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1.  Introduction 
 

 Tall structures, such as wind turbines, cast shadows which vary in length according 

to the sun’s altitude and position according to the sun’s bearing. Rotating turbine 

blades cast moving shadows which could, under certain conditions, cause flickering. 

Shadow flicker is generally not a problem in the open as light outdoors is reflected 

from all directions. The possibility of disturbance from shadow flicker is greater for 

occupants of buildings when the moving shadow is cast over an open door or narrow 

window, since the light source is more directional. 

 

 Whether shadow flicker is a problem depends upon the observer’s distance from 

the turbine, the direction of the dwelling and the orientation of its windows and 

doors from the wind turbine, the turbine hub height and rotor diameter, the time 

of year, the proportion of daylight hours in which the turbine operates, the 

frequency of bright sunshine and cloudless skies and the prevailing wind direction. 

 

 Should it occur, the effect of shadow flicker is most noted from dwellings at 

distances, according to Planning for Renewable Energy, A Companion Guide to 

PPS22, within ten rotor diameters of a turbine in directions from southwest through 

north to southeast. 

 

 The Companion Guide to PPS22 provides planning guidance in relation to shadow 

flicker. 

 

HoTT  have asked us to consider the case of a single turbine 46m tall to the hub 

and rotor diameter 34m, which is being considered for siting near the existing non-

operational Longley Farm wind turbine. The location of the proposed turbine and 

nearby receptors are shown in Figure 1.  

 



 

 

Figure 1 Annual Shadow Periods 
 

 

 
The turbine is represented by a red circular symbol and potential receptors (6) are shaded red 
and numbered.  Theoretical hours of annual shadow flicker denoted on contours. 
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Figure 2 Location of Receptors and Turbine 
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2. Methodology 
 

The objective of the study was to calculate the number of hours per year that the 

turbine is likely to cause shadow flicker for at least one of the 5 receptors within 

the 340m zone. This will allow the applicant to estimate the maximum extent and 

revenue loss from any required shut down mitigation that could be required. 

 

2.1  In order to compute the shadow dates and times for dwellings within 10 

rotor diameters of the turbine, the calculation was run for all receptors 

within 340 metres of the turbine. 

 

2.2 The analysis was performed using the following assumptions: 

 

 The Assessment Zone is within 340m of a turbine. 

 

 A representative window is 1m square, facing the proposed turbine, 

without any intervening shade. 

 

 Bright sunny days account for from 40% in the summer to 20% in the 

winter. 

 

 Days when the turbine disc is at right angles to the receptor is 17%. 

 

 Days when the turbine is not rotating is 14%. 

 

 There is an absence of local shielding features such as trees and 

buildings (conservative assumption). Terrain shielding, however, is 

modelled. 

 

3. Results 

 
The shadow “footprint” from the turbine is shown in Figure 2. Areas within 340m 

that will receive shadow are shaded. Annual exposure contours are shown in black 

are in 30 hour steps. Areas not shaded will not receive shadow flicker. 
 

The results of the study are shown below in Table 1.  

 

Assuming: 

 That the sun is always shining between dawn and dusk. 

 That the turbine is always facing the receptors. 

 That the wind is always blowing. 

 That the turbine is not shut down. 

 

H1 

The theoretical maximum hours per year where shadow flicker can occur at H1 is 

41.3 hours. This will only occur in the months of February to March and 

August/September. 

 

Met Office sunshine data indicates that in these Autumn/winter months the sun will 

on average shine for only about 28% of the time. This will reduce the maximum 

annual hours to 11.6  hours. Other meteorological and operational factors will 

reduce this figure still further. 



 

 

 

Shadow flicker requires that the relevant room be facing towards the turbine and 

be occupied at that time of day. 

 

Intervening buildings may also reduce the impact from shadow flicker. 

  

H2 

The theoretical maximum hours per year where shadow flicker can occur at H1 is 

40.0 hours. This will only occur in the months of February to March and 

August/September. 

 

Met Office sunshine data indicates that in these Autumn/winter months the sun will 

on average shine for only about 28% of the time. This will reduce the maximum 

annual hours to 11.2  hours. Other meteorological and operational factors will 

reduce this figure still further. 

 

Shadow flicker requires that the relevant room be facing towards the turbine and 

be occupied at that time of day. 

 

Intervening buildings may also reduce the impact from shadow flicker. 

 

H4 

The theoretical maximum hours per year where shadow flicker can occur at H1 is 

32.7 hours. This will only occur in the months of November to January. 

 

Met Office sunshine data indicates that in these Autumn/winter months the sun will 

on average shine for only about 21% of the time. This will reduce the maximum 

annual hours to 6.9  hours. Other meteorological and operational factors will 

reduce this figure still further. 

 

Shadow flicker requires that the relevant room be facing towards the turbine and 

be occupied at that time of day. 

 

Intervening buildings may also reduce the impact from shadow flicker. 

 

H6 

The theoretical maximum hours per year where shadow flicker can occur at H1 is 

17.6 hours. This will only occur in the months of February to March  and 

August/September. 

 

Met Office sunshine data indicates that in these Autumn/winter months the sun will 

on average shine for only about 28% of the time. This will reduce the maximum 

annual hours to 4.9 hours. Other meteorological and operational factors will 

reduce this figure still further. 

 

Shadow flicker requires that the relevant room be facing towards the turbine and 

be occupied at that time of day. 

 

Intervening buildings may also reduce the impact from shadow flicker. 

 

 

 

 



 

 

 
Table 1 SHADOW STATISTICS 

 

Property 

Involved 

with the 

Wind 

turbine 

Scheme? 

Theoretical 

hours of 

shadow 

flicker per 

year 

Percent 

factor to 

convert 

theoretical 

to practical 

periods of 

shadow 

flicker 

 

Estimated 

actual hours 

flicker in the 

year 

Mean 

Episode 

Duration, 

hours  

 

Time of year 
Distance 

from 

turbine 

(m) 

1 No 41.3 28% 11.6 40 mins 
Feb / March 

 

Aug / Sept 

157 

2 No 40.0 28% 11.2 37 mins 

Feb / March 

 

Aug / Sept 

165 

 3 No 0  0 0 mins   181 

4 No 32.7 21% 6.9 28 mins 
November - 

January 
296 

5 No 0  0 0  435 

6 Yes 17.6 28% 4.9 26 mins 
March and 

August 
257 

 

  



 

 

4. Conclusions 

4.1  A shadow flicker assessment was undertaken based on a 340m assessment 

zone, demonstrating that three receptor locations may be exposed to 

shadow flicker. Mitigation should be considered if complaints occur.  

  

4.2 The Maximum theoretical cumulative shadow flicker at the four affected 

receptors is 41, 40 and 32 and 17  hours respectively. 

4.3  Allowing for winter sunshine hours of about 28%, this will reduce to 

 practical level of 12, 11, 7 and 5 hours per year. 

4.4 Occupancy and intervening buildings will reduce this figure still further. 

4.5 If complaints concerning shadow flicker were to arise, mitigation measures 

such as installing window blinds could be implemented. Ultimately, systems 

for stopping turbine rotation during relevant periods on sunny days are 

available and should be deployed if complaints cannot otherwise be 

resolved. This remedy removes the effect completely. This could be enforced 

by a planning condition. 

 

4.6 The frequency of any shadow flicker from the proposed turbines is outside 

of the  range which is said to affect epileptics. No adverse health effects 

from shadow flicker are therefore predicted.  (See Appendix 1) 

 

 

 

5. Endnote 

 

5.1  This report was prepared by The Energy Workshop Limited.  

 

5.2  Whilst every care has been taken in the preparation of this report, various 

limitations mean that the results should be used with caution and should be 

verified in the light of operating experience and site surveys. 

 

5.3 In particular, no detailed survey or measurement of individual dwelling 

positions, window positions or sizes has been undertaken.  

 

 

 

 

 

 

 

 



 

 

Appendix 1 

 

A.1 The National Society for Epilepsy1 provides the following information on 

photosensitive epilepsy (when seizures are triggered by certain frequencies 

of flashing lights or contrasting light and dark patterns such as stripes or 

checks).  

 

 Around one in 131 people (0.75%) have epilepsy and of those people, 

up to one in 20 (5%) have photosensitive epilepsy.  

 

 Between five and 30 cycles/flashes per second (hertz or Hz) are the 

common frequencies to trigger seizures, but this varies from person 

to person. 

 

 While some people are sensitive at frequencies higher than 30Hz, it is 

not common to be sensitive below five hertz. 

 

A.2 The Department for Business Enterprise & Regulatory Reform (BERR) states 

that modern wind turbines do not cause flicker at frequencies greater than 

1Hz (three blades and rotor speed less than 20 revolutions per minute 

(rpm)). This is well below the 2.5-3Hz found to be the threshold of concern 

with regards to sufferers from epilepsy.  

 

A.3 In addition, the Companion Guide to PPS22 states the following. 

 

“Around 0.5% of the population is epileptic and of these around 5% 

are photo-sensitive. Of photosensitive epileptics less than 5% are 

sensitive to lowest frequencies of 2.5-3Hz, the remainder are 

sensitive only to higher frequencies. The flicker caused by wind 

turbines is equal to the blade passing frequency. A fast-moving 

three-bladed machine will give rise to the highest levels of flicker 

frequency. These levels are well below 2Hz. The new generation of 

wind turbines is known to operate at levels below 1Hz” 

 

A.4 The proposed wind turbines will operate at frequencies less than those 

capable of giving rise to this possible health effect. Flicker frequency is 

therefore of no substantial concern.  

 

 
  

                                                      
1 The National Society for Epilepsy, www.epilepsynse.org.uk 

http://www.epilepsynse.org.uk/


 

 

APPENDIX 2: Background Information & Theory. 

 Shadow Flicker Calculations 

 

1 The WindFarm software produced by ReSoft Limited was used to calculate 

the time and extent of shadows at the indicated dwellings. The software 

takes account of the latitude and longitude of the proposed site and uses a 

model of the sun’s position in the sky throughout the year to calculate 

shadow lengths, positions and times.  

 

2 The software model uses a worst case scenario when reporting shadow 

flicker results. The model assumes the following. 

 

 The sun will always be shining during daylight hours, with no cloud cover 

or fog. 

 

 The wind will blow continuously throughout the day and always above 

cut-in speed, i.e. the turbine will always be rotating. 

 

 The wind will always be blowing from a direction such that the turbine 

rotor is aligned with the sun-receptor line. In other words, the rotor will 

yaw in parallel with the sun such that the rotor blades are always 

perpendicular to the sun-receptor view line. 

 

3 A more realistic model would use the following assumptions. 

 

 The sun will not always be shining, therefore it is only necessary to 

calculate shadow flicker for the fraction of time when the sun would be 

shining. Data of the average number of hours of sunshine for a given 

month for the studied location allows an estimate of this (see Appendix 

2). 

 

 The rotor will not be turning all the time. The site’s long-term wind 

speed distribution could be used – in conjunction with sunrise and 

sunset times – to estimate the number of hours the wind can be 

expected to blow above cut-in speed during daylight hours. 

 

 The rotor blades will not always be perpendicular to the sun-receptor 

view line. The frequency distribution of wind direction at the site (wind 

rose) could be used to estimate the direction that the rotor is likely to 

face at all times during the year. 

 

4 The software does not consider any effect of any shading, eg caused by 

trees. Bearing in mind that all dwellings are beyond the distance at which 

shadow flicker is thought to be a significant problem (the umbra), it is not 

considered necessary, at this stage, to conduct a full site survey of all 

dwellings.  

 

5 For the calculation of shadow flicker we considered the case of 

representative windows, 1metre by 1 metre, without any intervening shade. 

Windows adjacent to or above it will be exposed to the same duration of 

shadow flicker, although the start and finish times may differ by a few 

minutes. This approach will allow areas of significant shadow flicker potential 



 

 

to be identified and allow preliminary mitigation measures to be proposed, 

if appropriate. 

 

6 The base map used in the calculations was the Ordnance Survey 1:10,000 

scale. Shadow calculations were carried out using a 50m grid. 

 

7 As explained above, the actual occurrence of shadow flicker will be 

significantly less than that predicted theoretically because it will not occur 

during the following times. 

 

 When the sun is not shining brightly due to cloud cover or fog. 

 When the turbines are not turning due to maintenance or lack of wind. 

 When the turbine disc is turned at right angles to the receptor. 

 

8 Met Office records show that bright sunshine occurs on about 38% of days 

in summer and about 21% in winter. 

 

9 According to the British Wind Energy Associations web site2, wind turbines 

in the UK operate between 70% and 85% of the time. Personal 

communication with wind farm operators in the UK reveals that turbines are 

stationary for 9% to 14% of the time. We have used a factor of 10% to 

allow for stationary periods. 

 

10 The blades of turbines turned to within +/-150 of right angles to a receptor 

will present a barrier to light and effectively block intermittent shadow falling 

on the receptor. On average this will occur 17% of the time (assuming an 

average wind rose). We do not have sufficient data to apply this correction 

to our calculations and have instead taken the worst case of the turbines 

always facing the receptor. 

 

11 These three factors are combined to produce seasonal factors which are 

used in the Table of Results to convert theoretical to practical incidence of 

shadow flicker. This factor varies between 19% and 35% depending upon 

the time of year, and represents the worse case where no allowance has 

been made for turbines being turned edgewise to the receptor. 

 
 

 

                                                      
2 www.bwea.com 

http://www.bwea.com/


 

 

APPENDIX 3 

Factors for Converting From Theoretical Impact To Practical Impact 

Month Mean 

day 

length, 

hours 

 

 

 

 

Average 

hours 

bright 

sunshine 

per day* 

Percentage 

days with 

bright 

sunshine 

Assumed 

percentage 

of time 

turbines 

stationary 

 

Assumed 

percentage 

days with 

turbines 

sideways to 

receptor 

 

Theoretical 

to Practical 

Conversion 

factor 

 

   A B D F 

January 
7.6 1.60 21% 10% 0% 19% 

February 
8.6 2.95 31% 10% 0% 28% 

March 
11.7 3.66 31% 10% 0% 28% 

April 
13.95 5.36 38% 10% 0% 35% 

May 
15.9 6.06 38% 10% 0% 34% 

June 
17 4.74 28% 10% 0% 25% 

July 
16.3 4.49 28% 10% 0% 25% 

August 
14.7 4.32 29% 10% 0% 26% 

September 
12.5 3.74 30% 10% 0% 27% 

October 
10.3 3.05 30% 10% 0% 27% 

November 
8.2 1.92 23% 10% 0% 21% 

December 
7 1.51 22% 10% 0% 20% 

*Based upon Met Office data (1989 – 2008) 

  

Formula for calculating conversion factor (F) for converting theoretical to 
practical shadow flicker periods: 

 

F = A * (1-B/100) * (1-D/100) 

 



 

 

 

APPENDIX 4 Shadow Times  

 

 Red hatching shows theoretical shadow times for H1  

 Pink lines are sunrise and sunset times (GMT) 

 

 

Red hatching shows theoretical shadow times for H2  

H1 

H2 



 

 

 Pink lines are sunrise and sunset times (GMT) 

 

Red hatching shows theoretical shadow times for H4  

 Pink lines are sunrise and sunset times (GMT) 

 

 

Red hatching shows theoretical shadow times for H6  

 Pink lines are sunrise and sunset times (GMT) 

 

H4 

H6 


