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1. INTRODUCTION

This Written Scheme has been prepared by RES Developments Ltd to satisfy Condition 11 of
the deemed planning permission under Section 78 of the Town and Country Planning Act

1990 consent APP/Q1153/A/06/2017162 for a wind farm south east of North Tawton and
south west of Bow, Devon.

2, DEFINITIONS

“Claim” means a claim made by a person in writing whose
dwelling is suffering annoyance due to shadow
flicker attributable to the Development;

“the Authority” means West Devon Borough Council and any
successor authority;

“the Development” means the development of the Den Brook Wind
Farm south east of North Tawton and south west
of  Bow, Devon, for  which consent
APP/Q1153/A/06/2017162 has been granted; and;

“the Developer” means RES Developments Ltd or any successor in

title being the owner for the time being of the
Development.

3. REMEDIATION

3.1. A photocell system will be used to avoid the incidence of any shadow flicker at
dwellings within a distance of ten rotor diameters from the Development'. The
exact control system used will be part of the turbine manufacturer specification.
Examples of these schemes can be seen in the attached appendices.

(i) The hours programmed for shadow flicker control will be consistent with the
predicted hours of potential flicker as indicated in Table 3.1.

' Report 01531R00021 attached to this scheme provides an assessment to justify the consideration of
dwellings within 10 rotor diameters from turbines for programming for shadow flicker control
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Broadnymett 58 0.51 22.8 | Jan-Feb; 1545-1615
Nov: 1515-1545

Crooke Burnell | 48 0.47 | 17.8 | Nov-Jan; 0900-0930
Ham Farm 84 0.50 36.3 | May-Aug; 1900-1930

(1)

3.2

(i)

(i)

Table 3.1: Predicted times of potential shadow flicker from turbines.

Should the photocell system fail, whilst it is being corrected, mitigation options
to be considered by the Developer, should include, but not be limited to:

o increasing shielding between the receptor and the Development (by way
of vegetation or other obstacles); and,

e shutting down selected wind turbines in the Development during
periods of annoyance.

Furthermore, the Developer shall undertake the following actions in response to
any Claim:

The Developer shall use all reasonable endeavours to relieve annoyance caused
by shadow flicker attributable to the Development.

Within fourteen (14) days of receipt of a Claim, the Developer shall notify the
Authority in writing as to the course of action it shall take to investigate any
problems associated with shadow flicker arising from the Development.

(iii) Within twenty eight (28) days of receipt of a Claim, the Developer shall notify in

writing the Authority as to the course of action it shall take to mitigate any
problems associated with shadow flicker arising from the Development.

............................... NAME: ussisansmmmisisionsne

............................... Title:
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Revision History

Issue Date Author Nature And Location Of Change

01 29 Jun 2005 Abena Poku-Awuah First Created

02 20 Jul 2005 Abena Poku-Awuah Shadow Flicker map added

03 15 Aug 2005 Abena Poku-Awuah House names of “Fren Hill” and “de Bath
Farm” corrected

04 23 Sep 2005 Abena Poku-Awuah House names changed back again, cloud
statistics reference updated

05 21 Apr 2010 Sarah Mayles New report template. House layout

changed to that used in acoustic analysis.
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SHADOW FLICKER ASSESSMENT - RES INTERNAL PART
Introduction

An analysis of shadow flicker throughout the year from Den Brook Wind Farm has been carried
out, taking into account the behaviour of the sun, the local topography and the turbine layout
and dimensions. Using the shadow flicker modute of ‘RESoft Windfarm’ Software, times in the
year have been identified when a turbine rotor disc viewed from the window of a building is in
line with the sun, and therefore the potential for shadow flicker exists.

It should be noted that the analysis was performed using the following assumptions:

e The sun will always be visible during daylight hours (the location is known to
encounter cloud cover approximately 70% of the year [1]).

« The wind will always be sufficient to turn turbine blades at these times.

e The alignment of the turbine rotor blades with respect to the sun’s position will
always produce maximum shadow casting.

« The analysis looks at shadow casting over the building from all directions rather than
over vertical orientated windows only.

¢ The intensity of the sun will be insufficient to cast strong shadows at elevations less
than 5°.

e Shielding due to features such as trees or other obstacles has not been taken into
account. Terrain shielding, however, is modelled.

The flickering frequency depends on the rate of rotation and the number of blades. It has
been recommended that the critical frequency should not be above 2.5 Hz [2] [3], which for a
three bladed turbine is equivalent to a rotational speed of 50 rpm. The proposed turbines at
Den Brook Wind Farm would rotate at approximately 15 rpm, well below the critical threshold.

The distance between the turbines and habitations is of great significance because the
duration of the shadow will be shorter the greater the distance. Also, the shadow will only be
in sharp focus up to a certain distance. The Scottish PAN 45 guidelines [2], PPS22 [3] and
Clarke [4] & [5] have predicted that houses located further than ten rotor diameters away
from a wind turbine are unlikely to experience a disturbance from shadow flicker.

In this present assessment two cases have been considered: one where turbines up to 2000m
from a house have been taken into account (conservative assumption, see 1.3), and one where
turbines within 10 rotor diameters distance (10 D) from a house have been taken into account
for the relevant shadow flicker calculation (see 1.4).

Analysis Parameters

The analysis was performed using turbine layout PENGden042 [6], which consists of 9 turbines
with 90 m rotor diameter and 75 m hub height.

Twenty-eight houses were selected as being representative of the area around the wind farm
[7]. The coordinates of these houses are given in table 1.3, along with their proximity to the
nearest turbine. Each house was modelled by a horizontal “window” 4m in width and depth,
at 4m above ground level.
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The nearest distance to a turbine for each habitation has been calculated in [9]. The nearest
non-landowner habitation to any turbine is House H29, Lower Itton, which is at 701 metres

separation, or 7.8 rotor diameters.

All input parameters used by the shadow flicker run [8] are shown in tables 1.1 to 1.3. The
co-ordinate system in use in this report is the British National Grid. Longitude and latitude
parameters and angle from grid north to true north were calculated using the OS spreadsheet
for coordinate calculations [10]. The angle from grid north to true north is measured such that
the clockwise direction is taken as positive.

PARAMETER DATA
Easting 269000 mE
Grid reference of Wind Northing 100250 mN
Farm WGS84 Latitude 50° 47" 11"
WGS84 Longitude -03°51' 31"
Distance from Turbines 2000m/ 900m
Minimum sun height 5.00°
Angle from grid north to true north 1.44°

Table 1.1: Inputs for RESoft Windfarm Shadow Flicker module.

Turbine ID X (m) Y (m)
T1 268463 99666
T2 268542 | 100112
T3 268811 99573
T4 269226 | 100393
T5 269603 100494
T6 269280 | 100050
T7 268893 100238
T8 268870 99878
T10 268183 100141

Table 1.2: Turbine Layout used in Shadow Flicker Analysis.
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House Nearest Distance to nearest
Number House Name Easting | Northin Turbine turbine in m

H2 Itton Manor 268036 98977 T1 810

H3 Broadnymett 270239 100968 T5 793

H5 Broadnymett Cottages 270374 | 101003 T5 924

H6 Stone Farm 268419 | 101691 T7 1528
H7 Crooke Cross 268384 101265 T10 1142
H8 Crooke Cottage 268495 101119 T7 967

H9 Crooke Burnell 268410 100877 T10 770

H10 Nichols Court 269173 | 101968 T5 1535
H11 Sandford Barton 268982 | 101246 T4 887

H12 Paffords-in-the-Way 268742 | 101515 T4 1222
H13 Lower Hampson 271038 | 101277 T5 1635
H14 Higher Hampson 270726 | 101138 T5 1295
H15 Butterlands Park Farm 270965 | 100111 T5 1415
H16 Newlands 270503 99123 T6 1535
H17 Coxmoor 270349 99617 T5 1151
H18 Ham Farm 269525 99207 T3 802

H19 South Hill Farm 267422 98801 T1 1353
H20 Rock Park 267213 98928 T1 1452
H21 Fern Hill Farm 267102 99406 T10 1307
H22 de Bathe Moor 266846 99482 T10 1491
H24 Redlake 266515 100559 T10 1720
H25 de Bathe Cross 266580 | 100472 T10 1637
H27 Railway Farm 266680 | 100048 T10 1506
H28 Halse Farm 267373 100408 T10 853
H29 Lower ltton 268280 98989 T1 701

H30 Fernhill 266849 99638 T10 1426
H31 de Bathe Farm 266526 | 100282 T10 1663
H32 Hendicott (Endacott) 268351 98630 T1 1042

Table 1.3: Location of houses.
113 Duration of Potential Shadow Flicker

A summary of the periods when shadow flicker could occur is presented in table 1.4. Two
cases have been investigated, the first one taking into account turbines up to 10 rotor
diameter separation from a habitation and the second one taking into account turbines up to
2000m from a habitation (conservative case) for the relevant shadow flicker calculation. The
times when shadow could occur at each house has been rounded up to the nearest quarter of
an hour.

Results of 10 D calculation Results of 2000m calculation

House Days | Max | Annual | Month and Time of | Days | Max | Annual Month and Time of
Number | with | Time | Total potential flicker with | Time | Total | potential flicker (GMT)

flicker | [h] [h] (GMT) flicker | [h] [h]
H3 58 0.51 22.8 | Jan-Feb; 1545-1615 58 0.51 22.8 | Jan-Feb; 1545-1615
Nov; 1515-1545 Nov; 1515-1545
H9 48 0.47 17.8 | Nov-Jan; 0900-0930 48 0.47 | 17.8 [ Nov-Jan; 0900-0930

H18 84 0.50 | 36.3 | May-Aug; 1900-1930 [ 102 0.50 | 43.5 | May-Aug; 1900-1930

Table 1.4: Predicted times of potential shadow flicker from turbines.

p.4
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Conclusion

The assessment of shadow flicker from the proposed Den Brook Wind Farm shows that from
the twenty-eight houses modelled around the wind farm, three could experience shadow
flicker in the 10D calcutation and in the 2000m case.

One house could experience more than 30 hours of shadow flicker in the year when including
turbines both up to 10 rotor diameter and 2000km from a habitation in the calculation.

A further investigation of the location and orientation of windows at these properties and
possible shielding due to vegetation or other obstacles should be carried out. Mitigation

measures to reduce the amount of shadow flicker may need to be considered. Switching off
turbines at certain times may be necessary to avoid shadow flicker disturbance.

It should be emphasised that this analysis provides an extremely conservative estimate of the
extent that houses will be affected by shadow flicker. Due to frequent cloud cover, turbines
not turning at all times and turbine rotors not being aligned with the sun in a way to cast
maximum shadow onto habitations, the actual amount of shadow flicker seen in these areas is
likely to be much less.
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2.0 SHADOW FLICKER SUMMARY FOR REMEDIATION SCHEME

Shadow Flicker Assessment
Introduction

In sunny conditions, any shadow cast by a wind turbine will mirror the movement of the rotor.
When the sun is high, any shadows will be confined to the wind farm area, but when the sun
sinks to a lower azimuth, then moving shadows can be cast further afield and potentially over
adjacent properties. Shadow flicker is generally not a disturbance in the open as light
outdoors is reflected from all directions. The possibility of disturbance is greater for
occupants of buildings when the moving shadow is cast over an open door or window, since
the light source is more directional.

Whether shadow flicker is a disturbance 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 farm, the frequency of the flicker and the duration of the effect, either on any one
occasion or averaged over a year.

In any event and irrespective of distance from the turbines, the flickering frequency will
depend upon the rate of rotation and the number of blades. It has been recommended
(Clarke, 1991) that the critical frequency should not be above 2.5 Hz, which for a three bladed
turbine is equivalent to a rotational speed of 50 rpm. The proposed turbines at Den Brook
wind Farm would rotate at approximately 15 rpm, well below this threshold.

Methodology

An analysis of shadow flicker throughout the year from Den Brook Wind Farm was carried out,
taking into account the behaviour of the sun, the local topography and the turbine layout and
dimensions'. The analysis was performed using a turbine layout consisting of 9 turbines, each
with maximum tip heights of 120 m and maximum rotor diameters of 90 m.

The Scottish Office (2002) PAN 45 guidelines, Planning Policy Statement PPS22 and Clarke
(1991) & (1995) have predicted that houses located further than ten rotor diameters away
from a wind turbine are unlikely to experience a disturbance from shadow flicker. Therefore,
the analysis was performed on all occupied houses within 900 metres of any proposed wind
turbine. The coordinates of these houses are given in Table B1, along with their proximity to
the nearest turbine.

House Nearest Distance to nearest
Number House Name Easting | Northing Turbine turbine in m
H2 Itton Manor 268036 98977 T1 810
H3 Broadnymett 270239 | 100968 T5 793
H5 Broadnymett Cottages 270374 | 101003 T5 924
H8 Crooke Cottage 268495 101119 T7 967
H9 Crooke Burnell 268410 100877 T10 770
H11 Sandford Barton 268982 101246 T4 887
H18 Ham Farm 269525 99207 T3 802
H28 Halse Farm 267373 100408 T10 853
H29 Lower Itton 268280 98989 T1 701

Table B1: Location of houses less than 10 rotor diameters away from Den Brook Wind Farm.

1 01531R00017-05, turbine ref 01531D0001-09, house ref 0153100201-02
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Document Reference: 01531R00021 Issue: 05 - Approved



S

Assumptions
It should be noted that the analysis was performed using the following assumptions:

¢ The sun will always be visible during daylight hours (conservative assumption; the
location is known to encounter cloud cover approximately 70% of the year, (IPCC,
2010)).

¢ The wind will always be sufficient to turn turbine blades at these times (conservative
assumption).

o The alignment of the turbine rotor blades with respect to the sun’s position will
always produce maximum shadow casting (conservative assumption; it is unlikely that
the wind, and therefore the rotor blades will track the sun in practice).

¢ The analysis looks at shadow casting over the building from all directions rather than
over vertical orientated windows only (conservative assumption).

e The intensity of the sun will be insufficient to cast strong shadows at elevations less
than 5°.

« Shielding due to features such as trees or other obstacles has not been taken into
account. Terrain shielding, however, is modelled.

Results

The results of the analysis are shown in the following table B2. The times when shadow could
occur at each house have been rounded up to the nearest quarter of an hour.

Note that results have changed from those in the ES Summary because of a change in the
turbine dimensions modelled. Although the maximum tip height has remained the same, the
ES results were based on turbines with rotor diameters of 82m on 79m towers.

House Name | Days | Max | Annual Month and Time of
with | Time | Total | potential flicker (GMT)
flicker | [h] [h]

H3 58 0.51 22.8 | Jan-Feb; 1545-1615
Nov; 1515-1545

H9 48 0.47 | 17.8 [ Nov-Jan; 0900-0930

H18 84 0.50 | 36.3 | May-Aug; 1900-1930

Table B2: Predicted times of potential shadow flicker from turbines at Den Brook Wind Farm.

The results show that three of the houses considered in the analysis could be subject to
shadow flicker from the Den Brook wind farm.

House H3 is located to the north east of the proposed wind farm. It could experience up to 31
minutes per day of shadow flicker during the afternoon from January to February and
November, from turbine T3.

House H9 is located to the north of the proposed wind farm. It could experience shadow

flicker in the morning from November to January, for up to 29 minutes per day from turbine
T7.

House H18 is located to the south of the proposed wind farm. It could experience shadow
flicker during the evening from May to August, for up to 30 minutes per day from turbine T5.

p.7

Document Reference: 01531R00021 Issue: 05 - Approved



195

It should be emphasised that this analysis provides an extremely conservative estimate of the
extent that houses will be affected by shadow flicker. Due to frequent cloud cover, turbines
not turning at all times and turbine rotors not being aligned with the sun in a way to cast
maximum shadow onto habitations, the actual amount of shadow flicker seen in these areas is
likely to be much less.

It is therefore concluded that Den Brook Wind Farm will not cause a material reduction to
residential amenity owing to shadow flicker.

Reflected Light

p.8

A related visual effect to shadow flicker is that of reflected light. Theoretically, should light
be reflected off a rotating turbine blade onto an observer then a stroboscopic effect would be
experienced. In practice a number of factors limit the severity of the phenomenon and there
are no known reports of reflected light being a significant problem at other wind farms.

Firstly, wind turbines have a semi-matt surface finish which means that they do not reflect
light as strongly as materials such as glass or polished vehicle bodies.

Secondly, due to the convex surfaces found on a turbine, light will generally be reflected in a
divergent manner.

Thirdly, the variability in flow within a wind farm results in slightly differing orientation of
rotor directions, therefore it is unlikely that an observer will experience simultaneous
reflections from a number of turbines.

Fourthly, as with shadow flicker, certain weather conditions and solar positions are required
before an observer would experience the phenomenon.

It is therefore concluded that Den Brook Wind Farm will not cause a material reduction to
amenity owing to reflected light.
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