


ovoitaic Glint and Glare Study



7

Pager Powaer has been retained 1o assess the possible effects of glint and glarve from a proposed
axtension to an existing solar photovoltaic (PV) development located at Eastergate, Hampshire,
LKL This assessment periains {o the possible mpact upon of glint and glare upon surrounding

road users on the surrounding roads and observers in the surrounding dwellings.
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No significant impacts have been dentified upon surrounding road users. No mitigation i
therafore requirad.

A mitigation reguirement has besn identifled for two dwellings, based on & conservative
assessment of the available imagery. The reflecting panel areas that should be obscurad from
view are presented in Section £.3.1, and the recommended mitigation strategy is presented in
Section 8.4,

Guidelines exist in the UK {produced by the Civil Aviation Authorityl and in the USA {produced
by the Federal Aviation Administration} with respect to solar developrents and avistion activity,
however a specific methodoiogy for defermining the impact upon road safely or residential
amenity has not been produced o date. Therefors, Pager Power has reviewed existing
guitdelines and the available studies {discussed below) in the process of defining its own glint and
glare assessment guidance document and methodology® This methadology defines the process
for determining the impact upon road safety and residential ameniby.

Pager Power's approach is to undertake geometric reflection calculations and, where a solar
reflection is predicted, consider the screening {existing and/or proposed) betwesn the receptor
and the reflecting solar pansls. The scenaria in which a sodar reflection can occur for sil receptars
s then identified and discussed, and a comparison is made against the available solsr panel
reflection studiss to determing the overall impact.

The available studies have measured the intensity of reflections from solar panels with respect to
other naturally cccurring and manmads surfaces. The results show that the reflections produced
are of intensity sirnilar o or less than those producsd from still water and significantly lsss than
reflections from glass and steel?.

L paser Power Glintans Siare Guidance, Third Bdition {344, Apri 2021,

4 SunPower, 2009, SunPower Solar Module Glare and Refizctance (appendiy to Solargen Ernergy, 2010}

Sclar Photovoltaic Glint and Glgre Study Fastergate 8
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Meost of the roads within the 1l buffer zone are considerad iocal roads where traffic densities
ars likely to be relatively low, Assessment s not recomimended for local roads as any solar
reflections from the proposed development that are expertenced by a road user would be
considerad low impact in accordanca with the guidances presented in Appendix D

The major national, national, and regional reads within the buffer zone are the A2%, B23233,
Fastergate Lane, and Wandleys Lane. However, geometric maodelling was only taken forward
for five receptors along the AZ% because views of the proposed development will be
obstructed by existing vegetation and surrounding dwellings along all of the BZ2233, Eastergate
Lane, and Wandleys Lane; and most of the A2%. No impacts are therefore predicted upon road
users along these sections of road.

The modelling has shown that solar reflections are geometrically possible towards two of the
five road receptors along the AZP. Feeting views of the reflecting panels are considered
possible due to small gaps in screening: however, all predicted solar reflections would ocouy
outside of road user's main field of view. A fow impact is predicted upon road users along the
AZG and no mitigation is regquired,

Accaas
ASS0EEM VEHINES

A

Geometric modeliing was only taken forward for 13 dwelling receptors locatad close to the
sroposed development due [o soreening in the form of existing vegetation and other dwellings
that would cbatruct views of the propossd development within the lkm butfer zone,

The modeliing has shown that solar reflections are zeomelrically possible towards 10 out of
the 13 assessed dwelling receptors,

Yiews of the reflecting panels are considered possible at six of these dwellings; howsver, no

roitigation requirement has been identified for four of these dwellings because the duration of
affects is not significant.

A mitigation requirement has been {dentifisd for two dwellings due to the duration of effects,
their proximity to the pansls, and lack of identified screening that could reduce the effects.

Mitigation Overvisw

Any solution that sufficiently obstructs vistbility of the reflacting area will mitigate impacts. The
mitigation strategy should address this with a view {o sliminating impacts. The reflecling area
that should be obscured from view, based on the proposed configuration, has therefore been

defined in Section 6.3.1.

It s recommended that the landscape plan is progressed with reference to the above,

Sclar Photovoltaic Glint and Glgre Study Fastergate 4
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Pager Power is & dedicated consultancy company based in Suffolk, UK The comparny has
undertaken projects in 50 countries within Europe, Africa, Americe, Asia and Austraiasia,

The company comprises a team of experts {o provide fechnical expertise and guidante on a
range of plenning issuss for largs snd small deveinpmeants.

Pager Power was sstablished in 1997, Initially the company focus was on modelling the impact
of wind turbines on radar systems, Over the vears, the company has expanded into numerous
fields including:

¢ Renewable energy projecis;

= Buillding developments;

«  Aviation and telecommunication systems.
Pager Power prides ifiself on providing comprehensive, understandable and acourate
assessments of complex issues in Hne with national and international standards. This is
underpinned by its custom software, longstanding relationships with siakeholders and active
role in conferences and research efforts around the world,
Pager Power's assessments withstand legal scrutiny and the company can provide support for a
project at any stage.

Sclar Photovoltaic Glint and Glgre Study Fastergate 8
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Pager Powaer has been refained o assess the possible effects of glint and glare from a propossd
axtension to an existing solar photovoltaic (PV) development located at Eastergate, Hampshire,
LKL This assessiment periains fo the possible impact upon of glint and glare upon surrounding
road users on the surrounding roads and observers in the surrounding dwellings.

This report therefore contains the following:
e Solar development detaiis;
= Explanation of ghint and glars;
s Overview of relevant guidance;
s Overview of relevant studies;
s Overview of Sun movement;
= Assessment methodology:
e deniification of receptors;
¢ Glint and glare assessment Tor identified receptors;
s Resulis discussion;

s Overall conclustons and recommendations.
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Pager Power has underiaken over 450 Glint and Glare assessments in the UK and
internationalhy. The studies have included assessment of civil and military asrodromes, rathway
infrastructure and other ground-based receptors including roads and dwellings.
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The definition of glint and glare can vary however, the definition used by Pager Power is as
follows:
«  Glint - a momentary flash of bright light typically received by moving receplors or from
moving reflectors;
«  Glare - a continunus source of bright lght tyoically received by siatic recepiors or
from large refiective surfaces.
These definitions are aligned with those of the Federal Aviation Administration {(FAA} in the
United States of America. The term ‘sodar reflection’ is used in this report to refer fo both
reflection fypes i.a. glint and glare.

Sclar Photovoltaic Glint and Glgre Study Fastergate 9
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The proposed development site lavout plan is shown in Figure 19 below. The figure shows the
proposed solar panels as the royal blue areas.

RS
AR

The solar pane! details used in the assessment are presented in Tables 1 below.

Azimuth angle (%) 1734 180
Elevation angle {9 3G 20
Assessad centre height {m aghd) 1.65 1.56

Table 1 Sofar panel detgils

¥ Source: Glint and Glare phase 2 eropped).
A Extrapotatad from the asrsl imagary.
Y metres above ground level

s
<

Sclar Photovoltaic Glint and Glgre Study Fastergate



7

29 Frosiotaneoa aned Sharsilas
Sl WiHGANCE AN SYURIRS

Appendiy A and B present a review of relevant guldance and independent studies with regard
to glint and glare issues from solar panels. The overall conclusions from the available studies
are as follows:
s Specular reflactions of the Sun from solar panels are possible;
¢ The measured intensity of 3 reflection from solar panels can vary from 2% to 30%
depending on the angle of incidence;
¢ Publishad guidance shows that the intensity of solar reflactions from solar pansls are
equial to or less than those from water. it also shows that reflections from solar panels
are significantly less intense than many other reflective surfaces, which are common in
an outdoor environment.

My o8 3. N
> Hackaraung
Sl DICKEROUING

Ny N 2 T R oAl 88
2 Yoveversr denaarar e Aot st end oo
3.3 Mager Fower's Methodoiogy

Pager Fower's ghint and glare assessment methodology has been derived from the information
provided to Pager Power through consubtation with stakeholders, assessment axperience and
by reviewing the available guidance and studies. The methodology for the glint and glare
assessments is as follows:
s identify receptors in the area surrounding the propossad development;
«  Consider direct solar reflections from the proposed development towards the
identified receptors by underiaking geometric calculations;
s  Consider the visibility of the refleciors from the receptor’s location. IF the reflectors are
not visible from the receptor then no reflection can occur
= DBased on the resuits of the geometric calculations, determine whether a reflection can
accur, and i so, at what time i will ocour,
+  Consider both the solar reflaction from the proposed development and the location of
the direct sunlight with respect to the receptor’s position;
«  Consider the solar reflection with respect to the published studies and guidange;

s Determine whether a significant detrimental impact is expecied in line with Appendix

a4 8 & RS adbeetod ¢ onrned § o ime it '
3 & coacomant fdatihaaaiacsty anas §imitadiane
GHE ASSEENTISNT HMIETNOGGIGEY NG LIMITanians

Further technical detalls regarding the methodology of the geometric calculations and
liitations are presented in Appendi E and Appendi B

s
[,
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There i no formeal guidance with regard o the maximum distance at which glint and glare
should be assessed. From a technical perspective, there is no maximum distance for potential
reflections. The significance of a reflection, however, decreases with distance because the
proportion of an observer's fleld of vision that is faken up by the reflecting area diminishes as
the separation distance increases. Terrain and shislding by vegetation are also maore likely io
ohstruct an observer’s view at longer distances.

A ikm buffer is considered appropriate for glint and glare offects on ground-bassd recepiors.
Receptors within this distance are identified bassed on mapping and asrisl photography of the
region {i.e, receptors are not taken forward for geometric modeliing if visibility of the proposed
development can be immediately ruled out). Reflections towards ground-based receptors to
the north of the panels are unfikely at this iatitude for fixed panels facing south and sre
therefore also not taken forward Tor geometric modeliing.

The relevant buffer zone for the proposed devalopment ie chown as the orange outlined area
in Figure 29 below.

Figure 2 Buffer rone

The receptor delalls are presented in Appendiy G and the terain slevations have been
interpolated based on OSGR3S data.

¢ Copyright © 2031 Gongie.

4
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Road types can generally be categorised as:

o Major National - Tvpically a road with & minimum of two carriageways with a
meximum speed limit of up to YOmph. These roads typically have fast moving vehicles
with busy traffic;

s National - Typically a road with a one or more carriageways with @ maximum speed
fimit of up to S0mph or 70mph. These roads Dypically have fast moving vehicles with
moderate to busy traffic density;

s Regional - Typically g single carrfageway with a maximum speead limit of up to 8Gmph.
The speed of vehicles will vary with a typical traffic density of low to moderate; and

o Local - Typically roads and lanes with the lowest traffic densities. Spesd limits vary.

Mast of the roads surrcunding the proposed development are considered local roads whers
traffic densities are likely fo be relatively low. Logal roads have not been taken forward for
geometric modelling as any solar refisctions from the propossd development that are
experienced by a road user would be considerad low Impact in accordance with the guldances
sresanted in Appendix D,

The analysis has therefore considerad major national, national, and regional roads that
s Are within the buffer zone;
+«  Have a potential view of the panels.

The major national, national, and regionat roads within the buffer zons are the AZ29, BZZ335,
Fastergate Lane, and Wandisys Lane. However, basad on a review of the available imagery,
views of the propossd development can be immsdistely ruled along all of the BZ235
Fastergate Lans, and Wandisys Lane, and most of the AZY due to significant scresning in the
form of axisting vegsiation and surrounding dwellings. No impacts are therefore predicied
upon road users along these sections of road.

The sections of road that haven't been taken forward for geometric modeliing are shown as the
red Hnes in Figurs 37 on the following page. The assessed section of the A29 is shown as the
purple line along with the receptor locations. A zoomed in image of the asssssed road
receptors are shown in Figure 47 on the foliowing page.

A height of 1.5 meires sbove ground fevel has been taken as typical eve lovel of 3 road user®,

7 Copytight © 2021 Google,

¥ Views for elevated drvers are also considared in the resuits discussinn,

Sclar Photovoltaic Glint and Glgre Study Fastergate 13
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The analbysis has considered dweilings that:
e Are within the buffer rone;
¢ Have a potential view of the pansls,

Based on a revisw of the avallable imagery, views of the proposed development can be
immediately ruled for most of the dwellings within the huffer zone due to significant screening
in the form of existing vegetation surrounding the proposed developmant and other dwellings.
MNo impacts ars therefors pradicted upon observers in these dwellings,

The assessed dwelling receptors are shown in Figures 57 below. The existing vegetation

immeadiately surrounding the proposed development is also shown.
A hisight of 1.8m above ground level is used o simulate the fvpical viewing height of & ground

floor window®

Flgura 5 Assessed dweliing receptors

? Copyright © 2021 Googie.

¥\fiews from the upper finors of 2ach dwelling are also considared in the results dissussion.

Sclar Photovoltaic Glint and Glgre Study Fastergate 15
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A number of representative panel locations are selectad within the proposed reflector arsas.
The number of modelled reflecior points is determinad by the size of the reflector area and the
assessment resolution. The bounding co-ordinates for the propossd solar development have
been extrapolated from the site plans and can be found in Appendix G, All ground heighis have
seen based on OSGR3S terrain data,

A resolution of im has besn chosen for this sssessment. This means that & geometric
caleulation is undertaken for sach identified receptor every 1m from within the defined aress.
This resolution is sufficiently high o maximise the ascouracy of the resulls - increasing the
resolution further would not significantly change the modelling outpul. if a reflection is
axperienced from an assessed panel location, then it is likely that a reflection will be viewable
from similarly incated panels within the proposed solar developmeant.

The assessed reflactor areas are shown in Figurse & below.

Figurs 6 Assessed reflector greas

Sclar Photovoltaic Glint and Glgre Study Eastergate 16



The tables in the following sub-sections summarise the resulls of the geometric modelling and
outline the reflecting panel aress for sach receptor, based solely on bare-sarth terrain {e,
without consideration of screening from builldings and vegetation. Discussion of whether
impacts are pradicted fo be experienced in practice, and the significance of any predicted
impact, is provided in the subsequent report sections.

The madaliing output showing the precise predicted times and the refiecting panel areas are
shown in Appendid H.

5.2 Geometric Modeliing Caicylation O ad Recentars
ARG LY I VAN I et Nt LS RS AR RART AN &

The results of the geometric calculations for the road receptors are presented in Table 2 below,

\\\\E\\Q\\\\\\\\\\
_ﬁ \\\\\\\\\

No solar reflections geomeatrically

Solar reflections pradicted to originate from the southam
4 existing panel area, and the cantral and northem

No Yes. proposed areas.

Solar refizctions predicied to originate from the central
and northarn sxisting panel areas.

Table 2 Geometric analysis resulfs - rogd receptors

82 OGeamoteier Calculatian Resnite Mvervisow ~ NMwalline Recantars
aend ATV TIVLY e WU A QLI NETSAIS ATV T VIRSWY LAVVRIINE USRS

The resuits of the geometric calculations for the dwelling receptors are prasented in Table 3
below

\\\\\\\\\\\\\\\

1-3 Mo, Mo, Mo solar refiections geometrically possible.
. = Sodar reflections predictad to originate from the southam
4 No. Yes.
proposed panel area.

Sclar Photovoltaic Glint and Glgre Study Fastergate 17
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solar reflectio icted to originate from the souiharm

5
d artral propoes d canel a
! flect a i o nate {proy d
nel ar
Solar reflections pradicted to originate from the southam
g and central existing pane! areas, and the southern and

. o central proposed areas.
No. Yes.

Sciar reflections predicted to originate from all existing

=41
panal areas.
- Solar reflectio redicted to e from the central
iz
fi ‘ci 7 PrOpRos fi pan E
13 Solar reflections pradictad to e from the southem
h isting panel a and narthem prcposed area,
Table 3 Geometric analysis resufts - dwelling receptors
Solay Photovoita int and Glgre Study Fastergate 18
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The following sub-sections present the significance of any predicted impact in the context of
sndsting screening and the relevant criteria sef out in each sub-section. The criteria are
determined by the assessment process for sach receptor, which are sal outl in Appendid B,

When determining the visibility of the reflecting panels for an observer, & consarvative review
of the available imagery is underiaken, wheraby it is assumed views of the panels are possible
if it cannot be reliably determined that existing screening will remove effects.

) )
S0 \
QD& N

The modeiling has shown that solar reflections are geometrically possible towards two of the
five road receptors along the AZY. The section of road where sodar reflections are geometrically
possible is shown as vellow fine in Figure 7% balow,

Y Copyright © 2071 Gongle.
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The key considerations for guantifving impact significance for road users along major national,
national, and regional roads are:

¢ Whether g reflection is predicted to be experienced in praciice;
#  The location of the reflecting panel relative to a road user's direction of travel

Where reflections originate from outside of a road user’s field of view {50 degress either side
of the direction of travel), the impact significance is low, and mitization is not required.

Where reflections originate from inside of a road user's field of view but there are mitigating
circumstances, the impact significance i3 moderate and expert assessment of the mitigating
factors is required (o determine the mitigation reguirement {if any). OF particular refevance is
whether the solar reflection originates from directly in front of 3 road user, the separation
distance hetween the reflecting panels and the receplor location, and the extent {o which
affects coincide with divect sunlight.

YWhere reflections originate from directly in front of 2 road user and there are no further
mitigating circumstances, the impact significance is high, and mitigation is required.

Table 4 below summarises the predicted impact significance and mitigation reguirement for the
road receptors where solar reflections are geomedtricaily possibls.
N

S R
R TR A
AR R

&

Existing vagetation, dweliings, and
fencing is pradicted to significantiy
obstruct views of the refiecting panels

45 along aimost alf the section of road. Low impact. N/A No.
Fleeting views of the reflecting pansls
ara considerad possible due o small
gaps In sereening.

Tabiz 4 Assessment of mitigation requirement - road receptors

A street view Image of the roadside screening along this section of road is shown in Figure 8%
on the following page. The identified gaps in screening are then shown in Figures 9 and 10%on
the following pages.

2 Copyright © 2071 Google
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Figurs ¢ Gap in roadside sereening 1
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The modeliing has shown that solar reflections are geomestrically possible towards 10 out of
the 13 assessed dwelling recepiors. The dweliings where solar reflections are geometrically
passible are shown in Figure 119 balow,

>,

L

Flgura 11 Dwelfiy

W Copyright © 2021 Google
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The key considerations for guantifyving impact significance for dwelling receptors are:
; g YIng imp g 2 L

¢ Whether a reflection is pradicted to be experienced in practice;
=+ ine duration of the predicied effacts, relative to threshoids of:

3 months per vear;

€]

&0 minutes per day.

€]

Where effacts occur for or are reducsd fo less than 3 months per vear and less than 60
minutes per day, the impact significance is low, and mitigation i not required.

Where effects last for more than 3 months per vear or for more than 80 minutes per day, the
impact significance s moderate and expert assessment of any mitigating factors is required to
determing the mitigation requirement §f anyh OF particular relevance is the level of lkely
screening, the separation distance between the reflecting panels and the receptor location, and
the extent to which effects coincide with direct sundight.

Where effacts last for more than 3 months per vear and more than 40 minutes per day, the
impact significance is high, and mitigation is required.

Table 5 below summarisas the predicted impact significance and mitigation reguirement for the
chweling receptors where solar reflections are geometrically possible. Cases where mitigation is
recommended ars shown in red for sase of reference and discussed further in Section £.3.1.

&

N

& RN
NRNTHTTTRN \\\\:\%\\;\i\j\{\:\:\‘\j\:gi\&\\\w
.

Existing vegetation is
pradiched to significantly
ohtruct views of the panels

fromn the ground floor, o, N/A K.

ey

Views of the reflecting
paneis considerad possible

from above ground foor

Existing vegstation is
predicted to significantly
cheiruct views of the
reflacting pansls.

Ly
t
o

Mo impact, N/A No.

{xisting vegatation is
nredicted to significantly
shsiruct views of most of

the reflecting panesis.
7 Lonwy, MNAA No.
Partial views of the reflecting

naneis are considerad
possibie due to 2 smail gap in
SOrEening.
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Existing vegetation is
pradiched to stenificantly
ohstruct views of most of

the reflecting paneis,
8-9 ) ) Low. MSA No.
Partial views of the reflecting

panels are considered
possible due to gaps in
SCresning.

Disting vegetation is
. pradiched to significantly L .
10 - 11 ) . B Mo impact NAA Na.
olistruct views of the

reflacting panels,

Tabie 5 Assesaiment of mitigotion requivement - dweliing veceptors

631 Dwellings and Panel Areas to Mitigate

Based on the resulls of the desk-based assessment, mitigation s recommended for Hwo
dwellings Iocated immediately sast of the proposed development, The visible reflecting panel
areas associated with these dwellings are shown as the vellow areas in Figures 12Y on the
following page.

“ Copyright © 2021 Google

Solar Photovoltaic Glint and Glare Study Factergate 24



Fleure 12 Reflacting area For dwaliings

4 &y

iZand 13

It is possible that z site survey or other detailed screening analysis would reveal that the
reflecting areas are already significantly obscured from view relative to the identified dwellings
and section of road. If visibility is currently avallable, any solution that sufficiently reduces the
size or visibility of the reflecting ares will mitigate impacis. The level of visibility can be most

accurately determined via a site survey.

Ordinarily, mitigation for ground-based receptors is achisved where necsssary via screening in
the form of planting to obstruct views. The optimal strategy may therefore include:

L2

£

L2

Site surveys to inform visibility move accurately;

Provision of screening (planting or opagque fence! at the site boundary;

Prevision of screening {planting or opague Tence) elsewhers between the observer and
the reflecting srea;

Changes 1o sife configuration {rarel.

The strategy will overlap with other areas of the development process, including landseaps and
visual impacts and ecology. The reflecting areas that should be obscured from view, based on
the proposed configuration, have therefore been defined in Section £.3.1. The mitigation

sirategy should address this accordingly.
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Mast of the roads within the 1k buffer rone are considered local roads where {raffic densities
are likely to be reiatively low. Assessment is not recommended for incal roads as any solar
reflections from the proposed development that are experienced by a3 road user would be
considerad low impact in accordance with the guidance presented in Appendix D,

The major national, national, and regional roads within the buffer zons are the AZY, B2Z335,
Fastergate Lane, and Wandieys Lane. Howsver, geomeiric modeliing was only taken forward
for five receplors along the AZY berause views of the proposed development will be
abstructed by existing vegetation and surrounding dwsllings along all of the BZ2233, Eastergais
Lane, and Wandieys Lane: and most of the AZ7. No impacts are therefore predicted upon road
users along these sections of road.

The modeiling has shown that solar reflections are geometrically possible towards two of the
five road receplors along the AZ9. Flesiing views of the reflecting panels are considerad
possible dus to small gaps in soreening; however, all predicted solar reflections would ocour
outside of road user's main field of view. A low impact s predictad upon road users slong the
AZ% and no mitigation is required,

TN N o AR R ¥ e o N T o
§ 0 TR e L e s iienore
S AIRATEMENT XOSURS ~ LAWQINNES

Geaometric modelling was only faken forward for 13 dwelling recentors located cliose o the

proposed development due to soreening in the form of existing vegetation and other dwellings
that would obstruct views of the proposed development within the lkm buffer rons.

The modeliing has shown that solar refisctions ars geometrically possible towards 10 out of
the 13 assessed dwelling recepiors.

YViews of the reflacting panels are considerad possible at six of thase dwellings; howsver, no
mitigation requirament has been identified for four of these dwellings because the duration of
effects is not significant.

A mitigation requirement has been identifiad for two dwellings due to the duration of effects,
their proximily to the panels, and lack of identified screening that could reduce the effects,
7210 Mitigation QOverview

Any solution that sufficiently obstructs visibility of the reflecting area will mitigate impacts. The
roitigation strategy should address this with a view to sliminating impacts. The reflecting area

that should be obscured from view, basad on the proposed confizuration, has therefore been
defined in Section 6.3.L.

It is recommended that the landscape plan is progressed with reference to the above,
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This section presents details regarding the relevant guldance and studies with respect to the
considerations and effects of solar reflections from solar panels, known as ‘Glint and Glare’.

This is not a comprehensive review of the data sources, rather it s intended to give an
averview of the important parametars and considerations that have informed this assessment.

The MNational Planning Policy Framework under the planning praciice guidance for Renewable
and Low Carbon Energy® {specifically regarding the consideration of solar farms, paragraph
(313} states:

“YWhat are the particular planning considerations that relate to large scale ground-mountsd solar
photovoeltaic Farms?

The deplovment of large-scale solar forms can have g negative impact on the rural environment,
particularly in undulating fandscapes. However, the visugl impact of g weli-planned and well-
soreened solar farm can be properly addressed within the iandscape if planned sensitively.

Porticular factors a local planning guthority will need to consider inciude:

s the proposal’s visual impact, the effect on londscape of giint and glave see guidance on
landscape assessment’ and on nelchbouring uses and aivcraft safety;

e the extent to which there may be additional impacts if selar arrgys foliow the daily
movement of the sum;

The approach to gssessing cumudative landscape and visudl Impact of lorge scale solar farms is likely
fo be the same gs gssessing the wnpact of wind turbines. However, in the case of ground-mounted
sofar panels it should be noted that with effective screening and appropriate land topography the

area of a rone of visug! influence could be zero.

No process for determining and contextualising the effects of glint and glare are, however,
provided for assessing the impact of solar reflections upon surrounding roads and dwellings.
Therefore, the Pager Power approach is o determine whether 3 reflection from the proposed
solar development is geometrically possible and then fo compare the results agsinst the
refevant guidance/studies to determing whether the reflection is significant.

¥ Renewable and low carbon energy, Ministry of Housing, Communities & Local Government, date: 18 June 2015,
accessed on: 17/06/2020
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The Pager Power approach has been informed by the policy presented above, current studiss
fpresented in Appendi B} and stakeholder consultation. Further information can be found in
Pager Power's Glint and Glare Guidance document™ which was producsad due o the absence
of exicting guidance and a specific standardised assessment methodology.

S Bager Power Gling and Glare Guidance, Third Edition (3.1} April 2024,
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Studies have been undertaken assessing the type and intensity of solar reflections from various
surfaces including solar panels and glass, An overview of these studies is presented below.

The guidelines prasanied are related o avialion safely. The results are applicable for the
purpose of this anabysis.

Reflootion Tyne fram Satar Baneds
RENOUTHANT YRR TN osial pransiy

Based on the surface conditions reflections from Hzht can be specular and diffuse. A specular
reflection has a reflection characteristic similar to that of & mirror; g diffuse will refiect the
incoming light and scatter it in many directions. The figure below, taken from the FAA
guidance?, Hiustrates the difference between the two types of reflections. Recause solar
panels are flat and have g smooth surface most of the light reflected s specular, which means
that incident light from a specific direction is reradiated in a specific direction.

Specuiar and diffuse reflections

7 Technical Guidance for Evaluating Selected Solar Technoiogies on Alrports, Federal Aviation Administration {FAAY
date: 0472018, accessed o 20/03/2019.
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An overview of content from identified solar panel reflectivity studies Is presented in the

subsactions below.

Evan Riley and Scott Olson, "A Study of the Harzardous Glare Potential to Aviators from
Litility-Scale Flat-Plate Photovoltals Systems”

Fvan Riley and Scott Olson published in 2011 thelr study titled: A Study of the Hazardous Glgre
Potential to Avigtors from Utifity-Scale Flgt-Plate Photovoltaic Systems™ . They researched the
potential glare that a pilot could experience from a 25 degree fixed i PV system located
outside of Las Vegas, Nevada., The theoretical glare was estimated using published ocular
safety metrics which guantify the potential for a postfiash glere after-image. This was then
comnpared to the postflash glare after-image caused by smooth water, The study demonstrated
that the reflectance of the solar cell varied with angle of incidence, with maxdimum valuss
oooirring at angles close to 90 degress. The reflectance valuas varied from approximately 5%
to 30%. This is shown on the figure below,

=
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o
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Total reflectance % when compared to angle of incidence

The conclusions of the research study were:

= The potentisl for hazardous glare from flat-plate PV svstems is similer to that of

smooth water;

o Partland white cement concrete {which is a common concrete for rumways), show, and

structurad glass all have a reflactivity greater than water and flat plate PV modules.

¥ Bvan Riley and Scott Gison, ‘A Study of the Hazardous Glare Potential to Aviatars from Utility-Seale Fiat-Piste
i 1D 651857, 4 pages, 2011,

Photowoltale  Svstems,”  [SRN Renewable  Energy, wobl 2041, Articie
Soi10.5402/2011/651857
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FAA Guidance ~ "Technical Guidance for Evaluating Selected Solar Technologies on
Alrporis™?

The 2010 FAA Guidance included a disgram which illustrates the relative reflectance of solar
panels compared to other curfaces, The figure shows the relative reflectance of solar panels
compared to other surfaces, Surfaces in this figure produce reflections which are specular and
diffuse. & specular reflection {those made by most solar panels) has a reflection characteristic
similar 1o that of 3 mirror. A diffuse reflection will reflact the incoming light and scatter it in
many directions. A table of raflectivity valuss, sourcad from the figure within the FAA
guidance, is presented below.

L

Snow 80
White Concrete 77
Bare Aluminium 74
Vegetation 50
Bare Soil 30
Waood Shingle i7
Water 5
Solar Panels 5
Black Asphalt 2

Relgtive reflectivity of various surfaces
Note that the data above doss not appear to consider the reflection type pecular or diffusel.

An impaoriant comparison in this table is the reflectivity compared to water which will produce
3 reflection of very similar intensity when compared fo that from a sodar panel The study by
Riley and Olsen study {2011} also concludes that still water has a very similar reflectivity to
solar panels.

¥ Technival Guidance for Evaluating Selected Solar Technoiogies on Alrports, Federal Aviation Administration {FAAY
date: 0472018, accessed o 20/03/2019.
* Extrapoiated data, baseline of 1,000 W/m?® for incoming sunfight.
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SunPower Technical Notification {2008}
SunPower published a technical notification™ to ‘increase awareness concerning the possible
glare and refiectance impact of PV Systems on their surrounding environment.

The figure presented below shows the relative reflectivity of solar panels compared to other
natural and manmade materiale including smooth water, standard glass and steel

Commuon Raflegtive Surfaces

T S

SOCEAN AR B3

o i Y

R

Commeon reflective surfaces

The rasuits, similarly to thoss from Riley and Olsen study (2011) and the FAA {2010} show that
sedar panels produce a reflection that is less intense than those of ‘standard glass and other
commaen reflective surfaces’

With respact to aviation and solar reflections observed from the air, SunPower has developed
several large installations near aivports or on Aly Force bases, i s stated that thess
developmants have all passed FAA or Alr Force standards with all developments considered
"Ner Hazard to Alr Navigation”, The note suggests that developers discuss any possible
concerns with stakeholders near proposed solar farms.

% Source: Technical Support, 2009, SunPower Tachnical Motification - Solar Module Glare and Raflectance.
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The Sun's position in the sky can be acourately described by its azimuth and elevation. Azimuth
is a direction reiative to true north (horizontal angle Le from left to right} and elevation
describes the Sun's angle relative to the horizon {vertical angle Le. up and down).
The Sun's position can be acourately calculated for a specific location. The following data being
used for the calculation:
e Time;
¢ [late;
«  Latituds;
+  Longituds,
The following is true at the focation of the solar development:
s The Sunis at its highest around midday and is to the south at this time;
e The Sun rises highest on 21 June reaching & maximum elevation of approximately 80-
&5 degrees {fongest dav};
«  On 21 December, the maximum elevation reached by the Sun is approximately 10-
15 degrees (shortest davl.
The combination of the Sun's arimuth angle and vertical elevation will affect the direction and
angle of the reflection from a reflector. The figure below shows terrain at the hortron as well as
the sunrise and sunset curves throughout the vear,

Elevation Angle

Sun Mid Winter
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The table balow presents the recommended definition of ‘impact significance’ in glint and glare
terms and the reguirement for mitigation under each.

No impact

A solar reflection is not geometrically
possible or will not be visible from the

assessed receptor,

Mo mitigation required.

Low

A solar reflection is geometrically
possibie however any mpact is
considered to be small such that
mitigation is not required ez
intervening screening will Hmit the
view of the reflecting solar panels,

No mitigation reguired.

Maderate

A solar reflection is geometrically
possible and visible however it oocurs
under conditions that do not repvesent
a worst-case.

YWhilst the impact may be
acceptable, consultation
angd/or further analysis should
be undertaken to determine
the reguirement for mitigation.

Maior

Acsolar reflection is geometrically
possible and visible under conditions
that will produce g significant impact.

Mitization and consultation is
recommendert,

Mitigation will be reguired if
the proposed solar
gdevelopment is to procesd,

impact significance definition

The flow charls presented in the {ollowing sub-sections have been followed when determining
the mitigation requirement for the assessed receptors,
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The flow chart presented below has besn followed when determining the mitigation
reguirement for road receptors.

.

X

3

_

Road receptor mitization requirement flow chart
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The flow chart presented below has besn followed when determining the mitigation

reauirement Tor dwelling receptors.

Ry T LA Ny §

R

N\

b N

&

N

Dwelling receplor mitigation requiremernt fiow chart
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The caloulations are three dimensional and complex, accounting for

= The Earth’s orbit around the Sun;

s The EarthVs rotation;

s The Earth's orientation;

s The reflector’s focation;

e The reflector's 3D Orientation.
Reflections from a flal 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 ald understanding of the reflection calculation process.

: 2
e
A

Y\ .:~;§?
e

acation
-80to +90 refiectingup

to.+180 reflecting down Horizontal
-30 to -180 refiecting down

360

Reflectar 2180 180 o]
Reflector -180 18¢C g 360 -
Reflector Normal Source
Squrce 80 90 5 360
Ref 38 Gt
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The following process is used to determine the 3D Azimuth and Elevation of a reflection:

+  Use the Latitude and Longitude of reflector as the reference Tor calculation purposes;

Calculate the Azimuth and Elevation of the normal to the reflectorn

&

e Calculate the 3D angle between the source and the normal;

e I this angle ic less than 20 degress a reflection will occur, ¥ it s greater than 20
degrees no reflection will oocur because the source is behind the reflectorn

s Caleulate the Azimuth and Elevation of the reflection in accordance with the following:

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

o Source, Normal and Reflection are in the same plans.
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it is assumead that the panel elevation angle provided by the developer represents the slevation

angle for all of the panels within each solar pansel area defined.

it is assumed that the panel arimuth angle pravided by the developer represents the azimuth
angle for all of the panels within each solar pansl area defined.

Only a reflection from the face of the panel has been considerad, The frame or the reverse or
frame of the salar panel has not been considared.

T = of every panel within the proposed

by of cases, will not oocur, Therefore any

p
e,
M
o]
=

he model assumes that a receptor can view the
development ares whilst in reality this, in the majon
predicied solar reflection from the face of a solar panel that is not visible to a receptor will not

solar
aeouy in practice.

=

finite number of points within each solar panel area defined is chosen based on an

3
ssassment resofution so that a comprehensive understanding of the entire development can

433

be formed. This determines whether a solar reflection could ever occur at 3 chosen receptor,
The maoded does not consider the specific panst rows or the entive face of the solar panal within
the development outline, rather a single point s defined every % metres {(based on the
resoiution) with the geometric characteristics of the panel. A pansl area is however defined o

encapsiiate all possible panel locations. See the figure below which Hustrates this process.

The dots reprasent
the individual
reflector points
rmodelled within Incibvidual rows

g overvisw
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A single reflection point is chosen for the geometric calculations. This suitably determines
whather a solar reflection can ba 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 aseassed howsver this would only marginally change the results and 8 not
considerad significant.

The available street view imagery, satellite mapping, terrain and any site imagery provided by
the developer has been used b0 assess line of sight from the assessed receptors to the
madelled colar panel area, unless stated otherwise. In seme cases, this imagery may not be up
to date and may not give the full perspective of the installstion from the location of the
assessed recepiorn

Any sereening in the form of trees, buildings efc. that may obsiruct the Sun from view of the
solar panels is not within the modelling unless stated otherwise. The tervain profile at the
hariron is considered i stated.
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The table below presents the daia for the assessed road receptors.

.

Road receptor data

B e e g b
[ETR/DTOF IRty
RECQPTOr LWata

TN (Y s NAT
Therallinere
= LIWEIINES

- h A

The table below presents the daia for the assessed dwelling receptors

50.848116 -0.654544 50.847339
2 -0.655005 50.8448534 ~0.454303 5.8494821
3 -3.6547468 50.848%465

\\\\\mwm\\\\\m\wm\

i -0.6548 50.8448318 8 ~3.4654280 50.849408
2 -0.654684 50,8485%94 @ -0.A54240 50.849508
3 -0.6545468 50.848817 10 -(.6544G30 53.84%620
4 -0.454495 50.848940 i1 -(3.4653881 53849811
5 -0.654444 50.849058 iz -0.654832 5438493581
& -3.654384 50.84%169 13 -0.454776 50.849486
7 -0.654355 50,849274

Dwelling rece
Modelied Refiector Areas

The tables on the following pages

Existing

nior dota

present the data {for the modelled reflector areas,

-3.655311

50.849847

Ll e

SG.849814

2

-0.655779

50.849842

-0.655305

53.849820

Muodefled reflector oreq £1
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-3.655840

-3.8655377

-3.655371

~3.A55848

Aodefied reflec

-0.655874

-(LE5 5406

-.655882

0655628

50.849472

-0.655187

-0.65518

50.84%471

~3.655928

-0.655950

50.84%396

655211

-0.655208

50.849400

-3.655950

~(0.855784 50.849320 -1LE53404 | 5084935
2 -0.455404 50849320 3.6 30,8453
Modeiied reflector areg P3
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The charts for the receptors are shown on the following pages. In detail each chart shows:

/

s The receptor {ohserver) location - top right image. This also shows the azimuth range
of the Sun itself at fimes when reflections are possible, | sunlight is sxperienced from
the same direction as the reflecting panels, the overall impact of the reflection is
reduced ax discussed within the body of the report;

T

¢  The modelled reflectors/ reflaction areas - bottom right image. The reflecting ares Is
rom the observer location, no
vich may obscure the reflector

shown in yveliow. If the vellow panels are not visible §
issues will occur in practice. Additional obstructions wi

area from view are considered saparately within the analysis;
s The reflection date/time graph - left hand side of the page. The blue Hne indicates the

dates and times at which geometric reflections are possible,

™ 2™ &
Trpnel B amardare
ROAA KeCsptors

Observer 4 Results
Resthection DatefTirne (GMT} Graph
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L =

Max abserver difference grgle: 29.1¢
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