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10.0

SHADOW FLICKER

10.1

INTRODUCTION
This assessment addresses the potential shadow flicker impacts of the proposed
Yellow River wind farm on the surrounding dwellings in terms of:
•

Predicting and assessing the extent of shadow flicker experienced by all
houses within 10 diameters (1.13km) of the proposed Yellow River wind
farm

•
10.2

Specifying mitigation measures, where deemed necessary.

SHADOW FLICKER
Wind turbines, like other tall structures will cast a shadow on the neighbouring area
when the sun is visible. Shadow flicker occurs under a special set of conditions when
the sun passes behind the hub of a wind turbine and casts a shadow over neighbouring
properties. When the blades rotate, shadows pass over the same point causing an
effect called '
shadow flicker'
. Shadow flicker effects occur in various situations:
travelling by road through a tunnel or under overhanging trees (dappled shadow
effects), or standing within the shadowed area of wind turbine blades.
Although there is no agreed standard for shadow flicker impact in Ireland, the
Department of Environment, Community and Local Government in its Wind Energy
Development Guidelines for Local Authorities considers that the potential for shadow
flicker is very low beyond ten rotor diameters, in this case 1.13km, from a property. It
should be noted that 194 houses are located within 1.13km of the proposed Yellow
River wind farm development.
It is also recommended that shadow flicker at neighbouring offices and dwellings
within 500m should not exceed either 30 hours per year or 30 minutes per day. It
should be noted that there are 2 houses within 500 metres of Yellow River wind farm
(H210 & H226). Both of these of which are associated with the wind farm
development. Both houses consent to the turbines being located within 500 metres of
the development. Two consent letters and the associated maps can be found in
Appendix M. The closest dwelling which is referenced as H210, is located at a
distance of 452 metres from the nearest turbine (T32), the occupants of H210 will
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experience 7.48 actual hours of shadow flicker per year. This will be further reduced
by the fact that the dwelling in question is surrounded by a mature forest plantation.
The next closest house, H226 (located 485 metres from T19), will experience 2.31
hours per year of actual shadow flicker.
Shadow flicker within a house occurs if a wind turbine is close enough and of a
specific orientation with the house and the sun. It will not happen where there is
vegetation or other obstructions between the turbines and the house. It will not
happen if windows facing a turbine are fitted with blinds or shutters. It will not
happen if the sun is not shining brightly enough to cause shadows from a turbine.
Shadow flicker is more often experienced as a minor short-term nuisance than as a
health and safety issue.
The shadow-flicker frequency is related to the rotor speed and number of blades on
the rotor. Most turbines operate at a rotor speed of between 10 – 25 revolutions per
minute (RPM), which translates to a blade pass frequency of less than 1 Hz (less than
1 alternation per second). For the purposes of modelling the charactaristics of the
Siemens S113 turbine model, with a hub height of 122.5m and rotor diameter of
113m, has been chosen to represent the effect of shadow flicker on the Yellow River
site. It is likely that the model selected will operate at an RPM of 6-18.5. The
Department of Energy and Climate Change for England stated in its report Update of
UK Shadow Flicker Evidence Base (2011) that it is considered that the frequency of
the flickering caused by the wind turbine rotation is such that it should not cause a
significant risk to health. Frequencies higher than 3 Hz but below 10 Hz are widely
used in discotheques and the Epilepsy Foundation has made a statement that
frequencies below 10 Hz are not likely to trigger epilepsy seizures.
According to the Danish Wind Industry Association – “If you are farther away from a
wind turbine rotor than about 500-1000 meters, the rotor of a wind turbine will not
appear to be chopping the light25, but the turbine will be regarded as an object with
the sun behind it. Therefore, it is generally not necessary to consider shadow casting
at such distances”.
The distance and direction between the turbine and habitation or observer is of great
significance because:

25

http://www.windpower.org/en/tour//env/shadowr.htm
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•

The duration of the shadow will be shorter the greater the distance.

•

The shadow flicker effect will be reduced the further a dwelling is from an
operating turbine.

•

Shadow flicker effects may be experienced within ten blade diameters
distance from the nearest turbine (i.e. in this case within 1.13km). Beyond
this shadow flicker effects will not be significant.

The shadow flicker is more likely to occur on sunny winter days, when the sun is
lower in the sky and shadows are then cast over a larger distance. Shadow flicker is
more likely to take place where turbines are sited to the east, south east, west or south
west of dwellings.
Shadow flicker is generally not regulated explicitly by planning authorities. Offaly
County Development Plan, 2009-2015 recommends that wind farms be developed in
accordance with the Wind Energy Development Guidelines 2006, by the Department
of the Environment, Community and Local Government which requests that
neighbouring dwellings within 500 m should not exceed 30 hours per year or 30
minutes a day.

10.2.1 Methodology
House Survey
House surveys were undertaken in May 2013. This was to make certain that all
houses were included in the assessment. All inhabitable and uninhabitable houses
were recorded as well as any holiday / mobile homes. Locations were recorded using
a GPS and subsequently refined using Ordnance Survey 1:5,000 maps. Co-ordinates
represent the closest gable of the house to any turbine location. The survey covered
all houses within 1.2km which equated to 243 houses. However, as it is only
necessary to assess the houses within 10 rotor diameters, i.e. 1.13km, this number was
reduced to one hundred and ninety four houses. Please note that the identififers used
for the houses have not been renumbered to account for this reduction. Please refer to
Figures 9.25 – 9.29 - House Locations Maps.
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Shadow Flicker Calculation

This shadow flicker calculation is undertaken for all houses / buildings i.e. 194
houses located within approximately 1.13km of the Yellow River turbines.
The seasonal timing and duration of this effect has been accurately calculated from
the geometry of each machine, its orientation relative to nearby houses and the
latitude of the potential site, using WindFarm© computer software. Any properties,
which may potentially be effected, can be identified and the risk calculated.
The computerised modelling calculates a theoritical worst case scenario, providing
the highest possible shadow flicker for each house in a situation where the sun is
shining all day from sunrise to sunset, the turbines are always moving, the wind
direction is always perpendicular to the line from the turbine to the sun, a person is
always home to view the moving turbines, and there are no vegetation or structures in
between the moving turbines blades and the receptor.
The shadow flicker analysis was completed for the proposed Yellow River wind farm
development using WindFarm© software as outlined above. Co-ordinates taken in
relation to the houses approximate the middle of the houses within 1.13km of the
proposed development. The ground contours, the coordinates of the wind turbines,
latitude, and seasonal fluctuation of daylight/night time, rotor diameter, and hub
height of the proposed wind farm development were input and the calculations run by
the computer. The model utilises a 3º angle for the sun above the horizon.
Generic windows of 1 m squared of which the centre is 2 m above ground are applied
to each side of the house. These windows represent an approximation of the existing
windows on the house and provide an estimate of potential shadow flicker to a
window on each side of the house. The software determines the times of year when
the sun will be in line with the rotational components of the turbine, thereby casting
intermittent shadows. The software outputs details of potential shadow flicker, in this
case by mean and maximum duration of the shadow flicker events, days per year and
times of occurrence and maximum hours per year of shadow flicker.
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10.2.2 Shadow Flicker Analysis

Summarised details of the shadow flicker times for each house location can be found
in Table 10.1.
Table 10.1 provides details on the maximum hours per day, the shadow days per year
and the total hours per year in constant sunlight that shadow flicker is predicted to
occur.

10.2.3 Assessment of W orst Case Shadow Flicker Impact
One hundred and ninety four houses could potentially experience an impact from
shadow flicker as they are within ten rotor diameters of the proposed Yellow River
wind farm. This figure is based on a “worst case” scenario and assumes the sun is
always shining, that there is no cloud cover and the dwelling is always occupied. This
calculation is also based on topography alone and excludes vegetation, buildings and
other man made buildings. The existing forestry plantation that covers Yellow River
is also not accounted for which in a “real” context would screen the flickering effect
of the wind turbines.
It has been determined through the calculation completed that sixty three of the
houses would theoritically experience greater than 30 hours of shadow flicker per
year. All of these houses are outlined in Table 10.1. No shadow flicker is experienced
at some dwellings due to the orientation of these dwellings with respect to the
proposed turbines. Impacts from shadow flicker occur within 130 degrees either side
of north from a turbine.
It should be noted that the calculation of nearest turbine to each house and the
distance to each respective house are as calculated in the software. This also applies
to the days of shadow flicker per year and the maximum and mean hours per year of
shadow flicker experience.

10.2.4 Assessment of Actual Shadow Flicker Impact
Reduction of Shadow Flicker due to absence of Sunlight
However, the shadow flicker experienced can be greatly affected by the probability of
sunshine occurrence. Ireland normally gets between 1100 and 1600 hours of sunshine
each year. The sunniest months are May and June. During these months, sunshine
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duration averages between 5 and 6.5 hours per day over most of the country. The
extreme southeast gets most sunshine, averaging over 7 hours a day in early summer.
December is the dullest month, with an average daily sunshine ranging from about 1
hour in the north to almost 2 hours in the extreme southeast. Over the year as a whole,
most areas get an average of between 3 1/4 and 3 3/4 hours of sunshine each day.
Historical met data is utilised to apply a reductive factor to be applied to the worst
case total hours per year shadow flicker occurrence. The closest climitatic station to
the proposed Yellow River Wind Farm site is located in Birr. Data collected and
analysed from this station revealed that the area received only 3.2 hours of average
sunshine per day as recorded by between 1981 and 2008. The shadow flicker
reduction factor can be calculated based on the following information:
•

4,500 hours of daylight per year at Birr.

•

1,169 hours of actual sunshine per year (based on 3.2 hours of average
sunshine per day as recorded by Met Eireann at Birr between 1981 and 2008).

The actual hours of sunlight at Yellow River Wind Farm represents 26% of the total
hours of daylight, therefore, shadow flicker will only potentially occur for 26% of the
predicted worst case time.
Reduction of Shadow flicker due to non-operation during low wind conditions
As discussed, shadow flicker can only occur when the blades are rotating. The type of
wind turbine proposed for this application will not operate below a wind speed of
3m/s or above a wind speed of 25m/s. According to the wind rose for the proposed
Yellow River wind farm, wind speeds are in the range of 3 to 25m/s for 86% of the
year. Therefore turbine will only potentially be operational 86% on average.
Reduction of Shadow flicker due to non-operation as a result of technical issues
Other factors including forced outage, planned maintenance and grid availability will
result in down time for turbine operation up to 10%. A conservative estimate of 7%
has been adopted in this assessment.
Reduction of Shadow flicker due to non-directional orientation of the turbine
The predicted values of shadow flicker assume that the wind direction is always the
same direction as the angle of the sun to the receptor window. Wind turbines operate
at right angles to the wind, therefore, they will not always be orientated at right angles
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to houses. The orientation is determined by the predicted wind rose for the site. An
alternative assumption of a random rotor position leads to a reduction to
approximately 61% of the theoretical results.
By applying these reduction factors to the shadow flicker hours experienced by
houses it has been determined that none of the houses / buildings experience
greater than 30 hours of shadow flicker per year. Please refer to Table 10.1 for a
list of the projected hours of shadow flicker experienced by the dwellings within
1.13km of the proposed development.
It should also be noted that the actual shadow flicker hours experienced by houses
listed in Table 10.1 will be significantly reduced further by the presence of existing
vegetation and sheds and barns betweent the proposed turbines and the existing
houses. This reduction factor has not been appied in this assessment.
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Table 10.1 – Shadow Flicker Analysis of all houses within 1.13km
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10.2.5 Mitigation Measures
The Shadow Flicker analysis presented is an indicative computer analysis that
provides a measure of potential shadow flicker for the proposed Yellow River wind
farm development. If the proposed Yellow River wind farm development is
constructed and shadow flicker occurs in such a way that it is deemed to have an
impact on the health and safety of nearby residents, mitigation measures will be put in
place. To limit these effects, the developer will be responsible for implementing such
mitigation measures, upon agreement with the house occupiers. This could involve
the installation of appropriately designed blinds or screens to prevent any flicker
nuisance. Furthermore vegetative screening could also be employed including
treelines or hedgerows to limit or prevent shadow flicker occurrence.
In the unlikely event of validated records indicating a significant shadow flicker
impact, the developer will implement further mitigation measures in the form of preprogramming of selected turbines to prevent their operation on the dates and times
when shadow flicker could cause a nuisance.
10.3

CONCLUSION
Shadow Flicker is unlikely to cause a nuisance to nearby inhabited dwellings as there
are only 2 houses located within 500 metres and these houses are located in areas
where the levels of shadow flicker experience is below the limit of 30 hours per year.
If it does become a nuisance appropriate mitigation measures can be implemented by
the developer.
There are no significant shadow flicker impacts on dwellings in the vicinity of the
proposed Yellow River Wind Farm development.
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