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EXECUTIVE SUMMARY

Kingspan Limited is proposing the development of a roof mounted solar photovoltaic (PV)
installation in south east Sherburn, in north Yorkshire, England.

The proposed Solar Reof Top Installation is to be situated on reoftops at 15m above ground
level (agl). All of the solar panels will be fixed at &€ degrees above the horizontal and crientated
approximately north/south.

Glint and Glare Concern
A glint and glare assessment has been requested by the local Planning Authority due to

concerns with regard to the possible impact of solar reflections upon aviation activity. This
briefing note has therefore been compiled o address these concerns.

Guideline and Studies Overview

Guidelines exist in the UK, which have been preduced by the CAA with respect 1o solar
developmenis and avialion aclivily however, a specilic methodology of assessmenl is nol
provided. Therefore the Pager Power approach is 1o idenlify receplors, underlake geomelric
reflection calculations (if required) and then 1o compare againsl available solar panel reflection
studies. In this instance no geomelric calculations have been underlaken due 1o the
separalion disiance between the nearest identified airfield.

The available sludies have measured the intensity of reflections from solar panels with respect
to other naturally occurring and manmade surfaces. The results show that the reflections
produced are of intensity similar to or less than those produced from still water and
significantly less than reflections from glass and steel. The chart’ below shows the reflectivity
of sclar panels relative to other natural and manmade surfaces®.
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The chart shows that solar glass reflects less solar energy when compared to sleel, glass and
smooth waler.

" Source: Gapital Solar Farm Visual Impact Assessment 2010- Capital EA Final 1.0 Appendix
E I Pardi1
w/AR= with anti-raflective coating
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The resulls of the analysis are presented below.

Identified Airfields in the Vicinity of the Proposed Development
The resulls of the analysis are as follows:

Thirteen airfields have been identified;

Three of the airfields are military al approximately 50km from the proposed solar
development or beyond;

The remaining 10 are small unlicensed airfields;

The closest airfield (Eddsfield Airfield) is approximately 8.7km from the location of the
proposed solar development;

At this distance the proposed solar development is beyond the associated protected
surfaces and approach paths for the airfield;

Mo known objections or concerns have been raised by any nearby aviation
slakeholder;

Ne impact upon the operations of the identified airfields due to solar reflections from
the proposed solar development is expected.

Airborne Solar Reflections
Airborne reflections will occur in the following directions:

In the morning, reflections of the sun from the solar panels will be cast due west;

In the afterncon/evening, reflections of the sun from the sclar panels will be cast due
easl;

Around midday, reflections of the sun from the solar panels will be cast in the
airspace above lhe solar development in a northward direction.

Co-Existence of Solar Developmentis with Aviation Activity
An overview of the analysis is presented below:

Eleven examples of solar developmenis co-exisling with avialion activily are
presented in Section 7 of this report;

All of these developments are either on the airfield itself or within 5km;

All of these solar developments are significantly closer to an airfield/airport, than the
proposed solar development is to any of the identified airfields;

There is no reason to believe that any of these solar developments are a hazard to the
sale operation of their nearby airfield/airport;

Hence, there is no reason to believe thal the proposed solar development would be a
hazard to the safe operation of any nearby airfields.

Solar Phofovoltaic Glint and Glare Brisiing Nole Saolar Root Top instattation 8
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Results Discussion

A general discussion of the resulls is presented below:

If reflections were to be viewed by general avialion aclivity, the reflection experienced
would be of intensity similar to those from other reflectors/surfaces present in the
ambient environment such as waler;

Aircrafl fly over large areas of refleclive waler whilst on approach and deparlure from
the runways- a key example of this is the Royal Marine Base Chivenor in Devon;

Pager Power has reviewed the procedures for many airfields with respect to glint and
glare hazards. No information regarding the potential safety hazard due 1o solar
reflections from water has been identified to date;

Aviators encountering solar glare is not an unusual occcurrence. This may be from the
sun directly or via reflections of the sun from ground based reflectors such as water,
Any reflection from a solar panel will be significantly less intense than the direct
sunlight;

It is known that aviation aclivity and solar developments co-exist. A list of examples is
presented in Section 7 of this report. All of these examples show solar developments
that are significantly closer to an airfield than the proposed sclar development is to
any of the identified airfields.

Overall Expected Impac

Reflections from the solar development may be visible to general avialion activity in the
airspace above. If a reflection is experienced, the reflection will be of similar intensily o those
from siill water and glass and significantly less intense than the light viewed directly from the
sun. Cverall, no significant impact upon aviation activity is expected.

Solar Photovoltaic Glint and Glare Brieifing Note Salar Roof Top Installation 7
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INTRODUCTION

Kingspan Limited is proposing the development of a rool mounted solar pholovoltaic (PV)
installation in soulth east Sherburn, in north Yorkshire, England. The development is hereby
referred to as the ‘Solar Rool Top Inslallation’ or the ‘solar development’.

A glint and glare briefing note has been requesled lo address concerns raised by the local
Planning Authorily with regard to lhe possible impacl of solar reflections upon aviation.
Therefore, this briefing nole has been compiled lo salisfy Ihese concerns and includes the
following:

s Solar development details;

* Glinl and glare assessmenl guidance;

+  Overview of relevant studies;

* Glint and Glare assessment methodology;
= |dentification of the aviation receptors;

s Discussion of likely impacls;

s High level compariscn between the solar development and existing reflectors in
the ambient environment; and

+« Examples of solar developments and aviation receplors coexisting.

The relevant technical discussion is presenled in each seclion. Following lhe assessment,
conclusions and recommendalions are made.

Please nole thal any reference 1o visual impacl made within this reporl should be read in the
contex| of polential glint and glare. In addilion, this reporl is solely desk based and no sile visil
has laken place. No geomelric reflection calculations have been underlaken.

1.1 Pager Power’s Experience
Pager Power has underlaken over 70 glint and glare assessmenis throughout the UK for

inclusion within solar development planning applications. The repors have assessed concerns
from stakeholders such as Network Rail, Ministry of Defence and Local Planning Authorities.

d P T 1~ o .
} Clint and Clara Nafinitian
.2 Nt ana aiare veinimion

The definition of glint and glare can vary however, lhe definilion used by Pager Power is as
follows:

+  Glint- a momentary flash of bright light;
+ (lare- a continuous source of bright light.

In context, glint will be witnessed by moderate 1o fast moving receptors whilst glare would be
encountered by slatic or slow moving receptors with respect to the Solar Roof Top Installation.
The term ‘solar reflection’ is used in this report to refer to both reflection types i.e. glint and
glare.

Solar Phofovoltaic Glint and Glare Brisiing Nole Saolar Root Top instattation 10
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2 SOLAR ROOF TOP INSTALLATION LOCATION AND DETAILS

2.1 Solar Roof Top Installation General Location
The general location of the proposed solar development is illusirated in Figure 1 below.
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Figure 1 Approximate location of the proposed solar development

Kilamters

Solar Photovoltaic Glint and Glare Brieifing Note Salar Roof Top Installation 11
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2.2 Solar Development Aerial Image

An aerial image of rooflops where lhe solar panels are lo be localed is shown in Figure 2?
below.

Figure 2 Solar development aerial image

* @ 2014 Google. @ 2014 Infoterra 1d and Bluasky

Solar Photovoltaic Glint and Glare Brieifing Note Salar Roof Top Installation 12
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2.3 Proposed Solar Roof Top Installation Layout Plan
The layout plan of tha proposed solar development is shown in Figure 3° below.

Figure 3 Proposed solar devetapment layout plar

* Saurce: Kingspan Limited

Solar Phofovoltai Gt and Glare Briaing Mate Solsr Aeof Top installaion 13
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2.4 Photovoltaic Panel Mounting Arrangements and Orientation

The panels will be mounted from a minimum height 15m above ground level {agl). Figures 4
and 5° show the panel dimensions.

E-W mounting bracket
Ground profile

Solar panel

Clamps

Ballast profile

- N =

Figure 4 Panel design overview 1

Figure 5 Panel design averview 2

The solar development is o be siluated on land ranging between approximately 36m and 39m
above mean sea level (amsl).

The panels are oriented to maximize electrical generation and will have a fixed position
throughoul the year. All the south facing-panels will be positioned al 6 degrees above the
horizontal at an azimuth angle of 180° All north-facing panels will also be posilioned al 6
degrees above the horizontal with an offset azimuth angle of 350°.

* Source: Avasco Limited

Solar Photoveltaic Glint and Gilare Brigiing Note Solar Roof Taop instafation 14
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3 OVERVIEW OF GLINT AND GLARE GUIDANCE

This sectlion presenlts an overview ol lhe relevant guidance wilh respect lo the consideralions
and effects of solar reflections from solar panels, known as ‘Glint and Glare'.

UK planning guidance diclales thal in some inslances a glinl and glare assessmenl is required
however, there is no specific guidance with respect lo the methodology for assessing the
impacl of glint and glare.

The planning policy from the Department for Communities and Local Government (paragraph
27°) dictates:

‘Particular factors a local planning authority will need to consider include... the effect on
landscape of ghnt and glare and on neighbouring uses and aircraft safety.’

The National Planning Palicy Framework for Renewable and Low Carbon Energy” {specifically
regarding the consideration of solar developmenis) diclales:

‘What are the particular planning consideralions thal relale lo large scale ground-mounted
solar photovoliaic Farms?

The deployment of large-scale solar farms can have a negative impact on the rural
environmen, particularly in undulating landscapes. However, the visual impact of a well-
planned and well-screened solar farm can be properly addressed within the landscape if
planned sensitively.

Particular factors a local planning authority will need lo consider include:

* the proposal’s visual impact, the effect on landscape of glint and glare (see guidance
on landscape assessmenl) and on neighbouring uses and aircraft safety:

s the extent lo which mere may be additional impacts if solar arrays follow the daily
movement of the sun®;

The approach lo assessing cumulalive landscape and visual impac! of large scale solar farms
is likely to be the same as assessing the impact of wind furbines. However, in the case of
ground-mounted solar panels it should be noted that with effeclive screening and appropriale
land topography the area of a zone of visual influence could be zero.'

The guidance states the effect of glint and glare should be considered in relation to the
cumulative landscape and visual impact of a solar development. No process for determining
and contextualising the effects of glint and glare are provided. The Pager Power approach is
to identify receptors and determine whether a geomelric assessment is required. An overview
of the relevant studies (presented in section 4) is also presented lo determine whether a
reflection is likely to be significant. In this instance, a high-level overview of possible glint and
glare issues has been presented based on lhe identificalion of awvialion receplors in the
surrounding area.

© hitpplanni ngguidance. planningportal. gov. uk/blog/guida nee/renewabla-and- ow-carbon-anergy/
"Reterence ID: 5-013-20140306, paragraph 13-
13, http:f/planaingguidance.planningportal. gov.uk/blog/guidance/ranewabla-and-low-carbon-enargy/panticular-
lanning-considerations-for-nydropowear-active-selar-tecnnology-solar-farms-and-wind-turbines/
The solar panels in this Solar Roof Top Installation are fixed.

Solar Phofovoltaic Glint and Glare Brisiing Nole Sofar Roof Top Instaliation 15
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For a cumulative assessment it would be reasonable to review the planning applications for
solar developments within the surrounding area (either consented awaiting or under
conslruction, or operalional), determine the visibility of the developmenis to surrounding
receplors and then, via a geometric assessment, determine whether there could be an 'in
combination’ or ‘in sequence’ glint and glare impact”.

Avia essment Guidance

The UK Civil Aviation Authorily (CAA) issued inlerim guidance relaling lo Solar Pholovollaic
Systems (SPV) on 17 December 2010 and was subject to a CAA informalion alert 2010/53.
The fermal policy was cancelled on Seplember 7", 2012'"° however the advisory is still
applicable’’ until a formal policy is developed. The relevant aviation guidance from the CAA is
presented in the seclion below.

e

3.2.1 CAA Interim Guidance
This interim guidance makes the following recommendations (p.2-3):

8. It is recommended thai, as part of a planning application. the SPV developer provide salely
assurance documenlation (including risk assessment) regarding the fuil potential impact of the
SPV installation on aviation interesis.

8. Guidance on safeguarding procedures at CAA licensed aerodromes is published within
CAP 738 Safeguarding of Aerodromes and advice for unlicensed aerodromes is confained
within CAP 793 Safe Operating Practices at Unlicensed Aerodromes.

10. Where proposed developments in the vicinity of aerodromes require an application for
planning permission the relevant LPA narmally consulls aerodrome operators or NATS when
aeronautical interests might be affected. This consultation procedure is a statutory obligation
in the case of cerlain major airports, and may include military establishmenits and cerlain air
traffic surveillance lechnical siles. These arrangemenis are expilained in Depariment for
Transport Circular 1/2003 and for Scottand, Scoltish Government Circular 2/2003.

11. In the event of SPV developments proposed under the Eleclricily Acl, the relevant
governmeni deparimen! should routinely consult with the CAA. There is therefore no
requirement for the CAA to be separately consulted for such proposed SPV installations or
developments.

12. If an installation of SPV systerns is planned on-aerodrome (i.e. within its licensed
boundary) then it is recommended thal dala on the reflectivily of the solar panel material
should be included in any assessment before installaltion approval can be granted. Although
approval for installation is the responsibilily of the ALH", as part of a condition of a CAA
Aerodrome Licence, the ALH is required to oblain prior consent from CAA Aerodrome
Standards Depariment before any work is begun or approval lo the developer or LPA is
granted, in accordance with the procedures sel oul in CAP 791 Procedures for Changes (o
Aerodrome Infrastruclure.

13. During the inslallation and associaled construction of SPV syslems there may also be a
need lo liaise with nearby aerodromes if cranes are lo be used;, CAA nolification and
permission is nol required.

14. The CAA aims to replace this informal guidance with formal policy in due course and
reserves the right to cancel, amend or alter the guidance provided in this document at its
discretion upon receipt of new information.

15 Further guidance may be obtained from CAA’'s Aerodrome Standards Department via
aerodromes@caa.co.uk.”

A cumulative assessment has not been underaken for this development.

" hittpe e caia co. Uk/application. aspxZcatid=33&pagetypa=65&appid=11&mode=detal&id=4370
"" Reference emall from the CAA dated 19.05.2014.

"* Aercdrome Licence Holder.

Solar Phofovoltaic Glint and Glare Brisiing Nole Sofar Roof Top Instaliation 18
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3.2.2 FAA Guidance

The most comprehensive guidelines available for the assessment ol solar developments near
aerodromes were produced initially in November 2010 by the Uniled Slates Federal Aviation
Authority (FAA) and updated in 2013. The 2010 dccu ment is entitled 'Technical Guidance for
Evaluating Selected Solar Technologies on Airports’™ and the 2013 update is entitled 'Interim
Policy, FAA Review of Solar Energy System Projects on Federally Obligated Airports ™.

Key points from the 2010 FAA guidance is presenied below.

The potential impacts of reflectivity are glint and glare (referred to henceforth just as giare)
which can cause a brief loss of vision (also known as flash b.fmdness}

Reflectivity from solar panels could cause flash blindness'® episodes on pilots or air traffic
controflers when 7-11 Wim® reaches the eye.

Today's solar panels reflect as little as 2% of the incoming sunfight meaning roughly 20
Winr are reflected off a typical PV panel.

PV solar panels reflect less light than other substances such as snow, vegetation and
water.

Reflections from PV panels are specular because of their smooth surfaces — meaning that
reflected kight from a specific source is reflected in a single direction.

Glare analysis can include one or more of:

o A qualitative analysis of potential impact in consultation with the Control Tower,

pitols and airport officials;

o A demaonsiralion field tesi with solar panels al the proposed sile in coordination

with FAA Tower personnel;

o A geomelric analysis lo determine days and limes when an impact is predicted.
The extent of refleclivily analysis required lo assess polential impacis will depend on the
specific project sile and syslem design.

Reflection in the form of glare is presenl in curren! avialion operalions. The exisling
sources of glare come from glass windows, aulo surface parking. rooftops, and waler
badies. Figure 16 (not shown) shows the percent of incoming sunlight that is reflected off
of a variely of surfaces. At airports, existing reflecting surfaces may include hangar roofs,
surface parking, and glassy office buildings. To minimize unexpecied glare, windows of air
traffic conirol towers and airplane cockpils are coaled with anti-reflective glazing and
operators will wear polarized eye wear. Potential glare from solar panels should be viewed
in this context. Any aiport considering a PV installation should first review existing
sources of glare at the airport and the effectiveness of measures used to mitigate that
glare.

Geometric studies are the most technical approach for reflectivity issues that are difficult
lo assess. Sludies of glare can employ geomelry and the known path of the sun to predict
when sunlight wilt reflect off of a fixed surface (ke a solar panel) and contact a fixed
receplor (e.q., control tower). Al any given sile, the sun nol only moves across the sky
every day, bul ils path in the sky changes during various limes of year. This in lurn allers
the destination of the resullant reflections since the angle of reflection for the solar panels
will be the same as the angle at which the sun hils the panels. The larger the refleclive
surface, the greater lhe likelihood of glare impacts.

Solar installations are presently operating at a number of airports including megawatt-
sized solar facilities covering multiple acres. Project managers from six airports where
solar has been operational for one o three years were asked about glare complaints. Air
traffic controllers were contacted from three of those airports and asked to comment on
the effect of glare on their daily operations. To dale, there have been no serious
complainis from pilols or air lraffic control due to glare impacis from existing airport solar

rmp M faa goviainponts/anvironmentalipolicy_guldance/media‘airport_solar_guide_print.pdf

“ nttp://www. gpo.gevifdsys/phg/FR-2013-10-23/pdi2013-24729 pdf

Flash Blindness, as described in the FAA guidelines, can be described as a tamporary visual interference
effect that persists after the source of llumination nas ceased. This occurs from many reflective matarials in the
amblent environment.

15
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PV instaliations. Any potential problerns in this area have apparently been resolved prior
to construction through one or a combination of the strategies described above. The
anecdolal evidence suggesis that either considerable glare is not occurring during limes of
operation or if glare is occurning. it is nol a negative effect and is a minor part of the
landscape to which pilots and lower personnel are exposed.

From Oclober 2013, the FAA is reviewing mulliple sections of the guidance based on new
information and field experience. An overview of the 2013 FAA interim guidance is presented
below.

Solar energy systems located on an airport that is not federally-obligated or located
outside the property of a federally-obligated airport are not subject to this policy.
Proponents of solar energy sysiems located off-airport property or on non-federally-
obligated airports are strongly encouraged to consider the requirements of this policy
when siling such system.

FAA adopts the Sofar Glare Hazard Analysis Piot shown . below as the standard for
measuring the ocular impact of any proposed solar energy system on a federally-obligated
airport. This is shown in Figure 6 below.

1.E+03

Potential for Permanent Eye

1.E+02 Damage (retinal burn)

1.E+01
1.E400 -
1E01 -
1.E-02
1.E-03 -

Wicm*2)

Retinal Irradiance (

1.E-04

1.E-05
1.E-06

1 10 100 1000

Subtended Source Angle (mrad)
Figure 6 Solar Glare Hazard Analysis Plot (FAA)

No potential far glint or glare in the existing or planned Airport Traffic Control Tower (ATC)
cab, and

No potential for glare or “low potential for after-image” ... along the final approach path for
any existing landing threshold or fulure landing thresholds (including any planned interim
phases of the landing thresholds) as shown on the current FAA-approved Airport Layoul
Plan (ALF). The final approach path is delined as two (2) miles from fifly (50) leel above
the landing ithreshold using a siandard three (3) degree glidepath.

Ccular impac! musi be analysed over the entire calendar year in one (1) minule infervals
from when ihe sun rises above the horizon unlil the sun seis below the horizon.

Solar Phofovoltaic Glint and Glare Brisiing Nole Sofar Roof Top Instaliation 18
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3.2.3 Air Navigation Order (ANO) 2009

In some inslance an avialion stakeholder can refer lo the ANQ 2009 with regard lo
saleguarding. Key points from the document are presented below

Endangering safely of an aircraft

137. A person must not recklessly or negligently act in a manner likely to endanger an aircraft,
or any person in an aircraft

Lights liable to endanger
221. (1) A person must nat exhibil in the United Kingdom any light which—

{a) by reasan of its glare is liable o endanger aircraft taking off from or landing at an
aerodrome, or

{b) by reason of its hability to be mistaken for an aeronautical ground light is liable o
endanger aircraft.

(2} If any light which appears to the CAA to be a light described in paragraph (1) is exhibited,
the CAA may direct the person who is the occupier of the place where the light is exhibited or
who has charge of the light, lo take such steps within a reasonable time as are specified in the
direction—

(a) to extinguish or screen the light; and

(b} to prevent in the future the exhibition of any other light which may simitarly endanger

aircrafl.

(3} The direclion may be served either personally or by post, or by affixing it in some
conspicuous place near lo the light (o which it relales.

{4) In the case of a light which is or may be visible from any waters within the area of a general
lighthouse authority, the power of the CAA under this article must nol be exercised excep! with
the conseni of thal authorily.

Lights which dazzle or distract

222. A person must not in the United Kingdom direct or shine any light at any aircraft in flight
50 as to dazzle or distract the pilot of the aircraft.’

The document states that no ‘light’, 'dazzle’ or ‘glare’ should be produced which will create a
defrimental impact upon aircraft safety.

The following seclion presents an overview of the relevant sludies with respect lo glinl and
glare.
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4 OVERVIEW OF GLINT AND GLARE STUDIES

Sludies have been underlaken assessing the lype and inlensily of solar reflections from
various surfaces including solar panels. An overview of these studies is presented below.

This is by ne means a comprehensive review of the data sources, rather il is intended o give
an overview ol lhe imporlant paramelers and considerations thal have informed lhis
assessmenl.

4.1 Reflection Type from Solar Panels

Based on the surface conditions reflections from light can be specular and diffuse. A specular
reflection has a reflection characteristic similar lo that of a mirror; a diffuse will reflect the
incoming light and scalter it in many direclions. Figure 7 illustrales the difference between the
two types of reflections. Because solar panels are flat and have a smooth surface most of the
light reflected is specular, which means thal incident light from a specific direction is reradiated
in a specific direclion.

Figure 7 Specular and diffuse reflections (Source: FAA Guidance)
? Solar Reflection Studies

The relevant information from the reports is presented in the subsections below.

4.21 Evan Riley and Scott Olson, “A Study of the Hazardous Glare Potential to
Aviators from Utility-Scale Flat-Plate Photovoltaic Systems'ﬁ”

Evan Riley and Scoll Qlson published in 2011 their study titled: A Study of the Hazardous
Glare Polential to Aviators from Ulility-Scale Flat-Plate Photovoltaic Systems™. They
researched the polential glare thal a pilol could experience from a 25 degree fixed il PV
syslem localed outside of Las Vegas, Mevada. The theorelical glare was eslimaled using
published ocular salely metrics which quantify the polenlial for a postilash glare alier-image.
This was then compared lo the poslilash glare aller-image caused by smoolh waler. The
study demoenstrated that the reflectance of the solar cell varied with angle of incidence, with
maximum values occurring at angles close to 90 degrees. The reflectance values varied from
approximately 5% to 30%. This is shown on Figure 8 on the following page.

'® Evan Riley and Scott Olson, “A Study of the Hazardous Glare Potential lo Avialors from
Utility-Scale Flal-Plate Photovoltaic Systerms,” ISRN Renewable Erergy, vol. 2011, Article ID
851857, 6 pages, 2011. doi:10.5402/2011/851857
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Figure 8 Total reflectance % when compared to angle of incidence (Source: Riley & Oison 2011)

The conclusions of the research study were:

4.2.2 FAA Guidance- “Technical Guidance for Evaluating Selected Solar Technologies

The 2010 FAA Guidance (discussed in seclion 3) included a diagram which illustrates the
relative reflectance of solar panels compared to other surfaces. The figure shows the relative
reflectance of sclar panels compared to other surfaces. Surfaces in this table will produce
reflections which are specular and diffuse. A specular reflection {those made by most solar
panels) has a reflection characleristic similar to that of a mirror. A diffuse reflection will reflect
the incoming light and scatter it in many direclions. Figure 9 is presented on the following

The potential for hazardous glare from flat-plate PV systems is similar to that of smooth

waler and nol expecled to be a hazard to air navigation.

Portland white cemenl concrete (which is a common concrete for runways), snow, and

structural glass all have reflectivities greater than waler and flat plate PV modules.

on Ailports""

page.

Solar Photovoltaic Glint and Glare Brieifing Note

Y FAA, Novembar (2010): Technical Guidance for Evaluating Sefected Sofar Technologies on Airports.
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Material
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Black Asphait

Percentage of
Sunlight Reflected*

—
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-+—— (Concentrated Solar Power

-+—— PV Solar Panels

* Sunlight is measured as watts per squared meter (W/m2). The amount of incoming sunlight
is generally considered to be 1,000 W/m2. The percentage of sunlight reflected from each
surface can be calculated from this baseline

Figure 9 Relative reflectivity of various surfaces {Source: FAA)

Solar Photovoltaic Glint and Glare Brieifing Note
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The most important comparison in this table is the reflectivity compared to water. Water
produces a reflection of very similar intensity when compared to that from a solar panel. The
study by Riley and Olsen study {2011) also concludes that still water has a very similar
reflectivily 1o solar panels. Whilst surfaces such as wood shingle and bare soil reflect more
light energy in tolal, in this instance the comparison is not relevanl. This is because these
surfaces produce a diffuse reflection as opposed to a specular reflection, therefore light is not
concenlraled in one direction (specular refleclions are generally produced from flal, smooth
surfaces such as solar panels, waler, bare aluminium etc.)

4.2.3 Capital Solar farm Visual Impact Assessment (2010)

A visual impact assessment undertaken for the Capital Solar Farm in Australia'® (up to 50 MW
covering an area of approximalely 100 hectares) presented analysis assessing the relalive
reflectivily of solar panels compared to other natural and manmade objecls. Figures 10 below
and 11 on the following page show the result of a reflecticn assessmenl comparing the
reflections from solar panels to those from naturally occurring surfaces. The resulls, similarly
to those from Riley and Olsen study (2011) and the FAA (2010}, show that solar panels
produce a reflection which is much less intense when compared to other naturally occurring
surfaces. In this study the results showed that water was considerably more reflective.

100

75

50

25
0
W Asphalt B SolarPanel W Forest Crops/Grassland
B Rural Environment Grass B Water Fresh Snow

Figure 10 Relative reflectivity of various surfaces (Source: Capital Salar Farm)
Figure 11 is presenled on the following page.

" Capital Selar farm Visual Impact Assessment (2010}
httpsz¢majorprojects. affinitylive.com/pubdic/abB151 135291 7061 acbBdalch4 00a52e/Capital 20 EAY20F nal %201 .0%:2
OAppendix320F comprassed- Partd®:20. pdf
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Figure 11 Relafive specular reflectivity of vanous surfaces (Source: Capital Solar Farm)

Figures 10 and 11 show the relative specular reflections of sclar glass when compared to
other manmade and natural surfaces. Waler is again measured to produce a refleclion of
greater intensity when compared 1o those from a solar panel. The intensity of reflections from
glass and steel has also been measured. The resulls showed that a solar reflection from these
surfaces is also more inlense than those from solar glass.
4,3 Conclusions
The overall conclusions from the available studies are as follows:
« The resulls of the available studies state that reflections of the sun from solar panels
are possible;
¢ The measured intensily of a reflection from solar panels can vary from 2% to 30%
depending on the angle of incidence;
¢ Siudies show thal reflections from solar panels are equal to or less than those from
still water;
= Other reflective surfaces such as glass and steel are likely to produce a more intense

reflection.
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5 OVERVIEW OF SUN MOVEMENTS

The following section outlines details regarding the sun's pesitions throughoul the year.

5.1 Sun’s Position
The sun's position in the sky can be accurately described by its azimuth and elevation,

Azimuth is a direction relative 1o true north (e.g. 160 degrees) and elevation describes the
sun's vertical angle relative to the horizon (e.g. 20 degrees).

The sun’s position can be accurately calculated for a specific location. The following data is
used for the sun location calculation:

Time;

Date;

Latitude;

Longilude.

. s s 0

The following is true at the location of the proposed solar development:
+ The sun rises in the east {approximately‘gl;
The sun sels in the wesl {approximately™);
The sun ig at its highest around midday and is to the south at this time;
The sun rises highest on June 21 reaching a maximum elevation of 59.25 degrees®'
(longest day);
On December 21% the maximum elevation reached by the sun is only 12.38 degrees
(shorlest day).

22

It is known in general terms that the sun rises in the east and sets in the west however this is
not always strictly frue throughoul the year. The sun can rise in positions between north east
and south east, with the sun setling in locations between the south wesl and north wesl in the
UK. Position parameters for selecled dates in 2014 and 2015 are shown in the Table 1 below.

Solar elevation at
Solar Noon
21 December 2014 12.38 degrees 131.26 degrees 298.74 degrees
21* March 2015 36.04 degrees 88.63 degrees 271.71 degrees
21* June 2015 59.25 degrees 45.58 degrees 314.42 degrees
21% September 2015 36.53 degrees 87.44 degrees 272.21 degrees

Table 1 Solar azimuth and efevation at the proposed solar development

With the sun's azimuth and elevation angle changing throughout the day, the direction and
angle al which a reflection occcurs will change constantly. The azimuth angle of the sun affecls
the height and direction of the reflection. The sun's azimuth angle is discussed on the
following page.

¥ In summer it is northeast and in winter southeast
* |n summer 1t is northweast and in winter southwest
“1n 2015
% n 2015
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5.1.1 Sun Azimuth Angle and Elevation

Figure 12 below shows a simple diagram of the sun’s movement across the sky as viewed by
an observer facing south {in the northern hemisphere™). This can be described as the sun's
azimuth angle from true north. The orange lines show a simple illustration of the maximum and
minimum elevation angle of the sun throughout one year as the sun travels through the sky
each day. The high line illustrates the summer solstice (the longest day) and the lower line
illustrates the winler solstice (the shortest day). For all other days in the year the sun would be
between this maximum and minimum.,

Range of elevation angles for the sun

throughout a year
ot sas]

View looking
south

180° T |

207 Azimuth angle of the sun 270°

Figure 12 Diagram showing how the azimuth and elevation change throughout a day/yvear)

The combination of the sun's azimuth angle and vertical elevation will affect the direction and
angle of the reflection from a solar panel.

B The sun's azimuth angle s defined using 0° as north, heading clockwise so 1807 1s south and continuing round,
This is revarsed in the diagram as the parspective is as it viewad |ooking southwards.

Solar Photovoltaic Glint and Glare Brieifing Note Sofar Roof Top Instaltation 26



~

| PAGERPOWER

6

IDENTIFICATION OF AVIATION RECEPTORS

The following seclion presents an overview of the relevanl avialion receplors in the vicinily ol
the proposed solar development.

6.1 Identification of Airfields
Table 2 below presents a list of the identified airfields.

Eddsfield 8.7km Beyond associated protected surface and approach paths-
Airfield ’ ne impacts expected.
Bridlington 20.0km Beyond associated prolected surface and approach paths-
Airfield ; no impacls expecled
Kirkbymoor 28 3km Beyond associaled prolected surface and approach paths-
side Airfield ; no impacls expecled
Full Sutton 31.3km Beyond associated protected surface and approach paths-
Airfield : no impaclts expected
Fadmoor 32 6km Beyond associaled prolecled surface and approach paths-
Airfield : no impacls expecled
Pocklington 33.3km Beyond associated protected surface and approach paths-
Airfield : no impacls expecled
Thirsk 45.0km Beyond associated protecled surface and approach paths-
Airfield : no impaclts expected
RAF Linton 49 7km Beyond associated prolecled surface and approach paths-
On Ouse ’ no impacls expecled
Bagby 50.3km Beyond associaled prolected surlace and approach palths-
Airfield ; no impacls expecled
York 50.5km Beyond associated protected surface and approach paths-
Airfield : no impacts expecled
Felixkirk 50.9km Beyend associated protecled surface and approach paths-
Airfield : no impacls expecled
RAF 55.9km Beyond associaled prolecled surface and approach paths-
Topcliffe ’ no impacls expecled
RAF 58.3km Beyond associated protected surface and approach paths-
Dishforth : no impacts expected

Table 2 Airfields in the vicinity of the proposed solar development
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Protected Surfaces are defined around licensed airfields. They are imaginary planes defined in
three dimensions for physical safeguarding (i.e. ensuring that physical structures do not
present a safely hazard at an airfield).

The dimensions and geomelry of the surfaces are construcled based on delailed rules defined
in the UK Civil Aviation Authority's Civil Aviation Publication 168. The size of the surfaces is
dependent on the runway dimensions and the procedures carried oul at the airfield.

Unlicensed airfields do nol have Prolecled Surfaces however, Pager Power considers it good
praclice lo assess them as if they do for the purpose of glinl and glare.

From Pager Power's experience, solar developments located beyond the outer limits of the
Protected Surfaces and not determined to be a likely hazard with respect 1o glint and glare.

Figure 13 on the following page shows the location of the idenlified airfields relative lo the
proposed solar developmenlt

Solar Photovoltaic Glint and Glare Brieifing Note Sofar Roof Top Instaltation 28
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Figure 13 identified airfieids

Solar Photovakaic Gint and Giars Briaifng Noke Sotar Rool Top inatallation 23



~ A

| PAGERPOWER

Pager Power has encountered no cases of an objection/concern being received from a small
local airfield with regard to a proposed solar development beyond land immediately adjacent
to the airfield itself. Al 8.7km, it is not expected that Eddsfield Airfield would be affecled.

Solar reflections from the proposed solar development are nol expecled o affect any of the
identified airfields.

6.2 Aviation Activity in the Airspace Above
During the course of the year, solar reflections towards the airspace above will occur.
Generally speaking, reflections will occur in the following directions:

+ In the morning reflections of the sun from the solar panels will be cast due west;

« [n the afternoon/evening reflections of the sun from the solar panels will be cast due
east;

* Around midday, reflections of the sun from the solar panels will be cast in the
airspace above the solar development in a northward direction.

6.2.1 General Discussion Regarding Skyward Reflections

Figure 14* (presented in Section 4.2.3 and again here for clarity) shows how reflections from
solar panels compare to those from olher surfaces which may be present in the ambient
environment.

100

75

Reflected Energy Percentage
g

25
———————————————————
0
0 15 30 45 60 75 a0
Incident angle of Sunlight (Degrees)
— Steel — Glass ~ Smooth Water — Solar Glass w/AR

Figure 14 Relative specular reflectivity of various surfaces

The most important reflection intensily comparison in Figure 14 is to thal of still water. This is
also stated in the sludy underlaken by Riley and Olsen (2011)%.

MCapital Solar tarm Visual Impact Assessment (2010} nttps »/majorprojects affinitylive comipublic/a561511352917061
achBdelch400a52e/Capita ¥ 20EAY20F nal %201 .0%20Appendx%20F_comprassad-_Part4%:20.pdf

* Evan Riley and Scott Cison, "A Study of the Hazardous Glare Potential to Aviators from Utility-Scale Flat-Plate
Pheotovoltaic Systems" 1SRN Renewable Energy, wvol 2011, Article |D 651857, €& pages, 2011,
doiz10.5402/2011/651857
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Aircraft fly over large areas of water whilst on approach or departure from many

airfields/airports. A key example of this is the Royal Marine Base Chivenor in Devon. An aerial

image is presented in Figure 15% below.
—

Figure 15 Royale Marine Base Chivenor

Aircraft will fly over large areas of reflective waler whilst on approach and deparlure from the
runways.

Pager Power has reviewed the procedures for many airfields with respect to glint and glare
hazards. Mo information regarding the potential safety hazard due to solar reflections from
walter has been identified to date.

Avialors encountering solar glare is nol an unusual occurrence. This may be from the sun
direclly or via refleclions of the sun from ground based refieclors such as waler. Any reflection
from a solar panel will be significanlly less inlense than the direct sunlight.

Finally, it is known thal avialion aclivity and solar developmenls co-exisl. A lisl of examples is
presented in Seclion 7 of this reporl. All of these examples show solar developmenis thal are
significantly closer to an airfield than the proposed solar development is 1o any of the identified
airlields.

6.3 Overall Expected Impact

Reflections from the Solar Roof Top Inslallalion may be visible lo general aviation aclivily in
the airspace above the solar development. Il a refleclion is experienced, the reflection will be
of similar intensity 1o those from slill water and glass and significantly less intense than the
light viewed directly from the sun.

Overall, no significant impact upon safe avialion activity is expecied.

* Bing Maps. @ 2014 Nokia. © 2014 Microsoft Comporation
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7 CO-EXISTENCE OF SOLAR DEVELOPMENTS WITH AVIATION

ACTIVITY

Solar developments can and do co-exisl wilh airfields and Ihere are many examples of a solar
panels being sited on or very close to an operalional airfield. An overview of examples is
presented below. This is not a definitive list, the purpose is 1o give an overview of the varying
size and location of solar developments next lo airfields. All images are sourced from Google.

Manston Air K

Manston Airport is now closed however the identified solar development to the north was
present whilst the airport was operational. The solar development is approximately 1.2km from
the threshold for runway 28.

Figure 18 Solar panels near Manston Airport

Gatwick Airport
Gatwick Airport has installed 212 sclar panels 150m from the main runway.

Solar Panels

Figure 17 Solar panels at Gatwick Airport
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A solar development is present to the north west of Dunsfold Aerodrome within 450m of the
threshold for runway 07

Solar Panels

Figure 18 Solar panels near Dunsfold Aerodrome

Birmingham Airport, UK

Birmingham Airport has recently completed the installation of 200 solar panels measuring
1.6mx1m on the roof of one of its lerminal buildings. The panels are highlighted in the figure
below.

2w Ic“

Figure 19 Solar panels at Birmingham Airport
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A 5 acre one megawait ground mount solar development is located in the south west corner of
the Challanooga Airporl. The panels are highlighted in the figure below,

Solar Panels

Figure 20 Solar panels at Chaftanoaga Airpart

Denver international Air A

Denver International Airport (DIA) has completed the installation of ils third large scale solar
project comprising of 19,000 photovoliaic panels. The solar development spans 7.5 acres at
the DIA’s main terminal entrance. In a study of possible glint or glare impacts from a
photovoltaic panel it was concluded that the possible glint glare from PV systems were at safe
level and that reflections are usually decisively lower than other standard residential and
commercial reflective surfaces. Glint and glare to aircraft was deemed not lo be an issue. The
panels are highlighted in the figure below.

Figure 21 Solar panels at Denver Internafional Airpart
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Fresno Yosemite International Airport is the sile of one of the largest airport-based solar
development installation in the United Stales covering approximately 5 hectares. Permils had
o be obtained from the FAA to ensure thal the operational solar development was not a
hazard 1o aviation al the airporl. The best location for the solar arrays was deemed lo be off
the end and to the side of lthe approach to the main FY! runway (29R). The panels are
highlighted in the ligure below.

Figure 22 Sofar panels at Fresno Yosemite International Airpart

San Francisco International Airport, USA

San Francisco International Airport has completed the installation of a 500kW PV installation
Ihat consists of approximately 3,000 solar panels. These have been placed on lhe roof of
lerminal 3. The panels are highlighted in lhe figure below.

Figure 23 Solar panefs at Sﬁﬂ Frangisco Intemational Airport
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Qakland International Airport, USA
The Qakland International Airport PV installation features 5,769 solar panels covering 81,000
square leet of airport rooflop. The panels are highlighled in the figure below.

Solar Panels |2
I x A

Figure 24 Solar panels at Qakland International Airpart

The Nellis Solar Power Plant is located within Nellis Air Force Base in Clark County, Nevada,
occupying 140 acres (57 hectares) of land at the north eastern corner of the base. It consisls
of approximately 70,000 solar panels.

Indianapolis Airport

Indianapolis Airport constructed 28,000 selar panels at the entrance of the airport with this
number expecling 1o rise 10 44,000 panels to be installed on 75 acres of land.
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8

OVERALL CONCLUSIONS

The resulls of the analysis are presented in turn below.

8 1

Q. |

Identified Airfields in the Vicinity of the Proposed Development

The resulis of the analysis are as follows:

g 2
L.L

Thirteen airfields have been identified;

Three of the airfields are military at approximately 50km from the proposed solar
development or beyond;

The remaining 10 are small unlicensed airfields;

The closest airfield {Eddsfield Airfield) is approximately 8.7km from the location of the
proposed solar development;

Al this distance the proposed solar development is beyond the associated protected
surfaces and approach paths for the airfield;

Mo known objections or concerns have been raised by any nearby awviation
stakeholder;

Mo impact upon the operations of the identified airfields due to solar reflections from
the proposed solar development is expected.

Airborne Solar Reflections

Airborne reflections will occur in the following direclions:

g a

Q.

In the morning, refleclions of lhe sun from the solar panels will be casl due west;

In the alternogn/evening, refleclions of the sun from the sclar panels will be casl due
easl;

Around midday, reflections of the sun from the solar panels will be cast in the
airspace above the solar development in a northward direction.

s

Co-Existence of Solar Developments with Aviation Activity

An overview of the analysis is presented below:

Eleven examples of solar developments co-existing with aviation activity are
presented in Seclion 7 of this report;

All of these developments are either on the airfield itsell or within Skm;

All of these solar developments are significantly closer to an airfield/airport, than the
proposed solar development is to any of the identified airfields;

There is no reason to believe that any of these solar developments are a hazard to the
safe operation of their nearby airfield/airport;

Hence, there is no reason to believe that the proposed solar development would be a
hazard to the sale operation of any nearby airfields.
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8.4

Results Discussion

A general discussion of the resulls is presented below:

oc
Q.

If reflections were to be viewed by general avialion aclivity, the reflection experienced
would be of intensity similar to those from other reflectors/surfaces present in the
ambient environment such as water;

Aircraft fly over large areas of reflective water whilst on appreach and departure from
the runways- a key example of this is the Royal Marine Base Chivenor in Devon;

Pager Power has reviewed the procedures for many airfields with respect to glint and
glare hazards. No information regarding the potential safety hazard due 1o solar
reflections from water has been identified to date;

Aviators encountering solar glare is not an unusual occurrence. This may be from the
sun direclly or via reflections of the sun from ground based refleclors such as water.
Any reflection from a solar panel will be significantly less inlense than the direct
sunlight;

It is known that aviation activity and solar developments co-exist. A list of examples is
presented in Section 7 of this report. All of these examples show solar developments
that are significantly closer to an airfield than the proposed sclar development is to
any of the identified airfields.

rerall Exnected Impact
Jverall Expectied Impact

Reflections from the sclar development may be visible to general aviation aclivity in the
airspace above. If a reflection is experienced, the reflection will be of similar intensily o those
from siill water and glass and significantly less intense than the light viewed directly from the
sun. Overall, no significant impact upon aviatien activity is expected.
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