


Assessment Process for Dwelling Receptors

The flow chart presented below has been followed when determining the mitigation requirement
for dwelling receptors.

Dwelling receptor mitigation requirement flow chart
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Assessment Process - Approaching Aircraft

The flow chart presented below has been followed when determining the mitigation requirement
for approaching aircraft.

Flow chart is indicative only and
shows the general approach
followed. Consultation with the

Solar Reflection
Significance Flow
Chart - Pilots
(Approaching

Aircraft)

The following flow chart
should be used to
determine the
requirement for mitigation
regarding solar reflections
towards pllots.
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Approaching aircraft receptor mitigation requirement flow chart
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APPENDIXE - REFLECTION CALCULATIONS METHODOLOGY

Pager Power’s Reflection Calculations Methodology
The calculations are three dimensional and complex, accounting for:
e TheEarth’s orbit around the Sun;
e TheEarth’s rotation;
e The Earth’s orientation;
e Thereflector’s location;

e Thereflector’s 3D Orientation.

Reflections from a flat reflector are calculated by considering the normal which is an imaginary
line that is perpendicular to the reflective surface and originates from it. The diagram below may

be used to aid understanding of the reflection calculation process.
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The following process is used to determine the 3D Azimuth and Elevation of a reflection:

e Use the Latitude and Longitude of reflector as the reference for calculation purposes;

e Calculate the Azimuth and Elevation of the normal to the reflector;

e Calculate the 3D angle between the source and the normal;
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e Ifthis angle is less than 90 degrees a reflection will occur. If it is greater than 90 degrees
no reflection will occur because the source is behind the reflector;

e Calculate the Azimuth and Elevation of the reflection in accordance with the following:

o The angle between source and normal is equal to angle between normal and
reflection;

o Source, Normal and Reflection are in the same plane.
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APPENDIXF - ASSESSMENT LIMITATIONS AND ASSUMPTIONS

Pager Power’s Model
The model considers 100% sunlight during daylight hours which is highly conservative.

The model does not account for terrain between the reflecting solar panels and the assessed
receptor where a solar reflection is geometrically possible.

The model considers terrain between the reflecting solar panels and the visible horizon (where
the sun may be obstructed from view of the panels)®’.

It is assumed that the panel elevation angle assessed represents the elevation angle for all of the
panels within each solar panel area defined.

It is assumed that the panel azimuth angle assessed represents the azimuth angle for all of the
panels within each solar panel area defined.

Only a reflection from the face of the panel has been considered. The frame or the reverse of the
frame of the solar panel has not been considered.

The model assumes that a receptor can view the face of every panel (point, defined in the following
paragraph) within the development area whilst in reality this, in the majority of cases, will not
occur. Therefore any predicted solar reflection from the face of a solar panel that is not visible to
a receptor will not occur in practice.

A finite number of points within each solar panel area defined is chosen based on an assessment
resolution so that a comprehensive understanding of the entire development can be formed. This
determines whether a solar reflection could ever occur at a chosen receptor. The model does not
consider the specific panel rows or the entire face of the solar panel within the development
outline, rather a single point is defined every ‘x’ metres (based on the assessment resolution) with
the geometric characteristics of the panel. A panel area is however defined to encapsulate all
possible panel locations. See the figure on the following page which illustrates this process.

S7UK only.
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The dots represent
the individual
reflector points
modelled within the

Individual rows
solar panel area of solar panels

4efined (blue line).

Solar panel area modelling overview

A single reflection point is chosen for the geometric calculations. This suitably determines
whether a solar reflection can be experienced at a receptor location and the time of year and
duration of the solar reflection. Increased accuracy could be achieved by increasing the number
of heights assessed however this would only marginally change the results and is not considered
significant.

The available street view imagery, satellite mapping, terrain and any site imagery provided by the
developer has been used to assess line of sight from the assessed receptors to the modelled solar
panel area, unless stated otherwise. In some cases, this imagery may not be up to date and may
not give the full perspective of the installation from the location of the assessed receptor.

Any screening in the form of trees, buildings etc. that may obstruct the Sun from view of the solar
panels is not within the modelling unless stated otherwise. The terrain profile at the horizon is
considered if stated.
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APPENDIX G - RECEPTOR AND REFLECTOR AREA DETAILS

Terrain Height

Terrain Height was calculated from Pager Power’s database (established on OSGB Terrain 50m
DTM) based on the coordinates of the point of interest.

Road Receptor Data

The table below presents the coordinates for the assessed road receptors.

Longitude (°) Latitude (°) Longitude (°) Latitude (°)
1 -1.40846 53.58902 17 -1.39382 53.57914
2 -1.40732 53.58867 18 -1.39260 53.57850
3 -1.40610 53.58816 19 -1.39157 53.57796
4 -1.40470 53.58777 20 -1.39043 53.57734
5 -1.40324 53.58758 21 -1.38939 53.57663
6 -1.40178 53.58738 22 -1.38862 53.57587
7 -1.40071 53.58677 23 -1.38799 53.57509
8 -1.39995 53.58600 24 -1.38745 53.57426
9 -1.39961 53.58517 25 -1.38712 53.57339
10 -1.39942 53.58429 26 -1.38682 53.57255
11 -1.39894 53.58336 27 -1.38646 53.57155
12 -1.39852 53.58245 28 -1.38615 53.57068
13 -1.39795 53.58169 29 -1.38588 53.56991
14 -1.39713 53.58101 30 -1.38566 53.56895
15 -1.39608 53.58031 31 -1.38549 53.56811
16 -1.39502 53.57976

Road Receptor Data
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Dwelling Receptor Data

The table below presents the coordinates for the assessed dwelling receptors.

Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)
1 53.588158 -1.407569 144 53.570116 -1.407974
2 53.588051 -1.407777 145 53.570133 -1.407791
3 53.587818 -1.408037 146 53.570157 -1.407606
4 53.587748 -1.408165 147 53.570015 -1.407437
5 53.587654 -1.408295 148 53.569899 -1.407253
6 53.587579 -1.408449 149 53.569763 -1.407124
7 53.587462 -1.408679 150 53.569705 -1.407046
8 53.587325 -1.407507 151 53.569574 -1.406841
9 53.587176 -1.407859 152 53.569352 -1.40636
10 53.587083 -1.407972 153 53.569035 -1.406028
11 53.587009 -1.408068 154 53.568872 -1.405794
12 53.586852 -1.407582 155 53.568713 -1.405559
13 53.586622 -1.407731 156 53.568559 -1.405355
14 53.586486 -1.407635 157 53.568452 -1.404884
15 53.586323 -1.40777 158 53.568186 -1.404554
16 53.586179 -1.407771 159 53.568195 -1.404354
17 53.586056 -1.407783 160 53.567491 -1.404726
18 53.585875 -1.407784 161 53.567317 -1.404514
19 53.585731 -1.407887 162 53.566908 -1.404665
20 53.585605 -1.40786 163 53.566527 -1.404206
21 53.585475 -1.407827 164 53.566358 -1.404012
22 53.585349 -1.407881 165 53.565422 -1.404728
23 53.585247 -1.407878 166 53.588126 -1.404173
24 53.585128 -1.407915 167 53.588201 -1.403889
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Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)

25 53.585017 -1.407912 168 53.588268 -1.403626
26 53.584937 -1.407948 169 53.588349 -1.403345
27 53.584882 -1.407258 170 53.588418 -1.403093
28 53.584825 -1.407996 171 53.588601 -1.402839
29 53.584729 -1.407991 172 53.5888 -1.402926
30 53.584627 -1.40808 173 53.588961 -1.403074
31 53.584476 -1.408077 174 53.588284 -1.401332
32 53.584454 -1.407621 175 53.588111 -1.401204
33 53.58432 -1.408214 176 53.587968 -1.400988
34 53.584321 -1.408693 177 53.58815 -1.399989
35 53.584339 -1.408981 178 53.587547 -1.400771
36 53.584332 -1.409187 179 53.58631 -1.397744
37 53.584326 -1.409383 180 53.586259 -1.397962
38 53.584248 -1.409826 181 53.585729 -1.400204
39 53.584221 -1.41016 182 53.581265 -1.398818
40 53.584177 -1.410536 183 53.581281 -1.397985
41 53.584138 -1.410786 184 53.581158 -1.397933
42 53.584126 -1.411015 185 53.580836 -1.398495
43 53.583252 -1.411226 186 53.580765 -1.396483
44 53.583098 -1.411222 187 53.580518 -1.39595

45 53.582953 -1.411254 188 53.580471 -1.396725
46 53.582682 -1.411734 189 53.580368 -1.396511
47 53.582492 -1.411811 190 53.587066 -1.381143
48 53.58232 -1.41188 191 53.586775 -1.380898
49 53.582144 -1.411946 192 53.586544 -1.380672
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Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)
50 53.581977 -1.411978 193 53.586323 -1.380429
51 53.581823 -1.412099 194 53.586199 -1.382155
52 53.581611 -1.412125 195 53.585914 -1.382316
53 53.58152 -1.409442 196 53.585688 -1.382415
54 53.58134 -1.409341 197 53.585556 -1.382688
55 53.581233 -1.409358 198 53.585562 -1.382932
56 53.58114 -1.409411 199 53.585415 -1.382965
57 53.581046 -1.409382 200 53.585259 -1.38318
58 53.580974 -1.409905 201 53.585154 -1.383438
59 53.580772 -1.409851 202 53.585032 -1.383586
60 53.580683 -1.40945 203 53.584928 -1.383747
61 53.580592 -1.40945 204 53.584861 -1.382703
62 53.580497 -1.409453 205 53.58472 -1.382581
63 53.580408 -1.409476 206 53.58449 -1.383106
64 53.580316 -1.409482 207 53.584338 -1.383128
65 53.58023 -1.409499 208 53.584095 -1.383137
66 53.58014 -1.409506 209 53.584095 -1.383137
67 53.580053 -1.409507 210 53.583903 -1.383027
68 53.579925 -1.409545 211 53.583673 -1.382725
69 53.579655 -1.409676 212 53.583594 -1.382601
70 53.579328 -1.409695 213 53.583512 -1.382464
71 53.579023 -1.409589 214 53.583439 -1.383011
72 53.578376 -1.409423 215 53.58335 -1.382942
73 53.578186 -1.40935 216 53.583277 -1.382786
74 53.578059 -1.408844 217 53.583162 -1.382685
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Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)

75 53.577852 -1.408916 218 53.583072 -1.382597
76 53.57776 -1.408891 219 53.582988 -1.382468
77 53.577659 -1.408882 220 53.582911 -1.382396
78 53.577576 -1.408822 221 53.582786 -1.382271
79 53.57739 -1.408891 222 53.582697 -1.382187
80 53.577105 -1.40887 223 53.582618 -1.382096
81 53.576994 -1.409137 224 53.581468 -1.382113
82 53.576768 -1.409162 225 53.581405 -1.382534
83 53.576726 -1.409307 226 53.581253 -1.382636
84 53.576681 -1.409419 227 53.581206 -1.382756
85 53.576688 -1.409989 228 53.581129 -1.383107
86 53.576635 -1.410537 229 53.581049 -1.383378
87 53.576515 -1.410728 230 53.580812 -1.383819
88 53.576418 -1.410852 231 53.580615 -1.384136
89 53.576349 -1.411027 232 53.580437 -1.383871
90 53.576284 -1.411143 233 53.58035 -1.383799
91 53.576225 -1.411271 234 53.580278 -1.383757
92 53.576124 -1.411551 235 53.580205 -1.383709
93 53.576077 -1.412772 236 53.580125 -1.383603
94 53.575993 -1.413114 237 53.580012 -1.38357

95 53.575767 -1.413721 238 53.579872 -1.383588
96 53.575634 -1.413601 239 53.57953 -1.383182
97 53.575559 -1.413519 240 53.579459 -1.383494
98 53.575415 -1.413399 241 53.579383 -1.383812
99 53.575155 -1.413692 242 53.579248 -1.384265
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Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)
100 53.575051 -1.413619 243 53.579162 -1.384573
101 53.574902 -1.413556 244 53.579062 -1.38491
102 53.574756 -1.41346 245 53.578962 -1.385169
103 53.574574 -1.4134 246 53.578807 -1.385341
104 53.574488 -1.41338 247 53.578711 -1.385549
105 53.574437 -1.413364 248 53.578558 -1.385745
106 53.574394 -1.413352 249 53.578267 -1.386219
107 53.574294 -1.413339 250 53.578211 -1.385927
108 53.574191 -1.413308 251 53.577955 -1.385698
109 53.574069 -1.413275 252 53.577872 -1.385292
110 53.573939 -1.413269 253 53.577785 -1.38498
111 53.573844 -1.413256 254 53.577683 -1.384631
112 53.573636 -1.413224 255 53.577608 -1.384307
113 53.573441 -1.413378 256 53.577507 -1.384007
114 53.573137 -1.41326 257 53.577407 -1.383665
115 53.572845 -1.413177 258 53.577337 -1.383377
116 53.57276 -1.41309 259 53.577095 -1.382964
117 53.572663 -1.413002 260 53.57633 -1.381936
118 53.572585 -1.412936 261 53.576199 -1.382353
119 53.572517 -1.412877 262 53.576067 -1.382767
120 53.572447 -1.4128 263 53.575%967 -1.38297
121 53.572326 -1.412686 264 53.575951 -1.383311
122 53.572407 -1.411656 265 53.575628 -1.383514
123 53.572322 -1.411467 266 53.575606 -1.383793
124 53.571549 -1.411834 267 53.575543 -1.384206
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Latitude (°) Longitude (°) No. Latitude (°) Longitude (°)
125 53.571389 -1.411709 268 53.575498 -1.384536
126 53.571335 -1.411231 269 53.575634 -1.38521
127 53.571489 -1.410996 270 53.575294 -1.383886
128 53.571347 -1.410701 271 53.574721 -1.381965
129 53.571255 -1.410539 272 53.574333 -1.380608
130 53.571392 -1.409929 273 53.574157 -1.380655
131 53.571072 -1.410573 274 53.573996 -1.380482
132 53.570966 -1.410466 275 53.573624 -1.379287
133 53.570842 -1.410275 276 53.573446 -1.379284
134 53.570726 -1.410222 277 53.573096 -1.379378
135 53.570582 -1.410159 278 53.572907 -1.379247
136 53.570497 -1.410029 279 53.572769 -1.379254
137 53.570344 -1.409855 280 53.572569 -1.379386
138 53.569978 -1.409811 281 53.572303 -1.379386
139 53.570007 -1.409498 282 53.572138 -1.379231
140 53.570059 -1.408764 283 53.572025 -1.379172
141 53.570015 -1.408434 284 53.571902 -1.379152
142 53.570038 -1.408277 285 53.571782 -1.379162
143 53.570058 -1.40817 286 53.571686 -1.379162

Dwelling Receptor Data
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APPENDIX H - MODELLING RESULTS

Overview

The charts for the receptors where an impact is predicted are shown in the following sections.
Each chart shows:

e The receptor (observer) location - top right image. This also shows the azimuth range of
the Sun itself at times when reflections are possible. If sunlight is experienced from the
same direction as the reflecting panels, the overall impact of the reflection is reduced as
discussed within the body of the report;

e The reflection date/time graph - left hand side of the page. The blue line indicates the
dates and times at which geometric reflections are possible. This relates to reflections
from the yellow areas;

e The sunrise and sunset curves throughout the year (red and yellow lines).

Dwelling Receptors
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Observer Location

Observer 191 Results
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Observer 193 Results
Reflection Date/Time (GMT) Graph

00:00
23:00
22:00
21:00
20:00 — — —
19:00

18:00 - ~
17:00 ,/ \\
16:00 =] P
15:00
14:00
13:00
12:00
11:00 Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
10:00
09:00
08:00
07:00
06:00
05:00 ‘\ /
04:00
03:00
02:00
01:00
00:00

o«

Min observer difference angle: 3.7°
Max observer difference angle: 16.7°

Observer 194 Results
Reflection Date/Time (GMT) Graph

00:00
23:00
22:00
21:00
20:00 — —
19:00 — =
18:00 -, -
17:00 ,,-/ N
16:00 ~
15:00
14:00
13:00
12:00
11:00 Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
10:00
09:00
08:00
07:00
06:00

05:00 ‘\\ > i
04:00 P -~
03:00
02:00
01:00
00:00

© o«

Observer Location Sun azimuth range is 266.7° - 290.7° (yellow)

>
R I N G I e R

» @,,« & “,5\ & V},Q R & \56‘ &
Min observer difference angle: 3°
Max observer difference angle: 15.5°

Solar Photovoltaic Glint and Glare Study Land north of Grimethorpe 106



Observer 195 Results
Reflection Date/Time (GMT) Graph
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Observer 197 Results
Reflection Date/Time (GMT) Graph
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Observer 199 Results
Reflection Date/Time (GMT) Graph
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Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)

Observer 200 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 2°
Max observer difference angle: 14.2°

Observer Location

Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
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Observer 201 Results
Reflection Date/Time (GMT) Graph
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Max observer difference angle: 14°
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Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)

Observer 202 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 2.2°
Max observer difference angle: 14.2°
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71.4° - 202° (yellow)
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Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
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Observer 203 Results
Reflection Date/Time (GMT) Graph
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Observer Location Sun azimuth range is 270.7° - 292.4° (yellow)
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Min observer difference angle: 1.9°
Max observer difference angle: 13.9°

Observer 204 Results
Reflection Date/Time (GMT) Graph

00:00
23:00
22:00
21:00
20:00 —
19:00 A
18:00 ;&' .
17:00 P \‘\
16:00 4] P
15:00
14:00
13:00
12:00
11:00 Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
10:00
09:00
08:00
07:00
06:00 .

05:00 \\ > L~ |
04:00 P -

03:00
02:00
01:00
00:00

© o«

» @,,« & “,5\ & qu R & \56‘ &
Min observer difference angle: 2.3°
Max observer difference angle: 14°

Solar Photovoltaic Glint and Glare Study Land north of Grimethorpe 111



Observer 205 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 2.6°
Max observer difference angle: 14.2°

Observer 206 Results
Reflection Date/Time (GMT) Graph
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Observer Location Sun azimuth range is 272.1° - 292.3° (yellow)
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Min observer difference angle: 2.3°
Max observer difference angle: 13.7°
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Observer 207 Results
Reflection Date/Time (GMT) Graph

00:00
23:00
22:00
21:00
20:00 — — —
19:00

18:00 - e
17:00 ,»/ "~
16:00 =] e
15:00
14:00
13:00
12:00
11:00
10:00
09:00
08:00
07:00
06:00
05:00 b |
04:00
03:00
02:00
01:00
00:00

o«

>
E R R S G I e R

Min observer difference angle: 1.2°
Max observer difference angle: 13.6°

Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)

Observer 208 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 1.3°
Max observer difference angle: 13.3°

Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
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Observer 209 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 1.3°
Max observer difference angle: 13.3°

Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)

Observer 210 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 0.5°
Max observer difference angle: 13.1°

Panels: Reflecting (yellow), that would reflect but Sun is behind terrain (orange)
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Observer Location 3

Observer 215 Results
Reflection Date/Time (GMT) Graph
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Sun azimuth range is 271.8° - 293° (yellow)
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Min observer difference angle: 1.2°
Max observer difference angle: 12.7°

Observer 216 Results
Reflection Date/Time (GMT) Graph
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Min observer difference angle: 0.4°
Max observer difference angle: 12.7°
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