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7.0 WindPLAN – Intro, step-by-step guide 

7.0.1 Introduction to WindPLAN 
The erection of wind farms or individual wind turbines near populated areas or preservation areas influences 
the landscape heavily. Fast and accurate analysis of the different environmental impacts requires sophisticated 
methods. The WindPLAN tools are developed with the goal to support the process of performing a spatial 
planning, that consider a detailed environmental impact analysis as well as other relevant topics.  
 
The spatial planning is an important basic for political decisions on how regions shall develop and includes 
many elements such as infrastructure, urbanization etc. Planning for WTGs has become an important part of 
the spatial planning during the last years in many countries and will in the future with the growing size of the 
WTGs and increasing WTG development be more and more important in order to secure a balancing of 
increased clean energy production and preservation of landscape values. Planning for WTGs are especially 
important due to the visual influence in the landscapes, but also due to the influence on many other topics in 
the planning. 
 
The WindPLAN module in WindPRO must be considered as a toolbox, which can help the planner to develop 
the planning basis in a way no other tools like GIS tools are capable of. This is because WindPLAN is focusing 
on the specific topics that need to be taken into consideration when planning for WTGs.  
 
An example is the wind resource. If the planners just look at the restrictions without considering wind 
resources, the result of the planning might be that the regions made available for WTGs has so poor wind 
resources, that projects will not be established. Also the projects may be so poor that maybe twice the numbers 
of WTGs have to be established in order to fulfill government goals than had wind recourses been considered 
in the planning. 
  
Another example is that planning has to take the size of the WTGs into consideration. A region might not be 
suitable for the largest WTGs but might well be suited for medium size WTGs.  
 
With the WindPLAN tools, it will be possible to benefit from many years of experience with WTG planning. The 
county of Northern Jutland in Denmark, which probably is the county in the world with most WTGs relative to its 
size, has been a very close corporation and inspiration partner for the development of the tools, which already 
has been used here for several years in the ongoing planning process. EREN, local planning authority in 
Castalia y Leon in Spain has also been an important inspiration and corporation partner during an Altener 
funded project on planning for WTGs in year 2000.  

7.0.2 WindPLAN Step-by step-guide 
Note that this Step-by Step guide differs much from other similar in the WindPRO manual, while WindPLAN 
has to be considered more like a toolbox, and there are many different ways to go doing the planning. 
Therefore, this is more like a “feature list” helping with the logistic and listing the options. 
 

 Establish data for planning in area object(s) with the purpose set to conflict check (environment and 
utilization protection distances) and limitations (technical limits like non-accessible regions, radio 
chains etc.). Often Internet sources like Natura 2000 con provide importable data. Before importing any 
data, the creation or loading of a description file (.lty) can save much work. 

 Set up the protection distances in the area object(s) with the protection data. Run the conflict check to 
identify the potential (and restricted) WTG regions – this can be a long process with frequent 
adjustments to distance demands and area data. See also chapter 7.7 for inclusion of bird conflicts in 
the survey. 

 Import the result of the conflict check calculation (.ear file) in a new area object to be used as a basis 
for potential WTG area locations.  

 Perform eventually a visibility calculation – here height contour lines will be needed in a line object. 
The visibility calculation can inspire for further possible restriction regions that can be digitized (or 
imported) in an area object.  

 If wind resources have to be taken into consideration, calculate a wind resource map (see chapter 3) 
and/or import or digitize it from other sources into an area object.   

 Give the regions of interest restriction values in the respective area objects. 
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 Establish a WTG area object from where the weighted wind plan can be established. Set up the 
decision table for weighting wind resources vs. restrictions and calculate. This can be a long process 
with in-between political discussions for refining the decision basis. Here the Pollution calculation 
tool can be included in the process if e.g. political goals considering pollution savings must be 
included. 

 When a wind plan (a map with the potential WTG areas, eventually weighted based on a decision 
table) is established on a regional level, more refinements can be done at local level. The different 
areas of interest can be analyzed in more detail including e.g. the terrain profile tool or other of the 
tools in the WindPRO package, where especially the Visualization tools are very effective for 
illustration of different project proposals.  

 Maps of large as well as small regions can be designed with the MAP Composer ready for 
incorporation in the documentation of the wind plan (made in Word, Publisher or other reporting 
software tools). With the MAP Composer, the symbols, legends, map size, DPI and color settings can 
be decided for the maps produced so the later printing process comes out with a high and professional 
quality. 

 
Another more schematic way to set up the procedure for performing a planning utilizing the tools in 
WindPLAN is given below. 
 
 

Possible steps in the development of a regional WindPLAN 

1 

Pre study: Which regulations are defined for the region (from planning 
laws etc). Are data describing the areas of interest (which are regulated) 
available as GIS data? Background maps as well as wind resource maps 
are also important. Finally, height contour lines will be useful in digital 
format. 

2 

Find or assume WTG planning protection distances and regions of 
relevance (landscape types). Protection distances for the different 
landscape types can be divided into demands, exceptionable and 
recommendations. 

3 

Establish based on above findings data in area objects from GIS sources 
or by manually digitizing. Add the protection distances in the landscape 
type description. 

4 
Calculate conflict check map - will also produce an .ear file with the 
results for further use. 

5 

A visibility calculation can be performed as a supplement for 
establishment of restrictions - relevant properties at the area object 
regarding Visibility (and ZVI) must be established.  

6 

Define an area object holding the restriction levels - data can be 
imported from results of conflict check calculation and/or visibility 
calculation and/or steepness check and/or manually digitized based on 
"politically" considerations 

7 
Calculate or import or digitize a wind resource map dividing the wind 
resource (mean wind speed) into intervals 

8 

Set up a decision table for weighting restriction levels against wind 
resource and calculate "The weighted wind plan". This part should be in 
interaction with politicians/public. 

9 

Evaluate the potential in this wind plan by "filling up" with WTGs or just 
extract the areas from the calculation to make rough estimates. Energy 
calculations based on wind resource map can be added for energy 
potential study. 

10 

Grid connection potential (and costs) can reduce the potential (Not yet a 
part of the WindPRO software, but a Grid calculation module is in 
development) 

11 
"Fine tuning" based on more local planning 
issues/investigations/calculations/visualizations etc. 
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7.1. WindPLAN – Data for planning 

7.1.1 The objects used in WindPLAN 

 The area object is the “center” for all planning calculations. The area object can import areas (polygons) 
as well as line or point data. Line and point data is during import given a width or radius, so these types of data 
is treated as polygons.  
 

 
 
First, an area object has to be established by selecting the object in the toolbar and click on the map. Set 
purpose to WindPLAN conflict check. Later (or presently) ZVI and WindPLAN – input for Visibility can be 
included if a Visibility calculation must be performed.  
 

 
The WTG area object is a special variant of the Area object, specialized for Optimize and WindPLAN purposes. 
The WTG area object is used for defining the calculation region and eventually for definition of a decision table 
in order to perform a resource and restriction weighted wind plan. See further details on this in 7.4. 

7.1.1.1 The Area Object – define or edit landscape types 

 
 
Area types can be defined before importing or digitizing the areas. Go to “Area types” tab sheet and select 
“Load/save”.  
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A number of landscape type files (*.lty) appear. For a simple test of the object, take the “Forest_ Village_Water” 
file. 
 
If a layer definition file – for your data purpose - already exists, then this should be imported and much time 
setting up the definition file can be saved. See in the folder WindPRO Data\Standards for possible predefined 
landscape type definitions (.lty files) or import from another area object. 
 
Below is shown an example of how to create / edit a user defined landscape definition: 

  
 
Open for edit by choice of “Edit” tab sheet, highlight the “Forest” type, and click on “Edit Area type”. 
 
A tab sheet for each purpose will appear. Here WindPLAN conflict check.  
 
Protection distances (3 different sets):  Here values as well as formulas can be inserted for three different 
degrees of protection: 
  
Demand – where no exemptions can be made, typically from government planning regulations.  
 
Exemptable - where exemptions can be made, e.g. distances to forest. 
 
Recommended – not real distance demands, but recommendations, are often used, e.g. distances to roads 
will often just be recommendations. 
 
Click at the edit button to get access to formulas and distances. 
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An example of entering a distance criterion is here given. In the upper half, a simple value can be entered 
(distance in meter). Simple arithmetic operations can be entered, e.g. 4 * HH (4 x Hub Height), where only the 
abbreviations shown in the right window can be used.  
 
Conditional distance criteria: It is often seen that the size of e.g. a lake decide if this is protected by a distance 
criteria.  
 
If more different distance criteria’s are entered, these can be seen in the list box, see below: 
 

 
 
It is of course a trivial job to establish many criteria’s matching large number of landscape types id. Therefore, 
we try continuously to improve the number of predefined type definitions matching different data sources, see 
next section. 

7.1.1.2 The Area Object – Predefined landscape types 
WindPLAN_ArealInformationsSystemet_LUATYPE.lty:  
This is a definition file for loading GIS data from a Danish resource site (GIS = Geographical Information 
System). The site http://ais.dmu.dk/ offers shape file data (for free) with detailed terrain classification for the 
whole of Denmark. Loading this landscape type definition file before importing the downloaded shape file data 
will automate the area classification definition to be used for WindPLAN purposes. Note that you must chose to 
group your imported shape file data using the LUATYPE database field. 
 
WindPLAN_LandscapeTypes_Danish.lty: 
This is a definition file (in Danish) holding the different distance criteria to the different types of 24 area 
classifications (e.g. neighbors, airports and nature). The distance criteria are processed from the legislation 
requirements. The legislation source of the particular demands can be found in comment fields when opening 
the file. Note: Definition files for other countries will be developed.   
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WindPLAN_ForImportOfConflictResultsIntoAreaObject.lty: 
This file is for import of the conflict check results into an area object (see section 7.2 and 7.2.3.3). The file is 
used when you want to make a wind resource weighted wind plan and want to use the conflict results as 
protection zones (see also section 7.4).   

7.1.1.3 The Area Object – digitizing data 
Digitizing of data can be done manually with a mouse on screen based on the loaded background map, see 
further details in chapter 2 (Basis – Area object).  

7.1.1.4 The Area Object – import of data 
Data for planning (or some of them) will often be available as GIS data e.g. from the local authorities. Formats 
that can be imported are  
 
.dxf – AutoDesk (AutoCAD export) 
.shp – shape files (ARC View or Info) 
 
Please note: The content of a shape file may consist of points, lines or polygons. However, all data within an 
area object must be polygons, so points or lines are converted to areas using a user defined radius (points) or 
line width (lines). 
 

 
 
From the Import/export tab sheet, the import is started. 

 
 
A small example can be tested from the sample “Ebeltoft” with a .dxf file holding forest, see above. 
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Coordinate system for the data has to be known. 
 

 
 
Click ok and the data appear on the map. 
 
Note: From .dxf files, data will just be added to a new created landscape type, named from the .dxf file. 
Afterwards, the landscape type can be defined or the data can be merged into another layer.  
 
For .shp files, more intelligent imports can be made. See further details in chapter 2 Basis – Area object. 
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7.1.2 Overview of data and calculations related to planning  
The needed data for planning will depend on which of the planning tools it has been decided to use and in 
which region/country the planning is done due to different types of landscapes and different regulations. Below 
a list show some of the typical landscape types to be taken into consideration for the different types of 
calculation (marked with x). 
 

Landscape type Protection 
distances 

ZVI-
influence Visibility Restriction levels 

(In weighted planning)

       Inside Buffer zone 

Urban regions      
 - Cities x x x  x 
 - Detached buildings x  x  x 
 - Summer residents x  x  x 
 - Camping or sports areas x    x 
Roads, railways, airports, gridlines x  x  x 
Forest, windbreaks, trees x x   x 
Water     x 
 - Opens sea x     
 - Fjords x     
 - Lakes x     
 - Rivers x     
Ancient places, churches etc. x    x 
Nature protection areas x   x x 
Military x     
Communication lines x     
Animals incl. migration routes x   x x 
Flora/Fauna  x   x x 
Mountains (steepness) or  
other construction limitations x     

Height contour lines  x x   
Wind resource map    x  
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7.2. WindPLAN  - Conflict check 

7.2.1 Calculation methods in conflict check 
Today, legislation in some countries specifies minimum distance requirements from WTGs to other technical or 
cultural objects in the countryside, e.g. airports, houses, roads, churches and preservation areas. The positions 
and extend of these objects are often available in geographical information systems (GIS) as digital vector 
maps or may alternatively be digitized manually from paper maps using the traditional WindPRO procedures. 
To process the digital data, a method is developed for computer aided ‘conflict checks’ – identifying turbines in 
conflict with legislation requirements and/or identifying areas where development of wind farms are possible 
based on a specific WTG size (if the WTG size influences the demands). The method processes all legislation 
requirements simultaneously, grouping the requirements into three groups: 
 
demands,  
exemptables and  
recommendations  
 
Distance criteria may be entered as functions of characteristic geometries such as turbine size (e.g. hub height, 
rotor diameter) or object properties (e.g. a forest area or height). 
 
As indicated above two distinct types of conflict check calculations are available: 
 
Check on individual (existing or specific planned turbines)  
Check of a complete region (in specified grid resolution) where the region is specified by a WTG-area object 
(free shape) or shape object (rectangle). 
 
The ‘turbine check’ processes a conflict check using the actual geometric turbine data, generating a report of all 
the distance criteria that have not been met for each of the turbines. The ‘region check’ processes the entire set 
of area data given restriction distances within the selected area. The conflict checks are made with fixed turbine 
size using a user-defined grid-resolution.  
 
On overview of the WindPLAN conflict check calculation algorithm is shown in the picture below.  
 

Find WTG or  
point position 

Find polygon (area)  
with distance demands 

Calculate distance 
requirements 

Calculate shortest distance 
from WTG/point to polygon 

Is requirements fulfilled? 

Are all polygons looped?No 

No 

Save results 

No 

Yes 

START 

All WTGs/points looped?

Yes 

STOP 

Yes 
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7.2.2 Example on conflict restrictions 

Chapter 
in EIA 
report *) Type Restrictions Excemptable Recommendations/remarks

2 Neighbors 4 x Total height Only for WTG owner 

2 Neighbors 500
Visual influence has to be 
investigated

2 WTG dimensions
Maximum 10% difference in rotor 
diameter and hub height

3 Ancient grave yards 100

3 Churches 300 3000
In some plans a specific analyze is 
required for WTGs within 3000 m 

3 Other WTGs

Visual influence 
has to be 
investigated 2500

5 Drinking water dwells 300
5 §3 regions (nature) 0
5 §4 regions (dikes) 0
5 Shore 300
5 Lake and river 150 Only if above certain size
5 Forest 300 only if > 20 ha

5
Designated area of 
outstanding natural beauty 0

5
International nature 
preservation area 0 near field

5 EU habitats directive

Are not allowed to 
reduce their 
standard of living near field

6 Air traffic
> 150 m total 
height

100-150 m Total 
height - detailed 
evaluation

6 Airports 5000 Air traffic authority has to be asked

6 Air traffic authorities Total height > 100m
Air traffic authority has to be asked 
(all distances)

6 Air traffic authorities Total height > 150m Must always be marked

6
Radio chains 
(communication lines) 300 Rule of thumb

6
Defense installations 
(Military) 12000 Military must be asked

6 High voltage lines
There are many different opinions 
in the different Municipalities

High Way As above
Major roads As above
Minor roads As above
Rail ways As above

Restrictions for WTG planning in Denmark

Note: all distances in meter  
*) The Danish Environment Impact Assessment (EIA) report can be found by
following the link below (only in Danish so far) 
 
http://www.ens.dk/graphics/ENS_Forsyning/Vindmoeller/DrejebogVVMvindmoeller140202.pdf

7.2.3 Calculation set-up in conflict check 

7.2.3.1 Data for the conflict check calculation 
The required input data for a WindPLAN-conflict check calculation depends on the type of analysis to perform: 
 
Turbine check requires: Area object data and WTGs 
Area check requires:  Area object data, WTG area (or shape tool).   
 
Geographic distance criteria data: Area object data 
The geographic information data used in a conflict check calculation is saved in a number of the area objects 
(i.e. distance criteria and connected polygon data). Each area object must contain valid area type definitions, 
each describing the different types of distance criteria for each layer within the area object. 
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Shown in the two figures are samples of GIS-data imported into one area object. The layers (1110-1210) 
shown with red color are urban areas. These have a protection distance of 4*TH – i.e. no turbines can be 
erected in a distances from outer limit of the considered polygon which is nearer than four times the total height 
of the considered turbine. Furthermore, the model assumes that if a protection distance is entered, then 
turbines cannot be erected within the polygon area. The urban areas above furthermore have an exemptable 
distance criterion, which is 500 meters. No recommended distances are entered for the urban areas. Please 
note that the different layers also have entered a layer height.  
 
Note that two variables from the area object data can be used in the conflict check expressions: LA is the 
specific polygon size/area: This can be used for excluding/including areas larger than a specified size. LH is the 
layer height.  
 
Object(s) to analyze: WTGs, WTG-areas or Shape-Tool areas 
In order to perform the conflict check calculation, you must create either:  
 
1) A number of existing WTGs or new WTGs 
2) A WTG-area object (typically used for selecting ‘irregular’ areas) 
3) A Shape-Tool area (used for selecting a rectangular area)  
 
Each calculation setup accepts an arbitrary number of WTGs but only one WTG area object or Shape tools 
object. If you want to analyze more areas, then either generate more areas within your WTG-area object or 
perform multiple calculations. 
 
borders   Shape Tool Area 

WTG-area with borders of 
the municipality  

 Turbines 

 
 
Create calculation  
 
Having completed the area-object configuration and selected one or more objects to analyze, you are now 
ready to proceed into the actual calculation setup. Please go to the WindPRO calculation overview and choose 
WindPLAN (conflict check, ...). 
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WindPLAN

 

7.2.3.2 The conflict check calculation setup 
When clicking the WindPLAN conflict calculation, then the main calculation window will open. You will see an 
almost empty main calculation page. Please set the purpose to ‘Conflict check’ and a new tab-sheet labeled 
‘conflict check’ will appear. 
 
 

First: Set purpose! 

Then calculation setup appear  

 
 
In the ‘conflict check’ tab-sheet the required input data is chosen.   
  

 
 
Area Objects (individual and areas): Is the digital geographic information data holding information on the 
protection areas and the distance demands. This source area object data is used for both individual ‘turbine 
checks’ and ‘area checks’. Multiple areas may be selected. 
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Turbines (individual turbine checks only): WTG’s to be included in the conflict analysis. Multiple turbines 
may be selected. 
 
WTG-area or shape (for area checks only): WTG-area object or shape tool object for selecting the area to be 
analyzed in an ‘area check’. Note only one object can be chosen in each calculation. Furthermore, only the 
rectangular outline of the shape tool is used. 
 
Use preprocessing of data: Enabling preprocessing of data may speedup your calculation – especially if the 
data have been imported from GIS (e.g. ESRI shape files). The data preprocessing lowers the distance 
accuracy of the analysis, because the data points that is placed on or near a straight line is merged into one 
line. This is done if the distance from the point to the line is below 2 meters. 
 
Fixed parameters for conflict check on an area: This box is enabled only if a WTG-area or Shape-Tool area 
has been selected. The settings in this box all apply to the ‘area-analysis’. 
 
Hub height, total height, rotor diameter, rated power: Turbine characteristics used for area check only. 
These criteria are used in the distance criteria when performing area checks.  
 
Distance in calculation grid: This is the distance between the calculation nodes when performing an area 
check calculation. When entering a distance in the edit-box, the number of calculation nodes is estimated in the 
box below. Please be aware, that the calculation speed is directly depended on the number of nodes as well as 
the number of polygons in the area objects. For initial calculations, please test the calculation speed using a 
coarse grid (say 1000 nodes or less) and then decrease the distance in the calculation grid to the desired 
distance.   
 
Get max: Pressing this button makes the program loop through the properties for all selected WTGs and to put 
the maximum data into the corresponding edit boxes.   
 
Advanced: Opens a new window enabling the user to select which specific area layers to include in the 
analysis (area layers from the selected area objects). As the default setting all layers are chosen, however it is 
also possible to choose only those layers that have been enabled in the area objects or to select a custom set 
of layers. Note that if more area objects have been chosen, then the similar layers are grouped into one – 
enabling the user to select or deselect a particular layer in all area objects with one click. This feature is 
particular useful if many GIS-data - with an identical layer structure - have been loaded into different area 
objects. The feature is intended to ease the creation of sensitivity analysis’ – when a number of almost identical 
analysis’ are run.  
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7.2.4 Calculation report in conflict check 
When having completed the calculation you are now able to print results from the conflict check analysis. The 
picture below is showing the list of the four reports available. The number of reports and the design of the 
reports will depend of the input objects chosen (either WTGs, WTG-areas or both). 
 

  
 
The reports and their setup-properties are configured as follows: 

7.2.4.1 Conflict check: Main Result  
Gives detailed results on the conflict checks including maps of turbines and/or selected calculation area. If any 
number of turbines has been selected, then also a detailed report on this turbine is given – including 
specifications on all criteria that have not been met. 
 

 
 
The options for this report are shown above. Here, you may configure your map used in printouts as well of 
the size of the symbols (symbol scale factor) and the size of the legends use for turbine numbering (legend 
scale factor). Furthermore, you may specify which restriction zones to include in the printout. Note: If you e.g. 
deselect the restricted zones, then you may experience that certain of these areas turn to be exemptable 
instead. This is because the software saves the status of all four zones (restricted, exempable, recommended 
or no restrictions). In addition, you have the option to specify whether to include or exclude the WTG-results 
and/or Area results in the main report. 

7.2.4.2 Conflict check: Detailed WTG + Area Map 
Full page maps showing either turbines or areas. The setup properties of these reports are much as the ‘Main 
Result’ described above. 

7.2.4.3 Conflict check: Data to file 
This report writes a text file to disk with the conflict check results. If a calculation area has been chosen, then 
also a result layer file is written (*.ear). The *.ear file may be loaded into a result layer or alternatively imported 
into an area-object for further calculation (e.g. a wind resource weighted wind plan). Please specify your 
filename in the report setup (right click the report name to open) before ‘printing’. 
 
When importing the *.ear file into an area-object or resource layer then use the following intervals: 
 
 Outside calculation area  ∈ ]∞; 2[ 

No restrictions   ∈ [2; 4[ 
 Recommended   ∈ [4; 8[ 
 Exemptible   ∈ [8; 16[ 
 Restricted    ∈ [16; ∞[ 
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7.3. WindPLAN - Visibility 

7.3.1 Calculation methods in visibility calculation 
One of the major problems with modern WTG’s is their visibility. The size of a modern WTG is typically from 40 
– 100 m hub height and it is obvious that it is visible at large distances. However, especially in landscapes with 
forest and in hilly or mountain landscapes, much of the visibility may be obstructed by these elements. In the 
WindPLAN visibility calculation, the software calculates how visible a WTG positioned at any particular grid 
point (node) inside a specified calculation area (region) would be. The analysis is not limited to WTG’s only, but 
also other dominant elements - e.g. high voltage masts (to find the best suited trace in a specific landscape) - 
may be analyzed. In its basic configuration, the resulting visibility map shows the total accumulated area 
influenced by an object at any specified node, where the number of nodes is given by the setting of the 
calculation resolution, e.g. 100 m grid resolution.  
 
The visibility calculation model has the option of performing a weighted analysis. In this case, densely 
populated areas may be given a higher weight than sparsely populated areas. Typically, the weight is given as 
population density, i.e. inhabitants per square kilometer. Thus, when making the weighted calculation, the 
result is a map showing the number of persons influenced by the object. Since the influenced areas close to the 
object is visually more sensitive to the object than areas far away, then the option of including a distance weight 
is also included in the model. Finally, it is an option to specify how large a fraction of e.g. the people living in a 
village that is able to see out of the village. 
 
The visibility incorporates a modified ZVI model; a description of the general ZVI model is found in chapter 7 
and a description of the modified model is found on the next pages.  

7.3.1.1 Description of the visibility model 
The following definitions are used in the description below: 
 
Object: In this context, an object is the physical object to be visually analyzed – e.g. a turbine or a large 
chimney. To describe the object only the height is required.  
 
Observer: An observer is typically a person observing the object. This observer is placed in all nodes, looking 
for visual contact with the object. To describe the observer only the eye height is required (+ grid resolution). 
 
ZVI-area(s): In this context, a ZVI area is the polygon digitized given the purpose ZVI. The ZVI areas are 
landscape elements, e.g. cities, forests or lakes. To describe the ZVI-area only the height is required. 
 
Height model: The gridded orography model, typically loaded from height contour lines (vector data). 
 
 
 Area where turbine is not visible 

Landscape object, e.g 
city, house or forest Turbine or other object

Area with turbine visible 

 

The model calculates the 
visual influenced area by 
the object placed in a 
calculation node. In the 
figure to the left, the 
influenced area is shown 
with white color. The 
influenced area is 
calculated taking ZVI-
areas and terrain height 
variation into account.  
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Weight = 1 

Weight = 2 

Weight = 3 

Background weight = 0 

Observer 

It is possible to assign 
weights to different parts 
of the visually influenced 
areas. In the figure to the 
left, the weights are 
illustrated by different 
number of observers per 
km2 (e.g. population 
density). Here 3 different 
“Visibility areas” are 
shown with different 
colors. These are all 
having the height “0”. A 
background weight 
(default-value=1) is 
assigned to all areas with 
no “Visibility areas” 
digitized. 

 Observers inside an area, e.g. a 
forest, might see something 
outside the area, but not trough 
the neighboring area 

The fraction of observers actually 
able to see out of the area is given 
by the ZVI view variable 

When an observer is 
located inside a landscape 
element (e.g. a city), the 
LOS model assumes that 
a fraction (0-100%) of the 
observers inside is able to 
look out of the polygon 
and to look at all areas 
inside that particular 
polygon (except when the 
terrain heights hides the 
areas). Other landscape 
elements (nearby 
polygons) still block the 
view if they are high 
enough relative to 
observer and object 
heights. 

 
The visibility model calculates the visibility of an object. The visibility in a point is defined as the (weighted) area 
influenced by an object placed in that point and it is calculated including influences from the terrain orography 
(height contours) and ZVI-areas (e.g. forests, cities). This visibility calculation includes the influence from the 
curvature of the earth, and the results from the visibility calculation area is either measured in square 
kilometers or in a user defined parameter – e.g. persons able to see the object. The calculation is made by 
using a calculation grid. This grid size is defined in the calculation setup, and it typically varies between 50 and 
250 meters.  
 
The visibility at a given object position (x0,y0) is calculated using the following relation: 
 

( ) ∫ ∫ ⋅⋅=
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max

min
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x
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where Visibility(xo,yo) is the weighted visibility area measured in km2

 x0,y0 is the position of the object to be analyzed 
 x,y is the position of the observer (also the integration variable) 
 xmin, xmax, ymin, ymax are the limits of the calculation area 
 LOS(x0,y0,x,y) is a function making a line-of-sight calculation, the 
 function returns 1 if the point is in visual contact, 0 otherwise.  

View(x,y) is holding the ZVI view value in the point (x,y), i.e. 
typically the fraction of persons able of ‘seeing out’ of an area. 
Weight(x,y) is the weight assigned to the point (x,y), i.e. if used then 
typically the number of persons per square kilometers. 

  
The line of sight (LOS) calculation includes a gridded orography model (height contours) as well as a gridded 
terrain model with landscape elements, such as forests, cities.  Since the LOS calculation is made using 
gridded data and the raw source data typically is loaded as vector-data, the user should be careful when 
determining the grid size. This is the case if the raw vector source data includes very small polygons or 
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contours that are significantly smaller than the grid size. In that case, some of the small contours may not be 
included in the gridded model. 

7.3.2 Calculation set-up in visibility calculation 

7.3.2.1 Data for visibility calculation 
Data for visibility calculation are contained within one or more area objects and in one line object. The 
calculation area is selected through one WTG-area object. 
 
WTG-area object: Calculation area can be digitized in the WTG-area object (or shape files can be imported to 
the WTG area object). 
 
Line object with purpose height contours: Is holding the height contour data. This data is used for 
generating the gridded terrain model. Note, that the height contours must cover the calculation area PLUS the 
outer calculation radius, D2, (see further below). 
 
Area object with purpose ZVI: Holds data for the landscape elements model, meaning the heights and 
extensions of terrain elements on top of the basic terrain. 
  
Area object with purpose WindPlan – input for visibility calculation: Holds the visibility weights (e.g. 
inhabitants per square kilometer) and the ZVI view, how much can be seen out of an area e.g. a village.  
If more polygons with visibility weight cover the same area, then the highest value is selected. A background 
weight is be assigned to all undefined area (areas where no polygons are digitized given the purpose “Visibility 
calculation”, see the calculation setup.) 
The ZVI view data is a value between 0 and 100. Any areas not covered by the polygons are assigned height 
equal to 0 and ZVI view value equal to 100. All heights of the landscape elements are selected from this object 
only. 
 
Note: The two area object types may be combined in one object with both purposes. 
 

 
Example of the two parameters ZVI view and Visibility weight for a landscape type for a visibility calculation. 
 
Examples of the data input 
In the figure below, the layer definitions in the area object to the right, shows a visibility weight of 100 in the 
villages, and in a buffer zone around villages (which can be auto generated by the area object), a visibility 
weight of 50. Other layers are given a weight of 1.   
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Purpose ZVI. Purpose WindPLAN/visibility. 
 
In order to make a reasonable buffer zone around villages where most people can "see out", it is important to 
set the height of this area to a low value, here 1 meters. This is because people inside the village must be able 
to look out over the buffer zone - otherwise the parameters for the village do not make sense since they cannot 
see trough the buffer zone. 
 
The height of the layers is taken from the area object with ZVI purpose (see the left figure above). The height is 
used in the calculation to decide when a terrain feature blocks the view to the WTGs. The layers are simply 
placed on top of the height contour lines adding their specified height. 
  
With a WTG-area object, the area to be calculated can be drawn, see example below. 
 

 
 
In yellow color the calculation region is shown. The polygon is digitized through a WTG area object. Also seen 
are some hatched regions. These areas belong to an area object and assign special area weights. The 
WindPLAN Visibility calculation module can now be started from the calculation menu. 
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7.3.2.2 The Visibility calculation set-up 

 
 
 
D1 and D2 is - as the sketch illustrates - two measures giving a reduced weight when object (WTG) is visible at 
larger distances. Up to D1 full weight (here 3 000 m) is used while the weight from this point decreases linearly 
until a distance of 10 000 m where the calculation stops for this specific grid point. Please note that the D2 
parameter actually determines the size of calculation area, since also areas outside the calculation area are 
included in the visibility calculation. This is the case if a calculation point is located close to the border of the 
chosen calculation area.  
 
Grid size specifies the detailing level of the resulting map, but it is also important to keep it reasonable low, if 
there are many small polygons in the calculation while only calculation points that fall inside a polygon include 
the specific polygon properties.   
 
Eye height decides from which height a.g.l. the visibility is to be calculated. 
 
Object height is for WTG planning purposes the height of the WTG. Here it can be decided whether the 
calculation must be performed for a typical hub height or the total height of the WTGs that are expected to be 
realized within the plan.  
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Background weight is information on how areas not digitized in the used area object(s) must be weighted. 
Typically, a low weight should be used, while no areas are fully unimportant – and if there are such, these could 
be digitized specifically and given weight 0. 
  
Area objects (with ZVI-view and visibility weight values): These are area objects with purpose set to 
“WindPLAN – input for visibility calculation”. Weight value is used when calculating the summed visibility value. 
Note: If no objects appear in a given box, it is because no areas for this specific purpose have been 
established.  
 
Height contour objects: Object with height contour lines. Please notice, that the object must cover an area, 
which is D2 larger than the selected WTG-area. 
 
Area objects (ZVI)): Area objects used for calculating the visible area of a turbine - i.e. these are areas 
(polygons) that block the sight. The objects must have areas with the layer height defined.  
 
Direction from and Direction to: Makes it possible to do a directional analysis, only including the visible 
influence within certain directions of the object. This option could be relevant, if the area surroundings are 
heavily influenced by valleys or other directional influences. In addition, in certain parts of the world, the 
visibility towards the northern directions is considered worse than towards southern directions. This is due to 
the sun azimuth angle certain times of the year. 
 
Use obstacles: Include obstacles from WindPRO in the calculation. The WindPRO obstacles are typically 
used for wind energy calculations, but may also be included here. The obstacles are actually included in the 
ZVI-areas, blocking views. Note: Only obstacles with porosity less than 0.4 are included. The ZVI view 
parameter for all obstacles is set to 0.00, i.e. assuming that observers inside an obstacle cannot look out of the 
obstacle. 
 
Save to result file is an option that makes it easier to place the calculation result on top of the map. If this 
option is checked, then the results are automatically loaded onto the map after a finalized and successful 
calculation (only possible if saved to file). 
 
Below a result of a calculation is shown on top of a map. This could be used for generating a new area object 
telling that the red regions are more “sensitive” than the yellow, and that the blue are not particularly sensitive. 
Importing the data into an area object with purpose “Weighted WindPLAN restrictions” will allow the user to 
give restriction values to the different area types and afterwards weight them together with wind resources. 
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7.3.3 Calculation report in visibility calculation 
When the calculation has been completed, you will see two reports available.  
 

 
 
Visibility summary: Gives the details on the calculation setup. This includes which areas that have been 
included, and the distance function (weight function). 
 
Map: This report shows a full-page map of the calculated visibility areas. 
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7.4. WindPLAN  - weighted planning; wind resource vs. 
restrictions  

7.4.1 Calculation methods in weighted planning 
The wind resource weighted planning procedure is a model for weighting wind resources versus the 
protection/environmental interests. The result is the identification of areas optimal for wind farms and 
identification of areas where the erection of wind turbines should be limited. Basically, the weighted wind 
planning assumes that for the highest wind resource areas, building in areas with a higher degree of protection 
interest is allowed in order to optimize the utilization of potential areas for wind energy and thereby also limit 
the number of WTGs needed to fulfill the clean energy production goals.  
 
The weighted planning procedure uses three or more objects: 
 
Area object holding the wind resource (e.g. calculated using the RESOURCE module) 
One or more area objects holding the protection interests (e.g. calculated using WindPLAN conflict check or 
WindPLAN visibility) 
A WTG-area object holding the decision table and the final WTG-areas (results) 
 
All wind resource data are saved as grouped polygons according to the wind resource interval (e.g. one group 
with an average wind speed between 6.0 – 7.0 m/s and another group 7.0 - 8.0 m/s).  Protection interests are 
also digitized as polygons or loaded into polygons. These protection interests are also grouped according to 
their protection attribute value. This value is an integer number between 0 and 9. 0 means no protection, while 
9 is the highest protection level. Any number of area objects with protection interest data may be used. For 
instance, some may hold environmental properties while others hold constructional limits etc. If two areas are 
on top of each other, the protection values are summed up. 
 
When the wind resource and the protection interests have been established, then a WTG-area object holding a 
decision table must be established, The decision table is the key for generating the weighted wind plan, 
because this is where the program decides if a WTG area may be generated or not. The decision table 
combine restriction level and wind speed regime and assign each combination to a suitability category. The 
different suitability categories are set up by the user (like “good”, “poor”, “bad”) and identified in the key by a 
color marking. 
 
Having established the decision table, the planning algorithm evaluates all source polygons and creates new 
polygons using a polygon cutting procedure if several protection interests collide. 
 
The result polygons are then created by the WTG-area object by looking up each calculation grid point in the 
decision table and dividing the total area into WTG-areas of equal suitability. An overview of the procedure is 
given below. 
 
 

Wind resource 

Restriction level (1) 

Restriction level (2) Combined restriction 
levels (polygons) 

Restriction level (N) 

 

. . . . . 

Decision table lookup 

Create new WTG-area 
polygon? 

 

7.4.2 Calculation set-up in weighted planning 
The calculation of a wind resource weighted wind plan is performed from a WTG-area object. 
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7.4.2.1 Weighted planning: Data for the analysis 
The source (input) data consist of the following two area objects with purposes set to ‘wind resource’ and 
‘conflict check’. 
 
Wind resource: Digitize your wind resource or import an *.rsf or *.wrg file into the area object with purpose set 
to ‘wind resource’. Select the ‘wind resource’ and click the ‘import rsf’ button. Note: You may calculate the wind 
resource map using the RESOURCE module (see chapter 3). The resulting file (*.rsf) is easily imported into an 
area object. As the decision model is based on areas with a limited number of wind speed ranges, the data 
must be grouped into a limited number of bins (say 3-5). Below is shown an example of an rsf-file import, where 
the data is grouped into four distinct intervals. Please note that the data is converted from raster to a vector 
format. The converting procedure may take some time.     
 

  
 
 
Restriction levels: The restriction levels must be loaded into a number of area objects with purpose set to 
‘Weighted wind plan restrictions’. The vector data may be digitized by hand or they can be loaded from 
available GIS data. An alternative procedure is to use the ‘WindPLAN – conflict check’ and/or the ‘WindPLAN - 
visibility’ modules to make accurate analysis’ of the desired protection zones. Please check that all loaded 
layers have a protection value assigned (an integer between 0 and 9). If you choose to import from the 
‘WindPLAN – conflict check’, then please consult the section 7.2.3.3 for setting up the proper intervals. Below is 
shown two screenshots from the import procedure. Click the ‘import .ear file’ button and choose the ear file. 
Then setup the intervals as described in section 7.2.3.3. Importing from ‘WindPLAN – visibility’ is similar, but no 
guidance can be given on the interval settings (as the results are weighted visibility areas). Please note that the 
data is converted from raster to a vector format. The converting procedure may take some time.     
 

7.4.2.2 WindPLAN – WTG area including the decision table 
Having established the source data with one area object containing the wind resource and any number of 
objects containing the restriction levels it is time to create a WTG-area object. Here the actual weighted wind 
resource calculation is performed. 
 

The WTG-area object setup procedure is as follows: 
  

Create a new WTG-area object (see icon above). 
Select which restriction objects and resource objects to use. 
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Select ‘decision table’ (see tab sheets at the bottom). The different wind resource intervals are shown as 
columns. 
Create a number of evaluation results (here 3 shown: protected, limited, free – each representing the potential 
of wind farm development within the area). 
Fill the decision matrix. Note: In the example shown you will find that if an area has a high wind speed then the 
critical protection values are higher. To set/change the settings select the category below and click a field in the 
table. 
Press the go button to evaluate / calculate. 
 

 
 
 

© EMD International A/S   •   www.emd.dk   •   WindPRO 2.5   •   Jan. 06 



7.4. WindPLAN  - weighted planning; wind resource vs. restrictions • 343 
 

    

 

 
 
After “Go” a result is seen on the map – evaluate it, maybe change the decision table and “go” again. It is now 
very easy and fast to test different decisions and work towards a wind plan that makes a good compromise 
based on the political situation. 

7.4.3 Calculation report of weighted planning 
Once the calculation is completed to your satisfaction a report can be generated by starting the calculation 
module “WindPLAN-T” setting the purpose for “Weighted WindPLAN”. 
 
Here following can be set-up/selected:  
 
WTG-area with WindPLAN results: Select your WTG-area with the WindPLAN results, which have been 
calculated as shown in section 7.4.2.  
 
Recalculate wind resource weighted WindPLAN using updated data: Check this field if you want an 
automatic re-calculation of your WTG-area data (like pressing the GO button in the WTG-area object. This 
option may come in handy, if the wind resource map or the protection interests are updated. The decision table 
as saved in the chosen WTG-area object is used. 
 

 
 
Having pressed the OK button and completed the calculation, a report of the wind resource weighted wind plan 
can now be printed. Two report types are available, described below: 
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7.4.3.1 Wind Resource Weighted Wind Plan: Main Result  
This report type gives an overview of the results obtained and the objects included in the analysis. Each object 
is reported with the number of polygons, their attributes and their size.  
 
Right clicking the report name opens the report configuration. Here you may change the background map and 
some symbol setups.  
 
WTG-area print options: Also the printout of the calculated WTG-
area object may be changed. Here you may choose to use vector 
printing or raster printing (default). The raster printing is necessary 
because of the disability to print holes correctly when using a 
vector format. It is highly recommended to use the raster format 
(at least 500x500 points). Note that the calculated WTG-areas are 
internally saved as a vector format and are converted from vector 
to raster format during the print process. The conversion process 
from vector to raster may take some time.   

7.4.3.2 Wind Resource Weighted Wind Plan: Weighted Planning: Detailed Map 
A detailed map with legend showing the calculated wind resource weighted wind plan areas. The print options 
are like described in section 7.4.3.1.  
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7.5. WindPLAN – Tools now in WindPRO BASIS 

In the WindPLAN development process, some tools with high relevance for planning were developed. Three 
out of four were found so valuable also for other purposes than planning (project design), that they now are a 
part of WindPRO Basis. This mean that the 3 tools: 
 

- Terrain profile 
- Map composer 
- Steepness calculation 

 
All are described in the basis chapter, but with high relevance for the planning situation. 
 
The fourth tool, Pollution accounting, will be described in the next chapter. 
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7.6 WindPLAN – Pollution accounting 

7.6.1 Introduction to Pollution Accounting 
The pollution accounting reports is a general tool for estimating the potential resource and pollution savings 
when creating a wind turbine or wind farm. Almost any substance may be accounted for; it is only necessary 
that the savings can be represented as amount per produced energy unit (e.g. kilograms per kWh). The module 
makes it possible to convert results between different unit systems (SI / UK and US). 
 
Due to the improvements in power generation technologies over time, it may be necessary to include the year-
by-year values of the pollution from the existing electricity production systems (baselines). This could e.g. be a 
request for calculations for Joint Implementation (JI) project documentation. 
 
The calculation report will list all the savings year by year based on the WTG energy production including the 
details included in the baseline scenarios. 
 
The pollution saved will depend on which other electricity production units that are taken out or reduced when 
wind power enter the system. This may vary much with time (day-night, summer-winter etc.). To calculate in 
details, the energyPRO software tool from EMD are able to handle this. In the pollution accounting tool, it is 
assumed that the user specifies which production units that will be reduced in operation.   

7.6.2 Calculation set-up in pollution accounting 
The pollution accounting uses three databases to complete a description of any scenario: 
 
A database of substance groups: i.e. fuel, toxic substances and greenhouse gasses. The database also holds 
the information on the unit systems to be used in the substance items (e.g. energy or mass). It is also possible 
to specify if a group (like greenhouse gasses) uses equivalent factors to calculate a combined environmental 
effect.  
A database of substance items, i.e. CO2, NOx and coal. Each substance item must belong to a substance 
group (CO2 belongs to greenhouse gasses). In the database of substance items, a complete description of the 
item is given and a value of its equivalent factor (if applicable).  
A database of energy sources, i.e. a typical power plant that is replaced by wind energy. This database 
contains the actual saved emissions per energy unit, saved fuel per energy unit, land use per produced energy 
unit etc. The energy source database typically also holds general information about the energy source. 
 
Sample files of the three databases (groups, items and energy sources) are found in the \WindPRO 
data\standards folder on your hard disk. The files may be loaded by checking the ‘Load WindPRO standards’ 
on the main setup page. The files are named: 
 
 Groups:  PollutionGroups_Eng.grp 
 Items:  PollutionSubst_Eng.sub 
 Energy source: PollutionPowers_Eng.esc 
  
You may replace these three files with your own database files created using the proper editors (see below). 
Note: All information database information is saved with the report, i.e. no external linking to the database files 
is necessary after the report have been made/saved. Other standard files may exist, where the part of the 
filename ‘Eng’ may be replaced with an abbreviation of your local language.  
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7.6.2.1 Pollutant accounting - calculation setup main page 

 
 
The main setup of the pollutant reporting is shown in the screen shot above. The standard energy sources 
have been loaded from the WindPRO standard files. The following setup options can be made: 
 
Calculated clean energy: Specify the amount of energy that the wind farm / turbine produces. Also, specify 
the unit for the energy (WattHours or Joules). This amount must be the ‘best estimate’, where availability of the 
turbines has been taken into account. 
 
Month of commission: This is the month that the wind farm is put into commission. Please note that the date 
may be of importance, especially if the wind energy replaces conventional energy sources where baseline 
scenarios apply. This is the case where the pollution of the energy sources decreases with time due to 
technical advances.  
 
Expected lifetime: The expected lifetime of the wind farm (typically 20 years). Note: The saved amounts are 
reported yearly and summed to a lifetime saving. 
 
Conventional energy: Please check the energy sources to include in the report. De-selecting will cause 
omission of the scenario. 
 
Load WindPRO standards: Loads the default database files (see section 7.6.2). 
 
Pollutant editor: Editor for the pollutant/substance database item (see section 7.6.2.3). 
 
Group editor: Editor for substance groups (see section 7.6.2.2) 
 
Import: Loads a custom energy source file (*.esc) to the project. Only energy source data is loaded, i.e. no 
group or item information is loaded. These must be loaded separately using their respective editors. The 
energy source data is sufficient for generating a report, but does not contain detailed information on the 
individual substances. 
 
Export: Saves a custom energy source file (*.esc) to the disk. Only energy source data is saved, i.e. no group 
or item information is saved. These must be saved separately using their respective editors. 
 
Edit, Add, Copy, Rename: 
 
Opens the editor for the chosen conventional energy scenario. It is possible to add/edit details of the scenario.  
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Pressing the pollutants tab sheet opens the amount editor. Here you may choose from the list of entered 
pollutants (from the database of pollutant items). Pressing the ‘<’ button open an amount editor, where it is 
possible to edit the pollutant amounts. It is possible to enter amount/values as unit per amount of energy (e.g. 
kg/kWh).  
 

7.6.2.2 Pollutant accounting – group editor 
Opening the group editor, you may edit details on the pollutant groups. Below left is shown the standard 
WindPRO group database file, with the seven implemented groups. The options tab sheet makes it possible to 
specify whether to use equivalent factors and which unit system to use. 
 

7.6.2.3 Pollutant accounting – substance item editor 
Opening the substance item editor, you may edit details on the substance items. Below is shown the standard 
WindPRO group database file, with the substance items. The options tab sheet makes it possible to specify 
which group the item belongs to and the amount of the equivalent factor (if applicable). 
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7.6.3 Calculation set-up in pollution accounting 
Having completed the setup and completed the pollutant accounting calculation - the report can now be printed. 
Three reports are available: 
 

 

7.6.3.1 Clean Energy Savings: Main Result 
This report gives a detailed accounting report for each year and a summed result. Each scenario is reported in 
a separate table. 

7.6.3.2 Clean Energy Savings: Details and Baselines for Scenarios 
This report gives the input details for the different scenario. This report is primarily a printout from the 
substance item database combined with the values in the energy source / scenario database. 

7.6.3.3 Clean Energy Savings: Details on Resource Consumptions and Emissions 
Prints a detailed description of pollutants and their connected groups. 

7.6.3.4 Clean Energy Savings – Unit system setup 
In order to change between unit systems then: Right clicking the report name - choose properties and then the 
‘Units’ tab sheet. Now you can choose between the implemented unit systems (SI / US / UK.) and (Joule / Watt 
Hours). Please note that the software automatically select the best decade prefix for the particular amount (e.g. 
selecting between 1000 grams or 1.000 kilograms)  
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7.7 Bird conflicts 

7.7.1 Birds and WTGs 
Noise, shadow flickering and the visual effect are not the only problems when discussing influences from 
WTGs. The effect on birds caused by WTGs is the most frequently discussed topic when planning and erecting 
new WTGs. 
 
Throughout the years, the possible conflicts between birds and WTGs have been subject to various 
researches. The knowledge on this subject has grown extensive but is, however rather controversial in 
ornithological circles due to the fact that there are still several poorly elucidated aspects. The WTGs’ effect on  
wild birds is a rather extensive subject. The following chapter is concentrated on the most discussed problems 
and can be used by developers and/or administrative employees in order to determine if a specific site could 
cause bird interest conflicts. 
 
Legal basis: The interest of conservation of birds and the legal basis vary from country to country. In Denmark 
the formulation of the problem can be divided into two groups:  
 

1) International Conservation Interests: Includes the conservation interests belonging to the so-called EU 
bird conservation areas and the Annex 1 Descriptions that Denmark through membership of the EU 
has obligated to protect1. A various obligations follow the international conservation interests in 
accordance with the Danish ratification of the RAMSAR2- and BERN3 conventions. The international 
conservation obligations are primarily incorporated in the Danish legislation through the statutory order 
of selection and administration of the international nature conservation areas in the network “NATURA 
2000”4. 

 
2) National conservation interests refer in particular to areas subjected to conservation of one or more 

bird species against disturbance from hunting, navigation or other forms of human activities (game 
preserves, etc.). In practice exists a considerable overlap between for instance game preserves and 
international conservation areas. The national Red List of Threatened Animals consists of various 
breeding birds (and other animal- and plant species) which are rare and very few in numbers in 
Denmark. Many of these species are to be found in many areas also outside the international 
conservation areas and therefore it can lead to specific demands to the conservation reasons. 

 
The problem consists in principle of 3 main topics: 
 

1) Disturbance 
2) Collision risks and mortality 
3) Physical influence of habitats 

 
Disturbance – Investigations indicate that certain bird species are disturbed by WTGs and therefore are to be 
found in a reduced number in or around windfarms. However, there are different degrees of disturbance as the 
disturbance distances can vary from <20 m to more than 1 km. Apparently this variation seems to affect 
conditions such as species, other landscape elements, erection pattern of the WTGs, season, food resources 
close to the farm and the availability of alternative whereabouts. Those conditions also have influence on the 
sensitiveness of each species which can vary from being totally dependent on breeding, resting/foraging and 
overnight possibilities. 
The disturbance distances from the WTGs often cause a fragmentation of the landscape. 

                                                      
 
 
 
 
 
1 Directive 79/409/EEC of April 2, 1979, Council Directive on the Conservation of Wild Birds. 
2 RAMSAR – Convention on Wetlands of International Importance especially as Waterfowl Habitat 
3 BERN – Convention on the Conservation of European Wildlife and Natural Habitats (1979) 
4 Statutory order no. 477 of June 7, 2003. Statutory order on delimitation and administration on international nature 
conservation areas (EU bird conservation areas, EU conservation area and RAMSAR areas). 
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Together with other kind of disturbing elements in the landscape it can lead to some areas are avoided as 
foraging areas. 
 
Coalision risk and mortality are the most frequent problems in connection with WTGs. The existing 
investigations connected to WTG projects in the area of the Baltic and the North Sea (Denmark, the 
Netherlands, Sweden, etc.) indicate that the problem is of inferior extent. Most investigations indicate a low 
collision rate for birds in connection with windfarms.  However, this does NOT mean that a low mortality rate as 
a consequence of collision does not cause considerable concern. Nevertheless, a low rate of mortality of 
species which are sexually mature in a high age (such as large birds of prey, cranes, storks, swans, fulmar 
petrel, etc.) and with a low yearly reproduction rate, can be critical, especially if it concerns species limited in 
numbers. Further, erection of WTGs in areas with large migrant concentration or in areas with a special 
topografic condition (such as certain mountain passes – and rigdes) are most likely to cause a high total 
number of collision. 
Establishment of other high-tech elements in connection with windfarms (such as met masts and overhead 
wires) ought to be evaluated as these elements often contain an equivalent or larger collision risks for birds. 
 
Physical influence of habitats: Direct loss of habitats as a consequence of WTGs is in generally seen as 
insignificant. Establishment of substations, overhead wires, new roads and working places, etc, can together 
with the establishment of the WTG foundations beneath certain construction forms lead to cut down of trees, 
lowering of subsoil water or other types of interference which can have influence on the breeding, foraging and 
resting areas for one or more bird species.  
 
For all three types of influences it is always as starting point necessary with a certain degree of knowledge to 
which species and in how large numbers these concentrations are in and around planned WTG sites. Based on 
this, it is always necessary with a thorough insight of the existing knowledge on population biology, behaviour 
and phenology for birds in general and WTGs and birds in specific. As previously mentioned, the issue for each 
area is often quite unique and the disturbance effects and collision risks often differ from species to species. 
Furthermore, each species have their own perception of disturbance effects and collision risks depending on 
whether it is breeding birds, resting birds and birds staying or the night, etc. 
 
The evaluation of the areas with potential conflicts with WTGs and birds are therefore very complex and will 
often demand involvement of specialists. 
 

7.7.2 Screening for bird / WTG Conflicts 
Without a more thorough investigation it is impossible to determine definitely if a given site will cause problems 
in relation to birds. However, this situation can be avoided by choosing an appropriate site.  
 
To identify an appropriate site it can be advantageous to screen certain conditions before presenting the plans 
to the authorities. Please see next table for further information. 
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7.7.3 Check List  

Placement of a planned WTG Yes No 

In or within a distance of 1,000m of an area 
declared as EU conservation area of wild birds. 

An evaluation of the risks of disturbance 
and collision for the species included in 
the selection of for the affected area, is to 
be expected 

X 

Between two nearby areas declared as EU 
conservation area of wild birds. 

A more thorough evaluation is necessary 
of the risks of disturbance and collision for 
the species included in the selection of the 
affected area. 

 
 
 

X 

Coastal areas (<3km from coast) or placed in 
an area containing a large concentration of 
migrants – streams, mountain pass. 

Necessary to do an illustration and 
evaluation of the collision risk of the 
potential affected species. 

X 

Farmland with a large concentration of foraging 
geese, swans or wading birds. 

Necessary with a more thorough 
evaluation of the risks of disturbance and 
collision for the concentration in question 
(the 1% criteria). This evaluation has to be 
done for species included in the selection 
of the nearby RAMSAR / EU wild bird 
conservation areas. 
 

X 

Close to areas (game preserves, hunting and 
disturbance free areas, national parks, etc.) with 
the purposes of protecting breeding- and 
migratory birds or areas with rare breeding birds 
(such as those appearing on the Red List 
Threatened Animals) NOT having affected an 
area to be selected as worthy of conservation. 

The problem of habitat reduction, 
disturbance or collision is expected to be 
evaluated. 

X 

 
If no to ALL of the questions, in principal there are no considerable problems in connection with wild bird 
conservation interests and therefore there will be no need for investigations or further evaluations. If the 
knowledge is limited regarding the existing knowledge of the actual problem or local conditions, it can be 
necessary to do further investigations if conflicts should occur.  
 
As indicated in the above table, the placement of a WTG project is crucial regarding potential risks in relation to 
birds. The table also indicates that merely one YES to just one of the questions is sufficient for the authorities to 
demand a further investigation and evaluation of the impact of the project. In order to avoid a further 
investigation and evaluation, a NO to all 5 check points is necessary. If a NO to just one of the questions the 
authorities will usually not interfere. However, the correct answers do not exclude the risk of conflicts due to the 
concentration of rare breeding species or other kind of rare bird species. 
 
Next diagram is an overview of the problematic WTG sites and the expected influences. 
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Procedure for screening and identification of possible conflicts between WTG sites and birds. 
 
The WindPLAN modules can calculate the conflicts caused by placement relatively to conservation areas. 
Please see chapter 7.2 for further information. 
 
Often good windy sites, such as the North Sea region, are also the sites with a large concentration of birds. The 
sites are not necessarily conservation areas. The mentioned placements are coast areas and open extensive 
farmland which often contain a large number of swans, geese, golden plovers and lapwings. Due to those bird 
concentrations most WTG projects will response positively to the before mentioned test. 

 
If the first screening of the project coincidences with the above mentioned interests it must be expected that the 
authorities will demand further documentation and evaluation of the influences of the local bird life. For large 
projects and in particular off-shore projects, it can lead to a demand for larger baseline investigations in case 
there is not sufficient information on the influences. 
 
In concert with a consultant with expertise in bird conflicts relatively to WTGs, it is often possible to adapt the 
project in order to meet the conditions and the time consumption. The economic aspects in relation to a 
thorough investigation will therefore be reduced or avoided. Particularly, in areas with sufficient documentation, 
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it will often be possible to reduce or eliminate the above mentioned problems by means of changed placements 
of the WTGs, roads leading to the WTGs, adjustment of markings, etc. 

7.7.4 An example of a filled in check list from ”Nørrekær Enge” 
 

Placement of a planned WTG Yes No 

In or within a distance of 1,000m of an area 
declared as EU conservation area of wild birds. 

  
X(A) 

 
Between two nearby areas declared as EU 
conservation area of wild birds. 

 
X (B) 

. 
 

 

Coastal areas (<3km from coast) or placed in 
an area containing a large concentration of 
migrants – streams, mountain pass. 

 
X (B) 

 

Farmland with a large concentration of foraging 
geese, swans or wading birds. 

 
 

X (C) 

 

Close to areas (game preserves, hunting and 
disturbance free areas, national parks, etc.) with 
the purposes of protecting breeding- and 
migratory birds or areas with rare breeding birds 
(such as those appearing on the Red List) NOT 
having affected an area to be selected as 
worthy of conservation. 

  
X (D) 

 
A: Closet to the EU conservation areas are: no. 1. “Ulvedybet and Nibe Bredning” and no. 12 “Løgstør 
Bredning, Livø, Feggesund and Skarrehage” . The placements are sufficiently away from existing WTGs and 
potential new sites and are therefore not evaluated as having directly influences on the international 
conservation areas. 
 
B:  If future WTGs are moved straight north <1 km from the dike, there might be a potential problem in regards 
to collisions in connection with the considerable passages of water birds over the inlet “Limfjorden”. As those 
passages also include bird species covered by the nearby bird conservation areas, it is expected that the 
authorities demand a further documentation and evaluation. 

 
C: The area contains a large concentration of foraging canada geese, whooper swans and golden plovers, with 
feeding habits in large open field areas. The mentioned species all fly for the night to the inlet “Limfjorden” 
primarily bird conservation area no. 12.  The whooper swan comprises as part of the selection for both nearby 
bird conservation areas and with a steady concentration which is due to the fact that the area in “Nørrekær 
Enge” is today of international importance (>1% of flyway stock according the criteria in the RAMSAR 
convention). If planning of new WTGs in the areas causing considerable altered erection pattern or WTG sizes 
relatively to the existing ones, a further evaluation of possible disturbance and collision risks of the 
concentration (as a minimum) of whooper swans is to be expected. 
 
D: The nearby reserves in, e.g. the area “Nibe Bredning”, are all placed with a sufficient distance to the WTG 
project and therefore not expected to have any disturbance effect. 
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