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Section 1.0: Introduction

11 Introduction

Centrica has requested that Mabbett provide services to support the planning requirements associated to
the proposed development at Wythenshaw Hospital. It is understood that this involves the installation of
roof mounted PV arrays across the following hospital buildings:

Clinical Sciences Building (89.08 kWp)
Cardiac Building (161.84 kWp)

Education & Research Centre (143.14 kWp)
Nightingale Centre (114.24 kWp)

Wards F12-16 (61.2 kWp)

At present, the proposed development is anticipated to have a total generation capacity of circa 569.5
kWp.

The report presents the Glint & Glare Assessment undertaken for the proposed solar developments.

1.2 Glint & Glare

Reflectivity refers to light that is reflected off surfaces (e.g. glazed surfaces or areas of metal cladding).
The potential effects of reflectivity are glint and glare. The Federal Aviation Administration’s (FAA)
‘Technical Guidance for Evaluating Selected Solar Technologies on Airports’ provides the following glint
and glare definitions:

»  Glint — “a momentary flash of bright light”
=  Glare — “a continuous source of bright light”

These present an ocular hazard to light sensitive receptors such as road users, train drivers, occupants of
nearby dwellings, pilots, and air-traffic control personnel, as they can cause a brief, temporary or
permanent eye damage (ocular impact categories and significance further discussed in Section 4.4).

In general, solar photovoltaic (PV) systems are constructed of dark, light-absorbing material designed to
maximise light adsorption and minimise reflection. However, the glass surfaces of solar PV systems also
reflect sunlight to varying degrees throughout the day and year, based on the incidence angle of the sun
relative to ground-based receptors. Lower incidence angles amount to increased reflection.

As such, the amount of light reflected off a solar PV panel surface or an array of solar panels depends on:

The amount of sunlight hitting the surface;
Its surface reflectivity;

Its geographic location;

Time of the year;

Cloud coverage; and

Panel orientation.

1.3 Scope of Work

Based on definitions and factors described in Section 1.2 and in combination with available guidance and
best practice recommendations, a desk-based evaluation was undertaken to identify potential receptors
and determine which have the potential to experience the effects of glint and glare. A solar glare analysis
tool was utilised to model the solar PV array(s) and examine the times of the year and days such effects
may occur, as well as the magnitude of their impact. The results of this study are subsequently interpreted,
and appropriate recommendations made.

Section 4.0 provides further details on Methodology followed to complete this study.

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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Section 2.0: Development Characteristics

21 Site Description

The hospital complex (centred at National Grid Reference, NGR, 380598, 388039) is situated at
Southmoor Rd, Wythenshawe, Manchester M23 9LT.

The hospital complex is located to the south of Roundthorn Business Park and is surrounded by:
= |ndustrial/commercial sites to the north and west;

= The Jurassic hospital staff car part to the south; and

= Residential dwellings to the east.

Floats Rd borders the hospital complex to the west and south, and Soothmoor Rd passes through the site.

The hospital complex location/boundaries are shown in Figure 2.1 below in red. Each of the above
buildings is also illustrated in below figure.

Flgure 2.1: Hospital Complex Location
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2.2 Proposed Development
The proposed development comprises the installation of roof-mounted solar PV modules, fixed across
each building’s (as outlined in Section 1.1) roof surfaces to form arrays.

The PV module orientation and inclination per array per building?, as well as building heights above
ground? are summarised in the below table:

1 As noted in HelioScope data sheets provided by Centrica.

2 As provided by Centrica.
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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o Orientation Roof Height above
SN ALY (Azimuth)?3 Inclination (ground4

. o South 179° 10° 10 m*

Cardiac Building West 269 ° 10 ° 10 m*
Clinical Sciences South 173° 12° m
East 83° 12° 8m

North 184 ° 13° 15m

Education & Research West 180° 10° 18 m
Centre East 180 ° 10° 18 m
South 179 ° 7° 15m

_ South East 112 ° 15° 9.5 m*

Nightingale Centre West 248 ° 15 ° 10 m*

Wards F12-16 South 179 ° 20° 7.5 m*

It has been reported that Trina TSM-DE0O8M.08 (l) (375 Watt) solar PV panels will be utilised. Following
consultation with the solar PV module manufacturer (Trina Solar), it was determined that the glass material

of the modules is best described as lightly textured with ARC.

The proposed array layouts are provided in Appendix A.

3 North referenced at 0°.
4 Where possible centroid roof height is provided. This is marked with an asterisk (*).

Wythenshawe Hospital (Centrica) Glint & Glare Support
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Section 3.0: Legislation & Guidance

3.1 Planning Guidance
311 Planning Guidance: National Planning Policy Framework

The National Planning Policy Framework Guidance for ‘Renewable and Low Carbon Energy’ dictates the
following with respect to solar PV developments and glint and glare:

“The deployment of large-scale solar farms can have a negative impact on the rural environment,
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 to consider include:

» the proposal’s visual impact, the effect on landscape of glint and glare (see guidance on
landscape assessment) and on neighbouring uses and aircraft safety;

= the extent to which there may be additional impacts if solar arrays follow the daily movement of
the sun;

= great care should be taken to ensure heritage assets are conserved in a manner appropriate to
their significance, including the impact of proposals on views important to their setting. As the
significance of a heritage asset derives not only from its physical presence, but also from its
setting, careful consideration should be given to the impact of large-scale solar farms on such
assets. Depending on their scale, design and prominence, a large-scale solar farm within the
setting of a heritage asset may cause substantial harm to the significance of the asset;

= the potential to mitigate landscape and visual impacts through, for example, screening with
native hedges;

= The approach to assessing cumulative landscape and visual impact of large scale solar farms
is likely to be the same as assessing the impact of wind turbines. However, in the case of ground
mounted solar panels it should be noted that with effective screening and appropriate land
topography the area of a zone of visual influence could be zero.”

3.2 UK Highway Code

The UK Highway Code states that a road user should be aware of particular hazards such as glare from
the sun and should adjust their driving style appropriately. Solar PV panels reflect sunlight producing solar
glare under specific conditions, which may likely pose hazard towards road users.

3.3 Network Rail Guidance

Rail Industry Standard (RIS) RIS-0737-CCS on ‘Signal Sighting Assessment Requirements’ highlights
that:

“a planned change external to the railway could affect signal sighting, for example changes that
affect the built environment (for example, a new structure causing obscuration, a solar farm causing
reflection).”

In addition to the above, additional guidelines are provided which detail reflections and glare, visibility of
signals, and train drivers’ field of vision. As no nearby rail receptors have been identified in relation to the
proposed development, the relevant guidance is excluded from the report for simplicity.

It should be noted that Network Rail guidance does not provide a specific glare assessment methodology
for rail receptors, beyond the above information.

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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34 Aviation Guidance
3.4.1 Interim Civil Aviation Authority Guidance — Solar PV Systems

The UK Civil Aviation Authority (CAA) issued interim guidance relating to solar PV systems on 17
December 2010 but this was withdrawn on 7 September 2012. The guidance is provided in Appendix B.
At the time of writing it remains the most recent and comprehensive CAA guidance produced to date.

In general, the interim guidance recommends that solar PV developments in the vicinity of or within an
aerodrome’s boundaries should provide safety assurance documentation (e.g. glint and glare assessment)
regarding the full potential impact of the proposed installation on aviation interests, as part of the relevant
planning application. It is further suggested that this information should be consulted with the CAA,
particularly if the proposed development is within aerodrome boundaries, and during the installation
process the developer should liaise with the affected aerodrome. Beyond these recommendations, no
specific methodology or frame of reference are defined for assessing the impact of glint and glare on
aviation infrastructure.

3.4.2 US Federal Aviation Agency Guidance

In general, aviation stakeholders in the UK, as well as internationally, make use of the US Federal Aviation
Agency (FAA) relevant guidance on solar energy systems as it provides the most detailed methodology
for assessing glint and glare internationally.

The most comprehensive guidelines available for the assessment of solar PV developments near
aerodromes were initially produced in November 2010 (entitled ‘Technical Guidance for Evaluating
Selected Solar Technologies on Airports’) by the FAA and updated in 2013 (entitled ‘Interim Policy, FAA
Review of Solar Energy System Projects on Federally Obligated Airports’). The 2013 edition was updated
in 2018 as version 1.1 and is entitled ‘Technical Guidance for Evaluating Selected Solar Technologies on
Airports’. The key changes are as follows:

Version 1.1 (April 2018):

= Updated Section 3.1.2, Reflectivity, to incorporate the latest information about evaluating solar
glint and glare.

= Updated corresponding references to glare throughout the document.

»  Clarified the relationship between solar energy and the FAA’s Voluntary Airport Low Emissions
(VALE) program in Section 5.3.2.

» Added information about the FAA’s Airport Energy Efficiency Program to Section 5.3.3.

= Updated FAA Contact information on Appendix B (where appropriate).

Key points from the latest FAA guidance produced in 2018 are presented in Appendix C. The full document
can be accessed here.

Overall, the 2018 update offers three assessment options:

= Assessing Baseline Reflectivity Conditions
= Tests in the Field
=  Geometric Analysis

However, where a proposed solar development is located where a risk to aviation safety is possible,
geometric analysis, as per the 2013 guidance, will likely be the only option available to alleviate concerns.
In addition to this, most aerodromes still apply the 2013 guidance®.

Key points from the 2013 guidance are replicated below:

“...the FAA has determined that glint and glare from solar energy systems could result in an ocular
impact to pilots and/or air traffic control (ATC) facilities and compromise the safety of the air
transportation system. While the FAA supports solar energy systems on airports, the FAA seeks to
ensure safety by eliminating the potential for ocular impact to pilots and/or air traffic control facilities
due to glare from such projects.”

5 PagerPower, ‘Solar Photovoltaic and Building Development — Glint and Glare Guidance’
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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https://www.faa.gov/airports/environmental/policy_guidance/media/FAA-Airport-Solar-Guide-2018.pdf

= Standard for Measuring Ocular Impact

“FAA adopts the Solar Glare Hazard Analysis Plot® as the standard for measuring the ocular
impact of any proposed solar energy system on a federally-obligated airport. To obtain FAA
approval to revise an airport layout plan to depict a solar installation and/or a “no objection” to
a Notice of Proposed Construction Form 7460-1, the airport sponsor will be required to
demonstrate that the proposed solar energy system meets the following standards:

1. No potential for glint or glare in the existing or planned Airport Traffic Control Tower (ATCT)
cab, and

2. No potential for glare or “low potential for after-image” (shown in green in hazard plot) along
the final approach path for any existing landing threshold or future landing thresholds (including
any planned interim phases of the landing thresholds) as shown on the current FAA-approved
Airport Layout Plan (ALP). The final approach path is defined as two (2) miles from fifty (50)
feet above the landing threshold using a standard three (3) degree glidepath.

Ocular impact must be analysed over the entire calendar year in one (1) minute intervals from
when the sun rises above the horizon until the sun sets below the horizon.”

= Tool to Assess Ocular Impact

“In cooperation with the Department of Energy (DOE), the FAA is making available free-of-
charge the Solar Glare Hazard Analysis Tool (SGHAT). The SGHAT was designed to
determine whether a proposed solar energy project would result in the potential for ocular
impact as depicted on the Solar Glare Hazard Analysis Plot shown above.”

» Required Use of SGHAT

“As of the date of publication of this interim policy, the FAA requires the use of the SGHAT to
demonstrate compliance with the standards for measuring ocular impact stated above for any
proposed solar energy system located on a federally-obligated airport. The SGHAT is a
validated tool specifically designed to measure glare according to the Solar Glare Hazard
Analysis Plot. All sponsors of federally obligated airports who propose to install or to permit
others to install solar energy systems on the airport must attach the SGHAT report, outlining
solar panel glare and ocular impact, for each point of measurement to the Notice of Proposed
Construction Form 7460-1. The FAA will consider the use of alternative tools or methods on a
case-by-case basis. However, the FAA must approve the use of an alternative tool or method
prior to an airport sponsor seeking approval for any proposed on-airport solar energy system.
The alternative tool or method must evaluate ocular impact in accordance with the Solar Glare
Hazard Analysis Plot.”

It should be noted that due to cybersecurity restrictions, SGHAT public use is restricted. This has been
succeeded by ForgeSolar which also meets FAA glare analysis requirements.

6 Plot provided in Section 4.4.1.
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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Section 4.0: Methodology

A desk-based assessment is undertaken to assess glint and glare that may be experienced by light-
sensitive receptors within the vicinity of the proposed solar PV development.

4.1 Solar Reflection Model

A computational modelling tool will be used, where appropriate/required, to model and assess solar
reflectivity of the proposed development in relation to specified receptors, in line with FAA guidance.

The above tool employs an interactive Google map where the site location, proposed solar energy system
and receptor paths/locations can be specified. Latitude, longitude, and elevation are automatically
recorded through the Google interface, providing necessary information for sun position and vector
calculations.

PV systems are represented by a contiguous planar polygon footprint and a set of customisable
parameters. Each footprint comprises three or more vertices, defined by a latitude, longitude, elevation,
and height. Each distinct PV installation or array is modelled with its own PV array footprint. For example,
the PV panel tilt, orientation, and height are considered to be the same across the entire array. This is
considered acceptable due to the distance of the sun from the proposed development and the miniscule
differences in location of the Sun over the proposed development.

The solar reflectance of the PV modules is specified based on the module surface material. The modelling
tool has 5 general module material reflectance profiles which were developed by analysing different PV
module samples. The following options are available:

=  Smooth glass without Anti-Reflective Coating (ARC)
=  Smooth glass with ARC

= Light textured glass without ARC

= Light textured glass with ARC

= Deeply textured glass

During analysis, sunlight is reflected over each PV array on a minute-by-minute basis according to the
specified module tilt and orientation or axis tracking parameters, if the system is not fixed-mount. The
system then checks whether the resulting solar reflections intersect (impact) the specified receptors, thus
determining glint and glare occurrence.

4.2 Receptor Identification

In general, light-sensitive receptors with view of a solar PV development have potential to experience solar
reflection. While no technical distance limits exist within which solar reflections are possible for such
receptors, the potential or significance of a reflection decreases with distance due to an observer's
decreasing field of vision capability es with increasing distance, as well as possible obstructions such as
shielding caused by terrain and vegetation.

For the purpose of this assessment, the following best practice considerations will be applied, incorporating
relevant guidance as laid out in Section 3.0, where applicable:

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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* Residential dwellings to around 1 km from the solar PV development boundary with
a visual line of sight to the panels will be considered.

Dwellings = An additional height of 1.8 m above ground level will be considered to account for
observer's eye level on the ground floor. Only ground floor receptors will be
considered within this assessment, as this is typically occupied during daylight
hours.

=  An additional height of 1.5 m above ground level will be considered to represent the
typical road user viewing height, unless otherwise stated.

= Adiver field-of-view (FOV) of 100° will be applied (50° view angle to left and right).
According to the FAA, glare that appears beyond this FOV range is mitigated.

= Railways in the immediate surrounding area to around 100 m from the solar PV
development boundary with a visual line of sight to the panels will be considered.

Road Users

= Length of railway line will be assessed via individual static receptor locations no
more than 200 m apart up to 500 m from the proposed development boundaries.

Railways = An additional height of 2.75 m above ground level will be considered to represent
typical train driver viewing height.

=  Where signals are located immediately adjacent to or above a railway line, their
lens is in line of sight of the proposed development, and are used to direct trains on
the lines, these will also be assessed as individual static receptors.

Assessment Threshold

Aviation infrastructure located:

o Within less than 5 km of proposed development, will be assessed for glint
and glare.

o Within 5-30 km away from the proposed development will be identified but
not assessed unless requested by relevant aerodrome safeguarding
authority during planning consultation.

o Beyond 30 km radius from the proposed development are not considered.

Aerodromes

= Additional height above ground level will be considered to represent the viewing
height of an air controller within the ATCT (ATCT height).

= 2-mile approach path thresholds towards runway(s) will be assessed, with starting
points taken at 15.2 m above runway threshold at a 3-degree descent path (unless
otherwise stated).

Aviation

= Reference aircraft location receptor points will be taken at no more than % miles
intervals, with a minimum of 9 points, over the 2-mile approach paths identified.

= A pilot azimuthal field-of-view (FOV) of 100° will be applied (50° view angle to left
and right). According to the FAA, glare that appears beyond this FOV range is
mitigated.

= A pilot vertical FOV of 30° will be applied. Anything appearing beyond this FOV is
not visible to the pilot and is acceptable to FAA.

Heliports

= 8 approach paths will be assessed which start 2 m above the heliport centre
(approximate eye level of a helicopter pilot) and spread out to 8 cardinal directions’
at a length of 3.4 km and 152 m above the elevation of the heliport (e.g. ~2.6-degree
decent path)®.

7 North (N), north-east (NE), east (E), south-east (SE), south (S), south-west (SW), west (W) and north-west
(NW).
8 Final approach path dimensions as defined under CAA’s CAP1264 - Standards for helicopter landing areas at

hospitals (http://publicapps.caa.co.uk/docs/33/CAP1264HelicopterlandingathospitalsAugust2019.pdf).
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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http://publicapps.caa.co.uk/docs/33/CAP1264HelicopterlandingathospitalsAugust2019.pdf

=  Where possible, the above approach paths will be identified in line with CAA’s
CAP1264 — Standards for helicopter landing areas at hospitals, where:

‘the cross bar of the “H” lying perpendicular to the preferred direction of
approach (normally based on the prevailing wind direction)”

=  Similar pilot vertical and azimuthal FOVs as aerodromes will be applied.

As the tool does not consider obstructions (e.g. vegetation, other buildings, topography), to account for
this, where appropriate the identified receptors will be further screened via a street-view desk-based
assessment using Google Maps and/or a viewshed analysis®. Where applicable, the aim will be to:

=  Screen out receptors whose view of the proposed development is obstructed.

=  Screen out road/rail receptor route sections whose view of the proposed development is obstructed
(e.g. so that only affected sections of considered route receptors are assessed).

= Establish proposed development footprint to be modelled per receptor or receptor type.

4.3 Magnitude of Impact
4.3.1 Ocular Impact

Ocular impact significance depends on the line of sight between the reflector (solar PV panels) and the
receptor, the location of the receptor relative to the reflector and thus the solar reflection, the time of the
day, they path between the Sun and the reflective surface, and the reflection exposure period (e.g.
momentary exposure is less significant that prolonged exposure).

As such, ocular impact can be classified into three levels based on the retinal irradiance and subtended
source angle: low potential for after-image (green), potential for after-image (yellow), and potential for
permanent eye damage (red). These categories are illustrated in the Ocular Hazard plot'! shown in Figure
4.1 (NOTE: this is a universal Ocular Hazard plot and does not represent potential glare conditions that
may be experienced at the proposed development.).

Figure 4.1: Ocular Hazard Plot
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The subtended source angle represents the size of glare observed by receptor, while the retinal irradiance
is the quantity of energy impacting the retina of the observer. As it can be seen from Figure 1, wide
subtended source angles can cause retinal irritation/damage even at low retinal irradiance.

9 Typically used for dwellings.
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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4.3.2 Glint & Glare Impact Significance
4.3.2.1 Dwellings

While there is no specific guidance on glint and glare impact significance evaluation, the following
classifications may be used:

Solar reflection is not geometrically possible or will not be visible from the assessed
receptor.

Glare of any intensity (green or yellow) occurs for less than 30 minutes per day, for three
or more months per year. Mitigation is not required.

Glare of any intensity (green or yellow) occurs for longer than 30 minutes but less than
Moderate | 60 minutes per day, for three or more months per year. Mitigation may be required at
planner’s discretion.

Glare of any intensity (green or yellow) occurs for longer than 60 minutes per day, for
three or more months of the year. Mitigation will be required if the proposed development
is to proceed.

No Impact

Low

4.3.2.2 Road, Rail and Aviation

Based on FAA guidance:

‘No potential for glint and glare’ towards ATCT should be
produced by a proposed solar PV development.

Any glare of any duration/frequency predicted towards ATCT
from proposed solar PV development.

Based on FAA guidance:

Air Traffic Control
Towers (ATCT)

‘No potential for glare’ or ‘low potential for after-image’
along the final approach path for any existing or future landing
thresholds (as defined in Section 3.1).

Yellow glare with potential for temporary after-image predicted
towards the final approach path.

Approaching
Aircrafts

While there is no specific guidance on glint and glare impact significance
evaluation or limits, the following approach will be adapted in line with best
available practice guidance/recommendations:

Insigﬁiggant S_o!ar reflection is not geometrically possible or will not be
visible from the assessed receptor.
Impact
Glare of any intensity (yellow or green) predicted towards a
Low local road.

Mitigation is not considered necessary.

Road Users Glare of any intensity (e.g. yellow or green) predicted towards
a major national, national or regional road, and does not
originate in front of driver (e.g. not in centre of FOV).

Moderate

Mitigation may be required at regulator’s discretion.

Glare of any intensity (e.g. yellow or green) predicted towards
a major national, national or regional road, and originates in
front of driver (e.g. in centre of FOV).

Mitigation recommended if the proposed development is to
proceed.
While there is no specific guidance on glint and glare impact significance

EENEVS evaluation or limits, the following approach will be adapted in line with best
available practice guidance/recommendations:
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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Railway

No or Solar reflection is not geometrically possible or will not be
Insignificant | ~.".
Impact visible from the assessed receptor.

Glare which does not originate in front of the train driver
Low predicted.

Mitigation is not considered necessary.

Glare originates in front of the train driver and towards a
Moderate section of track where no signal or crossing is sited.

Mitigation may be required at regulator’s discretion.

Glare originates in front of the train driver and towards a
section of track where a signal or crossing is sited.

Mitigation recommended if the proposed development is to
proceed.

Signals
If the assessed reflectors (e.g. solar development) are not in line of sight to the
signal lens, then no phantom aspect illusion is possible.

4.4 Time Zone / Datum
The UK uses British Summer Time (BST, UTC +01:00) in the summer and Greenwich Mean Time (GMT,
UTC +0) in the winter. For the purpose of this report all time references are in GMT.

All locations are given in Eastings and Northings using the UK National Grid Reference system, unless
otherwise specified.
4.5 Assumptions, Limitations & Fixed Model Variables

Provided in Appendix D is a list of assumptions, limitations and fixed variables of the model and
assessment methodology.

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
© 2021, Mabbett & Associates Ltd Page 11 of 21



Section 5.0: Receptor Screening & Modelling Considerations

5.1 Receptors

In line with Section 4.2 considerations, the receptors discussed in following sections have been identified
and further screened prior to modelling.

5.1.1 Nearby Dwellings

A number of residential dwellings exist within 1 km of each building with proposed roof mounted solar PV
arrays. However, a desk-based assessment of these potential receptors, using Google Maps, has
concluded that view of the roof surfaces of interest (at ground floor) is likely to be obscured by vegetation
and/or other industrial/commercial buildings (either belonging to hospital complex or surrounding industrial
estate) found in between the receptors and building locations. As such, these will not be further considered
in the assessment.

These receptor locations are outlined in in Figure 5.1 below for illustrative purposes only.

Figure 5.1: Residential Dwelling Receptor Locations
¥ LMD y

X

Imagery © 2021 Google

5.1.2 Road Infrastructure

A number of roads exist within 1 km of the hospital complex. However, following a desk-based assessment
of nearby road receptors it was identified that only the following have the potential for drivers travelling
along them to experience a view of the roof surfaces associated with the buildings of interest (onto which
proposed solar PV arrays are to be potentially installed):

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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Southmoor Rd; and
Floats Rd.

A further evaluation of the above-mentioned roads using the Google Maps™ street-view function has
revealed the following:

It is possible to view south facing roof of Wards F12-16 when exiting the Jurassic staff car park to the
south of the hospital complex.

View of the Cardiac Building west and south facing roofing is possible when travelling northbound
along Floats Rd. However, this road does appear to be framed by a tall hedge, particularly in the
direction of the Cardiac Building which may potentially obscure view of the building and its roof from
drivers.

View of the Cardiac Building west and south facing roofing is possible at Claverton Rd/Floats Rd
intersection.

View of the south east and west facing roofing at Nightingale Centre is visible when travelling west
and east along Southmoor Rd, respectively.

There appears to be no line of sight between road users traveling along above roads and roof surfaces
associated with Clinical Sciences Building and Education & Research Centre.

As such, only the road sections of these roads with a line of sight between drivers and building roofs (as
described above) will be assessed via modelling. These are shown as a solid line in Figure 5.2 below.

- wuvm Y"'*'s?:—r 8 1 ".
» : * M
! - -

) ¥
¥ %/ Jurassic Car Park Exit
' - ‘\:w'f.f.‘;‘— ¥ ;;_ ‘

Imagery © 2021 Google
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5.1.3 Rail Infrastructure
No rail infrastructure identified within 100 m of development.

5.1.4 Aviation Infrastructure

Aviation infrastructure situated within 30 km of the hospital complex has been identified below:

=  Wythenshawe Hospital Helipad (within hospital grounds)
= Manchester Airport due south east (within 4 km)
=  City Airport (Barton) due north west (within 11 km)

Based on Section 4.2 considerations, only Manchester Airport and the hospital helipad will be assessed
via modelling. Any remaining aviation infrastructure will only be assessed if aerodrome safeguarding
consultees to the planning committee deem it necessatry.

Manchester Airport

Figure 5.3 below provides an illustration of the runway approach flight paths and observation points
assessed at Manchester Airport in line with Section 4.2 considerations. Manchester Airport operates the
following runways:

= O05L/23R

= 05R/23L

Therefore, the glare assessment focused on the 4 approach flight paths associated with these above-
mentioned runways.

The assessed flight paths (FPs) are shown in red. Aircraft observation points (OPs) modelled along each
approach path follow the following altitude profile:

 Observation Point Altitude (m)
Threshold — point closest 15.2
to ground/runway (0 mi) '

Yami 36.3
Y% mi 57.4
Yami 78.5
1 mi 99.5
1 % mi 120.6
1% mi 141.7
1% mi 162.8
2 mi 183.9

Manchester Airport's ATCT has a height of 60 m above ground level'°. The control tower location is
illustrated in Figure 5.3 below in

10 https://iwww.nats.aero/news/factsheets/manchester-airport/
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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Figure 5.3: Manchester Airport Assessed Paths and ATCT Location
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Wythenshaw Hospital Helipad
The assessed approach paths are illustrated in Figure 5.4 below, where point 2 represents the heliport
location. The proposed development location is shown as a red star.

These will be assessed as routes starting at 2 m above the heliport centre out to a length of 3.4 km, 152
m above the elevation of the heliport.

Figure 5.4: Heliport Assessed Approach Paths
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Imagery © 2021 Terraetrics
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Section 6.0: Modelling Results & Interpretation

6.1 Road Receptors
Cardiac Building — South Array

 Receptor Results Impact
Glare with low potential for temporary after-image predicted
towards receptor. This is predicted to occur between 05:00-06:00
from June to July for a maximum of up to less than 20 min/day.
Floats Rd It should be further noted that a hedge exists between the road and Low
Cardiac Building which may potentially obscure view of the roof at
driver height (1.5 m), therefore likely screening the predicted glare.
However, even if this is not the case, as this is a local road the glare
is classed as being of low risk.
Glare with low potential for temporary after-image predicted toward
receptor. This is predicted to occur between 05:00-07:00 from May
to August for a maximum of up to 25 min/day.
Claverton Rd It should be further noted that a hedge exists between the road and Low
Cardiac Building which may potentially obscure view of the roof at
driver height (1.5 m), therefore likely screening the predicted glare.
However, even if this is not the case, as this is a local road the glare
is classed as being of low risk.
Cardiac Building — West Array
 Receptor Results Impact
Floats Rd No glare predicted No Impact
Claverton Rd No glare predicted No Impact
Nightingale Centre — South East Array
 Receptor Results Impact
Glare with potential for temporary after-image predicted towards
receptor as vehicles travel westbound along road. This is predicted
Southmoor Rd to occur between 17:00-20:00 from April to September for a Low
maximum of up to about 80 min/day.
As this is a local road the glare is classed as being of low risk.
Nightingale Centre — West Array
 Receptor Results Impact |
Southmoor Rd No glare predicted No Impact

Wards F12-16

Receptor
Jurassic Car .
; No glare predicted No Impact
Park Exit 9 P P
Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
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6.2

Manchester Airport

It should be noted that buildings with proposed arrays not mentioned in below table
predicted towards any of the assessed aviation receptors at Manchester Airport.

Aviation Infrastructure

had no glare

 Receptor Results

ATCT No glare predicted

FP O5L No glare predicted

FP 05R No glare predicted

FP 23L No glare predicted
Glare with low potential for temporary after-image predicted towards:
= Cardiac Building south array

FP 23R = Clinical Sciences south array
= Education & Research Centre east, north, south and west arrays
=  Wards F12-16 array

Hospital Heliport

In the hospital heliport case, when assessing the helicopter approach paths as routes the following
predictions are made in relation to each building.

Building | Results

South Array

= Glare with low potential for temporary after-image
predicted towards the east, north east, south east and
west helicopter approach paths from south array.

Cardiac Building

West Array

= Glare with low potential for temporary after-image
predicted towards the north west and west helicopter
approach paths from west array.

East Array

= Glare with low potential for temporary after-image
predicted towards the east, north, north east and north
west helicopter approach paths from east array.

Clinical Sciences

South Array

= Glare with low potential for temporary after-image
predicted towards the east, north east and west helicopter
approach paths from south array.

East Array

= Glare with potential for temporary after-image predicted
towards the west helicopter approach path from east
array. This is predicted to occur for a total of 10 min/annum
and will potentially affect only a spot of the approach path
close to landing zone.

= Glare with low potential for temporary after-image

Education &

Research Centre

predicted towards the east, north west and west helicopter
approach paths from east array.

South Array

= Glare with potential for temporary after-image predicted
towards the west helicopter approach path from south
array. This is predicted to occur for a total of 16 min/annum
and will potentially affect only a spot of the approach path
close to landing zone.

Moderate

Wythenshawe Hospital (Centrica) Glint & Glare Support
© 2021, Mabbett & Associates Ltd

310552
Page 18 of 21



» Glare with low potential for temporary after-image
predicted towards the east, south east and west approach
path from south array.

West Array

= Glare with potential for temporary after-image predicted
towards the west approach path from west array. This is
predicted to occur for a total of 17 min/annum and will
potentially affect only a spot of the approach path close to
landing zone.

= Glare with low potential for temporary after-image
predicted towards the east, south east and west approach
paths from west array.

North Array

» Glare with potential for temporary after-image predicted
towards the west approach path from west array. This is
predicted to occur for a total of 19 min/annum and will
potentially affect only a spot of the approach path close to
landing zone.

= Glare with low potential for temporary after-image
predicted towards the east, south east and west approach
paths from west array.

A further assessment of the west approach path was
undertaken where observation points were placed along the
route in a similar manner to approaching aircrafts (e.g. 9 OPs
spaced out at approximately ¥ mile from each other at a
decent path from 152 to 2 m above ground level). This resulted
in only glare with low potential for temporary after-image to
be predicted or all proposed arrays related to this building.

Typically, any glare predicted towards aircrafts with potential
for temporary after-image would be classed as an
unacceptable risk.

However, in this case, given overall result considerations,
these episodes could very likely be fleeting and, given the
relatively small scale of each proposed array/overall
installation, they are less likely to pose any hazard to flight,
landing and take-off operations.

As such, in this occasion the predicted glare is classed as a
moderate risk where mitigation may be required at regulator’'s
discretion.

Nightingale Centre

South East Array

» Glare with low potential for temporary after-image
predicted towards the east, north and north east approach
paths from south east array.

West Array

= Glare with potential for temporary after-image predicted
towards the north west approach path from west array.
This is predicted to occur for a max of 30 min/day (total of
193 min/annum) and will potentially affect only a spot of
the approach path close to landing zone.

A further assessment of the north west approach path was
undertaken where observation points were placed along the

Moderate

Wythenshawe Hospital (Centrica) Glint & Glare Support
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route in a similar manner to approaching aircrafts (e.g. 9 OPs
spaced out at approximately ¥ mile from each other at a
decent path from 152 to 2 m above ground level). This resulted
in only glare with low potential for temporary after-image to
be predicted or all proposed arrays related to this building.

Typically, any glare predicted towards aircrafts with potential
for temporary after-image would be classed as an
unacceptable risk.

However, in this case, given overall result considerations,
these episodes could very likely be fleeting and, given the
relatively small scale of each proposed array/overall
installation, they are less likely to pose any hazard to flight,
landing and take-off operations.

As such, in this occasion the predicted glare is classed as a
moderate risk where mitigation may be required at regulator’'s
discretion.

Wards F12-16

Glare with potential for temporary after-image predicted
towards the west approach paths from proposed array. This is
predicted to occur for a total of 11 min/annum and will
potentially affect only a spot of the approach path close to
landing zone.

A further assessment of the west approach path was
undertaken where observation points were placed along the
route in a similar manner to approaching aircrafts (e.g. 9 OPs
spaced out at approximately ¥ mile from each other at a
decent path from 152 to 2 m above ground level). This resulted
in only glare with low potential for temporary after-image to
be predicted or all proposed arrays related to this building.

Typically, any glare predicted towards aircrafts with potential
for temporary after-image would be classed as an
unacceptable risk.

However, in this case, given overall result considerations,
these episodes could very likely be fleeting and, given the
relatively small scale of each proposed array/overall
installation, they are less likely to pose any hazard to flight,
landing and take-off operations.

As such, in this occasion the predicted glare is classed as a
moderate risk where mitigation may be required at regulator’'s
discretion.

Moderate

Detailed results may be provided upon request.
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Section 7.0: Conclusions & Recommendations

71 Assessment Findings Summary

The glare assessment findings are summarised in table below:

Receptor
Rail Infrastructure N/A N/A
Nearby Dwellings N/A N/A
No glare predicted towards the ATCT, FP 05L, FP 05R and FP
23L.
Aviation
Infrastructure Glare with low potential for temporary after-image predicted

(Manchester Airport) | towards FP 23R.

As such, the predicted glare is classed as being acceptable.

= Acceptable glare predicted towards the helicopter
approach paths from proposed arrays at the Cardiac and
Aviation Clinical Sci_ences Buildings.
= Moderate risk glare predicted towards the north and north
Infrastructure Moderate
(Hospital Heliport) west appro_ach paths from some of the p_roposed arrays at
the Education & Research Centre, Nightingale Centre and
Wards F12-16 buildings. Mitigation may be required at
regulator’s discretion.
Glare of mixed ‘intensities’ predicted towards some of the
assessed roads from proposed development, however, due to
fact that the affected routes are classed as local roads, the is
Road Infrastructure | classed as a low risk. Low
Therefore, not requiring any mitigation if overall proposed
development is to go ahead.

As indicated above, the proposed roof-mounted PV arrays across the different hospital buildings have an
acceptable/low impact in terms of glint and glare towards Manchester Airport and the assessed road
receptors.

However, moderate risk glare is predicted towards the hospital heliport with potential to be deemed an
acceptable risk as the glare episodes (with potential for temporary after-image) could very likely be fleeting
and, given the relatively small scale of each proposed array/overall installation, they are unlikely to pose
any hazard to flight, landing and take-off operations.

7.2 Recommendations

The result associated with the hospital heliport should be discussed with the planning committee and the
CAA, to determine whether, given the results and considerations presented in this report, they find the
predicted glare towards this receptor an acceptable risk.

Wythenshawe Hospital (Centrica) Glint & Glare Support 310552
© 2021, Mabbett & Associates Ltd Page 21 of 21



Appendix A: Proposed Array Layout Plans

Cardiac Building
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Clinical Sciences
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Nightingale Centre

Wards F12-16
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Appendix B: Interim CAA Guidance on Solar Photovoltaic Systems

Interim CAA Guidance - Solar Photovoltaic Systems

BACKGROUND

1 Airpart interest in solar emergy is growing rapidly as a way to reduce operating costs and
o demonsirate a commitment o renewable energy and sustainable development. In
response, the CAA is seeking to devwelop s policy on the installation of Solar
Photovoitaic (5PV) Systems and their impact on aviation. In doing so, it is reviewing the
results of research having been camied out in the United States by the Federal Aviation
Administration (FAA) culminatimg in the publication of Technical Guidance for Evaluating
Solar Technologies on Airports and also reviewing guidance issued by other Mational
Aniation Safety Administrations and Authaorities on this subject.

2 On completion of the review, the CAA, together with the assistance of other aviation
stakeholders, will devwelop a policy and provide formal guidance materal on the
installation of 3PV, principally on or in the vicinity” of licensed aemdromes but will also
include guidance on installations away from aerodromes (or ‘en-route™).  This document
therefore constitutes interinn CAA guidance until a formal policy has been developed.

DISCUSSION

3 At present the key safety issue is perceived to be the potential for reflection from SPV to
cause glare, dazzling pilots or leading them to confuse reflections with aeronautical
lights. Whilst permission is mot required from the CAA for any individual or group to
shine or reflect a light or lights into the sky, 5PV developers should be aware of the
requirements to comply with the Air Navigation Order (ANOY 2009. In particular,
developers and Local Planning Authorities (LPA) should be cognisant of the following
artickes of the ANO with respect to any 5PV development regardless of location:

* Article 137 — Endangering safety of an aircraft.
» Article 221 - Lights liable to endanger.
v Article 222 - Lights which dazzle or distract.

4 The potential for SPV installations to cause electromagnetic or other interference with
asmonautical Communications Mavigational and Surveillance equipment (CMS3) must be
considered by the SPV dewveloper, in coordination with the CAA, the aerodrome Air
Traffic Service provider (ATS), the Air Navigation Service Provider (AMSP) and'or NATS
and the MoD, as required.

' In this contest, Sve berm "in the Wicinity” refers to o=cialy safegusrded asmdromes nobed in S Planning Cirouars (ges Farsgrach
140and a distance of up to 5k from the *A=rdrme Reference Foirt” or the cente of the longesst rumaay.

EPV Instalations proposed Surther thar A5Em fom an asmodrome ane considensd ‘en-moute” devesoprients, and may st neguine
onsuitation Wi e CAM for an assessement on B Impact, If any, i CHS equipment.

10f3
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Where 5PV systems are installed on structures that, for example, extend abowe the
mofline of tall buildings (either on, or ‘off-aerodrome’), or where they are installed in the
vertical plane (on plinths or towers), them there may be the potential for creating an
obstacle hazard to aircraft and - in addition io the potential for creating turbulence hazard
to aircraft - any infringement of the asrodrome Obstacle Limitation Surfaces (OLS) shall
also need to be considered by the Asrodrome Licence Holder (ALH).

For all planned SPV installations it is best practice for the developer to consult with the
operators of nearby aerocdromes before any construction is initiated.

An ALH, in agreement with their LPA, may wish to initiate procedures so that it is only
consulied on SPV planning applications at shorter distances from the asnodrome (for
example within a 5§ km radius), or at distances that would limit 5PV development from
within the aircraft operating visual circuit; however, this is at the discretion of the ALH
and no CAA approval or endorsement of this decision is necessary.

RECOMMEMNDATIONS

a

It is recommended that, as part of a plamning application, the SPV developer provide
safety assurance documentation (including risk assessment) regarding the full potential
impact of the SPV installation on aviation interesis.

Guidance on safeguarding procedures at CAA licensed asredromes is published within

Mﬂﬂmﬂmﬂﬂm& and advlc:e for unlmenEEd aemdruﬂes is
contained within CA " -

Where proposed developments in the vicinity of aerodromes require an application for
planning permission” the relevant LPA nomally consults asrodrome operators or NATS
when aeronautical imterests might be affected. This consultation procedurs is a
statutory obligation in the case of certain major airports, and may include military
establishments and certain air fraffic surveillance technical sites. These arrangements
are explained in Department for Transport Circular 1/2003 and for Scotland, Scottish
Government Cincular 252003,

In the event of 5PV developments proposed under the Electricity Act, the relevant
gowvernment department should routinely consult with the CAA. There is therefore no
requirement for the CAA fo be separately consulted for such proposed 5PV installations
or developments.

If an installation of 5PV systems is planned on-aerodrome (e, within its licensed
boundary) then it is recommended that data on the reflectivity of the solar panel material
should be imcluded in any assessment before installation approval can be granted.
Although approval for installation is the responsibility of the ALH, as part of a condition
of a CAA Aesrocdmome Licence, the ALH is required fo obfain prior consent from CAA
Aerodrome Standards Department before any work is begun or approval to the
developer or LPA is granted, in accordance with the procedures set out in CAP 781

Procedures for Changes to Aemodrome Infrastructure.

Dwring the installation and associated construction of 5PV systems there may also be a
need to liaise with nearby aerodromes if cranes are to be used; CAA notification and
permission is not required.

}MMI:Md:Mnﬂslﬂpﬂ'ﬂmlmmhtma;mwtfranltedDewhﬂ"-ertFl.ld'l:'wc:ﬂahmk:m-
generation equipment on both domestic and nor-domesSc property, under Fe General Permitted Development Order {1595

15

2of3

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 infomnation.

Further guidance may be obtained from CAA's Asrodrome Standards Department via
serodromesi@cas.co.uk.

17 December 2010
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Appendix C: Technical Guidance for Evaluating Selected Solar
Technologies on Airports (2018)

16. Abstract

“Airport interest in solar energy is growing rapidly as a way to reduce airport operating costs and
to demonstrate a commitment to sustainable development. In response, the Federal Aviation
Administration (FAA) has prepared Technical Guidance for Evaluating Selected Solar
Technologies on Airports to meet the regulatory and informational needs of the FAA Airports
organization and airport sponsors.

For airports with favourable solar access and economics, this report provides a checklist of FAA
procedures to ensure that proposed photovoltaic or solar thermal hot water systems are safe and
pose no risk to pilots, air traffic controllers, or airport operations. Case studies of operating airport
solar facilities are provided, including Denver International, Fresno Yosemite International, and
Albuquerque International Sunport.”

Preface

“Over 15 airports around the country are operating solar facilities and airport interest in solar energy
is growing rapidly. In response, the Federal Aviation Administration (FAA) has prepared this report,
Technical Guidance for Evaluating Selected Solar Technologies on Airports, to meet the regulatory
and information needs of FAA personnel and airport sponsors in evaluating airport solar projects.

The guidance is intended to provide a readily usable reference for FAA technical staff who review
proposed airport solar projects and for airport sponsors that may be considering a solar installation.
It addresses a wide range of topics including solar technology, electric grid infrastructure, FAA
safety regulations, financing alternatives, and incentives.

Airport sponsors are interested in solar energy for many reasons. Solar technology has matured
and is now a reliable way to reduce airport operating costs. Environmentally, solar energy shows
a commitment to environmental stewardship, especially when the panels are visible to the traveling
public. Among the environmental benefits are cleaner air and fewer greenhouse gases that
contribute to climate change. Solar use also facilitates small business development and U.S.
energy independence.

While offering benefits, solar energy introduces some new and unforeseen issues, like possible
reflectivity and communication systems interference. The guidance discusses these issues and
offers new information that can facilitate FAA project reviews, including a flow chart of FAA
procedures to ensure that proposed systems are safe and pose no risks to pilots, air traffic
controllers, or airport operations.”

AIRPORTS AND SOLAR ENERGY: CHARTING A COURSE

“Though solar energy has been evolving since the early 1990’s as a mainstream form of renewable
energy generation, the expansion in the industry over the past 10 years and corresponding
decrease in prices has only recently made it a practical consideration for airports. Solar energy
presents itself as an opportunity for FAA and airports to produce on-site electricity and to reduce
long-term electricity use and energy costs. While solar energy has many benefits, it does introduce
some new and unforeseen issues, like possible glare (also referred to as reflectivity) and
communication systems interference, which have complicated FAA review and approval of this
technology. This guide discusses such issues and how FAA reviews for solar projects can be
streamlined and standardized to a greater extent.”

3.1.2 Reflectivity

“Reflectivity refers to light that is reflected off surfaces. The potential effects of reflectivity are glint
(a momentary flash of bright light) and glare (a continuous source of bright light). These two effects
are referred to hereinafter as “glare,” which can cause a brief loss of vision, also known as flash
blindness.

FAA Order 7400.2, Procedures for Handling Airspace Matters, defines flash blindness as
“generally, a temporary visual interference effect that persists after the source of illumination has
ceased.”
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The amount of light reflected off a solar panel surface depends on the amount of sunlight hitting
the surface, its surface reflectivity, geographic location, time of year, cloud cover, and solar panel
orientation. As illustrated on Figure 16, flat, smooth surfaces reflect a more concentrated amount
of sunlight back to the receiver, which is referred to as specular reflection. The more a surface is
polished, the more it shines. Rough or uneven surfaces reflect light in a diffused or scattered
manner and, therefore, the light will not be received as bright.

Figure 16: Different Types of Reflection

CSP systems use mirrors to maximize reflection and focus the reflected sunlight and associated
heat on a design point to produce steam, which generates electricity. About 90 percent of sunlight
is reflected. However, because the reflected sunlight is controlled and focused on the heat
collecting element (HCE) of the system, it generally does not reflect back to other sensitive
receptors. Another source of reflection in a CSP system is the light that contacts the back of the
HCE and never reaches the mirror. Parts of the metal frame can also reflect sunlight. In central
receiver (or power tower) applications, the receiver can receive concentrated sunlight that is up to
a thousand times the sun’s normal irradiance. Reflections from a central receiver, although
approximately 90% absorptive, can still reflect a great deal of sunlight.

Solar PV and SHW panels are constructed of dark, light-absorbing materials and covered with an
anti-reflective coating designed to maximize absorption and minimize reflection. However, the
glass surfaces of solar PV and SHW systems also reflect sunlight to varying degrees throughout
the day and year. The amount of reflected sunlight is based on the incidence angle of the sun
relative to the light-sensitive receptor (e.g., a pilot or air traffic tower controller). The amount of
reflection increases with lower incidence angles. In some situations, 100% of the sun’s energy can
be reflected from solar PV and SHW panels.

Because solar energy systems introduce new visual surfaces to an airport setting where reflectivity
could result in glare that can cause flash blindness to those that require clear, unobstructed vision,
project proponents should evaluate reflectivity during project siting and design.”

Completing an Individual Glare Analysis

“Evaluating glare for a specific project should be an iterative process that looks at one or more of
the methodologies described below. Airport sponsors should coordinate closely with the FAA’s
Office of Airports to evaluate the potential for glint and glare for solar projects on airport property.
These data should include a review of existing airport conditions and a comparison with existing
sources of glare, as well as related information obtained from other airports with experience
operating solar projects.

Because the FAA has no specific standards for airport solar facilities and potential glare, the type
of glare analysis may vary. Depending on site specifics (e.g., existing land uses, location and size
of the project) an acceptable evaluation could involve one or more of the following levels of
assessment:

(1) A gqualitative analysis of potential impact in consultation with the Air Traffic Control
Tower, pilots, and airport officials

(2) A demonstration field test with solar panels at the proposed site in coordination with Air
Traffic Control Tower personnel
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(3) A geometric analysis to determine days and times when there may be an ocular impact.

The FAA should be consulted after completing each of the following steps to determine if potential
reflectivity issues have been adequately considered and addressed.

The extent of reflectivity analysis required to assess potential impacts will depend on the specific
project site and system design.”

1. Assessing Baseline Reflectivity Conditions

“Reflection in the form of glare is present in current aviation operations. The existing sources of
glare come from glass windows, auto surface parking, rooftops, and water bodies. At airports,
existing reflecting surfaces may include hangar roofs, surface parking, and glassy office buildings.
To minimize unexpected glare, windows of air traffic control towers and airplane cockpits are coated
with anti-reflective glazing. Operators also wear polarized eye wear. Potential glare from solar
panels should be viewed in this context. Any airport considering a solar PV project should first
review existing sources of glare at the airport and the effectiveness of measures used to mitigate
that glare.”

2. Tests in the Field

“Potential glare from solar panels can easily be viewed at the airport through a field test. A few
airports have coordinated these tests with FAA Air Traffic Controllers to assess the significance of
glare impacts. To conduct such a test, a sponsor can take a solar panel out to proposed location
of the solar project, and tilt the panel in different directions to evaluate the potential for glare onto
the air traffic control tower. For the two known cases where a field test was conducted, tower
personnel determined the glare was not significant. If there is a significant glare impact, the project
can be modified by ensuring panels are not directed in that direction.”

3. Geometric Analysis

“Geometric studies are the most technical approach for reflectivity issues. They are conducted
when glare is difficult to assess through other methods. Studies of glare can employ geometry and
the known path of the sun to predict when sunlight will reflect off of a fixed surface (like a solar
panel) and contact a fixed receptor (e.g., control tower). At any given site, the sun moves across
the sky every day and its path in the sky changes throughout year. This in turn alters the destination
of the resultant reflections since the angle of reflection for the solar panels will be the same as the
angle at which the sun hits the panels. The larger the reflective surface, the greater the likelihood
of glare impacts. Figure 17 provides an example of such a geometric analysis (not shown).

Facilities placed in remote locations, like the desert, will be far from receptors and therefore
potential impacts are limited to passing aircraft. Because the intensity of the light reflected from the
solar panel decreases with increasing distance, an appropriate question is how far you need to be
from a solar reflected surface to avoid flash blindness. It is known that this distance is directly
proportional to the size of the array in question23 but still requires further research to definitively
answer.

The FAA Airport Facilities Terminal Integration Laboratory (AFTIL), located at the William J.
Hughes Technical Centre at Atlantic City International Airport, provides system capabilities to
evaluate control tower interior design and layout, site selection and orientation, height
determination studies, and the transition of equipment into the airport traffic control tower
environment. AFTIL regularly conducts computer assessments of potential penetrations of
airspace for proposed airport design projects and has modelled the potential characteristics of glare
sources, though not for solar projects. AFTIL may be a resource for regional FAA officials and
sponsors who seek to evaluate the potential effects of glare from proposed solar projects.”

Experiences of Existing Airport Solar Projects

“Solar installations are presently operating at a number of airports, including megawatt-sized solar
facilities covering multiple acres. Air traffic control towers have expressed concern about glint and
glare from a small number of solar installations. These were often instances, where solar
installations were sited between the tower and airfield, or for installations with inadequate or no
reflectivity analysis. Adequate reflectivity analysis and alternative siting addressed initial issues at
those installations.”
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Appendix D: Assumptions, Limitations & Fixed Model Variables

=

The sun position and glare analysis will be determined throughout the year on a 1-minute basis.

2. The maximum amount of solar power striking surface normal to the sun per unit area (Peak direct
normal irradiance, DNI) is set at 1,000 W/m?2. This will be scaled for each time step to account for
changing sun position.

3. The average subtended angle of the sun as viewed from earth is 9.3 mrad.

4. The ocular transmission coefficient for the radiation that is absorbed in the eye before reaching the

retina, is set to 0.5.1112

Observer pupil diameter is set at the typical value of 0.002 m for daylight.112

Eye focal length for the distance between the nodal point (where rays intersect in the eye) and the

retina is set at the typical value of 0.017 m. 1112

7. The algorithm does not rigorously represent the detailed geometry of a system; detailed features
such as gaps between modules, variable height of the PV array, and support structures may impact
actual glare results. However, models have been validated against several systems, including a
PV array causing glare to the air-traffic control tower at Manchester-Boston Regional Airport and
several sites in Albuquerque, and the tool accurately predicted the occurrence and intensity of glare
at different times and days of the year.!®

8. The algorithm assumes that the PV array is aligned with a plane defined by the total heights (ground
elevation plus PV array height) of the coordinates outlined in the Google map.

9. The algorithm does not consider obstacles (either man-made or natural) between the observation
points and the prescribed solar installation that may obstruct observed glare, such as trees, hills,
buildings, etc.

10. The actual DNI on any given day can be affected by cloud cover, atmospheric attenuation, and
other environmental factors. As such, calculated DNI may vary from actual DNI experienced by
observer.

11. The system output calculation is a DNI-based approximation that assumes clear, sunny skies all
year-round.

12. Hazard zone boundaries shown in the Glare Hazard plot are an approximation and visual aid.
Actual ocular impact outcomes encompass a continuous, not discrete, spectrum.

13. Glare locations displayed on receptor plots are approximate. Actual glare-spot locations may differ.

14. Glare vector plots are simplified representations of analysis data. Actual glare emanations and
results may differ.

15. PV array tracking assumes the modules move instantly when tracking the sun, and when reverting

to the rest position.

o 0

1 Ho, C. K., Ghanbari, C. M., and Diver, R. B., 2011, Methodology to Assess Potential Glint and Glare Hazards From Concentrating Solar Power
Plants: Analytical Models and Experimental Validation, ASME J. Sol. Energy Eng., 133.

12 Sliney, D.H. and B.C. Freasier, 1973, Evaluation of Optical Radiation Hazards, Applied Optics, 12(1), p. 1-24.

13 https://www.forgesolar.com/help/#assumptions
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