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1 Summary 

 

Task: Flicker study of Juurakko Wind Farm. 

Work methods: Up-to-date information of wind turbine flicker features, flicker guideline values, 

local circumstances and modelling methods has been gathered for Flicker 

study. WindPRO Ver3.3 SHADOW-module has been used as a main tool for 

calculations. For the modelling and reporting has been used the instructions 

of Tuulivoimarakentamisen suunnittelu (Ministry of Environment, 2016) that 

Ministry of Environment has published in 2016. The parameters that has been 

used for assessing the impacts can be found in tables in the report. 

Results: The maximum recommendation of eight hours of annual exposure that has 

been specified in Sweden and Germany is not exceeded in any observation 

points. The recommendations for the theoretical maximum case, (30 h/year 

and 30 min/day) are exceeded partially in three observation points when the 

impact from neighbouring wind farms are taken into account. 

 When the results of this assessment are compared to the previous layout 

(Juurakko_Valkeselvitys_NL180601-2CG), it can be concluded that the flicker 

impacts of the wind farm project do not change significantly. 
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2 Background 

This flicker study has been made for Juurakko wind farm in Kalajoki municipality. The planned 

wind farm consists of seven wind turbines. The flicker impacts are studied in this report when 

two wind turbine positions are changed from the previous layout (STR1 and STR2). The flicker 

modelling has been made with the N163 5.7 MW wind turbine. The tip height is 148 meters and 

the rotor diameter 163 meters. 

The modelling has been made with the WindPRO Ver3.3 SHADOW-module. The results have 

been assessed with the recommended values of Germany and Sweden (LAI, 2002; Boverket, 

2009). Etha Wind Oy has validated the source data and is liable that the calculations have been 

correctly made. 

3 Flicker formation 

As the rotor of wind turbines is rotating between the observation point and the sun, regular 

flickering shadow effect is caused. The amount of flicker is dependable of weather conditions. 

As for an example: on a cloudy day, flicker does not occur. In summer flicker impacts are at its 

widest in the morning and evening when sun is at a low position. In winter flicker can be observed 

in a broader area in daytime also. When the distance of a wind turbine and observation point is 

increased the flicker, effect is reduced. When the wind turbine does not rotate, flicker does not 

occur. The flicker impact  also depends on the direction of the wind, in other words, the rotor 

angle in relation to the observation point.  

The shadow effect that affects the observation point is not continuously. The date and duration 

of the flicker vary with the time of day and the time of year. Continuous flicker occurs usually 0-

30 minutes per day, depending on the observation point relation to flicker source. 

People experience flicker impacts very differently. Shadow flicker that exceeds the 

recommended values in the residential area might affect the resident’s comfort. Whether 

shadow flicker is observed at a residential area, summer cottage or construct site affects the 

disturbance of the flicker impact. Also, the cumulative impact of shadow flicker including other 

projects might affect the comfort of living and recreational use of areas close to a wind farm. 

 

Figure 1. Shadow flicker occurs when wind turbine is rotating between the observation point and 
sun, on a sunny and cloudless day. 
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3.1 Guideline values and limits 

In Finland, no guideline values or recommendations have been defined for flicker impact. In 

Germany and Sweden the recommended value for flicker impact in adjacent settlements is eight 

hours of annual exposure (so called; real situation, where sunshine hours and wind conditions 

are taken into account), 30 min/day and 30 h/year (theoretical maximum situation). The results 

of this report have been compared to the above-mentioned recommendation values. In Denmark 

ten hours of annual exposure for flicker impact guideline is generally used (real situation). 

3.2 Source data and methods used in the shadow flicker calculation 

The formation of flicker is affected substantially in addition of weather conditions by the operation 

time of the wind turbines, height of wind turbine and rotor diameter of wind turbine. Also, the 

vegetation and trees affect substantially the formation of the flicker, but they are not taken into 

account in the calculations, so that flicker occurs less often in certain areas than in modelling. 

The shadow flicker area of influence and amount of shadow flicker is modelled with WindPRO-

program that is used for windfarm modelling. Statistical data similar to local weather conditions, 

were used as source data. The program can calculate shadow flicker both for one point and for 

the whole wind farm area. The calculations are made by real circumstances when wind turbine 

height, location, rotor diameter, local weather conditions and statistical weather conditions are 

taken into account. Regardless the trees and other vegetation are not taken into account, which 

is why, in some places, the recommended values for flicker is exceeded. The utilization rate and 

the wind directions are calculated with the measured values of the area. 

As a topographic database, were used the two-meter height model from National Land Survey 

of Finland. As a weather observation data, were used Oulu weather observations. The weather 

observation station of Oulu is located 91 kilometres from the planned wind power project area, 

In the calculations, it is assumed that the wind turbine rotors are rotating only when the wind 

speed is suitable. The shadow flickering was observed at 2 meters height, which is 

approximately the same height as human observation height. The times of sunshine and wind 

turbine operating times are presented in the tables below. 
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Table 1. Sunshine hours per month used in the modelling 

Month Average sunshine hours per day 

January 0,77 
February 2,46 

March 4,42 
April 6,93 
May 8,81 
June 9,87 
July 9,13 

August 6,84 
September 4,43 

October 2,23 
November 0,93 
December 0,26 

Mean 4,76 

 

Table 2. Operating time of the wind turbines. 

Wind direction Operating time (h/a) 
North 706 

North-northeast 484 
East-northeast 311 

East 368 
East-southeast 510 

South-southeast 708 
South 791 

South-southwest 1109 
West-southwest 1442 

West 676 
West-northwest 483 
North-northwest 477 

Total 8065 
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4 Flicker impacts 

The flicker modelling has been made according to LAI 2002. The wind turbine average blade 

widths have been used to calculate the maximum flicker observation distance from the wind 

turbines. The maximum observation distance is determined so that, at the observation point, the 

blade of the wind turbine covers at least 20 % of the sun. 

4.1 Juurakko flicker impacts 

In the next picture are shown visually the results of flicker modelling with N163 5.7 MW wind 

turbine. Thereafter the results have been described verbally and summarized in tables. 

 

Figure 2. Shadow flicker calculation results in Juurakko. The observation points are marked in 
the picture (a-h) and the flicker levels are presented in Table 3. 

Outside the green area shadow flicker occurs less than eight-hours annually. The maximum 

recommendation of the eight-hour annual exposure that has been specified in Sweden and 

Germany, is not exceeded in any observation points. In the modelling of theoretical maximum 

situation, the recommendations (30 h/a and 30 min/d) are exceeded partly in one observation 

point (c).  

In the calculation, flicker has also been examined in single observation points. The results of the 

calculations for nearby residences and summer cottages are presented in the table below. 
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Table 3. The results of shadow flicker calculations with N163 5.7 MW wind turbine, Juurakko.  

Observ
ation 
point 

Class 

East 

coord. 
(ETRS 

TM35FIN) 

North coord. 
(ETRS 

TM35FIN) 

Amount of 
flicker 

(reality, h/a) 

Amount of 
flicker 

(theoretical 
maximum, 

h/a) 

Amount of 
flicker 

(theoretical 
maximum, 

h/d) 

Exceeding 
recommen
ded values 

a Permanent 
residence 

362469 7139168 0:00 0:00 0:00 No 

b Permanent 
residence 

362781 7138662 0:00 0:00 0:00 No 

c Permanent 
residence 

358714 7137481 3:24 18:34 0:26 No 

d Permanent 
residence 

358246 7137481 0:00 0:00 0:00 No 

e Permanent 
residence 

357979 7137845 0:00 0:00 0:00 No 

f Permanent 
residence 

358080 7137736 0:00 0:00 0:00 No 

g Summer 
cottage 

360180 7133125 0:00 0:00 0:00 No 

h Summer 
cottage 

363328 7137326 0:00 0:00 0:00 No 
 

4.2 Flicker calculation including neighbouring wind farms 

The results from the flicker calculation including neighbouring wind farms are shown on the 

figure below. 

 

Figure 3. Shadow flicker calculation results including neighbouring wind farms. The observation 
points are marked in the picture (a-h) and the flicker levels are presented in table 4. 
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Outside the green area shadow flicker occurs less than eight hours annually. The maximum 

recommendation of the eight-hour annual exposure that has been specified in Sweden and 

Germany, is not exceeded in any observation points. In the modelling of theoretical maximum 

situation, the recommendations (30 h/a and 30 min/d) are exceeded partly in three observation 

points (c, e, and f). The partial exceedances at residences e and f are caused by Tohkoja Wind 

Farm, while the partial exceedance at residence c is caused partially by Tohkoja and partially 

by Juurakko. 

In the calculation, flicker has also been examined in single observation points. The results of the 

calculations for nearby residences and summer cottages are presented in the table below. 

Table 4. The results of flicker calculations with N163 5.7 MW wind turbine, Juurakko + 
neighbouring wind farms  

Observ
ation 

point 
Class 

East 
coord. 
(ETRS 

TM35FIN) 

North coord. 
(ETRS 

TM35FIN) 

Amount of 
flicker (real 

case, h/a) 

Amount of 
flicker 

(theoretical 

maximum, 
h/a) 

Amount of 
flicker 

(theoretical 

maximum, 
h/d) 

Exceeding 
recommen

ded values 

a Permanent 
residence 

362469 7139168 00:00 00:00 00:00 No 

b Permanent 
residence 

362781 7138662 00:00 00:00 00:00 No 

c Permanent 
residence 

358714 7137481 05:04 29:35 00:40 Partly1 

d Permanent 
residence 

358246 7137481 03:36 25:02 00:22 No 

e Permanent 
residence 

357979 7137845 03:02 26:17 00:33 
Partly1 

f Permanent 
residence 

358080 7137736 03:09 25:37 00:30 
Partly1 

g Summer 
cottage 

360180 7133125 00:00 00:00 00:00 No 

h Summer 
cottage 

363328 7137326 00:00 00:00 00:00 No 

 

4.3 The uncertainty factors of impact assessment  

The flicker modelling results are representing an average shadow flicker situation. Long term 

statistical weather data has been used for the modelling. In case the weather conditions 

significantly differ from statistical data, the flicker amount might also differ. 

The wind turbine utilization rate, which is the time that the rotors are rotating, and the wind 

turbine is producing electricity, has a significant impact in flicker formation. If the utilization rate 

is decreased, the flicker in a single observation point might also decrease. Also, the uncertainty 

in the assumed wind directions might affect the calculation result. 

The modelling was done without taking into account the vegetation. So, the impact of vegetation 

to the result is uncertain. Buildings that are in open areas receive the same amount flicker in 

this modelling as if the modelling were done with the impact of vegetation. Buildings that are 

 
1 The daily flicker recommendation (30 min/day) is exceeded. The other recommendation values are not exceeded.  
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located close to wooded areas receive less flickering than in this modelling, because the woods 

will limit the flicker formation. 

In this modelling has been used a so-called greenhouse setting, which means that flicker will be 

modelled to be observed every time, when flicker area hits the building. In reality flicker will occur 

only in those rooms that has a window towards the wind turbines. 

 

4.4 Prevention and flicker monitoring  

The shadow flicker impact can be prevented already in planning phase. The wind farm layout 

can be done in a way where flicker impacts are reduced as much as possible for sensitive areas. 

Also, the size of the wind farm has a significant impact to flicker formation. The flicker impacts 

can be reduced by choosing a lower wind turbine model or a model with smaller rotor. 

Potential harm from shadow flicker can be prevented by stopping the wind turbines for the critical 

time when flicker occurs. The wind turbines can be programmed to stop automatically when 

flicker occurs in sensitive areas, taking into account the weather conditions. 
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Appendix 1: Turbine Layout  

The coordinates of the turbines in Juurako Wind Farm are presented in the table below. 

Table 6. Coordinates of the Juurakko turbines 

Wind turbine 
East coord. 

(ETRS-TM35FIN) 
North coord. (ETRS-

TM35FIN) 
Hub Height / Rotor Diameter 

/ Tip Height (m) 
1 360505 7137775 148/163/229,5 
2 360607 7137388 148/163/229,5 
5 359915 7136597 148/163/229,5 
8 359728 7135913 148/163/229,5 

ATL6 360419 7135822 148/163/229,5 
STR1 360864 7135319 148/163/229,5 
STR2 361210 7134809 148/163/229,5 

 

 


