to know that the “TIN on the fly” calculation
will be auto-disabled if it uses too much of the computer’s resources. The default setting is to auto-
disable the calculation if it takes more than 1000 ms (1 second) to complete.

In the “Advanced “TIN on the fly” options”, the unchecked box Always enable TIN at cursor position
in the image below indicates that “TIN on the fly” at the cursor position has been disabled. This is
simply because when working with large files, the “TIN on the fly” calculation will interrupt the user too
often. When the TIN is needed in a calculation, the TIN is automatically calculated for the required
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region. If you need the TIN for inspecting Z-levels in specific regions while working on the map, you
can enable Always enable TIN at cursor position and perhaps increase the auto-disable time limit.

| ¥ TIN on the fly setup O X

Max TIN triangle size:| X (m)

This parameter us used to determine how big chunks of the contour that needs to be indexed
in memory, to calculate the TIN for a specific point. When a part of the contour is indexed, it

stays in memaory.
If this parameter is very large, it takes longer time to load a project.
If it is very small, it takes more time to calculate the TIN on the fly.

If it is TOO small it could prevent the TIN from being calculated!
Use the height of the nearest contour line, if no TIN can be calculated. Happens if contour
lines are crossed, or near duplicate contour points (errors in data).

Always calculate TIN at cursor position

Always calculate Z value at the cursor-pesition for showing in the status bar. Un-check this
to speed up the program, when using large contour files.

| Auto disable when calculation time is more than: 10000| (mSec)
0k Cancel

When Calculating the TIN on the fly, the model is divided into a number of squares as shown below. If
there are TIN triangles larger than this grid size (white lines shown on the map), there may be

problems calculating the whole region. For this reason, the Max TIN triangle size should be set to
avoid this problem.
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In the map shown above, the green lines show the TIN triangles that have been calculated so far.
These can be shown by right-clicking on the Line Object or by right-clicking in the square in the bottom
line where the Z-level is shown. After right-clicking, the menus as shown below will appear. Note that
the option Show detailed TIN information on the map has been selected, which allows the green
TIN triangles to be visible on the map.

Properties

Edit mode Ctrl+E
Show legend
"EMD Editor" (use trim/change tools)

TIM eptions Recalculate TIN
Delete selected object(s) '+ Show detailed TIN information on the map

Clone object Show detailed TIM information on the map - use solid color

Locked TIM setup...
Export Optimize data for TIN calculation

Optimize file when loading
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W Optimize data for TIN calculation [m] Pad
Optimize line data

Before using a file for a TIN calculation, it is recommended to optimize/validate the data in the file. You will be
prompted for new filename, so the original data can be preserved! What do you want to optimize the data for:

® Miscellaneous calculation tasks Minimum changes would be made to the data.

Photomontage/ZVI Data is reduced but hardly visible - speeds up the

calculations

Very high reduction Mainly for experimental purposes. Data is reduced

dramatically. Make sure you create a backup!

'O iRun EMD Editor manually (offers same and other facilities);

L Don't optimize J

When a file is loaded, by default, an optimizer will pop up that removes unneeded points. The first of
the three options can be chosen without the loss of any relevant information. Data will be lost when

choosing option 2 or 3, but calculation speed will be increased. The selection should be made based
upon your modeling requirements.

2.8.3.3 Tab Sheet: Export
Line object (Height Contours: CONTOURLINE_OMLINED2

Position Layers Data TIM | Export | Presentation L

Select export format:

|Shape file - | Export
XYZ file

The line object data can be exported to a shape file or an xyz file.
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2834 Tab Sheet: Presentation

Line object (Height Contours: CONTOURLINE_ONLINEDATA_1.wpo (1))

Position Layers Data TIMN Export| Presentation | Line colors Description
Size
width: | 100.000f m

Height: | 100.000| m

Contour properties

0 Close contours automatically if the distance between start |
and end point are less than: i

0,0 m

Thickness: Color:

® Thin Medium Thick _ o

Height unit to show on map
® Meters Feet
Paint options

Maximum contours allowed to be drawn (set the
value low to speed up draw process): 10000

On this tab sheet, you choose how much of the line data you want to see on the screen. Usually it's
only necessary to limit the amount of data if you work with very large data sets. The TIN radius is the
radius within which the Triangular Irregular Network is created. It's only within this radius that the Z-
coordinate is automatically calculated and an artificial landscape can be generated. The size is limited
to 100000 x 100000m per object.

Due to calculation time, it may be necessary to limit the calculation of the TIN to the specific area for
which you need full 3D information.

You may set the object to Close contours automatically for lines where two end points are
positioned within the specified distance (this may improve the accuracy of the calculation and create
nicer looking documentation).

You can also change the color and thickness of the isolines.

Lastly, you can choose whether the Line Object will show data in meters or feet.

Note: In windPRO, height contour data is always stored in meters, since e.g. WAsP always assumes
meters when calculating. So if you accidentally end up with a .map file that is in feet, please use the

WAsP map editor to convert it to meters as windPRO does not convert the height data. It only offers
the ability to show and digitize in feet or meters.
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2835 Tab Sheet: Line colors

Line object (Height Contours: CONTOURLINE_ONLINEDATA_1.wpo (1))

X

Position Layers Data TIN Export Presentation | Line colors | Description

Mumber of lines: | 12 Decimals 0
Auto Palette Cancel
| Minimum: Divide into intervals
¥ Maximum: m

Color shades
Start <End Color 1 Color 2 Legend Text in legend
1 0*) 130=) I I | 0-<=130m

Prev

MNext

*} value will be auto updated based on actual data range

Auto Values Auto Colors Load... Save as...

Line color definitions can be freely set. Line color definition schemes can be saved and reloaded later.

2.8.4 Digitizing and editing lines

2.84.1 Digitizing new lines in simple mode

When a new Line Object is placed on the background map, it will be in Edit Mode by default. Place the
cursor where you want to start digitizing the first line, then right-click and select Create new contour.

(TN

Properties

]8/ « Edit mode Ctrl+E

Create new contour

Show legend \
}16 TIM options D “
:““;m~ Locked
— >

Export

_k S ™

You will now be asked to enter the elevation (for height contour lines) or the roughness on the left and

on the right side of the line you are going to digitize (for roughness lines). Then simply click along the
line you want to digitize.
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Contour altitude n
Altitude
0,00 -lm Step: 5.0
ok Cancel

Note: In the contour elevation window, the step size when using the up/down arrows can be set in the
Step field. This is helpful when digitizing lines of equidistant elevations.

When you finish a line, you can choose between Stop and Close. If you choose Close, the last point
will then be connected to the first one you digitized.

Note on digitizing roughness lines:

It's necessary to enter the roughness values on both the left and right side of the line in the direction of
digitization. It's the user’s responsibility to ensure consistency between different roughness lines.
Considerable differences, for example, unintentionally crossing lines, can result in large calculation
errors with no warning message given, when using WAsP. Another way to digitize roughness lines is
to use the . With this method, area polygons are digitized, and lines are then exported.
The export procedure makes sure that there are no consistency problems with the lines.

2.84.2 Viewing and editing existing lines
The Line Object makes it possible to import a file containing height contours on top of a background
map. If the object is marked "Edit Mode", you can edit in the imported contours by clicking once on the
curve to activate it. You can then drag the individual points to their correct positions by holding down
the left mouse button when the cursor is inside a point and then dragging. You can also add new
points, delete points, connect lines, or add new lines. In addition, it'’s also possible to edit the values of
the individual lines.

/ Properties

« Edit mode Ctri+E

Insert point

Create new contour |

~
S

e

Split contour \

As shown on the map above, when right-clicking on the object, a pop-up menu appears containing
several options including the Edit Mode. Lines cannot be edited unless the Line Object has been set
to Edit Mode.
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Tnde Lo 5
e
Properties 7 _

+ Edit mode Ctrl+E >
Rernowve point “-.L__‘__W:F__,_”_'._F"‘_.-;—"ﬂ
Create new contour

% Continue contour
Close selected contour(s)
Edit contour altitude

Delete contour

Show legend
-k TIN options > 8
Locked
> \
EEFIEII"t Je ‘_"'\‘::_':_h_\--.,_\__“___l_\

¥ \k‘x v

- - i
As shown above, with the Line Object in “Edit Mode”, clicking on a line will activate all the points in
that line. When you hover on the height contour line, its value will be shown in the line at the bottom of
the window.

After selecting a line, you can drag any point of the activated height contour lines in any direction. By
holding down the Alt button, the cursor is transformed into a point eraser. Moving the cursor over
highlighted points whilst holding down Alt will delete individual points. You can also right-click on the
isoline to get a menu, which gives you several options for further manipulation.

Note: Different operations are available when right-clicking depending on the cursor is placed on a
point or on a line between two points (see below).

Operations . . . .
pe Where to right-click Right click menu
available
None
Properties
+ " Edit mode Ctrl+E
@ Create new contour
Clone object
. | Locked
Export »
-Insert _ e PR
extra DOInt = @ ‘-\.* Properties
on aline e v Edit mode CtrleE
section \“O Insert point
Create new contour
. Continue contour
-. . Close selected contour(s)
Splita
Ilne in tWO - Split contour
Fdit ronnhness values
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-Remove a
specific
point on a
line

Properties

Edit mode Ctrl+E
Remove point

Create new contour
Continue contour

Close selected contour(s)
Edit roughness values

Delete contour

-Connect
contours /
Merge
lines:

Hold down
the
<CTRL>
key, and
click on
the two
lines you
wish to
connect.
The two
closest
points will
be
connected.

If the two
lines have
different
values,
you will be
asked to
enter a
value.

Properties

Edit mode Ctrl+E
Insert point

Create new contour
Close selected contour(s)
Connect contours

Split contour

Lastly, when you exit the Edit Mode, the TIN is recalculated.

2843

Digitizing new lines without clicking

110

Instead of mouse clicking for each point, simply by holding down the <Shift> key, the software will do
the clicking for you. When the mouse is moved while the <Shift> key is held down, the points are set
automatically. This way, the lines can be drawn freehand.

If the CapsLock is on when you are in Edit Mode, then no clicking is required. Once the height or

roughnesses are set, windPRO will create the line as you move the cursor, adding sufficient points to

define the line (i.e. more at tight turns). Move the cursor slowly and steadily to create the lines. You
can turn CapsL+ock on and off as you need to during this process. The Edit Mode cursor shows a

“running man” (‘Q) when CapsLock is on.

2.8.5

Triple junctions / Snapping to points

When you create your roughness map, it is possible to accurately and easily digitize triple-junctions.

First, put your line-object in edit-mode and start digitizing a line. Hold down the < Ctrl > key and

windPRO will show a ‘loop’ icon. Then your line/point will snap to an existing nearby point. The new
point will have the exact same coordinates as the existing one. Triple-junctions are fully recognized by

WASP.
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2.8.6 Save and use data from Line Object

The data file containing the lines is saved when you exit the Edit Mode. Note that if you are working on
an existing file, it will be overwritten. To prevent this (if you've made changes that you don’t want to
save), open the file from Windows Explorer and make a copy before leaving Edit Mode.

The Energy Calculation module can use the Line Object’s height contour data file (only with WAsP).
There are two ways to use the data; by linking the Line Object to a Site Data Object (default) or by
attaching the saved file to a Site Data Object. The latter option allows you to use the data without
having a Line Object in your current project.

The other calculation modules (SHADOW, VISUAL, and DECIBEL) can only use DHM (the TIN)
created within a certain radius around the position of the Height Contour Object. In order to be able to
use the DHM you have to mark this option on the Tab Sheet Position under the Line Object, and
indicate that the Z-coordinates of the relevant objects (WTGs, Shadow Recipients, etc.) are taken
automatically from the DHM. This must also be marked on the "Position” tab sheet for the relevant
objects.

2.8.7 Trimming data in Line Object

There are a number of tools available for trimming (see )

2.8.8 Roughness consistency check

The Line Object can be used to check the consistency of roughness lines. Inconsistency is indicated
as red dots or red shaded areas (see example below).

In the figure shown above, the inconsistency due to an incorrect roughness value assigned to the
roughness line digitized in the middle of the area is clearly indicated (red shaded area) by the
roughness consistency check. In such an example, you should return to Edit Mode and check the
values of the lines (left and right in the case of roughness) to see where the issue is.
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2.9 BASIS - Area and WTG Area Object

2.9.1 Introduction to Area Objects

Fis
hld

The Area Object in windPRO provides the user with a tool for importing or digitizing areas as closed
polygons, each having similar characteristics. Elements such as forests, urban areas, water, or other
landscape features can be described using the Area Object. They typically have uniform
characteristics and so can be treated similarly in e.g. a roughness classification or other landscape
evaluation.

The Area Object has the advantage of allowing the user to quickly establish areas directly on-screen
simply by using the mouse or importing data from e.g. GIS systems or maps in vector formats.

Note: Digitized areas can be used for other purposes also, and it is important to consider the intended
purpose prior to digitizing.

Advanced digitizing options with auto-point settings are invoked by pressing the <Shift> key. Pressing
the <Alt> key launches an eraser tool for deleting points.

If the areas will be used for exporting a roughness line map or for a ZVI calculation, it may require the
definition of landscape types. When carrying out ZVI calculations, farm land can normally be
considered as one type.

In order to use the Area Object for the export of roughness lines, it's necessary to divide the farmland
into different areas controlled by a roughness subset representing the farmland. For example, a
division into "farm land with low roughness" and "farm land with high roughness" (many windbreaks)
may be necessary.

Area object (Area object {): REGIONS_Project Name_Qaw2r (1))

X
Position Layers Data | Purpose | Area types Import/Export Presentation Description

Select the purpose of the data held by this Area Object.

[[] Roughness map based on closed lines

Heights a.g.l. for e.g. Forest (ORA tool) or ZVI
Photomontage

Nord2000 Terrain hardness (impedance)

Data visualization

| )
| L Online data --> Prev
For import or manual input:

wind resource (*.rsf or *.wrg import)

Steepness Check (.wpo, .wpg import)

&

The WTG Area Object is a special variant of the Area Object, specialized for RESOURCE and

OPTIMIZE purposes and for use together with the Park Design Object. See these chapters for further
details on this object.
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2.9.2 Where to use the Area Object

The Area Object can be used for several different purposes:
Roughness map

Heights (e.g forest)

Photomontage

Nord200 Terrain hardness (impedance)

Data visualization

Note that the Area Object can also be used to produce roughness lines, a very useful method because
it protects against crossing and inconsistent roughness lines. However, you must perform an “Export
to roughness lines”, before they can be used for calculations. The exported file must be attached to a
Site Data Object (via a Line Object).

With regard to crossing lines, the rule when exporting is; if areas overlap, the area with highest
roughness value takes precedence over the area with the lower roughness value.

Although roughness areas can also be used directly in calculations, windPRO has a converter from
roughness areas to roughness roses. It has to be noted this feature goes beyond the WAsP model,
and for a full WAsP compatible calculation, the export to roughness lines should be used.

The purpose “Data visualization” cannot be used in any calculations but allows you to import grid or
shape data for visualization on the background map.

2.9.3 Establishment and presentation of the Area Object

2.9.3.1 Tab Sheet: Data

Area object (Area object {): REGIONS_wpproject_O.w2r (4)) »

Position Layers| Data | Purpose Area types Import/Export Presentation Description
The area object polygons are saved in an external file, together with a link

Cancel
Filename:
‘C:\Temp\wPTestProjects\REG]ZDNS?wpprojecLU.w2r

File options | Advanced options

Create new empty file

Open file
Prev

Next

|
|
| S—

The data associated with an Area Object is saved in a file. You can create a new area file or load an
existing file saved from another Area Object (a windPRO regions .wpr file). To import data from other
sources, see Tab Sheet Import/export.

2932 Tab Sheet: Purpose
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Area object (Area object (): REGIONS_Project Mame_0w2r (1))

*
Position Layers Data| Purpose | Area types Import/Export Presentation Description

Select the purpose of the data held by this Area Object.

[]Roughness map based on closed lines

Heights a.g.l. for e.g. Forest (ORA tool) or ZVI
Photomontage
Nord2000 Terrain hardness (impedance)

Data visualization

[ ‘lf?” Online data --> Prev |
! For import or manual input: I

Wind resource (*.rsf or *.wrg import) I

Steepness Check (.wpo, .wpg import) |

The Area Object can have multiple purposes. More than one purpose can be checked at the same
time. Note that the purpose Steepness Check is described in more detailed in Section 2.9.6

2933 Tab Sheet: Area types - definition of areas
To define area types, click at an Area Object and then select either Edit Area type or Add new area

type.

Area object  (Area object (J: REGIONS _wpproject_Duw2r (4]) >
Position Layers Data Purpose | Area types | Import/Export Presentation Description ok
Select relevant Area types Edit | Tools Load/Save
<! [l Restricted (0) Cancel
<] 2 No conflicts (0) Edit Area type

v FF Recommendations (0)

| Add new Area type

Delete Area type
Copy Area type

Add background area type
Prev

MNext

Definitions can be i?nb'b't'*'t_ed from a previously-defined Area Object, or from érTIty file which can be
saved from the Area type dialog box. Some area definitions are available in the folder \windPRO
Data\Standards\.

Some area types shown above are mainly for roughness classification purposes, but they are also
useable for ZVI purposes.

New area types can be added by clicking on the Add new type option. Previously defined area types

can be edited by double-clicking on an area layer name and the dialog box shown window below will
appear:
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Area type properties X

Type name: Recommendations}
Create name automatically

Type height a.g.l. m

Color: I
Hatching: Cross hatching -

|
Description
|

| N— e R _ _ _ _— S —

When you have finished defining or editing area layers, click OK and you are returned to the Area
types window.

In this dialog box, you can check the area types you want to use for your current task. These are the
ones that will appear in the drop-down selection menu when digitizing new areas, and will be visible
on the map.

Edit background area type is required for roughness purposes and is optional for a ZVI calculation.
The background area is the default value that digitized areas will replace where they have been
created.

There are various tools available for utilizing the area types.
Select relevant Area types
| [l Restricted (0)
| 2% Mo conflicts (0) |
| FF Recommendations (0) :
v Empty

Edit | Tools | Load/Save

Create buffer zone |

Move Area data...

Convert all holes to normal

The tool Create buffer zone allows you to create new area types based upon already defined areas,
where a new area is created in a zone defined by the user.

Clicking on Empty simply deletes the areas of a specific type

The Move Area data... moves area data from one type to another. This is very useful when importing
data in multiple steps.

If your imported data has holes in it, all these holes can be automatically filled by clicking Convert all
holes to normal. The holes will then take the value of the surrounding area.

Handling holes in areas.

Apart from the Convert all holes to normal button described above, individual holes can be managed
on the map. This is the case if you have an area inside an area, like a lake in a forest. An area can be
converted to a hole in the forest area, by right-clicking the lake area and selecting Convert contour to
hole. Now the forest will wrap around the lake. The hole will have no value. If you want the hole to
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have another value (e.g. water roughness), then tick the Create new area inside hole and select a
value. Then a new polygon will be created inside the new hole with the right value.

= %

Edit mode Crl+E f’f Convert contour to hole *
Remove point :‘g.

SizipnEnTE / Select the area type in which the hole will be made:
Convert contour to hole

Edit area properties Hole in type:

Delete area Forest Rk=3 -
Info Window ~_

Show legend 4

v| Crezte new area inside hole

Clone object

Locked

New area type:

Cancel

To convert the hole to a non-hole, simply right click on the area and select Convert hole to normal.

2934 Tab Sheet: Import/Export — with online data

The Online data is fully automated, while import from other sources requires more settings.

Area object (Area object (): REGIONS _wpproject_ 0.w2r (4)) x

Position Layers Data Purpose Area types| Import/Export | Presentation Description

‘[”JJ Online data Cancel

The On-Line Roughness data cannot be considered as "final" for
roughness classification, but as a good template to work from or for
rough "site finding" surveys. There are known issues, like farmland
with many wind breaks does not differ from open farmland - and
some parts has unrealistic high roughness values in Data4Wind. Also
Data4Wind provides summer values as well as winter values, WAsP
can only work with "annual values" (at EMD-Online you get the

summer data). In the more approximate datasets like Modis or GLCC Frev
the resolution is far from good enough for energy calculations of
specific sites. So use data carefully, it is a help, not a solution! Mext

wnline Datal | GIS data Steepness

With the area object set to "roughness data" as purpose; you can get access to online data
from the Import/Export tab.
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W import data from EMD server [m] *
Setup

Available data creators:

Name

USTUN windPROSPER Maps: Danish Roughness

iCorine land cover 2018 - 100 m grid

Corine land cover 2012 - 100 m grid

Corine land cover 2006 - 100 m grid

DataForWind: European Roughness Contour Data Based from www.DataForWwind.com ~ 200 m grid.
GlobeLand30 30 m grid

ESA CCI 2015 (Global) - 300 m grid

Description

Corine land cover 2018 is produced primarily by visual interpretation of high resolution satellite imagery. J
consists of an inventory of land cover in 44 classes which has been mapped in to roughness lengths for use in
'WindPRO. It is produced and delivered by the European Environment Agency (EEA). Read more at the

'windPRO wiki: https://help.emd.dk/mediawiki/index.php?titte=Corine_Land_Cover

<

EMD online data is enly "an advanced link" to data provided by others. The data may be restricted in use and/for
require an acknowledgement from the provider when used. The user has full responsibility for checking and
respecting possible limitations of use.

| Cancel Refresh

Example of roughness data sources at a European site.

The types of roughness data files and their roughness description is subject to availability, depending
on where in the world the site is located. Note: these data will not be sufficient for a detailed energy
calculation for a specific project, but are to be considered as an initial classification of roughness
around a site. For Example, the Modis data only holds information on vegetation, not urban regions,
so there will be some manual work required to edit and improve the accuracy of these data before
they can be used for an energy calculation. For more information about online data visit:

2.9.3.4.1 Import from other sources

You can import previously digitized data (polygons) from other sources (.dxf and .shp files), or for a
Wind Resource map, .rsf or .wrg output files from WAsP calculations.

The process of importing data is as follows:

Switch to the GIS data tab

Press the Import button.

Select the file to be imported

Select the coordinate system and the datum in which the data is geo-referenced (e.g. ED 50).
NOTE: This must be known. If it is a local coordinate system (or a system unknown to
windPRO), it can be defined in Project properties prior to importing.

The procedure for importing .dxf and .shp files is slightly different as follows:

dxf-files

After reading the file (which may take a long time, start with a small file to test), the layers from the
imported file appear in the list of landscape types with the layer number as the name.

Identify the imported layers and then select Merge area layer to place it into the defined layer that
matches the type of data in the file (or redefine the layer).

Repeat the above steps until all imported layers are defined.

shp-files
After defining the coordinate system, the dialog box shown below appears:
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W import frem shape file with corresponding database O X

An area object must contain a limited number of different area types. Thus, when opening a shape file, you
must choose which database field to be used for dividing the data into different layers. Then, a new area
type is added for each unigue type found in the selected field of database file.

Data type in shapefile: Lines

(¥min ; Ymin) = (2290262,84 ; 3238971,24)
(¥max ; Ymax) = (2313841,39 ; 3261108,07)
Import options

@ Add all data into one new area type Name |delete
Use field in database for division of data into area types Samples
Add data into existing area type

Import distance from symbol on map [m] 50.000

10 i

10 |

closed polygons

Cancel

Here you can see the corner coordinates of the shape file limits (which will indicate whether or not
you’ve chosen the correct coordinate system — if not, cancel and chose Import again).

There are several options for importing .shp file data:
e Adding all data from all database fields into one layer
e Creating one separate area layer for each unique entry into one of the database fields or
adding all data into previously-defined area layers (a more typical option).
After reading the file (which can take a long time — start with a small file to test), the layers from the
imported file appear in the list of landscape types.

Caution:

When classifying roughness using areas, everything outside the digitized areas will be interpreted as
the background value. The background roughness must be given a value. For example, on islands far
from the mainland, it's appropriate to use the roughness value for water as the background roughness.
However, if the mainland is closer than approximately 40 km in any direction, it must be digitized and
given a more typical value for the landscape. On the mainland, it's usually appropriate to choose the
value for "open farmland" as background (roughness class 1-1.5) and then digitize the cities, forest,
water areas, and farmland with higher roughness values. In general, everything within a 20 km radius
must be digitized. At a distance of 40 km, the influence of the surface roughness normally has little
measurable effect.
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2935 Tab Sheet: Presentation

Area object (Area object (): REGIONS_wpproject_0.w2r (4]) X

Position Layers Data Purpose Area types Import/Export | Presentation | Description ok

Size

Width: . 00.000 e Cancel

Height: | 100.000 m

Object and Line color

coor: | N - -

Boundary Line
Transparent Prev

Thickness:

MNext
| #® Thin Medium Thick

In this dialog box, the visible parts of the areas are defined as width and height. The only reason to
limit the visible parts would be to increase computer response when regenerating on-screen graphics.

Note that the boundary line separating each area can be made transparent. This is useful for a
Steepness Check or for a Wind Resource map, where the areas cover the entire map.

294 Digitizing on-screen, editing, and viewing

Using a background map brought into windPRO as a background bitmap image (containing all

relevant information, e.g. forests, cities, etc.), it’s possible to digitize the sites manually, or to view the

imported data on top of the map for editing as required. The same principles as described for the
apply to the Area Object.

2.9.5 Save and use Area Objects in calculation modules

The data file containing the area information will be saved in the file specified in the Tab Sheet Data
when you exit the Edit mode. Note that if working on an existing file, the file will be overwritten. To
prevent this (if you have made changes you wish to undo), open the file from the Windows Explorer
and make a copy before exiting the Edit mode.

2951 Export of roughness .map files from the Area Object

From the Tab Sheet Import/Export, you can export the digitized polygons (if the purpose Roughness
is checked) to a .wpo file format.

2952 Use of the Area Object data in a ZVI calculation

In a ZVI calculation, every area defined with a height will be built "on top" of the digital height model.
This means that, for every point with an assigned height inside a polygon, the assigned height from
the area region will be added to the height model and, if the height of the area polygon is higher than
the observer point in the ZVI calculation, the WTGs are treated as invisible from any point within this
area, e.g. a forest.
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Naturally, this will not always be the case. For example, WTGs can be visible from some points inside
a forest or city. If this needs to be taken into account, these regions must be digitized in greater detail,
e.g. each house modeled as a separate area.

In some countries, it is standard practice to create a “bare earth” ZVI where no Area Object data are
used.

2953 Export of Area Object to Google Earth

An Area object can be exported to Google Earth by right-clicking the Area object and selecting Export |
Export to Google Earth kmz-file. Any buffer zones will be included in this export.

2.9.6 Trimming data in Area Object

There are a number of tools available for trimming, see

2.9.7 Steepness calculation and presentation

29.71 Purpose of the Steepness calculation

The Steepness Check (.wpo import) is used to generate areas (polygons) containing the “steepness”
within certain intervals. These intervals may be used to exclude areas where it's impossible construct
turbines or to build roads due to the steepness of the slopes of the terrain. The input data is a *.wpo
file from a windPRO Line Object, and the result is placed in an Area Object.

29.7.2 Calculation setup in the Steepness calculation

1. Insert an Area Object onto the map using the ¥ icon.

2. Select Steepness Check as the purpose for the Area Object.
Area object (Area object {): REGIONS_Project Mame_Quw2r (1))
Position Layers Data | Purpose | Area types Import/Export Presentation Description

Select the purpose of the data held by this Area Object.
Cancel

II
S
*

Roughness map based on closed lines
Heights a.g.l. for e.g. Forest (ORA tool) or ZVI
Photomontage

Nord2000 Terrain hardness (impedance)

Data wvisualization

e -
Q) Online data —> Prev

|| For impert or manual input: |

Next |
Wind resource (*.rsf or *.wrg import)

_ ‘Steepness Check (.wpo, .wpg import);

3. Create an area type for each steepness interval that should be created. Click on the Add new area
type button on the Area types tab sheet.
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Position Layers Data Purpose | Area types Import/Export Presentation Description

Select relevant Area types
v BACKGROUND
@l |steepness from/to: 0,0-5,0 (deg.) (0)

\ Steepness calculation and presentation

Area type propertes

Type name:

Edit | Tools Load/Save

TYpe heghe 8.0,
Edit Area type Colo

Tatching

Add new Area type

Steepness

Tnle

Fro ess:
To Steepness:

Percent to Degrees tool

Descrigben

[To ] | comal

4. Select Import from the Import/Export | Steepness tab sheet.

Area object (Area object (): REGIONS_wpproject_0.w2r (4])

Position Layers Data Purpose Area types| Import/Export | Presentation Description

Steepness

Import steep terrain from line object or file (*.wpo, *.wpg)

prT—— p———

Import

From/to: 0,0-5,0 (deg.}

< Creatz name automancally

=0 max=0 deg.

flat= mae=30 deg.

Cancel

Prev

MNext

5. Now, select the *.wpo file (Line Object data file) to calculate or import the steepness data from.

Mark the area types to import into (the areas that you just created). On import, windPRO reads the
steepness intervals from the area types. Make sure to mark the Empty the selected area type(s)
before performing the import, if you re-import the areas. Otherwise, duplicate areas are created.
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W@ Import Steepness Areas fram Height Data O x

Height contour data to import
Select object to import from: Select area to import
Project Wizard Elevation Data Grid (SRTM: Shuttle DTM 1 arc-si

Import all data

Height Contours: CONTOURLINE_ONLINEDATA_1.wpo (1)

Import only within this
®) rectangle centered on the

area object:
Width: 1.000
Height: 1.000

Mark the area type(s) to import into

BACKGROUND Steepness: 0-> 0

Steepness from/to: 0,0-5,0 (deqg.) Steepness: 0-> 5

Empty the selected area type(s) before performing the import. Important if Edit List
you re-import the areas tH

Ok Cancel

There are a range of pre-defined steepness limits in the windPRO Data | Standards folder which can
be loaded by clicking on Edit List and then Load.

6. Lastly, in order to make the slopes look good on the map, select the Boundary Line to be
Transparent on the Presentation tab sheet.

Area object (Area object (): REGIONS_wpproject_0.w2r (4]) X

Position Layers Data Purpose Area types Import/Export | Presentation | Description ok
Size
Width: | 100.000f m Cancel
Height: | 100.000) m
Object and Line color
Boundary Line
o Prev
Thickness: Mext
® Thin Medium Thick

An example of results from a steepness calculation is shown in the figure below. Note that the turbines
are erected in areas where the steepness (slope of the terrain) does not exceed fifteen degrees, i.e.
where no areas are colored.
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Steepness from/to: 15,0-20,0 (¢

_ Steepness from/to: 20,0-30,0 (¢ Taobh an Leithid
. N
0
Steepness from/to: 30,0-40,0 (( %n o

= -____1.1 —gi {u;TI'_L.nnn: ﬁ'l__l o
f-,_-;-'-""___:-_f_ i.' A
/77 Reges

2.9.8 Specific WTG-area features

OQO The WTG-area is as mentioned a variant of the Area object with limited features, but specifically
designed for having the most needed features for designing a wind farm. The object is central to the
OPTIMIZE module and is typically used as the object that defines the borders of the site, e.g. based

on land owner agreements. For further information on the WTG Area Object see Chapter 8, section
8a.5.1

Properties

+  Edit mode «Ctrl+E>
Create new area
Info Window

Show legend

Delete selected object(s)
Clene chject

Locked

Export 4

Once a WTG area object has been added you can digitize the areas on the map by right-clicking and
selected Create Area. Before the digitization can begin, the WTG area properties is to be defined:
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" WTG area properties O *
Marme: Available areas 1
Layout demands
Exclusion area (Mo WTGs)
Min: Max:
Power:

| Number of WTGs: 80 J

Distance between WTGs:

Buffer zone. Only used in Optimize. !
0,00 m '
Presentation
Fill color: - Hatching: Solid -
ok Cancel

Here you give the area a name (e.g. the landowner) and specify the constraints that the optimizer
must respect such as the amount of power to install, number of turbines, etc. You can add a buffer
zone to the area, which cuts the specified distance into the digitized area. If no turbines are allowed in
the area, simply click the Exclusion area (no WTGs) checkbox, to make sure no turbines are added
in the area (by the Optimizer, they can still be added manually if required). If the area is an exclusion
area, the buffer zone works reversely, as it is extended the specified distance outside of the digitized

area.
W WTGarea (WTG areas (2)) O ®
Position Layers | Areas | Presentation Description ok
Areas (3)
_ Properties Cancel
Available areas 1
Available areas 2
Exclusion zones Import
Export
Delete
Delete All
Prev
Steepness
Mext
WTG filler |
Paste l
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Opening the properties of the WTG area object shows you the different digitized areas. Double-click
one of these to edit their properties (as defined above).

2.9.8.1 Steepness in WTG-area

' Steepness as exclusion zones in WTG area object O pd

This will add exclusion zones to the WTG area object based on a specified area, line object and steepness threshold.

TIN will be calculated within the specified area(s) and all areas with a steepness larger than the threshold will be added to
the WTG area object as an exclusion zone.

Mote that if there are no areas in the WTG area object, a rectangular area must be specified with the WTG area object
as center.

Select area(s):
®) Use the areas specified in this WTG area object

Specify a rectangular area with the location of this WTG area object as center:
Width m

Height m

| Select height data to calculate steepness from: |Project Wizard Elevation Data Grid (SRTM: Shuttle DTM 1 arc-seconc -

Steepness threshold: ¢ -

| Mew contour name: |Steepness threshold: 2°

M

Cancel

Steepness can be established as exclusion zones based on a given steepness threshold. This is very
efficient for avoiding placing turbines from e.g. the OPTIMIZE module in areas that are too steep.

2982 WTG filler in WTG-area

The WTG filler can establish as many turbines as there are space for based on required distances, a
fast way to evaluate the MW potential at a given site.

Steepness

Select WTG X

WTG type: Siemens Gamesa SG 6.0-170 6200 170.0 10! -
-

Hub height [m]: |115.0

Design standard- [Undefined = | Design class - |
Cancel !
For further information on the WTG Area Object see , section 8.a.5.1
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2.10 BASIS - Elevation grid object

2.10.1 How to use the elevation grid object

With the Elevation Grid Object, it's possible to handle elevation data as gridded data meaning that the
elevation data has a Z value for each point in regular grid spacing. This makes calculations much
faster compared to contour lines and it gives options to present the elevation data in color scales to
give a good overview of the elevation on a map. A special feature is the layer organization of the
elevation data, where more layers mean that detailed data near the site can flexibly be combined with
more coarse data in the remote region. While gridded elevation data normally not are editable, there
has been established a special feature for creation of an editable layer, where grid data are converted
to lines in a line object that can be edited and thereby like near measurement masts very detailed data
can be established. The elevation grid data is thereby an efficient alternative to line object contour
elevation data.

2.10.2 Creating an elevation grid object

Click on the Elevation Grid Data Object button.

2.10.21 Tab Sheet: Data

& Elevation Grid Data Object ((19) [u] X
Position Layers | Data | Presentation Colors WAsP-setup Description
|| File name: C:\Users\pmn\Workables\WindPRO Data\Samples\Ebeltoft - Denmark\4.(| ... Cancel

Data type: ﬂ DTM: Digital Terrain Model - bare earth representation without object: ~

Calculate Z-values from this object (overrules line-object setup)

|

|

Add layer from file... |
|

Data layers
Add layer from result layer...
Create editable layer.
Create resampled layer from all layers. Frev

—~
w Add layer from Online data Next

Export layer.

Edit layer.

~| Use to link to Site data in energy calculations

You can specify if the elevation data (Z value) for all objects in the project should be calculated from
the elevation grid data object. If there are several elevation data objects in the project, like for instance
a line object and an elevation grid object, you have to choose which of these two alternatives should
be used to calculate the elevation (Z value) of all objects in the project. If there is only an elevation grid
data in the project, no choice is needed.

On the Tab Sheet Data, you specified which data to load.
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The simple way to get data is to use Add layer from Online data, where multiple data sources are
gridded and easily loaded.

Click on the button Add layer from file to specify one of the following file types:

*wpo,*.map,*.adf)

All importers (*.asc,*.hgt,*.grd,*.eGRD, *.wpo,*.map,™tif *.tiff,*.dem, “wpg, "l *xyz,

All importers (".asc,”.hgt,*.qrd,*.eGRD, *.wpo,™. = tif,  tiff, " dem, *.wpqg, . bil ?
ASC ArcGlS rectangular grid with 5-6 header lines (*.asc)

HGT file import (*.hgt)

Surfer GRD file import (*.grd)

EMD Surfer GRD file import (*.eGRD)

HwindPRO line chject file import (*wpo)

WhsP MAP file import (*.map)

GDAL reader (.tif)

GDAL reader (*.tiff)

GDAL reader (*.dem)

Elevation Grid file import (*.wpg)

BIL file import (*.bil)

HEYE Import ("ayz)

“lwindPRO line object file - as points (faster than using TIN) (*.wpo)
Map file - as points (faster than using TIM] (*.map)

Import from an Arc Grid file (*.adf)

| @ Import setup O >

Import from file:
S\ Temp\wPTestProjects\CONTOURLINE_OMLINEDATA_0.wpo

Use importer:
windPRO line object file import -

® Import all '
Select a sub-area on the map to Import Y]
Grid size (m): 25
|
ok Cancel |

After selecting a file the next step is to choose an importer (often only one option), and then to decide
if all data or a geographical sub set of data shall be imported. Finally the grid size must be decided. As
opposed to the line object data, the size of an elevation grid is not a trivial decision. Too high a
resolution gives too many points, too low gives poor accuracy. Remember that the import can be done
in more steps, making it detailled, for example 10m equidistance near the site, and coarser, such as
100m for the rest of the area.

Importing xyz data into an Elevation grid:

If your data are saved in a xyz format within an irregular grid a special xyz importer will be used. The
xyz importer can be used to convert irregular grid to regular grid, and to thin out very detailed gridded
data. For instance, the data in Lidar surveys might have many point values every m?, which means the
data amount is too detailed for typical wind energy calculations.
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Import Options x|
Method Field Separator
Use Average of All Datapoints ® Tab _li.l View File
Use Average N Closest Datapoints Space
Use Average Throw Away Max/Min Datapoint Comma
(® Auto Detect Grid from Datapoints Semicolon

«| Fill Empty Cells
Max Meighbor Distance [Cells]
a

| Ignore Extreme 7 values
Extreme Value Min

-424

Extreme Value Max

8850

Generate Steepness Statistics

Cancel

The xyz importer has four import methods:

e Use Average of All Data points:

o Calculates the average value of all data points in a given grid cell and assigns that to
the grid cell.

e Use Average N Closest Data points:

o This is the typically used option, which calculates the average value of the N data
points nearest to the center of a grid cell, while only considering data points that
contribute to the given grid cell, and assigns that to the grid cell.

e Use Average Throw Away Max/Min Data point:

o In case the data quality is poor, use this option. It calculates the average value of all
data points that contribute to a given grid cell, but ignores the M values with the
highest values and the N data points with the lowest values. The average of non-
ignored values is assigned to the grid cell.

e Auto Detect Grid from Data points

o This is the preferred option for highest possible resolution: The method tries to
construct a grid that fits perfectly to the data such that exactly one data point goes into
each grid cell. If the data set constitutes a perfect grid of a reasonable small size, then
this method is the preferred one as it will reconstruct the original grid.

The Fill empty cells option is also important. Normally, you do not want holes in your data and
therefore you want to fill these with averaged values from neighboring cells. However, be aware that
the data might be at the top of a curved ridge, and you risk filling within the curve. So, there can be
compromises. The “filled curve” can be erased later with the Edit layer option, so the lower layer data
is taken within the curve.
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W Elevation Grid Data Object ((19)} [m}
Position Layers| Data | Presentation Colors WAsP-setup Description ok
|
File name: C:\Users\pmn\Workables\WindPRO Data\Samples\Ebeltoft - Denmark\4.( | ... Cancel
Data type: @ [DTM: Digital Terrain Model - bare earth representation without object: ~
Calculate Z-values from this object (overrules line-object setup) | add layer from file
Data layers
Add layer from result layer...
CONTOURLINE_ONLINEDATA_1.wpo - 778x69... The top-layer has higher priority
than lower layers. Create editable layer...
Create resampled layer from all layers... Prev
Cell dimensions: 25,0 x 25,0 m
Cell count: 778 x 699 Next

‘[ml Add layer from Online data
Cell sum: 543822

v Show color grid
| Show Opacity trackbar
Show grid as points
Show grid as contours

Export layer...

Edit layer...

+| Use to link to Site data in energy calculations

After import, some information is shown and the first layer is established.

It is possible to add an additional layer in the site with a higher grid resolution:

. Elevation Grid Data Object { (19)) (m]
Position Layers | Data | Presentation Colors WAsP-setup Description ok
|
File name: C:\Users\pmn\Workables\WindPRO Data\Samples\Ebeltoft - Denmark\4.(| ... Cancel
Data type: @ [DTM: Digital Terrain Model - bare earth representation without object: ~
Calculate Z-values from this object (overrules line-object setup) Add layer from file...
Data layers
Add layer from result layer...
COMTOURLINE_ONLINEDATA_1.wpo - 778x69... | The top-layer has higher priority
DK DHM 0.4m grid terran - 75017501 points 12 lawer layers. Create editable layer...
Create resampled layer from all layers... Prev
Cell dimensions: 0,4 x 0,4 m
Next

Cell count: 7501 » 7501 i Q
Cell sum: 56265001

| Show color grid

Add layer from Online data

~ Show Opacity trackbar
Show grid as points
Show grid as contours

Export layer...

Edit layer...

v| Use to link to Site data in energy calculations

By right-clicking on the layer, the layer can be moved to the top layer. This mean that data from this

layer are taken first in any calculation.

Data layers

CONTOURLINE_ONLINEDATA_1.wpo - 778x69.

DK DHM 0.4m grid terra=n - 75017501 nnint=
— T Move up (Higher priority)

The top-layer has higher priority
7 than lower layers.

4 m
Rename
Show layer coordinate system info
Remove
khar
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Contour lines calculated from the grid data can be shown in any resolution. The grid points can be
shown and along with high resolution painting of the grid, correcting the problems given by the Earth’s
curvature. This process can be very slow depending on the resolution.

Once the data has been imported the elevation map(s) can be seen on the background map:

DK DHM 0.4m grid terraen: 50 %

.|

0,0 m at cursor - CONTOURLINE_ONLINEDATA_1.wpo }

L mp[Epe

The presentation by default looks like this.

DK DHM 0.4m grid terraen: 100 %

DR || teoen

39,1 m at cursor - CONTOURLINE_ ONLINEDATA_1.wpo

T [ I - |-| [ tegend

Chosing another color scale and zooming in, shows how the different layers has different resolutions.
With the opacity track bar the visibility can be changed. Legends can be added and color scale
settings changed. The “presentation” and colors are similar to Line objects and Result layers.

§ line-object setup) Add layer from file...

Add layer from result layer...

wer layers.

| |
~layer has higher priority ‘ |
‘ Create editable layer... |
| 1

Create resampled layer from all layers..

1ensions: 0,4 x 04 m
int: 7301 x 7501
n: 56265001

@ Add layer from Online data
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Sometimes it can be useful to edit gridded data. This can be done by creating an editable layer,
making it possible to “hand digitize” special areas of interest very accurately, e.g. the region around a
measurement mast, camera object or WTG locations.

When creating an editable layer, the gridded data are exported as contour lines to a Line object for the
specified area. The data is auto imported to a Line object. This can then be edited by the tools
described in Line object. When editing is finalized, the data are automatically converted to grid data
and replaced in the Elevation Grid object.

2.10.2.2 Tab Sheet: WAsP setup

‘ Elevation Grid Data Object (Elevation Grid Data Object: DEMO - Ebeltoft, DK_EMDGrid_O.wpg (19)) O *
Position Layers Data Presentation Colors | WAsP-setup | Description
WAsP calculations uses line data. Therefore the grid must be converted to Cancel |

lines when used in a WAsP calculation. On this page the line-conversion
setup is defined for this grid object.

WASsP line options

Default contour interval if not defined in belows list: 5,0 |
Default smoothing zone if not defined in below list: 2

Optimize lines for TIN (removes unneeded points): v |

Prev |

|

Layer name Contour interval | Smoothing zone | Connect lines Handling maxima and minima Next |

|

DK DHM 0.4m grid terraen v v |

CONTOURLINE_ONLINEDAT bl bl |

i

Smaoothing zone: The horizontal Connect lines: The lines can be Handling maxima and minima: The top

distance, measured in lower layer grid fragmented, but is connected if this is of a hill may be represented by a cell
cells, within which grid points in lower selected. It is slower but gives a nicer  with a value of 99, but if a contour

layers are removed, when creating looking result, and fewer points. interval of 10 is selected, the hill would
contours. This avoids very steep partsin  WAsP 10 and older only handles 2 get the height 90 when exporting to
terrain if the level in two layers are some  mill points. lines. Select this option to handle this
offset due to different elevation data issue. It is slower.

sources, and thereby major mistakes in
the flow modeling are avoided. Mote: the
user should always try to avoid having
steep terrain in the smoothing zone. I
having so, then rather delete part of the
upper layer with the "Edit layer" tool.

The WASP setup is special, as it allows for different contouring intervals for different layers. In
mountainous terrain, it can be an advantage to reduce the resolution in more remote regions to avoid
too many points/lines, which can violate the WAsP capability.

The smoothing zone is established to avoid steep regions. In cases where two different sources with
slightly different elevation levels are used for the detailed and remote region, conversion to lines for
WASsP calculation would create some very steep slopes in the transition zone. Therefore, a smoothing
zone can be defined based on a number of grid cells.
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2.11 BASIS - Layer structure - results and objects

2.11.1 Introduction to layer structure — docking

Using a layer structure similar to that used in many programs such as Google Earth™, AutoCAD™ or
Photoshop™, you can organize the results (geographical results) and objects in windPRO. There are
basically two layer structures: The result layers and the object layers.

The result layer structure is placed in a layer structure above the object layer structure, see screen
below.

Result layers o = x

DEMO - Ebeltoft,
® DK_update_Res_50_
Hub_100.0_80.0_1.r
sf
Zones of visual
W influence: Standard
PN
» [v] 88 SHADOW
v [v| 9B DECIBEL
Noise analysis at
» 8 the neighboring
houses
8 8.0 m/s
8 6.0 m/s

Object layers O I x

Elevation data

'
o

g
Climate data

Site data
Environmental
Impact
Moise
receptor
Flicker
receptors
Visual impact
V1
obstacles
Performance

B

The result layer structure can be organized in sub layers, which is different from the object layer
structure. From several calculation modules, like DECIBEL, SHADOW, ZVI, and RESOURCE, result
layers can automatically be created. But result layers can also be established by right clicking in the
result layer window, where files can be manually added, like .rsf files (wind resource files from WAsP
or CFD tools).

The result layers have the same options for color scales and legends as for report printing and viewing
elevation grid data.
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2.11.2 Create new layers and basis management

In the Object Layer window you can create a new object layer by clicking on the small Bl Add Layer
icon at the bottom of the page. The checkboxes next to the layers show which has their objects visible

on map and in object list. The blue lines = indicate the current active layer. Any new obijects
created will be assigned to this layer until you click another layer and make this active. Layer groups
can also be created to organize the layers.

Object layers O % X

~ |¥| (= Terrain data -

Roughness
data

v Elevation data
~ obstacles
~ |¥| (= Turbines
Existing
Turbines
= [Repowering
layout
Performance
check

Environmental
Impact

v Climate data
Site data
Steepnees area
Photomontage_st |«

> M

B QK

Result layers are created from calculations (auto-created when this option is checked), but can also be
created by right click in the result layer area. The same goes for object layers.

An object layer can be cloned in the right-click menu item called “Clone layer and objects”. The same
goes for layer groups

x Result layers o % x

.225.651 20,1 Obg

Ty MoEbEnU{-t’ 851 05| opectlyers 0 5 x
T «=iDK undate Res 50 i .
v 7| & Terrain data
Add layer group o = X
- Roughness data
|'® Elevation data
Load layer. _ v| S ohstacles
- YEr # Ao v mirinee
Delete layer Show matrix
Rename... Add layer
Check all
Uncheck all

Merge layers
Cepter on map

Add layer group

Locate in Windows Explorer Delete layer group including layers and objects
Show tool window Duglicate layer group including layers and objects
Show legend Select all objects in this layer or group
« Word wrap Select all layers
3 De-select all layers
Export Save layer structure
Show rose Load layer structure
Impert... + Word wrap

Create compare layer...

The right click menu in result layer area (left) and in the object layer area (right).
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2.11.3 Result layers

Result layers are typically established from a calculation.

. Edit .
Parsmeter Hub WTG Use Edit line Use raster Show in result
height lines setup raster layer
setup
Specific energy (kWh/m2 -~ 120,0 -~ Edit b Edit v

An example from wind resource map calculation. Check the Show in result layer and the layer will be

created when the calculation ends.

2.11.3.1 Load or import into result layers

There is a difference between loading and importing into result layers from external files.

Load can add wind resource files (.rsf or .wrg files) while these has a special status with a known

structure that has more different types of data that can be presented.

All importers (*.asc,*.hgt, *.grd, *wpo,*.map, * tif, *.tiff, *.dem, *.wpg,*.bil, * oyz, * wpo,*.map,*.adf)

ASC ArcGIS rectangular grid with 5-6 header lines (*.asc)
HGT file import (*.hgt)

Surfer GRD file import (*.grd)

windPRO line object file import (*.wpo)

WAsP MAP file import (*.map)

GDAL reader (*.tif)

GDAL reader (*.tiff)

GDAL reader (*.dem)

Elevation Grid file import (*.wpg)

BIL file import (*.bil)

KYZ Import ("xyz)

windPRO line object file - as points (faster than using TIN] (*.wpo)
Map file - as points (faster than using TIN) (*.map)
Import from an Arc Grid file (*.adf)

Import handles different file types, see list above, which will be expanded later.
Note: If elevation data are to be used for calculation purposes, these shall be loaded in the Elevation
Grid object, not as result layers. Result layers are only for presentation.

2.11.3.2 Result layers presentation setup

A very important feature for the result layers is the presentation setup.
Double click the specific result layer in the result layer list, and the Tool Window appears.

Bl L N RIS S M IS SN
8.0 m/s - at cursor 32,15 N
Raster - Min/Max values: 21,4/60,2 d

| Show Legend _ M L
High resolution Opacity: =

Show 3D 7

5 150 lines 1]
| Show ﬂ

Y
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The Tool Window gives access to line and raster settings. It's easy to choose another color scale
using the drop down menu, or fully define a color setup by clicking “...” next to this. Note the opacity
adjuster, making it possible to set the transparency of the result layer. It is possible to show the result
layer on a 3D map by selecting Show 3D (see ). When moving the mouse across the
map, the value at cursor position is shown in the top bar of the Tool Window.

Felir weal bl & weal Filename Calors il
Autamin Avtomas 12colorz_autoscale
Autamin Automas Boolor_autoscals
Autariin Avtarias Beolors_autozcale
Avtarniin Avtarias 8 SharpColor_autozcale -
35 Automax Decibel_default_35-50dE(4) - |
Autamin Automas eleration_autozcals
Autamin Avtomas elevation?_autozcals
Autariin Avtarias elevation3_autozcals L
Aukomin Automax elevationd_autozcale
Automin Avtomas HeightColorhite Top_autozcale | = o
Autamin Avtomas HeightColor_autozcals
1.0 3650 Shadow-d_per_y-real_and worst_case
01 5000 Shadow-h_per_y-real_case -

The drop-down menu on the color scale shows the defined color scales, as well the ones included in
windPRO as user-defined. The color scales are shown with the present data loaded. Therefore only
the ones with auto min/max will be shown with a full color scale while other based on fixed values
might not be within the relevant range and therefore just display as white. These scales can still be
chosen and the values can be edited. The edit mode is entered pressing the “...” button.

21133 Color scheme editor

A set of color scales for rasters and lines are saved in files located in \windPRO Data\Standards\, with
extensions:

* linecolorsetup

* rastercolorsetup

W Edit colors [m} *x
Number of lines: | 53 Decimals 12
Auto Palette
Minimum: 2.002,5) kWh/m2fyear Divide into intervals
Maximum: 5.361,1| kWh/m2/year Connected colors
Color shades
Opacity ]
Start <End Color 1 Color 2 Legend Text in legend
1 2.002,5  2.674,3 ] 2.002,5 - <2.674,3 kwh/
2 2.674,3  3.346,0 ] 2.674,3 - <3.346,0 kwWh/
3 3.346,0  4.017,7 3.346,0 - <4.017,7 kWh/
4 4.017,7  4.689,4 4.017,7 - <4.689,4 kWh/
5  4.689,4  5.361,2 4.689,4 - <=5.361,2 kwl

Auto Values Auto Colors Load... Save as...

‘ ok | | Cancel ‘

The color scheme editor. When auto min, max and interval are checked, a general purpose color
setup is created, where min and max are auto adjusted to the content in the loaded data. With Save
As this can be saved and will appear for later use. Whatever color settings are made can be used in
current view without saving.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

\ Result layers 136

‘\wind==

When Auto is unchecked, values can be entered in the min/max fields, and clicking on Auto values
will create the intervals based on the Number of lines. Auto color generates a color scheme, by
clicking in the color fields these can be edited manually.

The four options seen in the top right corner, such as Palette, Color shades, etc., provide some
flexibility in designing color schemes.
2.11.3.4  Export of result layers

The result layers can be exported to numerous formats. Right click on the result layer and select
export. Depending if it is line or raster data (or both) shown, different types of exports are available.

Surfer Grid file Export >
ASCllx, y, z file Show rose

Google Earth KMZ file - raster overlay Import...

Image with werld file Create compare layer...

Image file

Paolygen Shape file

Point Shape file

Google Earth KMZ file - line overlay
Shape file - Lines (as iso-lines)

Shape file - Closed Lines (as iso-lines)

windPRO line data (wpo)

If exporting to a Shape Polygon file you will need to select a bin size if the values are not integer
values.

Export Shape select Bin Size a

Please select a bin size for the polygon export.

1,000

ok Cancel

2.11.3.5 Organizing result layers in folders

Result layers [} I ®

~ [ |9 Environment

> [ ]88 SHADOW
Zones of visual

W influence:
Standard ZVI

> [ | §¥® Resource maps

Add layer group
Delete layer group

I nad laver

By right clicking and selecting Add layer group, a folder symbol appears, and result layers can be
organized by drag and drop.
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211.3.6 Comparing result layers

You may want to compare two result layer to see the difference between them. Right clicking in the
Result layers window, it is possible to select Create compare layer:

Add layer group

Delete layer group

Load layer...
Delete layer

Rename...

Check all
Uncheck all
Center on map
Edit layer...
Locate in Windows Explorer
Show tool window
Show legend
~  Weord wrap

Export ¥
Import...

Create compare layer..

This opens the “Compare layers window”:

W Compare layers [m] X
Input
Layer A: i
Layer B: Select layer B.... .
Output
Layer Name: Compare layer

Value

® Difference (A-B)
Ratio (A/B)
Formula:
Resolution - cell size
® Match Layer A
Match Layer B
User defined (m) 0

Extent

® Overlap

User defined @

Cancel

The difference, the ratio or a formula can be applied between two result layers. An example of a
formula is IF(A>B;0,0;1,0) which means that the compare layer returns 0 if A is greater than B and 1 if
the contrary. For each grid cell the calculation is processed and returned in a new layer. The
resolution of this compare layer can either match the resolution of A or B or be user defined. The size
of the area to compare is by default set to the overlap area between the two result layers but can also
be user defined. The compare layer can be displayed and exported just like a normal result layer.

2114 Objects layers

2.11.4.1 Objects layers - move or add objects

This can be done in three different ways:

1) Drag the selected objects you want to move or copy from the Object List to a layer in the Layer
Manager. windPRO will then ask whether you want to move or add them to the layer. When adding
objects to a layer, a duplicate set of objects is not created on the second layer. The objects are merely
assigned to both layers. If you want to duplicate objects, use the clone or copy function.
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Objects (4 / 4 [ 34) 0 % ¥  Resultlayers o
Description = | Locked | Easting | Northing z Type ~ W Environment

3K NORDEX N60 1300-250 60.0 10! hub: 45,0 m (TOT: 75,0 m) (9) 603.088 6.224.572 0,0 Existing > DB DECIBEL

K NORDEX N60 1300-250 60.0 !0! hub: 45,0 m (TOT: 75,0 m) (3) 603.057 6.224.739 0,0 Existing > [ 184 sHaDOW

K NORDEX N60 1300-250 60.0 10! hub: 45,0 m (TOT: 75,0 m) (2) 603.026 6.224.905 0,0 Existing T Zones of visual influc

oK NORDEX N60 1300-250 60.0 10! hub: 45,0 m (TOT: 75,0 m) (1) 602,007 6.225.072 0,0 Bxisting| | > || 8 Resource maps

O % X Object layers o

-

v & Terrain data

'” ~ / ’ SK?WH"QM A Roughness data
e .»- . - / 1\; }; Elevation data
[k/\\. _a/ﬁ(ﬂlu - E\ts‘eg\ rde b D * obstacles
Bl ] B Skov f‘ =l S |~ [ Turbines
o g | Y \ : Existing Turbines
7 .:"I . Pl . .ﬂ \ T Move object(s) to this layer
P 7 'A.:f . L—J a\ § &= “Add object(s) to this layer

In the figure above, WTGs are selected (click on the first one with the left mouse button, hold down the
<Shift> key and click on the last one or use as here the <Ctrl> key to select). Hold down the left
mouse button and drag the selected objects to the required Layer. The program will ask whether you
want to “move” or “add” them to the layer. If added, they will exist in the original layer as well as in the
new one.

2) In the Object Properties, you can assign the object to one or more layers.

| 4 Existing WTG  (NORDEX M60 1300-250 60.0 10! hubs: 45,0 m (TOT: 75,0 m) (1)) [m] x
Position | Layers | WTG(s) Statistics Visual Distance circles Curtailment Operation Production data Description ok
Is member of: -
b3 & Terrain data Cancel
v @ & Turbines
v Existing Turbines
Repowering layout
Performance check
3 & Environmental Impact
Climate data
Site data
Steepnees area Prev
Photomontage_street view Next

~ Layer 1

3) Use the Show matrix option from the right click within the Object layer window (

)

Object layers o 3 x
> = Environmental Impact “
Climate data
Site data

Steepnees area
Photomontage_street viev
v| 'S Layer 1
> 1A Al

Show matrix

Sile! >
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2.11.4.2 Object layers - organize objects

windPRO supports many ways of organizing objects in the layer structure. Here are a few examples:

a) Different object types for each layer

It's often difficult to "select” on object, e.g. a noise sensitive area beneath a shadow recipient. This can
be avoided by organizing all the noise sensitive areas in one layer and the shadow recipients in
another. You can now make the final adjustments to the placements with one active layer without
interference from the other objects.

b) Several different layout alternatives for one WTG project

Here it would be natural to organize each layout in its own layer. All the basic objects such as Terrain
Elevation, Height Contour, Neighbors, Cameras, etc. could then be placed in Layer 1, or on their own
layers. Each layout alternative has its own layer which makes it easy to quickly see and compare the
different alternatives for an evaluation. When adjusting a given layout, only one layer is visible at a
time so you don’t risk modifying other alternatives when moving the WTGs on the map. All layout layer
can also be organized into a Layer Group (e.g. called “Layouts”).

¢) Photos for visualization with different focal lengths

If, for a visualization, you have photos with different focal lengths, but taken at the same location, the
Camera Objects will be placed on top of each other on the map and will be difficult to work with.
Assigning each Camera Obiject to a separate layer is an easy way to work around the problem.

d) Line- and Area Objects disturb the overview

The map overview becomes cluttered if you have digitized many objects such as roughness, contour
lines, areas, etc. If the various information is organized in layers, it's faster to activate or deactivate the
layer than to find the individual objects in the Object List and then deselect Show lines etc. Once the
TIN has been calculated, any terrain layer can be turned off and the TIN will not be removed (i.e. all
objects will retain the calculated Z values).

e) Several projects in the same area

If you work with several projects within a limited geographical area it's possible to re-use much of the
data and take advantage of working with many WTG projects in one windPRO project. Information
relating to each project is placed in its own layer, while all joint objects are placed in a "joint-layer", e.g.
Layer 1. This is especially important for Cumulative ZVI calculations where cumulative projects need
to be on different layers (See , section 6.3.4).

f) For planning purposes

When a municipality for instance, is planning its WTG policy, they may want to organize the existing
WTGs according to expected decommissioning time or prioritized removal, for example. It's also
possible to place new WTGs in different layers according to different development alternatives.
Subsequently, it's very easy with the layer structure, to combine different decommissioning and
development alternatives and to perform different environmental calculations such as a ZVI
calculation.

2.11.4.3 Usage of the layer structure in a calculation

When starting a calculation, it's possible to include WTGs from selected layers only for the calculation.
You can deactivate single WTGs within each layer. Essentially, it will be much faster and more
efficient to work with different alternatives in the same project.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com
https://help.emd.dk/knowledgebase/content/windPRO4.1/c6-UK_windPRO4.1-Environment.pdf

> (&= Terrain data
b & Turbines
> (= Environmental Impact

Climate data

Site data

Steepnees area

Photomontage_street view
v Layer 1

| Use all objects from selected layers

v| New WTG (0)
| Existing WTG (4)

21144  Savel/load layer structure

A layer structure can be saved or loaded, which means that a good layer structure can be reused in
another project. Right-click in the layer window and get the menu below. Select Save layer structure:

Show matrix

Add layer

Delete layer and objects
Duplicate layer and objects
Merge layers

Show distance circle

Add layer group
Delete layer group including layers and chjects

Duplicate layer group including layers and objects

Select all objects in this layer or group
Select all layers
De-select all layers
Save layer structure
Load layer structure
~  Word wrap

Properties

21145 Matrix view, magnifier, and move layers

Note the Show matrix item in the right click menu above, which allows you to see a complete
overview of all layers and objects that are assigned to them (see example below).

@ Layer-object matrix

All | Elevation data | Roughness data | Existing Turbines | Climate data | Site data | Noise receptor | Flicker receptors | Visual impact | obstacles | ZvI
All
Site center (1)
Project Wizard Height Contours Lines (DK DHM 2.5m lines)
NORDEX N60 1300-250 60.0 10! hub: 45,0 m (TOT: 75,0 m) (1)
{NORDEX N60 1300-250 60.0 '0! hub: 45,0 m (TOT: 75,0 m) (2)
NORDEX N60 1300-250 60.0 !0! hub: 45,0 m (TOT: 75,0 m) (3)
Project Wizard Site Data Object
| Summer Houses

] ] ] ] ] ] ] ] ]
v

=

|Farm
Surender

< KKK

Farm near Harbour

|Ferry Terminal

Surender

Nearest Summer House

Site data: RESGEN (3)

Height: 12,0; Porosity: 0,2; Width: 375 m; Depth: 168,5 m; (1)

Fapten] Brints |inenskaink: hare: 40 s suneke 20 e (1

Close
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When the magnifying glass is activated |} ; (toggle by clicking on it), only the objects in the layer that
you hold the cursor on will be shown in Object List. This can help you get a quick overview on which

objects belong to which layers. Lastly, you now can move layers simply by dragging them with the left
mouse button down.

Objects (4 [ 4 | 34) Result layers

Description Locked | Easting | Morthing z Type v [ 9 Environment
2K NORDEX N60 1300-250 60.0 !0! hub: 45,0 m (TOT: 75,0 m} (9) 603.088 6.224.572 0,0 Existing > OB DECIBEL
2K NORDEX N60 1300-250 60.0 10! hub: 45,0 m (TOT: 75,0 m) (3) 603.057 6.224.739 0,0 Existing > [ 190 sHADOW
2K NORDEX N60 1300-250 60.0 !0! hub: 45,0 m (TOT: 75,0 m) (2) 603.026 6.224.905 0,0 Existing W Zones of visual influt
3K NORDEX N60 1300-250 60.0 !0} hub: 45,0 m (TOT: 75,0 m) (1) 602.997 6.225.072 0,0 Bxisting| | > 8 Resource maps

O % X Object layers o =

v & Terrain data
A Roughness data
* Elevation data

obstacles

Skovvang
~ S A& ‘/
3.%& Elsegérdez 7=
. LA

ﬁ ) ~ & Turbines
s \ . Existing Turbines
. . 1\L Move object(s) to this layer
§ § EH dd object(s) to this layer

2.11.4.6 Distance circle around layer objects

Show matrix

Add layer

Delete layer and objects
Duplicate layer and objects
Merge layers

Show distance circle

Add layer group

The button Distance circles for objects on layer gives access to following:

| @ wre's o x

| ‘Show distance circle around objects on this layer.

Distance: 100/ m
Color: .
Line Width: |1 N

Cancel

Here the distance, color and line width is set. In Denmark e.g. there must be a special investigation if
wind farms are established closer than 28 Rotor diameters to existing turbines. This is quickly
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investigated with distance circles. Please note that this tool draws a combined circle around all objects
on the layer.

Munks| orup, Gatten
%Iedhm Plantage

Ve er
Faldgarde

'_ Flej sborg Svenstrup. \

Sattr
nl_?r rupz_j{_‘
loyedgar
KeRg ? &

Sattrup
Plantage ,
0 Str‘u'523 427 6 3E|U 324
N { Svenslrup

‘\ Vester

A 28 x rotor diameter distance circle around the new proposed project shows which existing turbines
are too close.
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Auxiliary objects

windPRO also has a group of objects that are not directly involved in calculations, but are very helpful
for designing, measuring and presentation.

212.2

T

@ User Text Object (User Text Object (83))

Position Layers| Text| 3DA / Photo Montage Description

Recommended tuibines

Edit font

Background color

Transparent background
Show as billboard (3DA style

‘ Use current settings as default

Prev

Next

BASIS - Text Object

Cancel

With the Text Object, you can attach text to the project map and later include it on the map printed in

one of the calculation reports. You simply select the Text object from the Object Bar and place it on

the map and then enter the text. You can move or edit the position of the text exactly the same way as

with all other objects.

' User Text Object (User Text Object (84))

Position Layers Text| 3DA / Photo Montage | Description

Scale the text to this height when used in visualizations:

50/ {m)

Cancel

Prev

Next

The Text Object can also show “balloon text” on maps, as well as in Photomontages, so that a specific
location can be identified on map, on photo, or in the terrain model.
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2.12.3 BASIS - Ruler Object

&

With the Ruler Object you can measure distances and bearings on the map. You select the button
shown above from the Object Bar and place it on the map at the location where you want to start the
measurement. You can use the <CTRL> button to lock the end of the ruler to a specific object. Then
you click on the location where you want to end measurement. Hovering with the cross hair over the
measurement will cause the distance and the compass angle to be displayed next to the ruler line. It's
also possible to change the properties of the ruler. To do this, left-click on the line in order to activate
it, then right-click and select Properties in the pop-up menu as shown below.

Properties
1.883m; 57 Show quick-profile

Delete selected object(s)
Clone object

Locked

Export

The following dialog box will now appear.

Ruler (1.883 m: 57,5 ° (1)) 5

Position Layers | Ruler | Description
Length 1.883,3 m

Distance between ticks 1.883,3| m
Ticks 0
Angle 57,5 Degrees clock wise from north
color N - -
Line width 32

Prev
Labels on ticks
Mext

Here a fixed length or angle can be specified. The number of tick marks can be specified (e.g. to mark
every 100 m distance) and the color and line width can be changed.

You can also move or edit the ruler line. Left-click on the line in order to activate it. Place the cross
hair inside the center mark, then left-click and drag to move the ruler parallel to its original position.
Place the cross hair inside an outer mark to rotate the row around the opposite outer mark. Hold down
the <Shift> key while dragging an outer mark to change the ruler length.

Lastly, you can measure a distance without creating a new Ruler Object. Simply create the ruler with

left mouse button, but instead of finishing with a second left-click, use a right-click and the ruler will not
be created.
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2.12.3.1  Quick profile, based on Ruler object
‘t’ Quick Profile

In the Geo Data tab is a button called Quick Profile. This button activates the

profile after inserting a ruler; ﬁ‘{; found in the right-hand toolbar by the map.

Profile o ® X

0 200 400 600 800 1.000 1.200 1.400 1.600 1.800

[] view legend (slope inclination) | Color setup | [ copy to dipboard |

Calculations (12), Objects (0 / 5/ 35) = Profile =

Ebeltoft 1:25000 o o7 x
bmi Bz @ W # zoom|so - | Coordnate system|UTM (north) ETRSS Zone: 32 - Select © M QR
~ N\ LWy - | I e '
0 a 3
O o Sonder Plar * A
\ A |G i
\ Y Sy = &£
\ N S TRy :
\ \ ' - ] E
) \.\I\\‘. 5 Langag &
/ Y\ S s
/ [\ N >»
\ ; %

\\\ \}\\ \

Y
\n
NN N\
B} ™,

\\_ \ W

Create a ruler one the map and right click, choose Show Quick Profile from the toolbar and
a cross-sectional view is shown along the ruler line. Note: this tool uses the actual contour
lines, the alternative “rendered” terrain profile based on the shape object, using the TIN.

/’-.
.E
R ZEHRON @3

a
PRy

g

The colors shown are pre-defined:
e Green<8°
e Orange 8° - 17° (installing or transporting turbines may not be possible)
e Brown > 17° (flow separation or WAsP model problems may occur)

With the Color setup button the colors and values can be user defined.
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2124 BASIS - Shape Object (also Grid lines)
T

With the Shape Object, rectangles, squares, circles, or a grid can be placed on the map as a helpful
tool for measuring. Select the button shown above from the Object Bar and place it on the map where
you want one of the corners of the rectangle or square to be located. You can also use the <Ctrl>
button on inserting to lock to another object (e.g. the Site Center or a WTG). Then mark the location of
the opposite corner. For a circle, the two corners define the square of the inscribed circle. When the
Shape Object is used as a grid, the object can be placed anywhere. Note that it is also possible to
create a grid from the top bar of the

The shape object as rectangle is basis for terrain profile rendering, see below

Shape (Shape: Rectangle, 1.910m x 1.841m, 90,0°, A:3,5173 km2 (5)) *

Position Layers S Description

ok
Shape type: |[Rectangle -
Cancel
Bound to: |Free -
Height: 1.841,2) m
Width: 1.910,3| m
Angle: 90,0 e Clack wise from north
tine color: | N -
Line width: 1. Prev
MNext

After selecting the second corner, the dialog box shown above appears. Here the shape type, size,
angle, color, and line width are defined.

The size, angle, and location of the shape can also be edited on-screen. Left-click on the Shape
Object in order to activate it.

2.12.4.1 Terrain Profile - based on shape object

T

Using the Shape Object (right Object Bar) you first create a rectangle to define the profile cut for which
you want to view the terrain profile.

i Terrain Profile

The Terrain Profile tool is activated with the Terrain Profile button in the Geo Data tab. Note that there
must be a TIN calculation based on a Line Object with height contour lines in order to use the Terrain
Profile tool.
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When you click on the Terrain Profile icon, a terrain profile for the selected profile-cut rectangle is
rendered. The yellow arrows indicate the viewing direction for which the profile is being shown. The
profile is always seen from the longer side of the rectangle. In order to view the terrain profile from the
opposite side, the rectangle object must be rotated 180° by dragging the corners.

The terrain profile can be over-sized and stretched, or just over-sized. The difference between
stretching and over-sizing will be in the way that objects such as WTGs are shown on the terrain
profile. If stretched, all objects shown will be stretched in the over-sizing operation. If “stretch” is not
chosen, the objects, such as WTGs, will simply be over-sized both horizontally and vertically. This
makes it easier to see the WTGs in the terrain profile, but it will also oversize them in the horizontal
direction.

A

With the Draw Tool shown above, which is found in the tool menu at the top of the Terrain Profile

window, lines can be drawn and text can be added to the profile view. Additional tools are available as
described below.

V4’

+_ [+
[0 Abe
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The graphic above illustrates how a bitmap (the power plant) is inserted as a 3D Object and three
WTGs are inserted on the hill. The profile and the objects are all oversized by a factor of 3. The line
from the power plant over the edge of the hill illustrates that from the left base of the power plant the
WTGs will not be visible (Note: This view does not account for Earth Curvature).

The part of the hill shown in red is that which would be seen on the near side of the profile-cut
rectangle. The part of the hill shown in green is that which would be seen from the far side of the
profile-cut rectangle. The part of the hill shown in green can also be seen from the viewpoint.

The terrain profile is ideal for analyzing local conditions and can be used for many purposes. It is
especially useful for illustrating proportions between the landscape, WTGs, and other elements.

Setup: -
Colors can be changed with the setup button.
rRender | @ |

After any settings are changed, or any new objects are added within the terrain profile rectangle on
map, the Render button must be clicked to update the image to include the new elements. Clicking on
the floppy disc icon will save the terrain profile image as a bitmap. There is no specific report that can
be generated using the terrain profile. The bitmap image is the only possible result output.
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2.13 BASIS - EMD Editor (line, area and grid objects)

d \ EMD Editor for lines and polygons- trim and change data

149

2.13.1 EMD Editor for lines and polygons- trim and change data

The EMD Editor works with data files associated with both Line Objects and Area Objects. A simple

version is available from the elevation grid object. This is described separately at the end of this

section. Often the data files hold far more points than needed, or they may be misplaced on the map

due to digitizing in the wrong coordinate system, or they may simply contain errors, possibly from
converting from one file format to another.

Properties

Edit mode

Ctrl+E

"EMD Editor” (use trim/change tools)

Delete selected object(s)
Clone object

Locked

Export

The EMD Editor is started from the right-click menu on the Line, Area, or WTG Area Object. If the

object is in Edit mode, the Trim menu cannot be selected. The editor can also be started from the Line

or Area Object window.

There are two main groups of tools: Trimming and changing data.

21311 Trimming tools

| 4 EMD Editor - Trim Contour Object

Select the part of the data to include in the selected operation

® All data

A

Trimming Tools | Change Data

Remove points | Remove specific contours | Remove short/long contours Remove area Remove crossing contour parts Rem

Check Contours/Areas to be

Data INSIDE selection

Data OUTSIDE selection

m< @ Define selection

¥

Check all contours that is not a ~| Do not delete "peak” contours (SLOWER)

-2,50 (1) -
0,00 (161) muftiplier of: This means that closed contours
2,50 (914) Check that do not contain other
500 (359) contours (e.g. mountain tops
’ and lakes) would not be deleted
7,50 (280)
10,00 (282)
12,50 (316) Check al
15,00 (332) Uncheck al
17,50 (349)
Remave
Inverse selection
Point Statistics: Contour Statistics:
Points in original object: 368820 Contours in original object: 092
Points in result object: 368820 Contours in resuft object: 092
100 % 100 %
Undo |
|
Ok Cancel |
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Trimming tools are typically used for removing points or lines or parts of a region to reduce the amount
of data.

There are eight main Trimming Tools and each is explained in detail on the respective tab sheet:

2.13.1.2

Remove points

Remove specific contours
Remove short/long contours
Remove area

Remove crossing contour parts
Remove duplicated data
Remove “No TIN” data
Remove Orphan data

Change data

| 4 EMD Editor - Trim Contour Object m] X

Select the part of the data to include in the selected operation

mi m{ Wz\ @ Define selection

Trimming Tools | Change Data

Transformation | Change contour altitude Connect contours Extend data  Change Contour interval Smooth

From To Define Transformation on Map

Create 3 linear transform based on 1
or 3 points. Press button above to
define the points by drawing arrows

on the map.
Transfarm
Point Statistics: Contour Statistics:
Points in original object: 368820 Contours in original object: Q092
Points in result object: 368820 Contours in result object: 9092
100 % 100 %

Undo |
|
Ok Cancel |

Change data tools are used for moving, scaling, adding or converting data, or simply manually
changing of a group of data.

There are six main Change Data tools and each is explained in detail on the respective tab sheet:

Transformation (move, rotate, or twist data to correct for digitization errors, e.g. digitizing
based on local or wrong coordinate system or datum). The transformation can be made
graphically, where either 1 or 3 arrows on the map are dragged so the “from” and “to” points
are shown, indicating the coordinates for the transformation.

Change contour altitude (user-specified conversion formula to change from e.g. feet to
meters).

Connect contours (spline) —connect separate contours of the same value.

Extend data — add more data outside of the current data to extend the area covered
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= Change Contour interval — change from 10m to 5m for instance
= Smooth — smooth contours to reduce harsh changes of direction.

2.13.2 EMD Editor for grid data - remove data

In the Elevation Grid Object, a basic editor for gridded data is available. It is loaded from the objects
Data tab, with the button Edit layer.

Data layers

DK DHM 0.4m grid terraen - 7501x7501 points  The top-layer has higher priority
CONTOURLINE_ONLINEDATA_1.wpo - 778x69... | (12" lower layers.

Cell dimensions: 0,4 x 0,4 m
| Cell count: 7501 x 7501
| Cell sum: 56265001
~| Show color grid
v| Show Opacity trackbar
Show grid as points
Show grid as contours

Export layer...

| Edit layer...

When started, one feature Delete data is found.

W Grid Editor ] X

Select the part of the data to include in the selected operation
e All data Data INSIDE selection Data OUTSIDE selection

W

Delete area | Raw data Change values

This tool sets the selected cells in the grid to "undefined”,
which means they are ignored in all calculations

First decide whether the data inside or outside a later selected area will be deleted.

'. Select palygon

Then select the area. Note that a free polygon can be defined, starting with 4 corner points. These can
be dragged, and right clicking on the lines between the points allows you to insert points. Right clicking
a point gives you the option to remove the point.

© EMD International A/S e www.emd.dk e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

‘ \wmd\ Start the Map Composer 152

2.14 BASIS - Map Composer

2.14.1 Start the Map Composer

s Map Composer

The Map Composer is used to prepare maps for use in reports. It allows users more control of the look
and content of the maps. The Map Composer is started from the Geo Data tab by clicking on the
button shown above.

W Map Composer 0 O *
Map Zoom |
| |Ebeltoft 1:25000 - 100 2

Show selection tools

Edit symbols |

| Saemap || Copymap

Show legend

Edit legend
Save legend Copy legend

Background map intensity

'L Close map composer J

Starting the Map Composer opens a split window containing the map (where the design of the
composed map can be viewed), and the Map Composer Control window. The map composer window
is not to be confused with the normal map window.

The Map Composer Control window has following options:
A name can be entered in order to find the map setup later. Different maps with different elements,

scales, or symbol configurations can each be stored with a different name. The default is “Map
Composer X", where X is a number, starting with 0.
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Map Compaoser 0 a L3 x
@ Vazp Composer 0 O * ]
Map Zoom
Ebeltoft 1:25000 - 50
~| Show selection tools \
i
Edit symbols \
.\‘
Save map Copy map =

Show legend
Edit legend //- I
Save legend Copy legend t\ 39

Background map intensity

Profile] * Map Composer 0 *
Close map composer ! | Map tomposerd * |
El
) ‘ @ selection setup

bd -
lmlUTM (north)-ETRS89 Zone: 32 ~ | Select Q I
| Center of selection i P, 2

Easting Northing A
f03.637 6.225.012 %

Width Height

x = 9]

1.783,5+ , + 10000~ , +| m o

®

| Zoom (<>100 means resampling of background map) a
‘ 100,00 g &
Show additional information &
e vy

/ L Lsed (S

/ \ N

s

£

When the Map Composer option Show selection tools is checked, you can drag the square defining
the part of the map that is to be copied to a report. This can also be specified exactly by specifying the
coordinates, size, and zoom level.

With the option Show additional information you can specify a graphic resolution in dots per inch
(dpi), which is important for reports that must be printed with high graphic quality.

2.14.2  Select map portion and resolution with the Map Composer

Changing the resolution will change the size of the graphic in millimeters. If you specify a resolution
(dpi value), the resulting width and height of the image as it will appear in the report are displayed.
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| 4 selection setup L

Center of selection

| Easting Northing
603.637 6.225.012
width Height
[ 1.783,5~ - = 1.000,0+ - «| m

| Zoom (<>100 means resampling of background map)
100,00 o

‘Show additional information:
For information only i

Resolution

200| dpi
Width Height
| 445 | 250 Pixels
| 56,5 | 31,7 mm
Scale
1{ 31550

If you want to show a larger map area while maintaining the size and resolution (dpi value), the zoom
must be adjusted. The map will be resampled in order to fulfil your requirements.

In the example above, a 3 km x 2 km portion of the map is selected. For a 200 dpi map, an area that is
60 mm x 40 mm will be required on the report page. The scale will then be 1: 50.033 (it should actually
be 1:50.000, but a slightly inaccurate coordinate setting makes the difference).

,: Meteorological Data

@Height Contours: Heightcontourwpo
% 100-1560
& —156.0-302.0
302.0-448.0
445.0-5394.0
594.0-740.0

Above, the map is copied to the clipboard, and then in Word, the height is set exactly to 40 mm so that
the map will print at a resolution of 200 dpi and a scale of 1:50000.

Shown above is an example of an ordinary screen dump (print screen), without the Legend, which can
be added by clicking Copy legend in the Map Composer Control, and then pasting it into the Word
document.

Note how the height contour lines have different colors for different heights (this is configured by a
setting in the Line Object).
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2.14.3  Symbol setup in Map Composer

| Symbol setup ® o

Is;| WTG distance circle NSA restric

WTG symbol grouped by:
Newy/Existing WTG -

New WTG
Existing WTG

Change symbol Clear bitmap

Symbol size
Mo symbaol scaling (original bitmap size used)
Scale symbal size relative

# Absolute symbol size [m]

WTG symbol size:
Rotor diameter [m] -

Rotor diameter scaled by 3,00

| Cancel Apply Save Load |

One of the more useful features of the Map Composer is the one that allows you define custom
symbols (mainly for WTGs), and to scale them according to the size of the WTG.

Any bitmap file can be used as a WTG symbol. Some examples can be found in the folder “windPRO
Data\Standards”, but any bitmap can be used. A map example with different types of symbols for new
and existing WTGs is shown below.

s
&{/ Obstade
‘j-f'Conh’o\ Point
N
=N M/Camera
\‘\ .Exlshng WTG

/ @ Noise Sensitive Area
~. % i; Y
s
~
. S

If custom symbols are defined, the legend will be updated with the new symbols. In the example
shown above, the legend has been modified slightly, as the icon for Existing Turbine has been
changed to a user-defined image (red arrow).

2144 Legends and more options with Map Composer

The legend can be modified in numerous ways inside the Legend setup window shown below:
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Legend setup >

Font |
[T Segoe Ul Hie | |

Font color Font size ‘
| I - o> i
| Background color
cwhite
| Line height
| 1222

Show frame

Save Load

| Cancel Apply

Font, background color, line height (the distance between lines in the legend), show frame, frame
width, frame color, as well as rounded corners are the available options.

Lastly, shown below is an example which includes reduced background map intensity, symbols scaled
by rotor diameter, labels, and the wind resource map from result layer.

The WTG symbols can also be divided by WTG type or manufacturer, which is illustrated by the
legend for this example, with two different WTG types.

Note: The type of objects that appear in the visible layers will determine the appearance of the
Legend, even though the objects may not be within the selected portion of the map.

[ 7

_M/ Camera

" Contral Point

47 obstade

(\_5 Shadow Receptor

N New WTG

* Existing WTG

@Hewght Contours: Heightcontours Cronalaght.wpo (1)

I 0 <50

WS S

After designing your individual map layout, you can copy it and make another map based on the same
parameters, while including additional elements, e.g. one map for noise, one map for flicker, etc. This
allows you to make a template, no longer limited by the default symbols in windPRO, and then with the
features you require, to copy the relevant elements to a professional report with uniform and high
quality map presentations.

=3 ST
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2.15 BASIS - Google Earth exporter

windPRO supports visualizations in Google Earth in two different ways. Either by synchronizing
windPRO with the Google Earth viewer, or by exporting a .kmz file, which can later be loaded into
Google Earth.

To synchronize Google Earth with windPRO, open the Synchronize WP objects in Google Earth
view window from the Geo Data Tab

—
'ﬁ Google Earth H =

Google Earth Export
Synchronize WP ohjects in Google Earth view

Moving objects in windPRO will automatically move them in Google Earth. Note, this option currently
works with versions of Google Earth Pro no later than 7.1.8.3036 (32-bit).
To export to a .kmz file open the Google Earth export window from the Geo Data tab:

a—
ﬁ Google Earth

You can also export by right-clicking an object and selecting Export and then Export to Google Earth
kmz file. When exporting to a kmz file or synchronizing the Google Earth viewer, you can decide what
types of objects to include and how they should be shown: ‘

W Export to Google Earth O X

Export Name: New Salem

Export filename: |C:\Users\pmniDocuments\WindPRO Data\Samples\Mew Salem\3.5\New Salem(1)_Google_§

Browse Auto Filename Setup
Symbols  Visualized Animated Label (From Map) Object types to export
v Ld Result Layers
Elevation Grids
Line Objects
Obstacles
Photomontage

Existing WTGs (Photo re
New WTGs (Photo reali
Area Objects

WTG Areas

NSA Objects

3D object (Photo realist
Road Objects

Solar Objects

Other objects

|
N0
Direction of wind: 0 @ a1 Defines yaw angle for WTGs

150

NOTICE: The result of this export may only work in the desktop version of Google Earth. THe browser version is
very limited and may not show it correctly.

MRS R R SR AR AN AN R AR A A A
f (&) [ [RS8 IS L] R [R KRR

| Project Information |
|

Cancel View Info |

|

You can choose how some of the object types will appear in Google Earth, including labels
and animations. You can choose to hide project information by unchecking the Project
Information checkbox.
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|/ Demonstration project

WindPRO

L 5{;:} Cverlay Information
tIE~ Objects

& [F] NEEE

In the Google Earth layer structure, a windPRO export layer is added with subfolders with
object information eftc. Right click at the windPRO export and choose Email to send the
Google Earth presentation to the chosen recipient’s computer as a .kmz file. This file can
also be saved in your project folder (right click on the layer and choose Save As) as part of
the project documentation.

When Google Earth is closed, the file will be removed unless you perform a manual “Save As”
operation. This way you can “re-export” the project a number of times without getting your own Google
Earth filled with several different layouts.

2.15.1 WTGs as photo realistic 3D objects

WTGs can be exported to Google Earth and shown as photo realistic 3D objects, just select the
objects to export in object list and right click or click the Google Earth button.

Example of a turbine in windPRO visualized in Google Earth

2.15.2 Photomontages as "fly in"

Exporting cameras can give a unique test of your photomontages and a unique exporting feature, so
anyone with Google Earth access can see your photomontages on a Google Earth background.
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Turbines exported to Google Earth.

W
DK-9220 Aalborg @

Exported from windPRO
hittp:/ /v windPRO.com

Including cameras in your .kmz export will show the photomontage in Google Earth.

ivu.findPRO Photo
When clicking on the pin B in Google Earth, you can “fly in” and see

your photomontage layered on top of Google Earth. Using the “transparency” slider in
Google Earth, you can increase transparency of your photo and check how well it matches
the Google Earth background.

2.15.3  Animated WTGs in Google Earth

New and existing turbines can be animated when exporting to a .KMZ file to be opened in Google
Earth. Check the Animated checkboxes in the Export to Google Earth window to activate.
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Animated Label (From Map) Object types to export

i Result Layers

L Elevation Grids

i Line Objects

d Obstacles

L Fhotomontage

i Existing WTGs (Photo

Mew WTGs (Photo rei

When opening the .kmz file in Google Earth, make sure no other Google Earth overlays are active, as
this can result in the turbines having too many blades because the same turbine is shown multiple
times on top of each other. This effect can be seen below.

To start animating press the play button in the upper left corner of Google Earth.
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To adjust the animation speed, open the animation setting via the wrench icon to the right.

2.15.4  Results layers and symbols as overlay

Result Layers exported to Google Earth will be draped on top of the Google Earth surface, ideal for
wind resource maps, noise contours, etc. Simply tick the desired result type in the setup window.

Not all objects can be visualized in Google Earth, such as roads, radars, eGrid elements, etc. These
will be shown with a symbol.

2.15.5 Embedding Google Earth in windPRO window

The embedded Google Earth viewer inside windPRO window is no longer available, however, it is still
possible to synchronize windPRO with the external Google Earth viewer, as described in the

beginning of
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2.16 BASIS - 3D Map view

ﬁ' 30 map

Clicking the 3D Map button from the Geo Data tab opens a window with the 2D background map
draped onto a 3D elevation model. Any visible object on the 2D map is shown on the 3D map as a
black stick, while the turbines are shown with three blades on to the stick. Any visible result layer is
also draped.

When objects are moved on the 2D maps they will automatically be moved on the 3D map.

Viewing the map in 3D can be very useful to check the height contours, to understand the impact of
the terrain on the wind resource, shadow, ZVI calculations etc.

The map can be rotated by dragging with the left mouse button pressed. Panning is done by dragging
with the right mouse button pressed. Zooming can be done with the mouse wheel. These operations
can also be selected in the top bar, along copy/print to export the image.

On the left side, it is possible to show the grid surface or to have the 3D map rotate. The vertical scale
can be used to exaggerate elevation differences. Clicking the Sharpen button will increase the details
of the 3D map, until the map is moved. It is recommended to use gridded elevation data for a faster
and smoother viewing of the 3D map.

3D Map View

k 23] "I" r) w Hd é Rotation: ° Elevation: 325°

OpenGL setup
! Show surface grid
Auto spin

Vertical Exaggeration:

Sharpen

Copy to dlipboard

Calculations (12), Objects (0 / 4 / 36) 3D Map View

Bing Aerial Maps

The 3D view is based exactly on the map part shown in the 2D map window. Having a relative wide
map with little height as shown here gives a narrow 3D stripe. Enlarging the map view, e.g. by
dragging this to a separate screen, gives better proportions.
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2.17 BASIS — Road Construction

2171 Introduction to the Road Construction tool

The windPRO Road Construction tool is a tool for assisting with the planning of roads when siting
turbines. The access to a turbine often requires building new service roads and upgrading existing
roads. The design of roads for a turbine must fulfil different demands, such as road width, horizontal
and vertical curvatures, limited slope inclination and budget constraints. The Road Construction tool
takes all these considerations into account.

With a click of this map symbol, a Road object can be added to the map. A road object can
contain multiple roads sharing the same properties defined below.

| ‘ Road object (Road Object [84)) ] X
| Position Layers | Road object data | Description .
v| Calculate dig/fill (slow when not using elevation grid for heights) Cancel
: Fill: - -
Dig/fill calculation distance - how far from road to calculate (m): 20
Dig/fill calculation grid size - accuracy (m): 5.0
Costs
Cost per dig m3: 4,00 Prev
Dependent on soil conditions and equipment
MNext
Cost per fill m3: 6,00
Dependent on whether fill material is available on site
(from Dig)
Cost per |dig-fill| m3: 10,00
Dependent on how far away surplus material must be
sent for disposal
Startup cost: 2.000,00
Dependent on equipment required/project size and the |
specifics of the civil engineering contract
Base cost per m2: 2,00

The cost when no dig/fill required for general
groundworks

Currency: €

Manage settings...

Properties of a road object. The different costs of, e.g., digging and filling can be specified
here.

Once the road object has been created, it is in Edit mode and new road sections can be created and
edited.
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Properties

~  Edit mode Ctrl+E
Create new road
Snap road to objects even when Ctrl is not pressed
Show profiles

Copy road data to clipboard

Clone object
Locked
Export 2

While in Edit mode, create a new road section in the road object by right clicking the map
and selecting Create new road. Multiple roads can be created in the same road object.

@ Road (Road 1) O ®

Road description:
Road line color: _ -

I 6 """"" Y
A Width (m): 55 o~

e |
B Cut Slope (°): 20,0 5\.\\""---,___
e

e

C Fill Slope (°): 20,0 Ny
\\\__%
HH"\
S

D Max Slope (°): 8,0
-
E Min Vertical Radius (m): 200,0
1 E
I L

F Min Horizontal Radius (m): 45,0 it ‘

Cancel Manage settings...

When creating a new road section in the road object, the allowed thresholds for slopes and
curvatures can be specified.

217.2 Dig and fill

The road construction tool takes advantage of the height data in the project to calculate the needs for
digging and filling areas, thus leveling the road. If no height data is available, the terrain will be
assumed flat.
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When drawing the road, the required digs and fills for the road are shown in two colors (here
digs are blue and fills are purple). The color scheme is user-defined.

Besides showing the digs and fills on the map, the inclination of the road can be seen in the profile
view as a black line (see below). The green part indicates where the terrain meets the slope incline
threshold. The red part indicates where the terrain exceeds the slope inclination threshold. Thus,
some parts require digging, while others require filling in order to fulfil the slope inclination threshold.

Road 1 58 = x

----TOTAL road---

Length: 14588 m

Costs: 415265 €
----Road 1---

Horizontal length: 14540 m
Length: 14588 m

Road width: 55 m
Max terrain Slope: 20,5

Dig: 28818

Fil: 1538 m

Costs: 415265 €
----Road setup----
Minimum horizontal radius: 45,0
Minimum vertical radus: 2000 °
Cut slope: 00 o
Fill siopa:20,0
Caleulation wadth: 20 m
Calculation Grid Size: 5,
Dig Cost prm3: 4
Fil Costprms: 6 €
IDig-Fill| Cost pr m?: 10 €
Startup Cost: 2000 €

! Cost per m: 2 €

m

Show section
<-- Edit this road

W Properties
o 100 200 300 400 500 00 700 800 800 1.000 1.100 1.200 1.300 1.400 Bgort...

Center road on map

Reverse view
View legend (slope indlination) Less Fill Less Dig

Calcuations (8), Objects (1/ 23/29) x  Road 1 x

Profile view of the road

It is possible to shift the distribution of the road inclination by selecting Less Fill or Less Dig. If
selecting Less fill, more digging will be required and vice versa. This way it is possible to adjust the
cost of the road.

| Reverse view

| Views legend (slope inclination) [ ] Less Fill [ | Less Dig

Options below the profile view such as Less fill and Less dig.
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Default dig/fill distribution Les; dig distribution

Profile view of the road using default dig/fill distribution (left part of profile) and less fill
distribution (right part of profile).

By default, the profile view starts from the position of the first road point (see below). The profile view
can be reversed, so that the profile view starts from the last road point. This is done by selecting the
Reverse view checkbox.

Road 1 Road 1

710 710
700 700
690 690
680 680
670 670
660 660
650 650
640 640
630 630

500 1.000

0 500 1.000 0

["] Reverse view Reverse view:

[] View legend (slope inclination) [ Less Fill ["] View legend (slope inclination) Less Fill

The direction of the profile view can be adjusted to follow the road from the first road point to the next
(the first image), or first-to-last road point (the second image).

While designing the road layout, the costs are continuously calculated based on the cost input in the
road object properties. The costs for the currently selected road section are shown next to the profile
view along with information about road length and setup. Coordinates and other information about the
road can be exported by clicking Copy to clipboard.
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Road 8
Horizontal length: 2216
Length: 222,0 m

Road width: 5.5
Max terrain Slope: 6,3
Dig: 401 m3
Fill: 362 m3
Costs: 8609 3
Road setup:

Minimum horizontal radius:
Minimum vertical radius:
Cut slope: 20,0
Fill slope:20,0 z

Show section
<-- Edit this road
) Properties
Copy to clipboard

Center road on map

Information window showing road costs and setup. If any thresholds are exceeded, a
warning will be displayed in the information window. This could be a slope being too steep, a
bend too sharp, etc.

The cross section of the road can be activated by clicking Show section below the information
window.

Section view of the road at a specific point.

In the section view, it is possible to see the cross section marked of the terrain in a specific section.
The road and cut slope is marked with a black line, while the green area indicates the terrain. The
cross section corresponds to the position of the cursor on the road on the map and in the profile view.
When moving the cursor across the road on the map, the section view and profile view update
accordingly. Likewise, when moving the mouse cursor across the profile view, the section view and
road pointer is updated accordingly.

) ===

1] 50 100 150 200
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An example of how the profile view, section view and pointer on the map is synchronized.
When moving the cursor in one window, the cursor follows the path in the other windows.

217.3 Road Curvatures

In the road object properties, the allowed curvature threshold can be specified. When moving the
cursor to explore how the road should proceed, the bend will be drawn automatically to meet the
curvature threshold.

(1) Turns in the road are automatically drawn ensuring the allowed curvature threshold is
met. (2) Digs and fills are simultaneously updated to account for, e.qg., more vertical cutting.
(3) If the bend in the road is too sharp, a warning appears in the information window and the
curve will not be drawn. The point will also be colored red. In general, avoid exceeding road
curvature thresholds by using as few points with as much distance between them as
possible.

If the road has to go through a certain point, this can be activated by right-clicking the point and
selecting Road must pass thorugh this point. Alternatively, hold down the CTRL key while adding
the point.

\‘-\\ Properties 2 =
+ Edit mode Ctrl+E .
9 Remove point ki S
Create new road

Continue road

Delete road

Show profile

Snap road to objects even when Ctrl is not pressed

Road must pass this point

Optimize this point to minimize costs

/_/,ﬁ" Show profiles
&

Copy road data to clipboard

1 2 3

(1) By default, the road curve will be drawn between two end points and the middle point will
act as handle for the curve. (2) If the road must pass a certain point, it can be specified by
right-clicking the point and selecting Road must pass this point. (3) The road will now pass
through this point. This also locks the z-value of the road to the surface.
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Disable Enable
7 Road must pass this point Road must pass this point
z
A A
| |

—

E

When enabling Road must pass this point the z-value of the road is also locked to the z-
value of the terrain surface. This way it is possible to influence the profile of the road.

2.17.4  Optimize road subsection

The road construction tool can optimize part of the road to minimize the costs. Like the OPTIMIZE
module, windPRO experiments with different positions of the point to find a better layout, adhering to
the user specified thresholds. Only a single point can be optimized at a time.

@ Optimizing road part — =] X

Properties
the road until "Stop” is pressed. Below the
ss "Stop" when "Costs after optimize"

 Edit mode Chrl+E

Remove point

‘“;.’9 Lreate new road
Continue road

Delete road

Show profile Rerations:
Snap road to objects even when Ctrl is not pressed
Road must pass this point

Optimize this point to minimize costs

Show profiles

Copy road data to clipboard

To optimize the position of a single point, right click it and select Optimize this point to
minimize costs. windPRO will then test different layouts and minimize the costs of that
subsection of the road.
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2.18 BASIS - Cost functions

From windPRO 3.5 it is possible to define cost functions for multiple renewable energy technologies,
including onshore and offshore wind turbine plants, solar PV plants and batteries. These cost
functions are defined centrally and can be used multiple places to calculate cost of energy. From
windPRO 3.6 this includes PARK, HYBRID and OPTIMIZE.

One major benefit with the cost functions is the use in optimizations, where the costs of a plant vary
with the plant designs. As such, optimized plant designs are not limited to maximizing AEP but
maximizing Net Present Value (NPV) or minimizing LCOE. This naturally includes a calculation of the
internal turbine distances in a windfarm for approximate calculation of internal grid and road costs.

In general, the cost functions in windPRO are subdivided into four cost categories:

Development Expenditures (DEVEX): DEVEX is typically a percentage of CAPEX and relates to all
activities occurring before the wind farm is constructed, like planning and permitting.

For discounting reasons, the start year for DEVEX is by default one year before CAPEX.

Capital Expenditures (CAPEX): CAPEX the main cost category, which includes turbine foundations,
cranes etc.

The cost functions do not consider taxes and loans. Therefore, CAPEX and AEP start in the same
year. This assumes the investment is paid upfront. This assumption can be modified in HYBRID which
can handle loans.

Operating Expenses (OPEX). These are the recurring expenses happening every year like
maintenance, taxes and rent.

OPEX will begin one year after CAPEX. This can be adjusted in HYBRID.

Abandonment Expenditures (ABEX): is the cost of dismantling the plant after end of operation. This
expenditure is placed one year after the last operation year. This can also be changed in the HYBRID.
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2.18.1 Cost Model Setup

The Cost Model Setup can be accessed from the Definitions tab:
File Definitions Ger

@; Cost Model Setup

It can also be accessed from shortcuts in various calculation like PARK, OPTIMIZE, HYBRID and
SOLARPV:

Cost Model: ind Onshore mid end cost -

The window consists of three areas:

[‘ Edit Cost Mode! [u] x
Cost Model(s) Name |Wind Onshore mid end cost Currency: EUR Edit
\Wind Onshore mid end cost S
Wind Offshore mid end cost Prices fixed in year: 2022 - Default Index —: No in-/decrease
General Cost Model In this temporary example, all turbines are located in a single
Solar PV < 100kW. row, with 4 RD betieen them.

Battery
o Cost function P e
C2ledoy value (i BhEm E=mpia e Load example data from PARK calculation
D — Project type: Onshore
Development 2,5 % of CAPEX 494,801 Froject size: w
Permitting, TEA etc. 1,0 % of CAPEX 197.920 Lifetime 20| years
~ 1. CAPEX - Formula based Cap. Factor: 35,0/ %
Turbines 1,00 Factor "EUR o in- ) AEP: 37.737.6| mwh @
Foundations 1,00 Factor *EUR _ No in ) R - 3
Internal roads 1 E f )
w 3.075) kW
Internal grid i = n )
WTG Rotor Diameter: 112,0(m

v 2. CAPEX - pr. MW

presets| - costfuncti

Turbine installation

calculator -

Crane pads 30,0 KEUR/MW No in-
Main grid 75,0 KEUR/MW No in- )
Land purchase 100,0 kEUR/MW No in- ) gl pad. SEmm T
Neighbour compens 75,0 KEUR/MW No in- ) Energy Yield: 754,753 MWh
Purchase of old WT/ 75,0 KEUR/MW No in- )
Finance cost 25,0 KEUR/MW No in- )
Contingencies 50,0 KEUR/MW No in- ) DEVEX 692.721 56.319 0918 23
Insurances 0,0 KEUR/MW No in- ) CAPEX 19.792.031  1.609.108 26,223 64,9
+ 3. OPEX (Annual from year 1) - example column is lifetime cost OPEX 8.774.882 713405 11,626 28,8
Service, per MW/ 14.000,00 EUR/MW No in- QHEX BRI ey B Gk
New Service, per Mih eI o TOTAL 30.489.633  2.478.832 40,397 100,0[~
Clone Land rent, per MW/ 7.000,00 EUR/MW No in-
Land rent, per MWh 0 EUR/MWh No in-
Delete Other, per MW No in-, COE 40,40 EUR/MWH
Import Template Pthar_mox MUl AEn CUR ML Mo in Interest rata for LCOE 5.0] o
Add cost map LCOE 56,20 EUR/ MWh

Export Template

Conce

In the left-hand side, it is possible to store multiple cost models. This is useful when wanting to
simulate different cost scenarios in different regions and for different technologies.

The center of the window is where the actual cost functions are defined. Each cost consists of three
parts, Cost function value, Cost Index, and Replacement year:

Category Cost function value Unit Cost Index 595;?]?) every n years (0 Example cost
> 0. DEVEX
v 1. CAPEX - Formula based
Turbines 1,00 Factor * EUR Mo in-/decrease i} 11.443.286

Cost function value: This is the most important parameter as it will be passed into the cost
calculation and scaled to the plant size. For CAPEX, the costs are both defined per MW and by
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formulas. The cost of a WTG is therefore calculated based on a formula considering the individual
turbine’s hub height, rotor size and power (see section 2.18.2 Cost function formulas), while the cost
of Turbine transport is simply a cost per MW.

Cost index: Defines how costs will change in the future
Replace every n years: Defines when a cost component needs replacement after a certain amount of
years in operation. Unfortunately, it is not possible to specify replacement of e.g., gearbox, blades etc.

so this is mostly useful for Solar PV costs.

Example Cost: This is NOT used in any PARK, HYBRID or OPTIMIZE calculation. It simply displays
the estimated absolute costs under some temporary assumptions exemplified in the right-side panel.

In the right-side panel, it is possible to specify characteristics of an example plant. The purpose is to
give an idea about how the cost functions will manifest themselves in absolute terms. The example
data are temporary and are not used in any calculations outside of the Cost Model Setup. It is possible

to calibrate the cost function values using the example cost, see section 2.18.1.2 Calibration of cost
functions.

2.18.1.1 Adding a new cost model

windPRO comes with a list of cost models predefined and it is possible to add new cost models for the
following technologies:

Wind Onshore: This includes typical project costs for turbines, foundations, transport, internal grid
etc. Additionally, it also includes onshore specific costs such as roads, crane pads, neighbor
compensation etc.

Wind Offshore: This also includes typical costs and some specific offshore costs like offshore main
cable, sea rights fees, offshore sub-station etc.

PV projects: This covers solar panels, inverters, grid, installation, trackers etc.
Battery: Scales with the size of the storage size, charge and discharge rate, installation etc.

General: A simple cost model, only applicable in the HYBRID module to model any type of technology
which is neither wind, solar or batteries.

To add a new cost model setup for one of the above technologies, click the New button | the lower left

corner:
ew ) Land rent, per MWh
Other, per MW
General " Other nar Miith
Wind Onshore - Wind Onshore low end cost
Wind Offshore 4 Wind Onshore mid end cost
PV Projects ¥ Wind Onshore high end cost
Storage (s T AOT COSCIIag T e

T T

Figure 1 Wind cost functions subdivided in on- and offshore, low-mid-high.

For wind and PV there are different subsets of default cost values. For wind onshore as well as
offshore there are low-, mid- and high-end cost functions. For PV there are subsets based on plant
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sizes and whether tracking is included or not. For “General” (e.g., a Hydro plant) and storage (Battery),
there is only one cost function template.

LCOE 56,20 FUR/MWh

A Edit Cost Model o x
Cost Model(s Name |Wind Onshore mid end cost Currency: EUR Edit
Wind Onshore mid end cost S —
(Wind Offshore mid end cost Prices foced In year: 2022 - Default Index -~ No in-/decrease
General Cost Model In this ol turbines are focated i a single
Solar PV < 100kW row, with em.
Battery
Category Cost function value it Cost Index Replace every nyears (0| example cost
= none) Load example data from PARK calculation
> (0. DEVEX .
0. DEvEX Project type: Onshore
“ 1. CAPEX - Formula based Project size: e
Turbines 1,00 Factor * EUR No in-/decrease 0 11443206 e 20| years
Foundations 1,00 Factor * EUR Ho in-/decrease 0 1.073.672 -
. - Cap. Factor: 35,0/ %
Internal roads 1,00 Factor * EUR Ho in-/decrease 0 470.400
Internal grid 1,00 Factor * EUR N in-/decrease o 285.472|  AEP: 37.737.6 mwh @
v 2. CAPEX - pr. MW Numbar of Turbines 4
Turbine transport 50,0 KEUR/MW No In-/decrease 0 615000  WTG Rated Power: 3.075 kW
Turbine instaliation 50,0 KEUR/MW No In-/decrease 0 615.000  \wTG Rotor Dismeter: 2.0 m
Crane pads 30,0 KEUR/MW Ho in-/decrease 0 360.000
A WTG Hub Height: 94,0 m
Main grid 75,0 KEUR/MW Ho in-/decrease 0 922.500
Land purchase 100,0 KEUR/MW Ho in-/decrease 0 1.230.000
Neighbour compensation 75,0 KEUR/MW No In-/decrease 1] 922.500
Furchase of old WTGs 75,0 KEUR/MW Ho in-/decrease 0 922500 Cybiing & roadt: 134dm  [view
Finance cost 25,0 KEUR/MW No in-/decrease 0 307.500 ‘ .
e e Energy Yield: 754.753 MW
Contingencies 50,0 KEUR/MW Mo in-/decrease 0 615.000| | MO TE ”
Tnsurances 0,0 KEUR/MW Ho in-/decrease 0 0
“ 3. OPEX (Annual from year 1) - axample column is lifetime cost
5 o SN EECT _ . 692.721 56.319 0,918 23
ervice, per \\m 000,00 EUR/MW : Ho in-/decrease 3,444,000 19792031 1603108 26,223 549
. 15 b in-/decreas 132.129
f:";‘“ per M“MW o ;j Eth:x ;"‘ frifeess : 72; usc £ 8.774.882 713.405 11,626 28,8
nd rent, per o0 R/ lo in-/decrease ez P 1.230.000 100,000 1630 40
Land rent, per MWh 0,50 EUR/MWh o in-/decrease 377.376 30.489.633  2.478.832 40,307 100,07
Other, per MW 7.000,00 EUR/MW Ho in-/decrease 1.722.000
| Clone Other, per MWh 0,50 EUR/MWh No in-/decrease 377.376
v 4. ABEX (Ye project end)
| Delete EESRETCE o e 00E 40,40 EUR/MWh
| Abandonment 100,0 KEUR/MW Ho in-/decrease 1230000 5,0
Import Template Interast rate for LCOE 10 %6
| Add cost map Remove cost map  Rename cost map

Export Template

ok Cancel

Figure 2 Example of a cost function for wind onshore mid end cost.

It is important to understand that when PARK, OPTIMIZE or HYBRID uses the specified cost model,
the final calculation will be based on the values defined in the “Cost function value” column, and NOT
on the absolute costs shown in the “Example cost” column. The “Example cost” column only shows
the estimated costs for an example plant defined on the right- hand side.

The “Cost function value” is used to find the costs for a specific plant in a specific calculation.

The example data is also context specific. So, if the Cost Model Setup window was opened from
inside e.g., a PARK calculation, then the example data will reflect the PARK setup as closely as
possible. The purpose is to give an indication of the absolute costs for a given set of cost function
values.

For non-formula-based costs, there are specific cost values, typically EUR/kW or KEUR/MW. Notice
that the currency can be changed to any other currency See section 2.18.1.6 Currency.

2.18.1.2 Calibration of cost functions

In case the absolute costs of an expenditure are known in advance, it is possible to calibrate the cost
function value. Simply enter the known cost in the Example cost column:

Cost function Unit Cost Tndex Replace every n

Category value years (0 = none)

Example cost

> 0. DEVEX
~ 1. CAPEX - Formula based

Turbines 1,00 Factor * EUR  No in-/decrease 0 11.443.286
!
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Category '?DSt function Unit Cost Tndex Replace e_very n
value years (0 = none)

Example cost
» 0. DEVEX
~ 1. CAPEX - Formula based

Turbines I 0,79 retfominsun P —— ; g.unu.unnl

Then the Cost function values will be updatéd to reflect this price, and the cost function can be
saved/exported and used for new projects and calculations.

Bear in mind, that the values in the “Example cost” column reflect the input data in the right-hand side
panel with example data:

Project type: Onshore

Project size: MW
Lifetime: 20| years
Cap. Factor: 35,0 %

AEP: 37.737,6| Mmwh @
Number of Turbines: 4

WTG Rated Power: 3.075 kw

WTG Rotor Diameter: 112,0( m

WTG Hub Height: 94,0/ m

This way the “Cost function value” is appropriately calibrated to e.g., the number of turbines in the
park.

For instance, if the park consists of 4 turbines and the “Example cost” value for “Turbines” is manually

stated to be 20M €, that means 1 turbine with the characteristics defined in the right-side panel will
cost 20/4= 5M €.

2.18.1.3 Indices

By default, the cost calculator assumes no changes in prices over time. The different cost indices can
be defined from multiple places. Either from the Definitions tab — Indices Setup:

Definitions

_’i/,hl Indices Setup

Or from within the Cost Model Setup:
No in-/decrease -

— Edit Indices —

-- Nafanlt Tndaw —-

The prices entered in the Cost Model Setup are always specific to a specific year:

Prices fixed in year: 2022 -- Default Index --: No in-/decrease

When using the Cost model in a PARK,OPTIMIZE or HYBRID calculation the costs will be projected to
the investment start year of that calculation. To make such projection, the yearly cost increase or
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decrease must be declared. This can be changed by defining cost indices in the Cost Index column for
each expenditure:

Unit Cost Index R place every " Example cost
ydars (0 = none)
Factor = EUR ] No in-/decrea: ~ 0 9.000.000;
Factor ® EUR | — Edit Indices - 0 1.073.872
Facor = EUR [ cioult Index = 0 470.400
Mo in-fdecrease
Factl:lr = EUR 2%",: (increaging] D 285.4?2
-0.5% (decreasing)
S

windPRO has three predefined indices:

No in-/decrease: This means the costs defined in the Cost Model Setup will be the same in any
investment start year.

2% (increasing): This means every year the cost will increase by 2%.

For CAPEX the costs will increase 2% from the “Prices fixed in year” to the investment start year (as
defined in PARK or HYBRID).

For OPEX, the cost increases 2% every year until the project lifetime as defined in PARK, HYBRID or
OPTIMIZE.

An example could be turbines becoming more expensive year by year.

Notice, that the index correction only applies for future changes in cost. If the investment year lies
earlier than the specified “prices fixed in year”, then the costs will not be index corrected backwards.

-0.5% (decreasing): This means every year the costs will decrease with 0.5%

An example could be storage, where a common assumption is that the costs will be halved from 2020
to 2030. To incorporate this, a cost index with annual decrease of 7% can be used and the price will
be halved over 10 years. This makes it possible to simulate storage establishment for different years
where the cost automatically updates based on the start year. For most components it is
recommended to just use inflation or “No in-/decrease” in order not to make the calculation very
sensitive to the year of establishment.

When clicking the —Edit indices — in the dropdown menu:

.Nu in-/decrease = .

‘— Edit Indices —
-- Niefault Tndew --

The Development Indices window opens:
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| 4 Development indices [m] *
|

| Hame # Use as project default

2% (increasing)
-0.5% (decreasing)

%afYear

MNumber of years:

Year Index [%%]

100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000 —

L - O R R N -

News Clone

o

Delete

=
= o

Load from File

-
=)

Save to File

Cancel

P
L

Here it is possible to add new indices and specify how the costs will change every year or in certain
years. For instance, the cost of a Service contract may stay constant for the first 10 years and then be
renewed at a different cost from years 10 to 20.

2.18.14 Replacements

It is possible to enter replacement frequencies for each expenditure:

Replace every n
years (0 = none)

A typical example could be inverters for solar-PV projects. These may be assumed to have shorter
lifetime than the PV panels. If the lifetime is set to 20 years for the project, and the inverter
replacement is set to 10 years, then the cost of inverters will be included twice. Scrap value is not
included in the calculation.

If a cost index for the specific expenditure has been added, then that will also be used for calculating
the projected costs in the years of replacement.

2.18.1.5 Cost maps

From windPRO 4.0 it is possible to attach pre-generated cost maps. These cost maps can be used as
spatial information about the costs associated with

¢ soil conditions

e water depths
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e |and lease
e efc.

This information is especially useful in the cost calculation in OPTIMZE, but can also be used in
PARK, SOLAR PV and HYBRID.

A cost map can be attached as either CAPEX, OPEX or ABEX by clicking the Add cost map button:

Add cost map |~

CAPEX - Cost map
QOPEX - Cost map
ABEX - Cost map

Important: The cost map should of course cover the area where the turbines are located. If a turbine is
located outside the cost map boundaries the cost will be zero!

Currently, the only supported file format is rectangular grid files. While importing you need to define
the coordinate system the data is in. These coordinate systems can differ from the project coordinate
system and do not need to be the identical between maps. When attaching the cost map it is possible
to also add the cost map as a Result Layer for later inspection on a background map:

Add Cost Map :

Please enter name for the new cost map: ‘Snil costdwpg |

~| Import cost map as result layer OK Cancel

Once attached, the costs in a particular grid cell in the cost map will be used for any turbines located
in the center of this cell without interpolation or extrapolation. The values in the cost maps should be
provided in the same currency as the project uses, as no conversion is applied to the underlaying grid
data.

It is however possible to scale the cost function value as with any type of cost:
Internal grid 0,90 Factor * EUR

‘Cost map: Soil costs IR Factor * EUR

w 20 CAPFY - nr. MW

Note that if no PARK calculation has been loaded into the “Example Data” pane, then an artificial
layout will be used as an example instead:

Example Data

In this temporary example, all turbines are located in a single
row, with 4 RD between them.

| Load example data from PARK calculation |

In this case, the median value of the cost map is assumed at the artificial turbine positions (because
no layout is known in the example).

It is possible to attach multiple cost maps or just a single aggregated cost map.
In case the attached cost map is accounting for a cost that is already being calculated by windPRO,

like foundations, that cost will be counted twice. To avoid this, any cost line can be functionally
disabled by simply setting the cost function value to zero:
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‘Foundations 0 Factor * EUR

Be aware that both the result layer and the cost model use the values when the file was loaded. If
changes have been made to the loaded files, windPRO will mark them in yellow to alert the user.
Calculations will still use the data from load time:

Cost map: installation_vessel_travel_cost.grd 1,00 Factor * EU No in-/decn 0 537.682
Cost map: soil_type_extra_costs.grd 1,00 Factor * EU Mo in-/decn 0 0

You can also remove or rename cost maps again. Notice, that it is not possible to reload the cost map
without removing and adding it again.

When exporting a cost model template, only the name of the cost map is carried over along with the
path to the loaded cost map, but not the actual data.

218.1.6  Currency

By default, the cost calculator uses Euro as the background currency. The different currencies can be
defined from multiple places. Either from the Definitions tab — Currency Setup:

Definitions

£ @ Currency Setup

Or from the Cost Model Setup, where the displayed currency can be changed by clicking the Edit
button:
O *

Currency: EUR Edit

fe, all turbines are located in & single

This opens the currency list where it is possible to add, delete and edit currencies:

W Currencies [m] X
Selected | IS0-4217 | Name Source Updated Currency / | EUR/ Curr | 1/100 Format #1000 *1000000
L) EUR Euro EMD 17/07/2023 1,0000 1,0000 cent # EUR #K EUR #M EUR

Add Delete Save as file Load from file

Cancel

Clicking Add gives access to add a range of currencies:

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

. \wmd\ Cost Model Setup 179

@ 2dd Currency [m] x
Select IS0 4217 | Mame
AED United Arab Emirates dirham
AFN Afghan afghani
ALL Albanian lek
AMD Armenian dram
ANG MNetherlands Antillean guilder
ADA Angolan kwanza
ARS Argentine peso
AUD Australian dollar
AWG Aruban florin
AZN Azerbaijani manat
RAM Bnsnia anrd Herzennuina comvertihle mark
Cancel

Changing the currency will automatically update the costs per MW.

2.18.1.7 Period Cost Model Setup

In Solar PV Optimizer and HYBRID it is possible to use variable electricity prices or variable tariffs in
the Net Present Value (NPV) calculations. These prices can be defined from the Definitions tab —
Period Cost Model Setup

Definitions

Period Cost Model Setup

STH

Or from within the Solar PV Optimizer

® Price Calculator Period Cost Model - Edit

Or the External Grid / Import Cost tab in HYBRID:
® Calculated Tariff Period Cost Model -

The Period Cost Model Setup makes it possible to define prices depending on date ranges, weekdays,
time of day and holidays:

Priority = | Name From date | To date From hour | To hour | Mon-Friday | Saturday | Sunday Holiday Price [EUR

1 Mewcost Jan1 Dec 31 0 23 d d i 100,000;

Each line acts as a rule which determines the price or tariff at any given timestep when the specified
conditions are met. In case the conditions for multiple rules are met at the same time, the price will be
defined by priority (see the left-most column).

It is possible to change the currency in the same manner as in the Cost Model Setup. See the
Section.

The holidays can be defined by clicking the Edit holidays button. Here individual dates can be
entered manually, imported from CSV or downloaded from EMDs Online server:
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|
Date Holiday
W Online holidays m} *
Country: United Kingdom -
Sub division: |Eng|and - |
England
Northern Ireland
ok Scotland
UK
Wales

Add Delete Load Online j

Export to C5V Import from CSV

2.18.1.8 COE and LCOE calculations

Cost Of Energy (COE) is all lifetime costs (optionally, index corrected) divided by the lifetime
production.

Levelized Cost Of Energy (LCOE) is the annual costs and productions discounted with a specified
interest rate. The interest rate is defined in the calculation setup in PARK, HYBRID and OPTIMIZE.

2.18.2 Cost function formulas

The values are based on a comprehensive study in Spring 2020 by Per Nielsen, EMD, where several
data sources from the likes of NREL, Danish Energy Agency, etc., in combination with internal data for
recently-built projects in Denmark and by Internet searches. In the Summer 2022 a few updates were
included, reflecting the cost increases seen partly based on higher inflation in 2022, partly based on
high raw material cost increases. While costs differ quite significantly depending on
manufacturer/quality, region, distance to manufacturer/harbor etc., the costs only can be seen as good
initial design assumptions. More detailed information must be gathered when the project moves from
the initial assessment phase to the final decision phase. The cost functions can be calibrated with
known data from similar project styles/locations, see section 2.18.1.2 Calibration of cost functions.

2.18.2.1  Wind

The formulas are based on an analysis of many turbines and literature studies to find which
parameters drive the costs.

Abbreviations for wind plants used in cost formulas:
e kW — Turbine power (kW)

MW — project power (MW)

RD — Rotor diameter (m)

RA — Rotor Area (m?)

HH — Hub Height (m)

SP — Specific power (W/m?)

IA — Inter Array distance (m)

No — Number of turbines

WD - Water Depth
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e (CD - Coast Distance

For wind plants the following formulas are established with year 2020 values and 2022 updates
shown:

Turbines

A*SP+B+(C*HH*RA+D)/kW [k€/MW]

Where:

A=-05 [(kE/MW) | (W/m?3)]

B =750 [k€/MW] (2022, revised to 925, see check below)
C=0,53 [€/m?3]

D = 5500 [€]

The cost increase for wind turbines from 2020 to 2022 is very high (approx. 25%), mainly due to raw
material cost developments, but also the higher inflation. Below is shown a cost function check for
2020 values and for 2022 values, based on list prices for turbines for sale in Denmark from a major
manufacturer who represents a large part of the global market.

WTG cost function check 2020, B=750 WTG cost function check 2022, B=925

1100 1100

1000 1000

900 900 e ﬂ,,
u] ‘ |
Hyg

= 800 y=-1,1725x+1086,6

00 ' o 700

* 800

KEUR/MW
|k
KEUR/MW

B0 -
0 600

500 500

200 250 300 350

(W/mA2)

Figure 3 Cost function check for turbines, left 2020, right 2022

As seen above, the 2022 costs follow a slope similar to the 2020 costs, but with an offset from 750 to
925, a 23% increase. Included in the charts are the project developer expectations from 2020 (see

), which are
lower than the list prices. The real costs largely depend on the specific purchase situation, whether an
order can be fitted into the production plan and the purchase volume. The cost function calculation
result is purposely a little lower than list prices as the realized prices often are lower than list prices.

In the graph above the data are typical for low hub height variants due to height restrictions on the
Danish market. The formula-based cost function values increase ~2% per 10m hub height increase.
Depending on the specific turbine construction, up to 5% increase per 10m has been observed.

Foundations onshore
A*(RA*HH)"B [k€]

Where:
A=0.0172 [kEMW/m3]
B =0.703
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Internal roads

IA*A [€]

Where:

A =350 [€/m]
Internal grid onshore
IA*A+B [€]
Where:

A =138 [€/m]

B =100.000 [€]

Foundations offshore

A*WD+B [k€/MW]
Where:

A=8 [(kE/MW)/m]
B =30 [k€/MW]
Offshore main cable
A*CD [k€/MW]
Where:

A=28 [k€/MW/km]
Internal grid offshore
IA*A [€]

Where:

A= 500 [€/m]

These formulas are expected to work for modern (since year 2020) wind turbines with a rating of

approximately 2.5 MW and higher. For smaller turbines, higher costs must be expected.

Note the cost calculator calculates the inter array distance, as the shortest connection between the

WTGs and uses this for cable and road cost estimates, which may not always be realistic.

An example of a specific cost at present that is going to be revised in future is offshore foundation

182

installation. It is known that the installation costs do not double by doubling the WTG size (as will be

calculated using a fixed cost per MW), it is more like a factor 0.6. Such experience feedback will be

incorporated in future updates.
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Figure 4 Automatic inter array distance calculation for a PARK calculation.

Solar PV
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For Solar-PV plants the cost functions are all specific costs (€/Wp). Data for 2020 and 2022 revisions

are shown below.

2020 price level €/Wdc Solar PV 2022 price level €/Wdc Solar PV

Small, 2.5{Medium, |[Large > |Large, Small, 2.5{Medium, [Large > |Large,

10 kW 10-100 kW |100kW |Tracking 10 kw 10-100 kW |100kW |Tracking
DEVEX <saet til 1% af Capex, vi har ikek rigtig noget [ |DEVEX <saet til 1% af Capex, vi har ikek rigtig noget
CAPEX CAPEX
Solar panels 0,70 0,40 0,23 0,23 | |Solar panels 0,70 0,45 0,30 0,30
Inverters 0,25 0,15 0,05 0,05 | [Inverters 0,25 0,15 0,05 0,05
Sub structures 0,02 0,02 | |Sub structures 0,02 0,02
Grid internal 0,02 0,01 0,01 0,01 | |Grid internal 0,02 0,01 0,01 0,01
Grid, external 0,16 0,16 | |Grid, external 0,13 0,13
Installation 0,35 0,30 0,19 0,19 | [Installation 0,35 0,25 0,14 0,15
Land purchace 0,00 0,00 | |Land purchace 0,00 0,00
Other/contingency 0,50 0,12 0,11 0,11 | [Other/contingency 0,50 0,12 0,11 0,11
Tracker costs 0,07 | |Tracker costs 0,07
Total DEVEX+CAPEX: 1,82 0,98 0,76 0,84| [Total DEVEX+CAPEX: 1,82 0,98 0,76 0,84
OPEX Per year from year 1to end OPEX Per year from year 1to end
0&M, pr. kW 13,4 10,9 5,0 5,5[[0&M, pr. kW 13,4 10,9 5,0 5,5
Land rent, pr. kW 0,0 0,0 2,3 2,3 | [Land rent, pr. kW 0,0 0,0 2,3 2,3

Figure 5 Solar-PV cost functions 2020 left with revisions 2022 right.

The 2022 revisions have increased the solar panel costs. Experience shows that the cost of 0.23
EUR/Wp used in the 2020 dataset were too low (based on Danish Technology catalogue,

). Our
expectations for 2022 is 0.3 EUR/Wp for larger installations. But while the total costs for a PV project
were validated and found representative, some of the other cost elements have been lowered.
Thereby the 2020 and 2022 costs remain the same for the full plant costs.
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Solar-PV plant costs EUR/Wp (2020 & 2022)

3,50

3,00
2,50
2,00
1,50

1,00

.

0,50

0,00
Small, 2.5-10 kW Medium, 10-100 kW Large > 100 kW Large, Tracking

e=fll==F\D Cost function 2020-22  ==@==DK Technology catalouge 2020

NREL 2020 Internal/Internet 2020-22

Figure 6 Solar-PV plant costs

The cost function output from windPRO is located between the Danish technology Catalogue and
NREL. One cost component that can vary much by site is the AC connection costs. If grid expansion is
needed, these costs can be high. Similar land costs are not included by default, this can also add up if
good farming land is needed.

2.18.2.3 Other technologies

Apart from the formula-based cost functions, a number of costs are simply per MW or MWh or a

percentage.

) ) Temporary example plant cost
Prices fixed in year: 2022 -- Default Index --: Mo in-/decrease

Project Size: 1.000] kw
; Temparary Capacity Factor: 20,0/ %
Category (?Dlﬁ function unit Cost Index Rep\aceﬂf\er}r n example plant .
value years (0=none) cost AEP: 1.753,2| MWh o

v 0. DEVEX Lifetime: 20| years

Development Expendi 0,00 % of CAPEX 0 Energy Yield: 35.064 MWh
v 1. CAPEX - pr. kW

Capital Expenditure 500.000,00 EUR/MW Mo in-/decrease ] 500.000
v 2. OPEX (Annual from year 1) - example column is lifetime cost

Operation Pr MW 10.000,00 EUR/MWY Mo in-/decrease 200.000

Operation Pr MWh 0,00 EUR/MWh Mo in-/decrease 0

Fuel cost Pr Mwh 100,00 EUR/MWhH Mo in-/decrease 3.506.400
w 3. ABEX (Year after project end)

Abandonment 0,00 EUR/MW Mo in-/decrease 0

Figure 7 General cost model, for e.qg., a fossil-powered back-up plant.

The general cost model can basically be used for all production technologies with few simple input
data. CAPEX, is one line (Turnkey-costs). OPEX is one line per MW, one line per MWh and an extra
line with Fuel costs, to make it easier to distinguish between maintenance and fuel costs. The
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maintenance and fuel costs, both per MWh is so far treated similar in HYBRID calculations where the
cost function is used.

Name |Battery Currency: EUR Edit
Example Data
Prices fixed in year: 2022 -- Default Index --: No in-/decrease
Storage Size: 5.000 kWh
Lifetime: 20 years
Category Cost function Unit Cost Index Sep\ace EVEW n Z:;nrfglr:;ant A F m
value years (0=none) cost Charger Size: 1.000| kw
Discharger Size: 1.000] kw
~ 0. DEVEX
Development 2,00 % of CAPEX 29.000
~ 1. CAPEX - pr. kW
Storage size (Energy’ 200,00 kEUR/MWh No in-/decrease 0 1.000.000
Charger (powrer) 200,00 kEUR/MW No in-/decrease 0 200.000
Discharger (power) 200,00 kEUR/MW No in-/decrease 0 200.000
Installation 5,00 kEUR/MwWh No in-/decrease i} 25.000
Contingency 5,00 kEUR/MWh No in-/decrease o 25.000
~ 2, OPEX (Annual from year 1) - example column is lifetime cost
O&M pr. MW Chargel 0,00 KEUR/MW No in-/decrease i}
O&M pr. MW Dischar 0,00 KEUR/MW No in-fdecrease i}
O&M pr. MWh Storac 4,00 kEUR/MWh Mo in-/decrease 400.000 EUR pr. EUR pr. -
Other pr. MW Charge 0,00 kKEUR/MW No in-/decrease i} Costs [EUR] Mwh Mu/h %
X storage discharge
Other pr. MW Dischal 0,00 KEUR/MW Mo in-/decrease i}
Other pr. MWh Stora 4,00 kEUR/MWh No in-/decrease 400.000 DEVEX 29.000 5.800 3 13
« 3. ABEX (vear sfter project ond) CAPEX 1.450.000 290.000 149 63,6
OPEX 800.000 160.000 82 35,1
Abandonment 0,00 kEUR/MWh No in-/decrease 0 ABEX 0 0 0 00
TOTAL 2.279.000 455.800 235 100,01/

Figure 8 Storage cost structure and defaults.

The storage cost is composed differently from the production unit costs, as the main “size” here not is
MW, but MWh. The key figures shown to the right in the above image are the cost per MWh storage
and cost per MWh discharge. To calculate the discharge, the discharge amount per year must be
known.

In the lower right corner, the number of charges per year can be entered. The default is set to 100
charges per year. Thus, it is assumed that the storage delivers a full discharge roughly every 3 day
on average. Also, the charging costs impact the cost per MEWh discharge. When the cost function is
used from the HYBRID module the real calculation values from the simulation is used. This is also
used for calculating LCOS (Levelized Costs Of Storage).

For Storage (Batteries) and Generic cost model (e.g., for a hydro plant), no revisions have been made
from 2020 to 2022. The high inflation in 2022 makes it difficult to spot development trends at present.
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2.19 Noise Matrix

2.191 The noise matrix

A noise matrix is an operation plan for a wind turbine, telling it under which conditions it must derate in

order to comply with noise thresholds. The noise matrix is entered into the controller of the wind

turbine so that the turbine autonomously but based on its sensors, can derate if necessary.

For simple cases windPRO can use noise derating without a noise matrix. It is possible to derate a

wind turbine uniformly in the WTG property tab, in which case it will always operate in derated mode.

This type of derating can be read by DECIBEL and NORD2000 and if also the corresponding derated

power curve is set, the PARK calculation can pick it up too.

It is also possible to set a specific curtailment, such as a noise curtailment, on the Curtailment tab in

the WTG object. This curtailment may adhere to a specific period or weather situations but when the

turbines’ noise needs to be adjusted as a whole it becomes tricky to use. Also, it can only be read by

PARK and not the noise calculations.

A more elegant system is to equip the wind turbine with a noise matrix plan.

The noise matrix plan is defined along a number of dimensions, such as wind speed, temperature or

time, and divided into bins of a suitable magnitude. This could be 1 m/s bins or 10° temperature bins.

In every time step, the wind turbine can use the sensor signals to lookup into the noise matrix, which

will tell it what operation mode it should be operating in.

In windPRO the noise matrix is attached to the individual WTG alongside other curtailments and will, if
resent, replace the operation mode selected on the WTG properties tab.

' MNew WTG  (SuperWind 5W-3.3-112 3300 112.0 10! hub: 84,0 m (TOT: 130,0 rn) (19)) O bt
Position Layers WTG(s) Visual Distance circles | Curtailment | Operation Description ok
Use | Priori = | Name Type Action Conditions
Cancel
[ 1 1 Noise Matrix Noise Matrix

2.19.11 When to use a noise matrix?

A noise matrix can be used if the noise code allows it. Some noise codes are very rigid and allow very
few degrees of freedom, while at the other end of the spectrum, some codes allow full freedom as long
as you can document that the project complies with thresholds.

An example of a rigid system is the German noise code, which consider the maximum noise level to
be calculated with special settings. There are, however, different noise thresholds for day and night,
which means that a noise matrix could consist of a single dimension, time, divided into two bins
(periods) with different operation mode in each period.

An example of a very flexible system is France where there is almost full freedom on the calculation
models. Here all available dimensions in windPRO could be in use: wind speed, wind direction,
temperature, humidity and time.

DECIBEL and NORD2000 will allow noise matrix use where possible in the preset models, while the
general models provide full freedom to customize according to the local noise codes.
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2.19.2 Noise operation modes

Most modern wind turbines can be derated for different purposes. A very common purpose is derating
for lower noise emission. Such derated modes are often noise modes or sound operation modes.

A noise mode is documented through a power curve and a noise curve. In windPRO’s WTG catalogue
these are often (but not always) given the same name. They are, however, not tied together unless
combined in a Power & noise pairing or a power matrix.

@ Windcat - CAWindPRO Data\WTG Data\SuperWind 5W-3,3-112 3300 112.0 10Lwtg m] X
WTG Edit Details

UEHH E

Main | Details | Comments Former names

| Group by type | Hide invalid data
Type = | Name = | Default | valid Creator | Create di | Edit date | Valid fror | val
v Type : Noise

Noise Neise Mode 0 Yes Yes USER 06/11/201 20/07/202

Noise Noise Mode 0 unc No Yes USER 06/11/201 14/07/202

Noise Neise Mode 1 No Yes USER 06/11/201 10/07/202

Noise Noise Mode 2 No Yes USER 06/11/201 20/07/202

Noise Noise Mode 3 No Yes USER 06/11/201 10/07/202

Noise Noise Mode 4 No Yes USER 06/11/201 20/07/202

» Type : Power & noise pairs

v Type : Power curve

Fower cur Noise Mode 0 Yes Yes USER 25/10/201 10/07/202
Power cur Noise Mode 1 No Yes USER 25/10/201 10/07/202
Power cur Noise Made 2 No Yes USER 25/10/201 10/07/202
Power cur Noise Mode 3 No Yes USER 25/10/201 10/07/202
Power cur Noise Made 4 No Yes USER 25/10/201 10/07/202

The Power & noise pairing not only ties the power curve and the noise curve together, it also creates
an order in which unreduced mode is at the top and the most reduced mode is at the bottom. With this
list, windPRO knows which mode to change to, to incrementally lower the noise emission.

W@ Power & noise pairs O X
Name  |Standard pairing Comments

Source  |EMD

Date 14/07/2023 -

Name Power curve Noise data Default
Noise Mode 0 Noise Mode 0 - Moise Mode 0 ~ (@
MNoise Mode 1 MNoise Mode 1 - Moise Mode 1 -

Noise Mode 2 Noise Mode 2 - Moise Mode 2 -

Noise Mode 3 Noise Mode 3 ~ Moise Mode 3 v

Noise Mode 4 Noise Mode 4 - Moise Mode 4 -

It is not entirely simple to construct a Power & noise pairing. The wind turbine OEM will likely produce
many operation modes, aimed at different markets and different noise codes and all of these may not
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be available or relevant for you. Power & noise pairings are therefore in general not prepared by EMD,
but left for the user to construct.

Details on how to build and use power noise pairings can be found in section 6.1.2.1.

An alternative to using Power & noise pairings is to use PowerMatrix files. PowerMatrix files will
already have combined power curves and noise curves. Care must be observed concerning the
modes included and their order.

The PowerMatrix file must consist of only the modes relevant for the noise matrix and the order must
be increasingly derated. Mixing serrated and non-serrated blade modes is therefore usually a poor

idea.

More on power matrix in section ???

2.19.21 Technical limitations on the noise matrix

Just because windPRO allows a highly detailed noise matrix, does not mean it is actually possible to
use the noise matrix. The wind turbine type may have limitations that the noise matrix must abide by. It
may be that only a select number of operation modes are allowed on the individual turbine, it may be
that binning size must be larger than a critical minimum or that some dimensions are unavailable
because the turbine does not have a signal reliable enough to control the operation in certain
dimensions.

Therefore, it is imperative to understand the limitations of the turbine type before defining the
curtailment matrix.

2.19.3 Dimensions

2.19.3.1 The role of dimensions

Dimensions are the parameters along which the wind turbines can be reduced in operation. windPRO
allows curtailment along the following dimensions:

e Time

e Wind speed

¢ Wind direction
e Temperature
e Humidity

They are named dimensions because in combination they form a multi-dimensional matrix.
Using two dimensions, for example wind speed and direction, form a very simple matrix. Each cell in
the matrix is a unique combination of wind speed and direction as considered by the wind turbine at

hub height. As each cell is unique, it may have a unique operation mode. In the case shown below, all
cells are green representing unreduced mode.
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Columns: |Wind direction [deq] - | View period: Day -
Reset to default
Rows: |Wind speed [m/s] - | Wind speeds are at hub height
0 30 60 a0 120 150 180 210 240 270 300 330

When more than two dimensions are active, the matrix becomes a lot more complicated. If we add
temperature to the matrix above, each wind speed — wind direction bin will contain a handful of unique
bins and the simple wind speed — wind direction definition is no longer unique.

If a particular bin in a two-dimensional selection is set as operating in a lower operation mode, then all
the sub-bins of the dimensions not in the selection, will be set as well. In the below example, wind
speeds from 3.5 to 10.5 m/s and 75 to 175 degree wind direction are set as Noise mode 1. All sub-
dimensions in the selected bins are set as Noise mode 1.

Columns: |Wind direction [deg] - | View period: Day
1) Reset to default
Rows: |Wind speed [m/s] - Wind speeds are at hub height
i} 30 a0 a0 120 150 180 210 240 270 300 330

Further, in the interval of 5 to 25° C, we set the same direction interval to Noise mode 2.

Columns: |Wmd direction [deqg] - | View period: Day
Reset to default
Rows: |Temperature [deg C] - |
0 30 60 ag 120 150 180 210 240 270 300 330
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All sub dimensions in those bins are now set as noise mode 2 and as wind speed in this selection is
sub- dimension, all wind speeds in this direction range and temperature range are now in the
operation mode Noise mode 2.

Columns: |Wind direction [deg] - | View period: Day
Reset to default
Rows: Wind speed [m/s] - Wind speeds are at hub height

0 30 60 90 120 150 180 210 240 270 300 330

There are three exceptions from this rule:

e Time as a dimension is outside this system. If time is defined as a dimension, each period is
considered completely independent from each other. The only way to apply a curtailment across
time is to remove time as a dimension.

¢ Ifthe noise matrix is created by a curtailment optimization, the optimizer is granular enough that
each sub-bin is considered individually. The display above will then show the most reduced sub-
bin in the cell of the two-dimensional view.

e If the noise matrix is fed from an imported curtailment plan. As in the case of the optimized
result, it may have a very granular level of detail.

A noise calculation will refer to exactly the sub-bin considered in the calculation if the calculation is set
up to consider the dimension. If the calculation does not consider a dimension, it will consider the
loudest mode across the sub-bins in the ignored dimension. Example: the curtailment plan shown
above reduces to Noise mode 2 in the temperature interval of 5 to 25° C, but uses Noise mode 2 at
other temperatures. This is captured if the noise calculation is set to calculate each temperature bin
individually. If it just calculates for a fixed temperature, say, 30° C, the calculation will pick up the
loudest mode across all temperature bins in that bin. Same thing for time. If the turbines use night
curtailment but the calculation is using No time dimension, then the loudest (day) modes values are
used.

2.19.3.2 The binning file

It is a requirement that the definitions of the dimensions are consistent throughout a project. If wind
directions for example have different definitions in different calculations, or across different turbines,
there will be inconsistency issues.

The definition of the dimensions is therefore handled by a project specific binning file. Once set, it is
applied everywhere in the project. If it is changed, all former noise matrices are removed and old
calculations cannot be rerun. For this reason, we recommend setting the binning file early in the
project and to only change it if absolutely necessary. As a particular setting of the binning file will be
relevant in each region or country, it will rarely be necessary to change the binning file once set.

The setup form for curtailment bins is presented below. Each dimension gets a line plus time at the
top. If the dimension is hatched, it is active. The binning runs in an interval defined by start value, a bin
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size and a count of bins. The default binning can be seen in the example below. Keep in mind that you
need to be able to actually control the wind turbine using this binning. If larger bins are required, they
can be set here.

@ setup curtailment bins O >

| Time bin Time binning setup Reset to default

Enabled HName Bin start Unit Bin size Bin count
o Wind speed 0,5 my/s 1 25
e Wind direction -15 deqg 30 12
v Temperature -25 degC 10 7
e Relative humidi 5 Y 10 10

Ok Cancel

Time gets a special entry.

Press the Time binning setup to access the time binning. The windPRO default setting is the
standard Lqen definition (day, evening and night), but this can be changed. In the example below, the
time definition is reduced to Day and Night with day defined as 6 to 22 hours and night from 22 to 6
hours.

Penalties and number of days are only relevant for Lqen calculations.

Pressing the Set as default button means that your projects will always start with this time definition.

W cdit periods O .
From Hour | Penalty Days
Level Name hou per
hour 5 [dB]
r year
0 Day 6 22 16 0 365
1 Night 22 6 8 10 365

Cancel Add line Delete line Set as default

Optimization of the noise matrix can only be done along dimensions that are active, but all active
dimensions do not have to be used in the optimization.
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The optimization will use the binning of the binning file, but as the binning file can be accessed when
starting the optimization, it can also be edited at this point, with the consequences described above.

If a noise calculation refers to the calculation matrix, the binning definition from the binning file is used.

The typical place to access and edit the binning file is in the Noise matrix analyzer tool (see below).

2.19.4  The Noise Matrix Analyzer

The noise matrix analyzer can be accessed from the Energy tab.

File Definitions Geo Data Climate Energ Loads & Operation Environment & Visual Solar System integration Tools Settings & Help Favorites

1
L_) Noise Matrix Analyzer

2.19.4.1  Wind farm selection
The Noise matrix analyzer is organized from left to right.

gl ormraze  PAR

1"
B LOS5 & UMCERTAINTY x ] Single Point AEP $ Model: Flow request export i ‘|ll1 WAsP-CFD E::I WTG catalogue

@ Noise Matrix Analyzer

] X
¥|'= Layer 1 Turbines (6) [System Label] Edit bin setup Create databases ~ Delete databases Clear noise modes Import Export
Layer 1 SuperWind SW-3.3-112 3300
> & Site data SuperWind SW-3.3-112 3300
s W& . SuperWind SW-3.3-112 3300 .
Terrain SuperWind SW-3.3-112 3300 Set noise modes for currently selected cells: ® Power & noise pairs
il 8 = JRcRpor SUPWW!"d SW-3.3-112 3300 | poyer & noise pair: Standard pairing - Noise modes: M noise Mode 0 - oK Advanced
> & ST wind data SuperWind SW-3.3-112 3300
> & LT wind data
3 WTG Area [
Optimize

> & Neighbour WF
v ] & Layouts
| & tests
L1a raw layout

L1a raw

>

Cancel

The leftmost column presents the layer structure of the project. It is the exact same layer structure as
in the main workspace, but without the options to edit the layer structure. Folders can be opened, and
layers can be selected, and this is how wind farms are identified.

A wind farm is a layer with wind turbines. Wind turbines in different layers belong to different wind
farms.
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When a layer with wind turbines is selected (has a check in the checkbox), the wind turbines in the
layer will appear in the second column. All turbines of all selected layers appear here. There is no
difference between New or Existing turbines.

Selecting a turbine in the second column will make it the subject of analysis in the rightmost area.

2.19.4.2 Viewing and editing curtailments

The main work area in the Noise matrix analyzer is divided into an upper bar and everything below the
bar.

The upper bar relates to either global or wind farm settings and actions, while the lower part relates to
the specific turbine selected in the turbine list.

Edit bin setup Create databases |~ Delete databases Clear noise modes Import Export

Edit bin setup: This button accesses the binning file settings described in detail in section 2.19.3.2. A
change in the binning file will reset all noise matrix selections.

Create databases: Using one of the sub-categories to this button creates an empty matrix, either for
those turbines in the turbine list without a noise matrix already, or for all of them (overwriting their
current noise matrix). The matrix created will have the dimensions currently active in the binning file,
using the bin definition in each dimension. The matrix for the highlighted turbine becomes visible
below.

Delete databases

Create databases |'

Create missing databases only

Create databases for all turbines in the list

— 0

Standard pairing - Moise modes:

current

Delete databases: The noise matrix databases for all turbines in the turbine list are deleted, leaving
the turbines without a noise matrix. There is a warning before executing this request.

Clear noise modes: All bins for the selected turbine (and the selected turbine only) are reset to least
reduced mode (the mode at the top of the Power & noise pairing). This does not delete the database.

Import and Export: These options are explained in section 2.19.4.3.

The main area is devoted to a display of the noise matrix database for the selected turbine.
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Columns: Wind direction [deqg] - View period: Da -
| | Reset to default ! IZI
Rows: |Wind speed [m/s] - | Wind speeds are at hub height

0 30 60 a0 120 150 180 210 240 270 3

The view is controlled through a selection of the dimensions in the columns and in the rows. In the
example above wind direction is in the columns and wind speed is in the rows.

If another dimension is selected, for example temperature, then the view is changed to another two
dimensions.

Columns: |Wind direction [deq] -

Not set A
Wind speed [m/s]

Wind direction [deg
Temperature [deg C]

Relative humidity [%]

Rows:

90
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Columns:

Reset to default

| View period: Day . Ij

Rows: Wind speeds are at hub height

"

The time dimension is controlled on the right side, presently showing the matrix for daytime.

]

View period: |Day -

height

The color in each cell of the matrix represents an operation mode. The operation modes are explained
in section 2.19.2. windPRO can detect if a Power matrix of a Power & noise pairing is available for the
selected turbine. If unavailable the option is blanketed out.

Set noise modes for currently selected cells: FowerMatrix (@) Power & noise pairs

Power & noise pair: Standard pairing - MNoise modes: |! Noise Mode 0 - | | 0K | | Advanced

If Power & noise pairings are available, the default pairing is selected, but can be replaced by another
pairing from the list. In the list of Noise modes, all modes in the pairing list can be selected including
the ultimate curtailment, shut down.

Iz (@ Power & noise pairs

Moise modes: . Moise Mode 0 b [

Moise Mode 0
Moise Mode 1 iew
Reset to default .Nnise Made 2
W tioise Mode 3

20 Wrioise Mode 4
Bl shut down

The noise matrix database can be manually edited. The simple way is to highlight a combination of
bins in the two-dimensional display.
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0 30 &0 an 120 150 180 210 240 270 30

Then select the mode from the Noise mode list and press OK.

noise modes for currently selected cells: PowerMatrix (@) Power & noise pairs
er & noise pair: |Standard pairing - | Noise modes: E Moise Mode 2 - | | 0K | | Advanced
imns: Wind direction [deg] - View period: Day - (|]
| | Reset to default I:
bs: |Wind speed [m/s] - Wind speeds are at hub height
0 30 60 a0 120 150 180 210 240 270 3

As described in section 2.19.3.1, all sub-bins within the selected field have now been set to this
operation mode.

Alternatively, the Advanced button can be used. This will open a form where a rule can be set
consisting of any combination of dimensions using an “AND” clause. Note that period and hour in this

© EMD International A/S e www.emd.dk e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

197

context is the same and is represented by the indexed values of the time bins. The rule setup below

will if applied (by pressing Update) set all bins where wind speed is higher than 7 m/s AND

temperature is below or equal to 20°C to Noise mode 2.

The rule is stored under the Advanced button until replaced by another rule or cleared and can

therefore be applied to several turbines.

' Advanced update of binned curtailments O
All conditions must be fulfilled (AND) Clear setup
Moise mode: Moise Mode 2
Type Operator Value Unit
Wind speed - = - 7 ~ mfs
Temperature - <= - 20 - degC
+ =

Update Close

*

21943 Import and export of noise matrix

The noise matrix database for the individual turbine can be exported to a text file and be imported from

text file if it complies with the format of the noise matrix analyzer.

Only the noise matrix for the turbine highlighted is exported or imported.

The format is rigid, but two versions are allowed.

E 6.448.347 100,4
Export H 6.445.866 91,
Export by index (more efficient) 3
Export by value tt
Advanced

The export file can be created using the name and values of the parameters or in a format where all

names and values are indexed. While the first may be easier for humans to read, the second is far

more compact.
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The header section describes the dimensions and the binning.

Below the header follows a list with a line for each bin in the noise matrix database. There is a column
for each dimension that received a TRUE value in the header.

If export by value was selected, the list will contain the central value of the bin and the name of the
operation mode. If export by index was selected, each value and operation mode is represented by
the bin number and the order in the Noise & power pairing list (or Power matrix).

The two examples below represent the value and the index export of the same plan. All dimensions
are active in both cases but only two periods are used.

) curt plan new.txt - Notepad - O X
File Edit Format View Help
h!er'sion 1 ~
Included Day Night
Period DEN TRUE 083.00.00 22.00.00 22.00.00 083.00.00
Bin start Bin size Bin count
Hour TRUE e 1 2
Wind speed TRUE 8,5 1 9
Wind direction TRUE -15 38 12
Temperature TRUE -25 16 7

Relative humidity TRUE 5 1a 1a
Noise Mode @: lNoise Mode

Noise Mode 1 Noise Mode
lNoise Mode 2: lNoise Mode
Noise Mode 3: Noise Mode
lNoise Mode 4: lNoise Mode
Noise Mode -1: Shut down
Export by index FALSE
Open wind speed bins FALSE

BwN e ©

time s dir temp relhum noisemode

Day 9 %] -20 1a Noise Mode @

Day 9 2} -20 20 Noise Mode @

Day 9 e -20 38 Noise Mode @

Day 9 %] -20 48 Noise Mode @

Day 9 0 -20 50 Noise Mode @

Day 9 @ -20 68 Noise Mode @

Day 9 %] -20 78 Noise Mode @

Day 9 e -20 80 Noise Mode @

Day 9 %] -20 98 Noise Mode @

Day 9 2} -20 160 Noise Mode @

Day 9 e -1e 16 Noise Mode @

Day 9 %] -1e 28 Noise Mode @

Day 9 0 -1@ 30 Noise Mode @

Day 9 @ -1@ 48 Noise Mode @

Day 9 %] -18 58 Noise Mode @ v

Ln1, Coll 100%  Windows (CRLF) UTF-8 with BOM
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lNoise Mode
lNoise Mode
lNoise Mode
Noise Mode
lNoise Mode
lNoise Mode
Export by
Open wind

time
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day
Day

A

J M0 WD WD D WD WD WD WD WD WD D WD WD D WO E

j curt plan new index txt - Notepad

File Edit Format View Help

Ner‘siom 1

Included Day
Period DEN TRUE @8.00.00

Bin start

Hour TRUE @ 1
Wind speed TRUE 8,5
Wind direction TRUE -15
Temperature TRUE -25
Relative h

umidity TRUE
a: lNoise Mode
1: Noise Mode
2: Noise Mode
3: Noise Mode
4: Noise Mode 4
-1: Shut down
index FALSE

speed bins FALSE

oA @

ir temp

OO0 OO DD 00O ® OO
o]
@

Bin size
2

1

38

1@

5

relhum

Night
22.00.08 22.00.00 08.080.00
Bin count

18 18

noisemode
Noise Mode
lNoise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
Noise Mode
lNoise Mode
Noise Mode
Noise Mode
Noise Mode

sa_ g

T DD OD OO0 0 000 E®

Ln1, Col1 100%  Windows (CRLF) UTF-8 with BOM

To get the format right, it is strongly recommended to produce a template plan and imitate this.

To import a plan, ensure that the format complies with the above and press the Import button. An
export from windPRO will always comply, but be careful that the dimensions and binning match the
binning file. The plan will be written to the turbine as is regardless of the binnng file, but the
dimensions and the bining may be rendered useless if they do not match the binning file.

2.19.44

Noise matrix from the curtailment optimizer

The Curtailment optimizer is the most common method to enter a noise matrix. If the noise matrix
result is written to the wind turbines in the optimizer, the result can be viewed in the Noise matrix
analyzer. Please see section 8b OPTIMIZE — Noise Curtailment.

2.19.5 The Noise Matrix in DECIBEL and NORD2000

2.19.5.1 Accessing the noise matrix

If wind turbines used in a DECIBEL or NORD2000 calculation contain a noise matrix, this will be used
for the calculation and overrule the selection on the Properties tab in the WTG object. In this situation,
the selection on the WTG tab is frozen and the turbine is forced to use the noise matrix database.

Only when the noise matrix is removed from the WTG object can different power and noise curves be
selected on the WTG tab.
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@ New WTG (SuperWind SW-3.3-112 3300 112,0 10! hubs: 94,0 m (TOT: 150,0 m) (16)) O e
Position Layers| WTG(s) | Visual Distance circles Curtailment Operation Description
WTG type: [Superwind SW-3.3-112 3300 112.0 10! - |I|
Hub heigsis i chatall v| Use Power & noise pairs
u Gl

4 "] show only valid detail data
ower & noise pairs: |Standard pairing - III

Selection: See Curtailment tab (or Noise Matrix Analyzer)

Visual data: | Default
eGrid data: | Default

X P

Design standard: [Undefined - Design class: -
Displacement height: 0,0/ m (Will be subtracted from hub height in PARK calculations)

Humber in row: 1

Symbol color: _ N 335,0 W/mz, 150,0 m total height

If the calculation asks to calculate for more than one value in a dimension not included in the noise
matrix, identical noise mode will be used in all bins.

For each of the dimensions allowed in windPRO, it is possible in the DECIBEL and NORD2000 setup
to select to calculate the entire matrix. If this option is selected, it is the binning file and not an arbitrary
user selection that sets the binning in the calculation. This may be useful in order to maintain
consistency with the binning file. It is, however, not a limitation. A different binning can be selected in
the calculation, in which case DECIBEL and NORD2000 will select the noisiest mode within that bin.

A DECIBEL or NORD2000 calculation exported from the curtailment optimizer will automatically use
the calculation model used in the optimizer, but will only use the noise matrix if this was written to the

turbines as well. If both are exported, the DECIBEL and NORD2000 calculation will then document the
result of the optimized layout.

2.19.5.2 Documenting the noise matrix

Both DECIBEL and NORD2000 produce calculation reports. Two of the sections of these reports
document the noise matrix used.

On the Assumptions page, the data from all used noise modes are presented.

© EMD International A/S e e windPRO 4.1 e September 2024


http://www.emd.dk/
http://windpro.com

. \windrn\ The Noise Matrix in DECIBEL and NORD2000
201

WTG: superWind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TOT: 150,0 m) (16)
Noise: Noise Mode 1

Source Source/Date Creator Edited
06/11/2014 USER  10/07/2023 11.46
Noise curve based on hub height wind speeds

Octave data

Status Wind speed LwA,ref Pure tones 63 125 250 500 1000 2000 4000 8000
[m/s]  [dB(A)] [dB] [dB] [dB] [dB] [dB] [dB] [dB] [dB]

From Windcat 6,0 97,6 No 78,2 B6,8 90,8 92,2 91,6 88,5 83,2 689
From Windcat 7,0 100,5 No 80,2 88,3 93,2 94,5 954 92,0 864 72,1
From Windcat 80 1025 No 81,0 89,7 94,3 96,6 97,9 94,4 88,7 74,2
From Windcat 9,0 103,8 No 82,8 91,9 95,3 97,7 994 954 90,3 76,9
From Windcat 10,0 104,5 No 83,0 91,8 957 98,5 100,1 959 91,3 79,0

On the Curtailments pages, the operation mode in each bin is presented.

There is a list with the operation modes in use and a graphic table displaying the operation mode for
each bin. Wind speeds here refer always to hub height wind speed. Each mode is identified with a
number. The number “-1” always indicates shut down.

Period: Day
Curtailment details for: SuperWind SW-3.3-112 3300 112.0 !O! hub: 94,0 m (TOT: 150,0 m) (16)

Operation modes used for curtailment
ID Name Remark

Noise Mode 0

Noise Mode 1

Noise Mode 2

Noise Mode 3

Noise Mode 4

Shut down

-1 Shut down

uphwWwNEO

Each cell in the operation mode table(s) below denotes the least and most restrictive noise mede across all bins. The listed wind speeds are at hub
height.

The curtailment strategy has been generated with open wind speed bins meaning that all wind speeds above and below listed wind speeds use
operation mode for closest wind speed.

Wind speed Wind direction [°]

[m/s] 30 150 180 210

6,0

7,0

8,0

9,0

10,0

11,0

12,0

B

e e T

Ocoo0o0O0O0O,,

If the bins contain sub-bins (more dimensions than the two presented in the table), the numbers will
indicate a range from the noisiest to the quietest mode (eg. 0-4, meaning modes in the bin range from
mode ID 0 to mode ID 4). The translation from Mode ID to operation mode name is also presented on
the page.

A note will clarify if open or closed intervals are used. Open intervals means that the same plan is

used for all higher and lower wind speeds than those presented. Closed intervals mean that the
optimized wind speed bins are bookended by unrestricted bins.
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In the report setup, an additional table can be added to document binning along a different selection of

dimensions.

W Report Setup O

Reports |Pages | Curtailment

[#] Curtailments 6 Turbines
[v] 1 - Superwind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]
[v] 2 - Superwind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]
[v] 3 - Superwind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]
[v] 4 - Superwind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]
[v] 5 - Superwind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]
[v] 6 - SuperWind SW-3.3-112 3300 112.0 !0! hub: 94,0 m (TO]

Select all ‘ ‘ Deselect all
Select parameters for operation mode tables:
[+] First table:
Rows: |Wir1d speed - |
Columns: [Wind direction - |

[ watermark |DRAFT -~

o | ) |+ Second table:

Report language / .

|Eng|ish - | s

Wind speed
| Preview | | Settinis_" ‘ Columns: Wind direction
\ Temperature
FDF file Print set Relative humidity
| TN
| Print | | Result to file r\
| Ok | | Cancel |

From Result to file, curtailments can be exported as one file for each turbine.
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Results to file *

NSA data
File name

Save Save as... Copy to clipboard

Detailed results
File name

Save Save as... Copy to clipboard

Noise detail with frequency data
File name

Save Save as... Copy to clipboard

WTG data
File name

Save Save as... Copy to clipboard

WTG distances
File name

Copy to clipboard

Save as...

Curtailments - one file for each WTG
File name

Save as...

Close

This is the same export as can be made from the Noise matrix analyzer (indexed).

2.19.6  The Noise Matrix in PARK and Loss & Uncertainty

To the PARK calculation, the noise matrix is considered as a curtailment like any other curtailment.
This means that the curtailment will be included in the PARK calculation if it has been selected on the
Setup page to include curtailments. If not, the curtailment matrix will be ignored.
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¢

Main | Setup | WTGs Scaling Wake Curtailment Power correction Costs Description

Calculate
®) AEP —the calculation result will be scaled to a full year based on number of samples

Scaling to full year by season Setup 0
Include a long term correction factor (on energy):
Time period energy (not adjusted to Annual Energy Production (AEF))

se time of day dent power curves when available Edit periods

v| Use curtailment

Alow only one curtailment per time step

Use blockage

ut to grid capacity

Output to PERFORMANCE CHECK and/or Result to File/ Wake Cleaning/Hybrid/Cost functions

On the Curtailment tab, it is possible to see there is a noise matrix, but it cannot be viewed or edited
at this point.

Main Setup WTGs Scaling Wake | Curtailment | Power correction Costs Description

Enable Temperature Derating

Group by: ® WTGs Curtailment type

Allow editing of WTG curtailment setup. (May influence other calculations)

View User | WTG Use Curtailment name Priority Curtailment | Action Conditions
label type
v View SuperWind SW-3.3-112 3300 112.0 it
Yes MNoise Matrix 1 MNoise Matrix
» View SuperWind SW-3.3-112 3300 112.0 i
1| > View SuperWind SW-3.3-112 3300 112.0 i
> View SuperWind SW-3.3-112 3300 112.0 i

In each time step, the curtailment rule causing the largest production loss is assigned the loss
regardless of the order of the losses. Only in case of shut down curtailments will the prioritization
decide which curtailment is assigned the loss. Two different losses will not be assigned in the same
time step.

The curtailment loss will appear in the main result together with any other curtailments as a
percentage loss compared to gross production.

This is also the loss factor which is displayed in the Loss & Uncertainty calculation. Please note that if

you want to combine loss factors on your own, the percentage value will be incorrect. It is, however,
the correct production loss in MWh which is used in the Loss & Uncertainty calculation.
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