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13.1 INTRODUCTION

This chapter assesses the likely effects of shadow flicker on nearby properties within
the vicinity of the project. As with all tall structures, wind turbines can cast long
shadows on neighbouring areas when the sunis low in the sky. During sunny conditions
and under certain combinations of geographical position, weather conditions and
the time of day, the sun may pass behind the moving wind turbine blades and cause
a shadow to flicker on and off of neighbouring properties. This is a phenomenon
known as shadow flicker.

Dwellings and buildings may be affected by shadow flicker (i.e. when a turbine blade
shadow passes an open door or window within a flicker zone) as the sunlight comes
from one source. Shadow flicker is not as obvious outside as sunlight comes from all
directions.

Shadow flicker generally lasts only for a short period and happens only in certain
specific combinations of weather and geographic conditions such, as follows:-

e The sun is shining and is at a low angle in the sky (after down and before
sunset);

e The turbine is located directly between the sun and the affected property;

e The wind speed is high enough to move the turbine blades, and,

e The furbine blades are orientated such that they are horizontal to the sun.
Given the very low likelihood of such conditions occurring simultaneously, the
likelihood of shadow flicker at any receptor is low.

13.1.1 DESCRIPTION OF THE PROJECT

In summary, the project comprises the following main components as described in
Chapter 3:-

e 10 no. wind turbines, 3 no. with an overall height of 185m and 7 no. with an
overall height of 150m;

e All associated and ancillary site development, excavation, construction,
landscaping and reinstatement works, including provision of site drainage
infrastructure and forestry felling;

e Works to the public road network along the turbine component haul route;
and,

e 110kV electricity substation and installation of c. 7km of underground
electricity line to facilitate connection of the wind farm to the existing Tonroe
110kV electricity substation at Ballaghaderreen, County Roscommon.

The project is located in north County Roscommon; c. 2km north of Ballaghaderreen,
c. 13km east of Charlestown (Co. Mayo) and c. ékm southwest of Gorteen (Co. Sligo);
and is located in close proximity fo the county boundaries between counties
Roscommon, Sligo and Mayo. It is envisaged that furbine components will be
transported from the Port of Galway through the counties of Galway, Mayo and
Roscommon to the project site utilising, predominately, motorway and national roads.

A full description of the project is presented in Chapter 3.

13.2 STATEMENT OF AUTHORITY
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This chapter has been prepared by members of the GES Planning & Environment
Team, with specialist technical input provided by Joseph Buckley, Development &
Technical Services Lead at GES. Joseph has significant experience of preparing
shadow flicker prediction models for proposed wind energy developments,
developing operation phase shadow flicker monitoring programmes, and has carried
out visual inspections to confirm the efficacy of the prediction models and mitigation
measures.

13.3  ASSESSMENT METHODOLOGY

13.3.1 WIND ENERGY DEVELOPMENT GUIDELINES FOR PLANNING AUTHORITIES 2006

This assessment has been carried out in accordance with all statutory guidelines and
uses techniques which are recognised as best practice by the relevant environmental
health organisations. The Wind Energy Development Guidelines for Planning
Authorities 2006 (‘the 2006 Guidelines’) state:-

“Careful site selection, design and planning, and good use of relevant software,
can help avoid the possibility of shadow flicker in the first instance. It is
recommended that shadow flicker at neighbouring offices and dwellings within
500m should not exceed 30 hours per year or 30 minutes per day. At distances
greater than 10 rotor diameters from a turbine, the potential for shadow flicker is
very low. Where shadow flicker could be a problem, developers should provide
calculations to quantify the effect and where appropriate take measures to
prevent or ameliorate the potential effect, such as by turning off a particular
turbine at certain times”

The likely effects of shadow flicker have been central to the environmental constraints
analysis process undertaken, and described at Chapter 2, and the iterative design
process described therein demonstrates the careful site selection and layout process
which has been followed.

The 2006 Guidelines state that the likelihood of shadow flicker being experienced at
distances greater than 10-times rotor diameter from a turbine is low. However, and in
accordance with the precautionary principle, an extremely conservative study area
of 10-times overall tip height from each turbine has been selected. All receptors within
this study area will be assessed for shadow flicker effects.

Other elements of the overall development, including grid connection infrastructure
and construction material haul routes (including turbine component haul route), are
not capable of creating shadow flicker effects and thus have been screened out from
further assessment.

13.3.2 DRAFT REVISED WIND ENERGY DEVELOPMENT GUIDELINES 2019

The 2006 Guidelines specify that shadow flicker shall not exceed 30-minutes per day
or 30-hours per year at a particular dwelling or office. In the event that shadow flicker
is predicted to exceed either of these thresholds, mitigation measures shall be installed
to switch off turbines at times when exceedances are predicted to occur.

The Draft Revised Wind Energy Development Guidelines 2019 (‘the Draft 2019
Guidelines’) propose to fully eliminate the occurrence of shadow flicker at all
dwellings, places of work and schools through the installation of automated turbine
shut down software.

While the Draft 2019 Guidelines remaining in draft form, and have not been formally
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adopted, the Developer has committed to the implementation of mitigation
measures to fully eliminate shadow flicker at dwellings, places of work and schools.
Details of these mitigation measures are provided at Section 13.6.2.

13.3.3 PASSING FREQUENCY

A periodic change in the light produced by the sun occurs at a particular location
because of the rotating wind turbine rotor. This is referred to as a pulsating light level.
Research has shown that the consequences of the pulsating light level are dependent
on the frequency, which is determined by the speed of the rotor blades in the case
of wind turbines.

From this research, including research done into the lighting of traffic tunnels, most
people tested who experienced frequencies between 5 and 10 Hz (Hertz) were
subject to virtually no nuisance. The proposed wind turbines have a typical rotational
speed of c. 12ropm (revolutions per minute) and three rotor blades. The maximum
passing frequency is, therefore 0.6Hz (36 times per minute), which is well below the
accepted level where nuisance is likely to occur. The effects of passing frequencies
have, therefore, not been considered in this assessment.

13.3.4 RECEPTOR SURVEY

The location of all properties within 10-times overall tip height of a proposed wind
turbine (i.e. all receptors within 1,850m of turbines T1-T3 and 1,500m of turbines T4-T10)
was recorded using Ordnance Survey Ireland (OSI) data, a detailed planning registry
search and a physical survey of the area. A total of 125 no. receptors were identified;
the locations of which are illustrated at Annex 13.1. The topography of the local area,
the project site and the elevation of nearby receptors was also modelled using OSI
data.

13.3.5 IMPACT PREDICTION MODEL & ASSUMPTIONS

WindPro software, a detailed computer software model which can estimate the likely
occurrence of shadow flicker, was used to predict the likely effect of the project. The
prediction model assesses the likelihood of shadow flicker occurring at receptor
locations relative to the wind turbine locations and with long ferm average sunshine
hours.

It is important to note that shadow flicker is a relatively minor and short-lived
phenomenon which only occurs in the very rare instances when a combination of a
number of very specific meteorological and physical conditions happen
concurrently, as follows:-

e the sunisshining and is at a low angle (after dawn and before sunset);
e there is sufficient direct sunlight fo cause shadows (i.e. no cloud, mist, fog);

e the turbine is directly between the sun and the receptor, and within a
distance that the shadow has not diminished below perceptible levels;

e there is no screening vegetation or other structures between the turbine and
the receptor which would diminish shadow below perceptible levels; and,

e there is enough wind energy to ensure that the turbine blades are moving.

The concatenation of these conditions to cause shadow flicker at any receptor is
highly unusual and even the occasional events that do occur usually go entirely
unnoticed.

Chapter 13: Shadow Flicker 13:3
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13.3.5.1 Sunshine Hours & Angle

Shadow flicker cannot occur if the sun is not shining, therefore the probability of
sunshine must be considered as part of this assessment. Moreover, the Draft 2019
Guidelines note that “Generally only properties within 130 degrees either side of north,
relative to the turbines, can be affected at these latitudes in the UK and Ireland —
turbines do not cast long shadows on their southern side.” Historical metrological data
from the Clones Meteorological Station was used to assess the number of sunshine
hours (see Table 13.1).

Mean Daily Duration (hours/day)

Jan ‘Feb Mar ‘Apr May ‘Jun Jul Aug Sep Oct Nov Dec
1.45 1.93 2.72 431 5.45 4.4] 4,74 3.96 3.48 2.54 1.71 1.01

Table 13.1: Historic Average Daily Sunshine Hours (Clones Meteorological Station)

A simple calculation using the above recorded data shows that the probability of
sunshine is approximately 3.1 hours per day when averaged over a 12-month period.
The absence of a high mean daily duration of sunshine will result in a significant
decrease in the likelihood of shadow flicker effects when the ‘worst case’ scenario is
adjusted to the ‘expected’ scenario.

There is a great difference in light levels between a shadow at a short distance and @
shadow at a long distance. The intensity is greatest at a short distance from the wind
turbine since the rotor blade screens the whole of the sun at a short distance. Shadows
at a greater distance from the wind turbine have a low intensity since the blades no
longer cover the sun completely and, therefore, the light contrast is strongly reduced.
If an observer experiences shadow from the sun when it is lower than three degrees
above the horizon, the distance to the wind turbine will be of such a length that it is
likely that the intensity of the shadow can be ignored. Sunshine is, in Ireland, generally
tempered by mist, cloud cover, vegetation growth or buildings in the surrounding area
when the position of the sun is lower than three degrees. To account for this, the sun’s
minimum angle has been set at three degrees in the shadow flicker model.

13.3.5.2 Greenhouse Mode

Each receptor is modelled in ‘greenhouse mode’. This effectively assumes a
conservative ‘worst case’ impact where each receptor is constructed entirely of glass
(windows on all elevations) and that no intervening screening is afforded by walls,
vegetation or other opaque objects between the receptor and the wind turbine.

13.3.5.3 Turbine Rotation

The proposed wind turbines, a Vestas V162-7.2MW (T1-T3) and Vestas V136-4.5MW (T4-
T10), have a cut-in wind speed of 3m/s and cut out wind speed of 25m/s. According
to the SEAI Wind Speed Atlas, the average adjusted wind speed over the project site
is approximately 8.5m/s at 100m. Typically in Ireland, wind speed is between 3m/s and
25m/s for 85% of the time. Therefore the turbines are likely to be operational for 85% of
the year.

The shadow flicker model, however, assumes that the turbine rotors are rotating at all
times (i.e. 100% of the time). Therefore, the model is highly conservative, precautionary
and does not account for the turbines being non-operational for a variety of reasons
including grid unavailability, turbine maintenance and turbine breakdown. The
turbines are likely to be non-operational for 15% of the time due to the above factors.

Chapter 13: Shadow Flicker 13:4
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13.3.5.4 Wind Direction & Rotor Orientation

Wind direction plays a crucial role in determining the likelihood of shadow flicker. A
wind turbine directs the rotor at right angles to the wind direction (turns the rotors to
‘attack’ the wind in order to generate power) when there is sufficient wind. The wind
direction is, therefore, the critical determining factor for the orientation of the rotor
and also for the position of the rotor in relation to the sun.

Given weather variability, it is not possible that sunshine will always coincide with wind
turbines facing parallel to the sun such that the blades are orientated in a position
(directly or indirectly) to cause shadow flicker at any receptor. However, it is assumed
for the purposes of the model that, when the sun is shining, wind direction is such that
shadow flicker can be caused at all receptors simultaneously.

13.3.5.5 Summary of Assumptions

In summary, the ‘worst case’ shadow flicker model calculation is based on a number
of conservative and highly precautionary assumptions, as follows:-

e The sun is always shining and there is constant adequate wind speed such
that each turbine is always rotating and that the turbine rotor tracks the sun
by orientating the turbine exactly as the sun moves, such that shadow flicker
is caused atf receptors;

e Ordnance Survey lIreland digital data is used as the only topographical
reference. Simulations are run on a ‘lunar landscape’ without allowing for the
obscuring effect of any vegetation or other structures between the location
of receptors and the position of the sun in the sky;

e Each receptor is constructed entirely of glass (windows on all elevations;
greenhouse mode), all the rooms are occupied and that the curtains or
blinds, if present, are always open; and,

e There will be no downtime for any of the turbines as a result of a mechanical
fault, grid availability or routine maintenance.

13.3.6 ‘WORST CASE’ VERSUS ‘EXPECTED’ SHADOW FLICKER

The Draft 2019 Guidelines provide that developers should present calculatfions to
quantify the effect of shadow flicker. As a consequence, and in order to demonstrate
‘worst case’ and ‘expected’ effects, the modelling analysis and calculations are
presented in ‘minutes per day’ and ‘hours per year'. However, the presentation of the
data in this manner is problematic and can often result in a misunderstanding of the
actual impact.

This is due to the fact that the long-run accurate modelling of shadow flicker in
‘minutes per day’ is not possible as weather conditions on a daily basis are inherently
changeable over such a short timeframe and evidently cannot be predicted in
advance. For example, over the course of a year, the model can assume that it will
be sunny for a percentage of the year (based on historic meteorological data) and
the ‘worst case’ predictions can be adjusted accordingly to find the ‘expected’
shadow flicker hours. However, over the course of a day, it cannot be assumed that
it will only be sunny for a percentage of the day (it may be sunny all day or not at all).
As a result, the model significantly overestimates the predicted minutes of shadow
flicker which will likely be experienced at any receptor on any given day and the
‘minutes per day’ criterion is not, therefore, representative of actual shadow flicker
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which will be experienced. Most receptors will experience considerably less shadow
flicker, if any at all. This approach is in full accordance with the precautionary
principle.

On the other hand, modelling over a longer timeframe of 1-year, the ‘expected’
values (‘hours per year') consider the probability of sunshine and predominant wind
direction based on historic meteorological data. Modelling over such a longer time
span is therefore more accurate and more representative of the actual levels of
shadow flicker which are likely to be experienced. However, while more accurate,
given the assumptions inherent to the prediction model, as set out at Section 13.3.5,
even the ‘expected hours per year’ criterion represents a conservative approach.

Therefore, and as is best practice, the predicted shadow flicker values presented in
this chapter are conservative ‘worst case’ hours per day (in accordance with a
precautionary approach) and ‘expected’ hours per year.

13.4 DESCRIPTION OF THE EXISTING ENVIRONMENT

The receiving baseline environment is a rural upland area landscape; typical of this
part of Co. Roscommon; where the topography of the surrounding lands is gently
undulating and generally sloping to the south. The wider landscape comprises @
mosaic of upland peat bogs, forestry and agricultural scrub interspersed by areas of
improved agricultural pasture.

A total of 125 no. receptors have been identified within 10-times overall tip height of
a proposed wind turbine as illustrated at Annex 13.1).

13.5 DESCRIPTION OF LIKELY EFFECTS

13.5.1 CONSTRUCTION PHASE

As the proposed wind turbines will not be operational during the construction phase,
shadow flicker will not occur.

13.5.2 OPERATION PHASE

It should be reiterated that the Developer has, as described above at Section 13.3.2
and detailed further at Section 13.6.2 below, committed to the incorporation of
design measures to eliminate shadow flicker at dwellings, places of work and schools.
Consequently, the below assessment is a theoretical prediction of effects which could
arise in the absence of these design features.

The predicted shadow flicker effects, with ‘worst case’ and ‘expected’ values, arising
from the project are detailed at Table 13.2 below (extracted from Annex 13.2) for all
receptors located within 10-times overall tip height of a proposed wind turbine.

Under a ‘worst case’ scenario, 84 no. receptors are predicted to experience shadow
flicker with effects ranging between of é-minutes and 1-hour 9-minutes on any given
day. However, it is again reiterated that this calculation is highly conservative and is
not representative of likely shadow flicker effects. As explained above in Section
13.3.5.5, the ‘worst case’' scenario could only occur under rare and specific
combination of circumstances occurring simultaneously i.e. when the sun is at a
certain position in the sky, the sun is shining, the turbines rotor is rotating and rotating
parallel (directly or indirectly) to the shadow receptor.

The ‘expected’ results over the course of a year; which, while also being likely to
significantly overestimate the actual shadow flicker impact, are a more realistic

Chapter 13: Shadow Flicker 13:6
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prediction of likely shadow flicker levels; are also presented in Table 13.2 (extracted
from Annex 13.2). In this scenario, 84 no. receptors are, again, predicted to
experience shadow flicker with effects ranging between 7-minutes and 19-hours 27-
minutes.

Receptor ID ‘Worst Case’ Shadow Flicker ‘Expected’ Shadow Flicker
(hours per day (hh:mm)) (hours per year (hh:mm))
ROO1 00:39 04:12
RO02 00:27 01:34
ROO3 00:27 02:15
RO04 00:46 09:54
RO05 00:29 01:47
RO06 00:00 00:00
ROO7 00:00 00:00
RO08 00:00 00:00
RO09 00:00 00:00
RO10 00:26 01:25
RO11 00:42 04:02
RO12 00:23 03:53
RO13 00:28 03:48
RO14 00:34 07:20
RO15 00:00 00:00
RO16 00:00 00:00
RO17 00:35 03:42
RO18 00:00 00:00
RO19 00:38 04:47
RO20 00:28 03:02
RO21 00:00 00:00
R0O22 00:00 00:00
RO23 00:00 00:00
R024 00:22 01:17
RO25 00:00 00:00
RO26 00:28 03:30
RO27 00:45 15:28
RO28 00:47 04:43
R0O29 00:38 06:56
RO30 00:27 05:46
RO31 00:19 00:42
RO32 00:25 02:37
RO33 00:00 00:00
R0O34 00:46 03:14
RO35 00:51 19:27
RO36 00:00 00:00
RO37 00:00 00:00
RO38 00:22 02:13
RO39 00:22 02:08
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RO40 00:18 00:51
RO41 00:22 00:59
RO42 00:30 03:30
RO43 00:18 01:44
RO44 00:25 02:18
R0O45 00:00 00:00
RO46 00:00 00:00
RO47 00:51 14:22
R0O48 00:16 00:42
R0O49 00:00 00:00
RO50 00:00 00:00
RO51 00:00 00:00
R0O52 00:25 03:10
R0O53 00:18 01:10
R0O54 00:27 04:38
R0O55 00:12 00:42
RO56 00:24 02:08
R0O57 00:00 00:00
R0O58 00:12 00:45
RO59 00:21 01:03
R0O60 00:26 02:17
RO61 00:00 00:00
R0O62 00:29 06:09
R0O63 00:32 03:58
RO64 00:00 00:00
R0O65 00:00 00:00
RO66 00:00 00:00
R0O67 00:26 05:00
R0O68 00:41 04:15
R0O69 00:34 05:25
RO70 00:00 00:00
RO71 00:26 02:19
RO72 00:08 00:07
RO73 00:11 00:48
RO74 00:00 00:00
RO75 00:00 00:00
RO76 00:22 02:27
RO77 00:00 00:00
RO78 00:34 07:39
RO79 00:35 10:49
R0O80 00:26 02:39
RO81 00:00 00:00
R0O82 00:46 08:06
R0O83 00:00 00:00
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R0O84 00:00 00:00
R0O85 00:38 05:40
R0O86 00:21 00:52
RO87 00:51 10:44
RO88 00:26 03:00
R0O89 00:23 02:10
R0O%0 00:46 18:08
RO21 00:43 09:34
R0O92 00:00 00:00
R0O93 00:00 00:00
R0O%4 00:29 06:06
RO95 00:38 07:34
R0O96 00:21 00:56
RO97 00:00 00:00
R0O98 00:25 03:43
RO99 00:06 00:16
R100 00:19 00:49
R101 00:00 00:00
R102 01:09 13:01
R103 00:40 12:09
R104 00:33 03:27
R105 00:24 04:21
R106 00:23 03:35
R107 00:34 02:42
R108 00:37 09:11
R109 00:00 00:00
R110 00:00 00:00
R111 00:00 00:00
R112 00:00 00:00
R113 00:24 02:38
R114 00:00 00:00
R115 00:20 01:02
R116 00:23 02:26
R117 00:26 02:14
R118 00:40 03:39
R119 00:00 00:00
R120 00:46 15:29
R121 00:52 14:13
R122 00:17 01:25
R123 00:26 04:21
R124 00:22 00:59
R125 00:26 02:50

Table 13.2: Shadow Flicker Prediction Model Results

In the absence of design/control measures to eliminate shadow flicker at receptors, it
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is assessed that, while some receptors would experience shadow flicker, effects are
likely to be negative, indirect, long-term and slight.

13.5.3 DECOMMISSIONING PHASE

As the proposed turbines will not be operational during the decommissioning phase,
shadow flicker will not occur.

13.5.4 CUMULATIVE EFFECTS

Prior to undertaking the shadow flicker prediction modelling presented in this chapter,
an appraisal of the wider area was undertaken to determine if any cumulative effects
could arise with other wind farm developments.

The existing Largan Hill Wind Farm is located immediately east of the project and, due
to proximity, could give rise to cumulative shadow flicker effects. A detailed
assessment of the likely shadow flicker effects arising from the operation of the subject
project and the Largan Hill Wind Farm has been undertaken for all receptors located
within 10-times tfip height of the proposed wind turbines (i.e. Islandmore Wind Farm).
The cumulative assessment (see Table 13.3 below and Annex 13.3 [Volume Il]) has
again been presented in terms of ‘worst case’ and ‘expected’ results.

Receptor ID ‘Worst Case’ Shadow Flicker ‘Expected’ Shadow Flicker
(hours per day (hh:mm)) (hours per year (hh:mm))

ROO1 00:39 04:12
R0O02 00:27 01:34
ROO3 00:27 02:15
R0OO4 00:46 09:54
RO0S 00:29 01:47
RO06 00:00 00:00
ROO7 00:00 00:00
RO0O8 00:00 00:00
ROO? 00:00 00:00
RO10 00:26 01:25
ROT1 00:42 04:02
RO12 00:23 03:53
RO13 00:28 03:48
RO14 00:34 07:20
RO15 00:00 00:00
RO16 00:00 00:00
RO17 00:35 03:42
RO18 00:00 00:00
RO19 00:38 09:53
R020 00:28 03:02
RO21 00:00 00:00
R0O22 00:00 00:00
RO23 00:00 00:00
R024 00:22 01:17
R025 00:00 00:00
R0O26 00:28 03:30
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RO27 00:45 15:28
R028 00:47 04:43
R0O29 00:38 06:56
RO30 00:39 10:36
RO31 00:19 00:42
R0O32 00:25 02:37
RO33 00:00 00:00
R0O34 00:46 03:14
RO35 00:51 19:27
RO36 00:00 00:00
RO37 00:00 00:00
RO38 00:22 02:13
RO39 00:22 02:08
R0O40 00:18 00:51
RO41 00:22 02:19
R0O42 00:30 03:30
R0O43 00:18 01:44
RO44 00:25 02:18
RO45 00:00 00:00
RO46 00:00 00:00
RO47 00:51 14:22
R0O48 00:16 00:42
RO49 00:00 00:00
ROS50 00:00 00:00
ROS1 00:00 00:00
R0O52 00:25 03:10
R0O53 00:20 03:58
RO54 00:27 06:51
R0O55 00:12 00:42
RO56 00:24 02:08
ROS57 00:00 00:00
RO58 00:12 00:45
RO59 00:21 01:03
R0O60 00:26 02:17
RO61 00:00 00:00
RO62 00:41 10:47
R0O63 00:32 03:58
R0O64 00:00 00:00
RO65 00:00 00:00
R0O66 00:00 00:00
R0O67 00:26 05:00
RO68 00:41 04:15
R0O69 00:34 09:58
R0O70 00:00 00:00
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RO71 00:26 02:19
RO72 00:08 00:07
RO73 00:11 00:48
RO74 00:00 00:00
RO75 00:00 00:00
RO76 00:28 05:04
RO77 00:00 00:00
RO78 00:34 07:39
RO79 00:35 10:49
R0O80 00:27 06:49
RO81 00:00 00:00
R0O82 00:46 08:06
R0O83 00:00 00:00
R0O84 00:00 00:00
R0O85 00:54 10:13
R0O86 00:21 00:52
RO87 00:51 10:44
RO88 00:26 03:00
RO89 00:23 02:10
R0O90 00:46 18:08
RO91 00:43 09:34
R092 00:00 00:00
R0O93 00:00 00:00
R0O94 00:29 06:06
RO95 00:38 07:34
R0O96 00:21 02:12
RO97 00:00 00:00
R0O98 00:27 05:36
R0O99 00:06 00:16
R100 00:19 00:49
R101 00:00 00:00
R102 01:09 13:01
R103 00:40 12:09
R104 00:33 03:27
R105 00:26 05:59
R106 00:23 03:35
R107 00:34 02:42
R108 00:37 09:11
R109 00:00 00:00
R110 00:00 00:00
R111 00:00 00:00
R112 00:00 00:00
R113 00:24 02:38
R114 00:00 00:00
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R115 00:20 01:02
R116 00:34 05:58
R117 00:26 02:14
R118 00:40 03:39
R119 00:00 00:00
R120 00:46 15:29
R121 00:52 14:30
R122 00:28 04:08
R123 00:27 06:21
R124 00:22 02:18
R125 00:26 02:50

Table 13.3: Cumulative Shadow Flicker Prediction Model Results

While the addition of the Largan Hill Wind Farm increases the effects of shadow flicker
at a number of receptors ; the increases are not assessed as likely to result in significant
effects. Under ‘worst-case’ conditions, the level of shadow flicker on any day remains
1-hour ?-minutes; while the level under ‘expected’ conditions remains at 19-hours 27-
minutes per annum.

13.6 MITIGATION & MONITORING MEASURES

13.6.1 CONSTRUCTION PHASE

As there is no likelihood of effects during the construction phase, no mitigation
measures or monitoring proposals are required, or proposed.

13.6.2 OPERATION PHASE

In the first instance, the likely shadow flicker effects have been minimised, and
avoided where possible, through the iterative design process and assessment of
project alternatives as described at Chapter 2. However; while the project strikes the
best balance between the avoidance of likely significant effects and achieving the
objectives of the project, shadow flicker effects remain, as discussed above.

As outlined at Section 13.3.2 above, the Draft 2019 Guidelines propose to eliminate
the occurrence of shadow flicker at all dwellings, places of work and schools through
the installation of automated turbine shut down software. While the Draft 2019
Guidelines have not been formally adopted, the Developer has, as discussed above,
committed to the implementation of design measures to eliminate shadow flicker at
all recepftors.

Automated furbine shut down software is available and is already widely
implemented to control or eliminate the occurrence of shadow flicker on wind farm
developments where shadow flicker levels are proven to occur. Shut down software
effectively limits (curtails) the operation of turbines during the infrequent and rare
periods when shadow flicker occurs. The wind tfurbines will each be fitted with
automated turbine shut down software, inherent to their design, to facilitate their shut
down as required.

The shut-down software will be programmed with a set of predetermined times when
shadow flicker could theoretically occur; if the wind is blowing and the sun is shining.
The software will determine; based on the operation, or otherwise, of each turbine;
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whether the wind is blowing and; based on a sunlight sensor fitted within the wind
farm; whether the sun is shining.

If the wind is blowing and the sun is shining during the set of predetermined fimes
discussed above, the software will temporarily switch off a turbine (or turbines) which
is (or are) predicted to give rise to shadow flicker effects at a particular receptor.
Following the shut-down of the turbine(s), it will take a number of minutes for the
rotation of the turbine blades to cease and, accordingly, it is possible that, on
extremely rare occasions, a dwelling, place of work or school could experience
momentary occurrences of shadow flicker. However, as the rate of rotation of the
turbine blades will be reducing, it is likely that any flicker occurring will go largely
unnoticed.

Having switched off a turbine (or turbines), the software will then recognise when the
generation of shadow flicker at a receptor can no longer occur and will switch on the
turbine (or turbines).

Within 12-months of the commencement of commercial operations, a shadow flicker
survey will be undertaken by a suitably qualified person to verify the implementation
of the turbine shut down software. Monitoring will be undertaken when and where the
model predicts shadow flicker is expected to occur.

The data which will be collected during the survey will include:-
e The date, time, location (turbine ID) and duration of the measurement;
e Sunlight intensity and direction;
e Wind speed and direction/rotor angle; and,
e Time, date and duration of any sensor triggered shut down.

A site visit will be carried out by a suitably qualified person during each calendar
season, to obtain representative samples of year-round conditions, to monitor the site
when shadow flicker is predicted to occur to verify the effectiveness of the shut-down
software.

In addition, should any third party complaints be raised in respect of shadow flicker at
any fime during the lifetime of the project, additional specific monitoring will be
undertaken as per the methods described above.

A Planning-Stage Shadow Flicker Monitoring Plan has been prepared and is provided
at Annex 13.4. This programme will be further developed, and agreed in writing with
the Planning Authority, prior fo the commencement of development.

13.6.3 DECOMMISSIONING PHASE

As there is no likelihood of shadow flicker effects arising during the decommissioning
phase, no mitigation measures or monitoring proposals are required, or proposed.

13.7 RESIDUAL EFFECTS

The above mitigation measures will ensure that there will be no significant residual
effects arising from shadow flicker. The implementation of the above turbine shut
down technology effectively excludes the likelihood of shadow flicker occurring at
dwellings, places of work and schools; however, as noted, momentary instances of
shadow flicker may occur as the wind furbines are shut down and their rotation
ceases. The proposed monitoring will confirm the efficacy of the mitigation measures.
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13.8  SUMMARY

This chapter has assessed the likelihood of shadow flicker effects at all receptors (125
no.) located within 10-times the overall tip height of the proposed wind turbines using
a shadow flicker model. Shadow flicker is a rare phenomenon and can only occur
during the infrequent coincidence of a number of specific, variable meteorological
and geographic factors. The shadow flicker model is also based on a number of
precautionary assumptions which significantly overestimate the likely shadow flicker
impact at any receptor.

There is no likelihood of any effects during the construction or decommissioning
phases as the proposed wind turbines will not be operational. Similarly, secondary
developments associated with the wind farm, such as grid connection infrastructure
and haul route upgrade works, are not capable of causing shadow flicker.

During the operation phase, technological mitigation measures will be implemented
to shut down the wind turbines at predetermined times when shadow flicker could
occur (based on meteorological conditions) to exclude the likelihood of shadow
flicker occurring. These measures will ensure that the project will not result in any likely
significant shadow flicker effects, either individually or in combination with other
existing, permitted or proposed developments.
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