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1. EXECUTIVE SUMMARY

1.1. This aviation Glint and Glare assessment has been produced to send together with the
Planning Application in The South Dublin County Council. This aviation Glint and Glare
assessment has been undertaken in relation to the instalment of a solar array on a roof on
lands approximately 19 km Southwest of Dublin Airport

1.2. There is no guidance or policy available across Ireland in relation to the assessment of glint
and glare from Proposed Development. However, as identified by UK policy, it is recognised
as a potential impact which needs to be considered for a proposed solar development.

1.3. A 30km study area is chosen for receptors. 4 aviation assets are located within 30km of the
Proposed Development: Weston Airport, Casement Aerodrome , Dublin Airport and Tallaght
Hospital Helipad. The receptor/s mentioned will require a detailed assessment due to the
Proposed Development falling within their respective safeguarding buffer zones outlined in
paragraph 4.19.

1.4. Geometric analysis was conducted for Weston Airport (2 Runways and 1 ATCT), Casement
Aerodrome (4 Runways and 1 ATCT), Dublin Airport (6 Runways and 2 ATCT) and Tallaght
Hospital Helipad (S Runways),

1.5. The assessment concludes that:

• Weston Airport: No impact predicted

• Casement Aerodrome: Green Glare (Low potential for after-image) was predicted at
FP 04, which is an acceptable impact according to the FAA guidelines for the runways
and can be deemed not significant. Upon review of the ground elevation profile
between the Proposed Development and Weston Airport, it was found that the
Proposed Development would not be visible from the ATCT and the impact would
therefore reduce to None.

• Dublin Airport: Green Glare (Low potential for after-image) was predicted at FP 08, FP
10, ATCT new tower, ATCT old tower, which is an acceptable impact according to the
FAA guidelines for the runways and can be deemed not significant. Upon review of
the ground elevation profile between the Proposed Development and Weston Airport,
it was found that the Proposed Development would not be visible from the ATCT and
the imoact would therefore reduce to None.

• Tallaght Hospital Helipad: Green Glare (Low pc:ential ‘or after-mage) was predc:ed
at FP 13, PP 14, FP :5, FP 16, FP 19, which is ar acceptabe impact accordirg to the
FAA guidelines for the runways and can be deemed not significant.

Overall impacts on aviation receptors are acceptable and not significant.

E of E5
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2. INTRODUCTION

BACKGROUND

2.1 MOVLO S.A. has been appointed by Enerpower (the “Applicant”) to undertake a Glint and
Glare Assessment for a proposed solar array development (the “Proposed Development’)

on the roof of Proposed Solar Panels at Lidi Store Fortunestown Lane, Saggart, Dublin
24,Co.Dublin. This aviation Glint and Glare assessment has been undertaken in relation to
the instalment of a solar array on a roof on lands approximately 19 km Southwest of Dublin
Airport (the “Application Site”). This is to be sent together with the Planning Application to
The South Dublin County Council.

2.2. Please see Figure 2: Appendix Afor site Layout Map with PV Solar Panels.

DEVELOPMENT DESCRIPTION

2.3. The Proposed Development comprises a 831.40m2 roof mounted solar array being installed
on the root of Proposed Solar Panels at Lidi Store Fortunestown Lane Saggart, Dublin 24
Co. Dublin, D24 XR74.

SCOPE OF REPORT

2.4. Although there may be small amounts of Glint and Glare from the metal structures
associated with the solar array, the main source of Glint and Glare will be from the panels
themselves and this will be the focus of this assessment.

25. Solar panels are designed to absorb as much light as possible and not to reflect it. However,
glirt can be produced as a reflection of the sun from the surface of the solar RI pane. This

can also be descrbed as a momentary 4asb. This may be ar issue due to visual :mpact and
viewer dstraction on ground-based receptors and or, aviation,.

2 6 Giare s sgnificartly less V:erse in comparisor to -1nt and can oe cescrioec as a
co’-t;r,uous source of cght light, reiative to dJfusec ight:ng. T5 is rot a cirect reqectiot
of the sur,, but a reflection of the sky arouno the sun.

2.7. This report will concentrate on the impacts of Glint and Glare and their effects on aviation
assets and will be supported with the following Appendices:
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• APPENDIX A:

- APPENDIX A: FIGURE 1 Site Layout Plan

- APPENDIX A: FIGURE 2 Site Layout Map with PV Solar Panels

- APPENDIX A: FIGURE 3 Proposed Solar PV Elevations 1

- APPENDIX A: FIGURE 4 Dublin Airport Chart

- APPENDIX A: FIGURE 5 Weston Airport Chart

- APPENDIX A: FIGURE 6 Casement Aerodrome Chart

- APPENDIX A: FIGURE 7 Ground elevation profile

• APPENDIX B: GLARE ANALYSIS REPORT RESULTS

• APPENDIX C: AVIATION RECEPTOR GLARE RESULTS

• APPENDIX D: SOLAR MODULE GLARE AND REFLECTANCE TECHNICAL MEMO

STATEMENT OF AUTHORITY

28. This Glint and Glare Assessment has been produced by MOVED 5k

Founding Partner director Maria Florencia Garcia having completed an architecture degree

in 2012. She has been working on various technical assessments including Glint and Glare

reports for numerous solar farms in Ireland.

DEFINITIONS

29. This study examined the potential hazard and nuisance effects of Glint and Glare in relation

to aviation-based receptors. The Federal Aviation Guidance (FAA) in their “Technical

Guidance for Evaluating Selected Solar Technologies on Airports”’ have defined the terms

‘Glint’ and ‘Glare’ as meaning;

• GIVt — “A momentary flash of bright light”

• Glare — “A continuous source of bright light” ii

da-s I\f e’ Mie & rscInc Nove’oeC2O).Tec CGG&rCC4OEVE a:ngSeec:ec ScaeViocgeso
LJrpcs 3.12 Reectv:y Tecrcal Guida ce ‘o Evaa:ing Seeced Sow ‘ec”ologes on A oos Avaab’e at:
::ps:j !www.2agov/d raortse v -onmer:aI/po icy gjidarce/n-ec a/a po-:-so ar-guce oct
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2.10. Glint and Glare are essentially the unwanted reflection of sunlight from reflective surfaces.
This study used a multi-step process of elimination to determine which receptors had the
potential to experience the effects of Glint and Glare. It then examined, using a computer
generated geometric model, the times of the year and the times of the day such effects
could occur. This is based on the relative angles between the sun, the panels, and the
receptor throughout the year.

Time Zones / Datum’s

2.11. Locations in this report were given in Eastings and Northings using the ‘OSNI 1952 Irish
National Grid’ grid reference system unless otherwise stated, Ireland uses Irish Standard
Time (1ST, UTC+O1:OO) in the summer months and Greenwich Mean Time (UTC+O) in the
winter period. For the purposes of this report all time references were in GMT, however if
reference was made to a time which falls within the 1ST then this was outlined in the report.

of 85
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3. LEGISLATION AND GUIDANCE

PLANNING POLICY

3.1. The National Planning Framework (NPF) was adopted by the Irish Government on the 29th
of May 2018. However, this policy document provides no current provision within the Irish
Planning System for the requirement of Glint and Glare Assessments to support applications
for the installation of ground mounted solar PV systems. It is therefore considered
appropriate to defer to extant policy guidance within the UK planning system; the National
Planning Policy Guidance (NPPG) on Renewable and Low Carbon £nergy22.

3.2. Paragraph 013 sets out planning considerations that relate to large scale ground-mounted
solar PV farms. This determines that 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. Considerations to be taken into account by local
planning authorities are;

• “the proposal’s visual impact, the effect an landscape of Glint and Glare 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.”

INTERIM CAA GUIDANCE — SOLAR PHOTOVOLTAIC SYSTEMS (2010)

3.3. There is little guidance on the assessment of Chit and Glare from solar arrays with regards
lo aviation safety. The Civil Aviation Authority (CAA) has published interim guidance on
Solar Photovoltaic Systems3’, they also intend to undertake a review of the potential
impacts of solar PV developments upon aviation, however this is yet to be published.

NPD2 Reewbb e anc ow CarDO e Avai’a:e a:
tzp ‘tIaringg. ca-..ce.ccn-un:.es gov...’co og!gJcc ceecwaDIe-ac-.c.-cabc-enegv
cc’s aera: os-for-hyccpowe.:t. e-soIa-:ec.noogy-sc ar-a-r-:s-a..cv..nctuDies,paagraprJ1

CAA (2010) Interim CAA Guidance — Solar Photovoltaic Systenis. Available at.

ldbSa2OSda84f
ca7bbcl4eae69
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3.4. The interim guidance identifies the key safety issues with regards to aviation, including

“glare, dazzling pilots leading them to confuse reflections with aeronautical lights.” It is
outlined that solar farm developers should be aware of the requirements to comply with
the Air Navigation Order (ANO), published in 2009. In particular, developers should take
cognisant of the following articles of the ANO4, including:

• “Article 137 — Endangering safety of an aircraft — A person must not recklessly or
negligently act in a manner likely to endanger on aircraft, or any person in an aircraft.”

• Article 221 - Lights lioble to endanger — “A person must not exhibit in the United
Kingdom any light which:

— a) by reoson of its glare is liable to endanger oircraft taking off or from londing at an
aerodrome; or

— b) by reoson of its liability to be mistoken for an oeronauticol ground light liable to
endanger aircraft”

• Article 222 — Lights which dazzle or distract — “A person must not in the United Kingdom

direct or shine any light at any aircraft in flight so as ta dazzle or distract the pilat of the
aircraft.”

3.5. These Articles are considered within the assessment of Glint and Glare of the Proposed
Development.

US FEDERAL AVIATION ADMINISTRATION POLICY

3.6. The US Federal Aviation Administration (FAA) in their Solar Guide (Federal Aviation

Authority, 2OlO) incorporates a chapter on the impact and assessment of glint from soiar
panels. It concludes that (although subject to revison):

evidence suc pests that either s;cnijicart glare s not occurring &r;r.g t:ines of operation or J
giore is occurrinG, it is not a negative effect and ts a rn/nor part of the landscape to which pilots and
tower Derscnnei are exposea.”

CAA :0:5/Ar av a The Ooe’ c Regulat!cs. Avaao a at.
htrp://publicapps caa.co uk/docs/33/cAP%2D393%2orourth%2oedition%2oArnendrrient%20Tht.2OApril%202015.pdf

FAA (2010)) Technical Guidance for Ev&uating Selected Solar Technologies on Airports. Available at:
https://www.faa.gov/airports/environmenta/policyguidance/media/airport-soLar-guide-print.pdf

10 0*85



Glint & Glare Assessment Lid! Ireland GMBH

3.7. The current policy (Federal Register, 2O13) demands that an ocular impact assessment must
be assessed at 1-minute intervals from when the sun rises above the horizon until the sun
sets below the horizon. Specifically, the developer must use the ‘Solar Glare Hazard Analysis
Tool’ (SGHAT) tool specifically and reference its results as this was developed by the FAA and
Sandia National Laboratories as a standard and approved methodology for assessing

potential impacts on aviation interests, although it notes other assessment methods may be
considered. The SGHAT tool has since been licensed to a private organisation who were also
involved in its development and it is the software model used in this assessment.

3.8. Crucially, the policy provides a quantitative threshold which is lacking in the UK guidance.
This outlines that a development will not automatically receive an objection on glint
grounds if low intensity glint is visible to pilots on final approach. In other words, low
intensity glint with a low potential to form a temporary after-image would be considered
acceptable under US guidance. Due to the lack of legislation and guidance within the UK,
this US document has been utilised as guidance for this report.

3.9. The FAA guidance states that for a solar PV (and therefore any reflective surface)
development to obtain FAA approval or to receive no objection, the following two criteria
must be met:

• No potential for glint or glare in the existing or planned Air Traffic Control Tower (ATCT);

and

• No potential for glare (glint) or “low potential for after-image” along the final approach

path for any existing or future runway landing thresholds (including planned or interim
phases), as shown by the approved layout plan (ALP). The final approach path is defined

as 2 miles from 50 feet above the landing threshold using a standard 3-degree glide
path.

3.10 The geometric analysis included later in this report, which defines the exteflt and time at
which Glint ano Glare may occur, is recuired by the FAA as the methooology to be useD
when assessing Glint and Gare impacts on aviation receptos This report follows the
methodology recwred by the FAA as it offers :he most mbus: assessment method currently

a v a a b ‘e

FAA (2013), InterIm Policy, FAA Review of Solar Energy System Projects on Federally Obligated Airports. Available at:
https://www.federa Iregister.gov/documents/2013/10/23/2013-24729/intenim-po]icy-faa-review-ol-solar-energy.system.p
rojects-o n-federally- ob rig at ed-airports
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THE SOUTH DUBLIN COUNTY COUNCIL DEVELOPMENT PLAN

311. The South Dublin County Development Plan 2022-2028 was made on 22nd June 2022 and
came into effect on 3rd August 2022.

312. The South Dublin County Development Plan sets out the framework to guide future
development with the focus placed on the places we live, the places we work, and how we
interact and move between these places while protecting our environment. The aim is to
progress to a more sustainable development pattern for South Dublin in the immediate and
long-term future up to 2040 and beyond.

Chapter 10’s introduction reads:

‘The ‘2021 Climate Action Plan1 represents the Government’s all of society approach, aimed at
enabling Ireland to meet the EU targets to reduce carbon emissions by 51 per cent between 2021 and
2030, and lays the foundations for achieving net zero carbon emissions by 2050. Within that context
South Dublin County Council through its strategic County Development Plan seeks to exceed those
targets or meet them earlier, creating reliable, robust and efficient energy systems which enable
growth across all sectors, and which supports the future development of the County. In line with the
LGMA5 Delivering on Climate Action 2030, the Council will continue to make every effort to increase
energy efficiency and unlock renewable energy potential in the County.

In the same chapter, the E7 solar power policy states one of the objectives:

/ Promote the development of solar energy infrastructure in the Caunty, including the building of
integrated and commercial-scale solar projects subject to a viability assessment and environmental
safeguards including the protection of natural or built heritage features, biadiversity and views and
prospects.’

12 of 85
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4. METHODOLOGY

4.1 A desk-based assessment was undertaken to identity when and where Glint and Glare may
be visible at aviation receptors within the vicinity of the Proposed Development, throughout

the day and the year.

SUN POSITION AND REFLECTION MODEL

Sun Data Model

4.2. The calculations in the solar position calculator are based on equations from Astronomical
Algorithms’, The sunrise and sunset results are theoretically accurate to within a minute for
locations between 1- 72° latitude, and within 10 minutes outside of those latitudes.
However, due to variations in atmospheric composition, temperature, pressure, and
conditions, observed values may vary from calculations.

Solar Reflection Model

4.3. The position of the sun is calculated at one-minute intervals of a typical year, in this instance
the year assessed is 2022.

4.4. To determine if a reflection will reach a receptor, the following variables are required:

• Sun position;

• Observer location; and

• Tilt, orientation, and extent of the modules in the solar array.

4 5. The model assumes that the azimuth and horizontal angle of the sun is the same across the
bole solar farm. This is considered acceotable due to the distance of the sjn from the
rcposec velopr-n a’c tie mriscu e differences ir ocaticn c’ U. e sun ove the
ProposeD Development.

jean Meeus, Astronomical Algorithms Second Edition), 1999
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4.6. Once the position of the sun is known for each time interval, a vector reflection equation

determines the reflected sun vector, based on the normal vector of the solar array panels.

This assumes that the angle of reflection is equal to the angle of incidence reflected across a
normal plane. In this instance, the plane being the vector which the solar panels are facing.

4.7. On knowing the vector of the solar reflection, the azimuth is calculated and the horizontal

reflection from multiple points within the solar farm. These are then compared with the
azimuth and horizontal angle of the receptor from the solar farm to determine if it is within

range to receive solar reflections.

4.8. The solar reflection in the model is considered to be specular as a worst-case scenario. In
practice, the light from the sun will not be fully reflected as solar panels are designed to
absorb light rather than reflect it. The previous text and Appendix D outline the reflective

properties of solar glass and compares it to other reflective surfaces. Although the exact
figures in this report are not conclusive, it is included as a visual guide and it agrees with

most other reports, in that solar glass has less reflective properties than other types of glass

and that the amount of reflective energy decreases as the angle of incidence decreases.

4.9 Most modern panels have a slight surface texture which should have a small effect on
diffusing the solar radiation further; although, this has not been modelled to conform with
the worst-case scenario assessment.

Determination of Ocular Impact

4.10. The software used for this assessment is based on the Sandia Laboratories Solar Glare
Hazard Analysis Tool (SGHAT). This tool is specifically mentioned in the FAA guidance as the
software which should be used in this type of assessment.

4 1 Determination of the ocular impact requres knowledge of the direct normal irradance, PV

module reflectance, size and c1enta:on of the array, optcal properties of the PV modue.

and ocular parameters. These vaLies are used to detenine the retinal irradiance and
subtended source angle used in the ocular hazard plot.
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4.12. The ocular impacts of viewed glare 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).

4.13. Green glare can be ignored when looking at ground based and some aviation receptors.
Green glare does not cause temporary flash blindness and happens at an instant with very
slight disturbance. As per FAA guidelines mitigation is only required for green glare when
affecting an Air Traffic Control Tower, but not for when affecting pilots. Therefore, it can be
assumed that green glare is acceptable for ground-based receptors.

4.14. The subtended source angle represents the size of the glare viewed by an observer; while
the retinal irradiance determines the amount of energy impacting the retina of the
observer. Larger source angles can result in glare of high intensity, even if the retinal
irradiance is low.

Relevant Parameters of the Proposed Development

1.1. For an easier understanding, solar panels have been grouped into one group as shown in
figure 1.

fioue I

Ho, Ck. CM Gnaoai, arC R Dve 2Cti Se:odo ogy to Assess Potentia. Girt an,c Gare azaros Port-,
Concentrating Soar Power Plants: Analytica’ Moods and [xperirnental Validation, Journal of Solar Energy
Engineering-Transactions of the Asme, 133(3).

it U
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The photovoltaic (PV) panels are oriented in eastwards and westwards direction, (as seen in
the box below), to align with the undulation of the root and will remain in a fixed position
throughout the day and during the year (i.e. they will not rotate to track the movement of
the sun). The panels will be analysed considering the following conditions:

4.15. The maximum height of the building is 6.98rn, so this will be the height that is used to
determine the worst-case scenario for potential Glint and Glare.

IDENTIFICATION OF RECEPTORS

Aviation

4.16. Glint is only considered to be an issue with regards to aviation safety when the solar
development lies within proximity to a runway, particularly when the aircraft is descending
to land. En-route activities are not considered an issue as the flight will most likely be at a
higher altitude than the solar reflection,

4.17 Should a solar development be proposed within the safeguarded zone of an aerodrome, a
full geometric study may be required (depending on the orientation from the Proposed
Development) which would determine if there is potential for Glint and Glare at key
locations, most likely on the descent to land. This assessment has been produced in
response to The South Dublin County Council Council’s request for a Glint and Glare
assessment to be undertaken.

4.18. Buffer zones to identify aviation assets vary depending on the safeguarding criteria of that
asset. All aerodromes within 30km wilt be identified, however generally the detailed
assessments are only required within: 20km for large international aerodromes, 10km for
rrlitary aerodromes and 5km for small aerodromes,

vi 80 .000 831.40
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MAGNITUDE OF IMPACT

Moving Receptors (Aviation)

Approach Paths

4.19. Each final approach path which has the potential to receive glint is assessed using the Solar

Glare Hazard Analysis Tool (SGHAT) model. The model assumes an approach bearing on the
runway centreline, a 3-degree glide path with the origin SOft (15.24m) above the runway

threshold.

4.20. The computer model considers the pilot’s field of view. The azimuthal field of view (“AFOV”)

or horizontal field of view (“HFCV”) as it is sometimes referred to, refers to the extents of
the pilot’s horizontal field of view measured in degrees left and right from directly in front

of the cockpit. The vertical field of view (“VFOV”) refers to the extent of the pilot’s vertical

field of view measured in degrees from directly in front of the cockpit. The HFDV is

modelled at 90 degrees left and right from the front of the cockpit whilst the VFOV is
modelled at 30 degrees.

4.21. The FAA guidance states that there should be no potential for glare or “low potential for
after image” at any existing or future planned runway landing thresholds in order for the
proposed Development to be acceptable.

Air Traffic Control Tower (ATCT)

4.22. An air traffic controller uses the visual control room to monitor and direct aircraft on the
ground, approaching and departing the aerodrome. It is essential that air traffic controllers

have a clear and unobstructed view of aviation activity. The key areas on an aerodrome are
the views towards the runway thresholds, taxiways, and aircraft bays.

4 23. The AA guidance states that no solar reflection towarcs the ATCT should be produced by a
proposed solar developmen:, however this siould Dc assessed on a ste by site basis and will

cepend on the operations at a oarr.cu.ar aerodroe.

4.24 In oroer to determine the mpact on :he ATE, the ocation and negt of the tower wili neec
to be fed into the SCHAT modeL and where there is a potential for ‘low potential for After

Image’ or more, then mitigation measures will be required.

7 of 85
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ASSESSMENT LIMITATIONS

425. Below is a list of assumptions and limitations of the model and methods used within this
report:

• The model 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;

• The model 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;

• Due to variations in atmospheric composition, temperature, pressure and conditions,
observed values may vary slightly from calculated positions; and

• The model does not account for the effects of diffraction; however, buffers are applied
as a factor of safety.

E o 85
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5. BASELINE CONDITIONS

Aviation Receptors

5.1. Aerodromes within 30km of the proposed solar development can be found in Table 5-1.

Table 5-1: Airfields within 20km of the Proposed Development

Casement Aerodronie 2.83 Military Aerodrome

Dublin Airport 1895 Airport

Tallaght Hospital Helipad 2.86 HelipaD

Millicent Airfield 17.72 Airfield

Gowran Grange Aerodrome 18.57 Aerodrome

Allenwood Airstrip 2821 Airstrip

Kilbrook Airstrip 28.42 Airstrip

Dunshaughlin Airstrip 28.50 Airstrip

Moyglare Airstrip 19.59 Airstrip

Dolly’s Grove Airfield 17.42 Airfield

Ellistown Airstrip 29.80 Airstrip

Ballyboughal Aerodrome 27.00 Aerodrome

5.2. The Proposed Development is located within

assets. Westor Airport. Casement Aerodrcme

reou e a detaLed assessrnet

the safeguarding buffer ion

Dublin Airport and Tallaght

es of 4 aviation

Hc’sctal Helinad,

5 3 As Millicent airfield, Gowran C-range aecd

Dunshaughlin airstrp. Moyglare airstrip, Dol

Ballyboughal aerodrome are not large and

Development, there is no need for a detailed assessment. This is in accordance with what

was outlined in the methodology chapter above.

Weston Airport 8.60 Airport

rome, AlIenvood ai’stri. Kilbmok airstrp,

y s Grove airfiec. Ellistcwn airstrip and

do not fall within 5km ot the Proposed
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Tallaght Hospital Helipad

54. Tallaght Hospital Helipad is used primarily by the hospital for the transportation of patients

into the hospital. Due to the random nature at which a helicopter can approach a helipad, all

directions will be assessed in detail. Each direction that is mentioned in Table 5-2 is the

direction in which the helicopter will approach the helipad from. I.e. North will mean that

the helicopter is travelling from north to south

Table 5-2: Tallaght Hospital Helipad Approach paths

Helipad Approach Bearing (°)

North 180.00

Northeast 22500

East 270.00

Southeast 315.00

South 360.00

Southwest 04500

West 090.00

Northwest 135.00

55. Each direction will be assessed as a 2-mile flight path to ensure that every possible approach

into the helipad can be assessed.

Casement Aerodrome

5.6 Casement Aerodrome (ICAO code EIMEi is designated as a Military Aerodrome. t s located

approximately 7NM (13 krn) southwest o the city of DubHn. For the Casemeri Aerodrome

Chart See Figure 2: Appendix A.

5 7 The eevaticr of te aercorome at :ne Aerodrome Reference Poirt {ARP) is 319’t 9723—).

has two asphalt stric rJnways, deta:ls of wnich are giver n Tabe 5-3.
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Runway True Bearing (°) Length (m) Width (m)

Designation
_t1&±k.

5.8. The threshold locations and heights of the runways at Casement Aerodrome are given in

Table 5-4.

Table 5-4: Runway Threshold t.ocations and Heights

5.9. The Airfield Reference Point (ARP) is located at the midpoint of the main runway. The actual

location of the ARP is given in Table 5-5. This table also shows the location and height of the

ATCT.

5 10. The overall height above local ground level of the Control Tower Building has been

estimated as lSrn usirg phctographs of the installation as a guide and referencng them to

everyday objects

Table 5-5: Casement Aerodrome Airfield Reference Point

Table 5-3: Runways at Casement Aerodrome

04 040.93

10 101.93

22 220.93

28 281.93

1462 45

1828

1462 45

1828 45

—

Runway Threshold Threshold Longitucier

Designation ] Latitude

04 53° 17’ 36.90” N 006° 27’ 13.73” W 96.93

II

10 53° 18’ 16.88” N 006° 28’ 0775” W 97.23

22 53° 18’ 12.63” N 006° 26’ 22.02” W 92.66

28 53° 18’ 05.85” N 006° 26’ 4068” W 96.01
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Weston Aerodrome

5.11. Weston Aerodrome (ICAO code EIWT) is designated as a Civil Aerodrome. It is located
approximately SNM (14.82 km) west of the city of Dublin. For the Weston Aerodrome Chart
See Figure 3: Appendix A.

5.12. The elevation of the aerodrome at the Aerodrome Reference Point (ARP) is 155ft (47.24m).
It has two asphalt strip runways, details of which are given in Table 5-6.

Table 5-6: Runways at Weston Aerodronie

Runway True Bearing () Length (m) Width (m)
Designation

________ ______

5 14. The Airfield Reference Point (ARP) is located at the midpoint of the main runway. The actual
location of the ARP is given in Table 5-8. This table also shows the location and height of the
ATCT.

5.15 The overall height above local ground level of the Control Tower Building has been
estimated as iSm using photographs of the installation as a guide and referencing them to
ever’,’cay objects.

Table 3-8: Weston Aerodrome Airfield Reference Point

24

23

07 063.30 924

5.13. The threshold locations and heights of the runways at Weston Airport are given in Table 5-7.

Table 5-7: Runway Threshold Locations and Heights

07

Runway 1 Threshold Threshold Longitude Height AOD

Designation Latitude ..a
- (m)

___ __

a-
530 21’ 01.48” N 006° 29’ 40.1711W

25 53° 21’ 15.03” N 006° 28’ 55.66” W 46.33

47.24
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Dublin Airport

516. Dublin Airport (ICAO code EIDW) is designated as an International Civil Aerodrorne. It is

located approximately 5.3NM (10 km) north of the city of Dublin, Ireland. For the Dublin

Airport Aerodrome Chart See Figure 4: Appendix A.

5.17. The elevation of the aerodrome at the Aerodrome Reference Point (ARP) is 242ft (73.76m).

It has four asphalt strip runways, details of which are given in Table 5-9.

518. Work has already been finalised on the construction of a new ATCT at Dublin Airport. The

new tower is required in order to provide clear sightlines to the planned parallel Northern

Runway (which will be designated 1OL and 28R, with the existing 10-28 runway being

re-designated 1OR and 28L). The new runway and ATCT, as well as all the existing ones have

been considered in this assessment.

Table 5-9: Runways at Dublin Airport

bR 095.24 2,637 45

28L 275.27 2.637 45

28R 27527 3,110 45

16 156.58 2,072 61

34 336.59 2,072 61

5.i9 The threshold locations and heghts of the runways at DubHn Airport are giver in Table 5-10.

1OL 095.24 3,110 45

Table 5-10: Runway Threshold Locations and Heights
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5,20. The Airfield Reference Point (ARP) is located at the midpoint of the main runway. The actual
location of the ARP is given in Table 5-11. This table also shows the locations of the old and

new ATCTs.

5.21. The overall height above local ground level of the old ATCT is 22m and the new ATCT is going
to be 86.9m tall.

Table 5-11: Dublin Airport Airfield Reference Point
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6. IMPACT ASSESSMENT

6.1. Following the methodology outlined earlier in this report, geometrical analysis comparing
the azimuth and horizontal angle of the receptors from the Proposed Development and the
solar reflection was conducted. Although this assessment did not consider obstructions
such as intervening vegetation and buildings, discussion on the potentially impacted

receptors is provided where necessary.

AVIATION RECEPTORS

1.1. Table 6-1 shows a summary of the modelling results for each of the runway approach paths
as well at the ATCT whilst the detailed results and ocular impact charts can be viewed in
Appendix C.

Table 6-1: Summary of Component Glare Results

FP 02 Casement -

FPo3Casement - -

FP 06 Weston - -

FF07 Dud: - -

.1fl7rj.:-

No impact predicted

No impact predicted

F! - No impact predicted

Low Green Glare

No impact predicted

No r’pact zredc:ec

a
c ac: mecbctec

J Ce’ C ac

0 No impact predicted

(Low —

Green GLare

FP 01 Casement

tt: ak
in

15:30 toFP 04 Casement
16:30

FP 05 Weston

csn tn
EP C!8 Dubin

-

FP 09 Dtjblin -

[:..OVL,

FF10 Dublin
15:30 to
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Fl’ 11 Dublin

Fl’ 12 Dublin

FP 20 TaHaght

ATCT 3 Weston

ATC” 4 Casement

No impact predicted

Green Glare

Green Glare

Green Glare

Green Glare

No impact predicted

No impact predicted

Green Glare

No impact predicted

Geen Glae

No impac: pec.c:ec

No :“ oact orecictec

1.2. As can be seen in Taole 6-1 , only green glare is expected to impact the runways, EP 04 at

Casement Aerodrome; FP 08, FP 10, ATCI new tower, ATCT old tower at Dublin Airport; and

FP 33, FP 14, FP 15, FP 16, EP 19 at Tallaght Hospital Helipad. Green glare is described as

‘Low Potential for After Image’ which is an acceptable impact when pilots are approaching

runways/helipads, according to the FAA guidance. The impact on approach at those

runways is therefore deemed as not significant.

16:30

No impact predicted

15:00 to
FP 13 Tallaght -

16:30

16:30 toFP 14 Tallaght -

18:00

17:30 to
Fl’ 15 Tallaght -

18:00

n

17:30 toFP16Tallaght -

19:30

FPllTallaght -

FP 18 Tallaght - -

09:00 to
FP 19 Tallaght

10:00

14:30 toATCT 1 Dublin new tower -

15:15

14:30 toATcT 2 Duolin old tower -

15:15

Green Glare
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1.3. The impact on Dublin New ATCT, has been assessed and it shows that there will be 7.5
hours of green glare impact predicted per year on the ATCT. (this number represents 0.084%
of the total amount of hours in a year). The FAA guidance advises that glare towards the ATC
Tower is not acceptable. This guidance is not applicable globally, but it is commonly
referenced. Upon review of the ground elevation between the Proposed Development and
the ATC] there is a considerable difference in ground levels. This difference will block all
views into the Proposed Development from the ATCT, this will block all views into the
Proposed Development from the ATCT. Therefore, the impact is reduced to None and not
significant. See Appendix A Figure 7

1.4. The impact on Dublin Old ATCT, has been assessed and it shows that there will be 7.7 hours
of green glare impact predicted per year on the ATCT. (this number represents 0.087% of the
total amount of hours in a year). The FAA guidance advises that glare towards the ATC Tower
is not acceptable. This guidance is not applicable globally, but it is commonly referenced.
Upon review of the ground elevation between the Proposed Development and the ATCT,
there is a considerable difference in ground levels. This difference will block all views into
the Proposed Development from the ATCT, this will block all views into the Proposed
Development from the ATCT. Therefore, the impact is reduced to None and not significant.
See Appendix A Figure 7

1.5. Is valid to add as well that as the Proposed Development is located circa 19 km away from
the ATCTs and within an area where there are other industrial rooftops, of which many look
to have reflective properties, the Proposed Development’s glare is not anticipated to be
distinguishable. Therefore, the impacts can be reduced to None and Not Significant.

1.6. Ireland normally gets between 1100 and 1600 hours of sunshine each year. The sunniest
months are May and June. During these months, sunshine duration averages between Sand
6.5 hours per day over most of the country. The extreme southeast gets the most sunshine,
averaging over 7 hours a day in early summer In this Case both ATCT’S in Dublin Airport,
green glare is expected to impact only in december and january. Therefore, the impacts
can be reduced to None and Not Significant.

1.7. It must be emphasised at this point that aIt results, whether from M endorsed SGHAT
software or our own vocretary scftv%are, are theoretcal by deault, in that they assjme
that zre s.n is aways shining anc a: fJI rters:t The resits do no: account for climate and

nheren: weather patterns that occur across the island of Veanc. According to :be Me:

Eireann wets::e (https://vww.met.ie/), the monthly averages of daily duraton of sursh.ne

are approximately 44% of daylight hours (5,3 hours) in the vicinity oi the site. White we
cannot correlate the exact periods of sunlight with our predicted periods of potential glare,

it is clear that the figures for the periods and duration of glare listed in this report are
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conservative and would likely be subject to a substantial reduction in reality. Therefore, the
impact is reduced to None and not significant.

1.8. Also, The user manual for SGHAT also points out that “to minimise unexpected glare,
windows of air traffic control towers and airplane cockpits are coated with anti-reflective
glazing and operators will wear polarised eyewear.” This also helps to reduce the impact to
None and not significant.
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7. SUMMARY

7.1. This aviation Glint and Glare assessment has been produced to send together with the

Planning Application in The South Dublin County Council. This aviation Glint and Glare

assessment has been undertaken in relation to the instalment of a solar array on a roof on

lands approximately 19 km Southwest of Dublin Airport

7.2. There is no guidance or policy available across Ireland in relation to the assessment of glint

and glare from Proposed Development. However, as identified by UK policy, it is recognised

as a potential impact which needs to be considered for a proposed solar development.

7,3. A 30km study area is chosen for receptors. 4 aviation assets are located within 30km of the

Proposed Development: Weston Airport, Casement Aerodrome , Dublin Airport, Tallaght

Hospital Helipad. The receptor/s mentioned will require a detailed assessment due to the

Proposed Development falling within their respective safeguarding buffer zones outlined in

paragraph 4.19.

7.4. Geometric analysis was conducted for Dublin Airport (6 Runways and 2 ATCT), Casement

Aerodrome (4 Runways and 1 ATCT), Tallaght Hospital Helipad (8 Runways), Weston Airport

(2 Runways and 1 ATCT)

7.5. The assessment concludes that:

• Weston Airport: No impact predicted

• Casement Aerodrome: Green Glare (Low potential for after-image) was predicted at

FP 04, which is an acceptable impact according to the FAA guidelines for the runways

and can be deemed not significant. Upon review of the ground elevation profile

between the Proposed Development and Weston Airport, it was found that the

Proposed Development would rot be visible from the ATCT and the impact would

therefore reduce to None.

• Dublin Airport: Green Glare (Low octential fo” after-Hage) was redicted at PP 08, FD

10. ATCT new tower, ATCT old tower. whch is an acceptabe Hpact accorcing to the

FAA guideiines for the runways and can DC deemed rot signtficar:. upon review of

the ground elevation profile between the Pioposed Deveiopment ann Weston

Airport, it was found that the Proposed Development would not be visible from the

ATCT and the impact would therefore reduce to None.
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• Tallaght Hospital Helipad: Green Glare (Low potential for after-image) was predicted at
PP 13, FP 14, PP 15, FP 16, PP 19, which is an acceptable impact according to the FAA
guidelines for the runways and can be deemed not significant.

• Overall impacts on aviation receptors are acceptable and not significant.
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8. APPENDICES

APPENDIX A: FIGURES

- APPENDIX A: FIGURE 1 Site Layout Plan

- APPENDIX A: FIGURE 2 Site Layout Map with PV Solar Panels

- APPENDIX A: FIGURE 3 Proposed Solar PV Elevations

- APPENDIX A: FIGURE 4 Dublin Airport Chart

- APPENDIX A: FIGURES Weston Airport Chart

- APPENDIX A: FIGURE 6 Casement Aerodrome Chart

- APPENDIX A: FIGURE 7 Ground elevation profile

APPENDIX B: GLARE ANALYSIS REPORT RESULTS

APPENDIX C: AVIATION RECEPTOR GLARE RESULTS

APPENDIX D: SOLAR MODULE GLARE AND REFLECTANCE TECHNICAL MEMO

/
/

MOVEO S.A.
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006 29 17.92W AilS 118,8Th RIFORUATIGN
- —-

- BtNr
- WD -I1IR sTGm. HEM1ERSTNQS

068’ 53 21 01.48 N 006 29 40.17 W PCN 45’’AA’T RUNWAY HOLONC POSllOtl MAJ1KNC = = =

2W 53211S03N 0062855.66W,

________________________________

RU

LW.
25
BEARINGS ARE MAC NrTTC.
LINEAR DIMEISIONS IN KETRfS.
EIflATIOJC IN Fir AMSL
BEfITS IN FEET AVE ADDR0E ElEVATION SHOWN IN BRACEETS.

I

ANNUAL RAlE O’IANGE —11’ W

Passenger Ter

NIL

LIGHTING AIDS RUNWAY 07/25

Longitude Max
Wingspan

NOTE 1: TAXIWAY AND APRON PCN 45/F/A/W/T.
NOTE 2: TAXIWAY Cl, C2, C3 AND C4: 3DM WIDE.

TPO(IWAY A, B, 0, E. F, 0, H AND J: 16M WIDE.
TAXIWAY 1<: 7M WIDE,

I I I I

NO. DATE ENTEWO OY

1000 0 1000 2000

Max Conditions
Length

41? J!AW.GIareAssessment Lidi Ireland GMY€ AD 2.241

Cl

I’HR. RifT 25
ELEV 152

SCALE 1:15,000

M EWES

0 500

N.IENDMmr REcORD

500

FELT

DVOR/DME
iSo 6

THR. RWY 07C3

EJSV 155
STOP WAY

457123.5 ,,— ,\‘-

C4
,,,i, ,._K

H
1%.

—, CLEARVAY

[ 4571150

MARKING AIDS RUNWAY 07/25

Helicopter Stand Latitude

01 53 21 17.18 N 006 29 22.05 W

g 02 53 21 17.96 N 006 29 20.18 W
“ 03 53 21 18.67 N 006 29 18,25 W

04 53 21 19.31 N 006 29 16.26 W

I
NOTE 3:
NOTE 4:
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Glint & Glare Assessment Lid? Ireland GMDI-i

FORGESOLAR GLARE ANALYSIS

Pro.ec: Lidi Forfunestown Lane

Sic cofigu’al;or LIDL Fortunestown Lane

Client: - dl l’eiarz 31’Bb

Created 18 An. 2022

Updated 29 Aug. 2022

Time-step 1 minute

Timezone offset UTOC

Site ID 74202 13111

Category 100 to 500kW

ONI oeas all 000.0 W(rri2

Ocular transmission coeflicient 0-5

Pupil diameter 0.002

Eye focal length 0 ( 7 n

Sun subtended angle 92 niac

Methodology V2

Summary of Results

PV Array Tilt Orient Annual Green Glare Annual Yellow Glare Energy

0 mm hr mm hr kWh

PV array 1 40 80.0 16.093 268.2 0 0.0

Receptor Annual Green Glare Annual Yellow Glare

mm hr mm hr

FP 01 Casement 0 0.0 0 0.0

FP 02 Casement 0 0.0 a 0_a

03 Casement 0 0.0 0 0.0

Pp 04 Casement 568 9 5 0 0.0

—o CE Westor C 0.0 3

C 0.0 0 CC

C CC C CC

428 C C_C

co cc
- r - irr . . -

PP 3 Taljahl 2564 597 0 0.0

PP 4 taIIaQbl 2521 320 0 0.0

PP 5 Ta[Ia2ht 1.020 170 0 0.0

Forge’..-i

Glare with low potential for temporary after-image predicted
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Glint & Glare Assessment Lid! Ireland GMBH

Receptor Annual Green Glare Annual Yellow Glare

mm hr mm hr

FP 16 TaIlaght 3927 65.5 0 0.0

FP 17 Tallaght 0 0.0 0 0.0

FP 18 Tallaght 0 0.0 0 0.0

FP l9TaIIagbt 2466 41.1 0 0.0

FP 20 Tallaght 0 0.0 0 0.0

1-ATOT 453 7.5 0 0.0

2-ATCT 463 7.7 0 0.0

3-ATCT 0 0.0 0 0.0

4-ATOT 0 0.0 0 0.0

52
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Stint & Glare Assessment Lid! Ireland GMUH

Component Data

PV Arrays

Name PV array 1

Axis tracking. Fixed no rotation)

Till 40

Orientation 8C.0

Rated power -

Panel material Snooti class w190u1 Ak toal’nc

Retleclivily Vary win sun

Slope error cv’elate wilh materral

Flight Path Receptors

Name i Caserneit

Descripticn

Tfl,tsi:.,t heichi 6 ‘9

Direction. 42.6

Glide siope

Pilot view restricled? Yes

\‘ertcal view 30 0

Azimuthal view 0.@

Point

..forgesolar

Velex Latitude Lonqitde () Ground elevation In) Height above g’ouid In’ To:s: elevation (n)

I 53.285925 -6 ‘8237 117.00 6.98 125.98

2 53.285951 -6.417998 117.00 576 22.76

3 53.285492 .6.41 7864 117.00 5.76 ‘2278

4 53.285’62 -6 4 8398 11 7.00 696 23.98

Latiluce Lcnc’tucE (9 G-ouro elevatpo’- (ml

tbrestc.ic 53.2936u0 -f 43”52

eich above ground rn Total elevation In)
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(A

CLrnI & GIa,e Assessment

Name. PP 02 Casement

Description

Threshold height 5 m

Direction 134.9’

Glide slope 3 Q(

Pilot view restricted? Yes

Vertical view: 30.0’

Azimuthal view: 500’

LciI Ireland GMBH

Point Latitude ( ) Longitude Ground elevation (m) Height above ground (m) Total elevation (m)

Threshold 53 304590 .‘ 45W’54

Two-mile 53 3233 -6.515564

Name ep 03 Casement

Description

Threshold heiçht if

Direction 23 1

Glioe slope 3 0

Pilot view restrioted? Yes

Vertical view 300’

AzimUthal view 50.C

86 ‘4 ‘5.24 tOl 36

7.4 195.65 270.07

Point Lalituoc (‘I Longitude (l Ground elevation (ml Height above ground Im) Total elevation rn)

NurTle C

Ciescr, I7CIOC

I hesnoto r,etght

0,e;tion 2920’

Gioe slope av
Piot vle4 .estricted7 ‘r

\‘ertlcat clew 00 0’

AzimL’thai view.

Forge.c’r.,r

Lailtuec Lor,citu2E Gcr c elevation Hechi above oroLnd rn)

Threshole 52 303472 -5.439537 93.10 15.24 ‘08.24

Te,-rle 5232t5e 6 40€LL€ 53.96 2t2.06 27702

Irireshole 52.3(’.e -6.444699 96.7’S ‘6.24

Two-il 51 295492 -8293 1066 12.S2 279.98

Tota’ elevation (Ii
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Glint & Glare Assessment Lid! Ireland GMSH

Name. Pp 05 Weston

Description.

Threshold height IS ni

Direction. 244.?

Glide slope 3.0

Pilot view restricted? Yes

Vertical view. 30.0

Azimuthal view: 50.0

Point Latitude C) Longitude () Ground elevation (ni)

Threshold 53.354181 -6.482160 4673 15.24 61.97

Two-mile 53.366805 -6 438530 28.64 202.02 230.66

Name Pp 06 Weston

Description

Threshold height 15 rI

Direction. 63 0

Glide stope 3.0

Pilot view restricted? Yes

Verttcal view 3D.0

Azimuthal view 50.0

Point Latitude () LongituOe (‘) Ground elevation (ml Height above ground trill

Thresholo 53.350446 -6494423 4 63 62.87

Two-mile 53.337322 -6.537630 50.76 231.56

Dc Sc:

resr’c,2

Direoi,o

Gibe slope 1

Plot lPw restrJc;(c

Vertical yew 12,1:

L.zimutha s--ce’ H -

Point alituoe i o-crtuct Gound eleva:tor (ml Heigh: above cround :1

Tnreshcl: 53 4373€: -6.264524 72.? 24 ae :5

Two-mile 53 44088 -6332953 7.82 7901 256.53

Height above ground (m) Totat elevation {m)

Total elevation (ml

- 5.24

180.80

Sotal elevation (ni
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Glint & Glare Assessment Lid! Ireland GMBH

Name. FP 08 Dublin

Description.

Threshold height 15 m

Direction: 275.3’

Glide slope 3.0

Pilot view restricted? Yes

Vertical view: 30.0

Azimuthal view: 50.0

Point Latitude () Longitude ) Ground elevation (in)

Threshold 53.434817 -6.238454 67.69 15.24 82.93

Two-mile 53.432166 -6.190069 31.98 219.63 251.61

Name P 09 Dubti”,,

Description.

Threshold height 15 rn

DirectIon 95.0’

Glide slope 3

Pilot view restricted? Yes

Vertical view SOC.

Azimuthal view: 50.C’

Point Latitude (‘) Longitude (‘) Ground elevation (ml Height above ground im) Total elevation (n)

Triresholc 53.422438 -6.289965 74.08 15.24 89.32

Two-mile 53.424968 -6.338353 80.26 177.75 258.01

Name

Ees.c.c -

Lnecl,c

sc In

Pilot ‘‘tv. c-slticlsdl

Vertical view

.t zimu tha t’iel,’ —

atiIuct . I Lonoiluce I Ground elevallo

Obteshoic 50.L 3 -5.20 :5 61 98

Two-n-lIe 534 625 -6 202643 C .28

..Porgesolar

.

Height above ground (m) Total elevation (m)

Heioh above ground (51) Total elevation In-)

20’.53
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Glint & Glare Assessment Lid) Ireland GMBH

Name: FP 11 Djblin

Description.

Threshold height 15 m

Direction 339W

Glide slope 3o

Pilot view restricted? Yes

Vertical view 30 W

Azimuthal view. 50 O

Point Latitude C ) Longitude () Ground elevation In) Heighi above ground Cm) Total elevation In)

Tireshols 5342.3011 -6.249632

Two-’cde 53.392882 -6.232836

Name P 2 Dub

Description

Threshold height 5 “1

Direction. I 50.5

Glide slope 3

Pilot view restricted? Yes

Vertical view 30 0

Azimuthal view 5.0 0

Peint LatituDe ) LongituDe 12 Grourd eleva:ior (n1 Heigh: above grofld (ml Total elevation mi

.e

ole
..

&:: tior,

(tict sForje 2

1.:2,Cv. :csr:ec

‘‘-‘ca-ic’

62 25

51

15.24

95.0

77.49

246.17

Tbrerqclc 53.435662 -6.26 DC 68.05 5.2’ 8 29

Teo-ile 52 ‘62421 -6.279520 6826 1€.Z2 22998

Pont Latitude : Longituce G’cur

Tnreshoto 53.269506 .e3o6’, 102:’

Two-mile 53.318418 -6376775 80.39

‘,ForgeScIsc

2W 26
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0/fit & Glare Assessment Lid? Ireland GMBH

Name. EP 14 TaIlaght

Description.

Threshold height 15 m

Direction 225.0’

Glide slope 3.0

Pilot view restricted? Yes

Vertical view 300”

Azimuthal view 50 0

Point Latitude I I Longitude (j G’ound elevation (m) Height above ground (m) Total elevation (m)

Ttesbold 5328950€ -6.376726

Two-mile 53.309952 -6.342535

Name F

Description:

Threshold height 15 r,

Direction. ‘C.C

Glide slope. 2 0’

Pilot view restricted? Yes

Vertical view: 30 0’

Azimuthal view. 501 C

Point Latitucs - . Longituoe 19 Gound elevalion in Heighi above oround 1rn

t4arl,e .

Glint, s

P/i.

‘1.

103,74 15.24 128,38

66,97 220.70 207 67

Tqresholc 53.26&5J -5.326-’”’4

Tws-Hle 53,28950’ -6.326357

1034

65 03

Total elevation (rn

2624

2’5.6’

‘696

287 67

I-’ <
I

I
.. ç,;c•

•L_ K?t—*

Point .a:’tne ‘ o’

Trireshc/c 53.089536 -b.37r6

Two-rn/Ic 53.2690E -6.342527

——nfl.

Forges -

bex

2E EV
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Glint & Glare Assessment Lid? Ireland GMBI-I

Name: C 17 lallaght

Description.

Threshold height 15 m

Direction: O.Y

Glide slope 3.0

Pilot view restricted? Yes

Vertical view. 30.0

Azimuthal view. 5O.O

Point Latitude ( ) Longitude ( ) Ground elevation m) Height above ground Im)

Threshold 53.289504 -6376775 103.76 5.24 18.99

Two-mile 53.260591 -6.376775 161.86 125-62 28768

Name FP ‘6 Tallaobl

Description

Threshold height 15 ri

DIrection. 45 0

Glide slope U

Pilot view restricted? Yes

Vertical view SC (V

Azimuthal view 50.(V

Point Latitude 1.1 Longiluoe U; Ground elevatioc (m) Height above ground im) Total elevation In;

T’,rea[cLl 53.28t505 -t.276’4 103 “6 1808

Two-9ite 52 269(50 -6.405 20’32 28C 68

‘iii 1lC F— 1- - . -

.31cc sl0e .r -

- -

Fo t _o:itu;t - -

T,tesnoFz 5.26?tit

Two-mile 53 269506 -6.425202

Forges. -

Total elevation (m)

- 5 24

80.3€
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Ghnt & Glare Assessment LicE Ireland GMBH

Name: FP 20 lallagt

Description.

Threshold height iSm

Direction. 135.0’

Glide slope 3.0

Pilot view restricted? Yes

Vertical view 30.0

Azimuthal view 50.0

Point Latitude ( Longitude ( ) Ground elevation (n,l Height above ground (m) Total elevation (m}

Threshold 53.289508 6 376778 I 03.74 15.24 11898

Two-mile 53 309951 -6.411019 8098 206.69 287 67

Discrete Observation Point Receptors

Name ID Latiluoe (9 Longtluae C) Elevation trn Heighi rn)

1-K’tT - 52.29Z83 -6264286 EEC 8700

2-KCT 2 52428547 -6262’?T 65.68 22,20

3-CT 3 55 555628 -6.489512 495’ 1500

4-PC 4 5550651’ .6.4C794 53.49 500

•

-_

V

-— 60 of 85
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Glint & Glare Assessment Lid! Ireland GMBH

Glare Analysis Results

Summary of Results Glare with low potential fortemporary after-image predicted

PV Array

PV array 1

Receptor

FP 01 Casement

FP 02 Casement

EP 03 Casement

Fp 04 Casement

Fp 05 Weston

Fp 06 Weston

FP 07 Dublin

FP 08 Dublin

FP 09 Dublifl

FP 10 Dublin

EP 11 DjblV

FP 12 Dublifl

FP 13 Tallaght

FP 14 Tallaght

FP 15 Tallaght

EP 16 Tallaght

FP 17 Tallaght

FP 18 Tallaght

rp 19 TaliaghI

FP 20 TallagH

1- AT CT

2.ATCT

3 ATC

4. n’T

Tilt Orient Annual Green Glare Annual Yellow Glare Energy

mm hr mm hr kWh

4.0 80.0 16,093 268.2 0 0.0

Tota! annual glare rec&vedby each receptor; may include duplicate times nf plate from multiple reflective surfaces.

Annual Green Glare Annual Yellow Glare

miii hr mm hr

0 0.0 0 0.0

0 0.0 0 0.0

0 0.0 0 0.0

568 9.5 0 0.0

0 0.0 0 0.0

0 0.0 0 0.0

0 0.0 0 0.0

428 7.1 0 0.0

0 0.0 0 0.0

663 11.1 0 0.0

0 0.0 0 0.0

0 0.0 0 0.0

3.584 59.7 0 0.0

2 521 42.0 0 0.0

1.020 17.0 0 0.0

3.927 65.5 0 0.0

0 0.0 0 0.0

0 0.0 0 0.0

2466 41.1 0 0.0

0 0.0 0 0.0

453 7.5 C 0.0

463 7.7 0 C.0

0 0.0 0 0.0

o o,c 0. 0.0
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Glint & Glare Assessment Lid? Ireland GMSH

PV: PV array 1 low potential for temporary after-image

Receptor results ordered by catego:y of glare

Annual Green Glare Annual Yellow Glare

Pp 04 Casement

PP 08 Dublin

PP 10 Dublin

PP 13 Taliaght

PP 14 TallaghI

PP 15 TalIaght

FP 16 TallaghI

FP l9Tallaght

PP 01 Casement

PP 02 Casement

FP 03 Casement

Fp 05 Weston

Pp 06 Weston

FP 07 Dublin

PP 09 Dublin

PP 11 Dubli”

FP 12 Dublin

PP l7tallaght

FP 18 Tallaghi

FP 20 Tallaaht

-ATCT

2-AT C’

3- Al CT

4-A’CT

•,Forjc )lar

Receptor

mm

568

428

663

3.584

2.52 1

1.020

3.927

2.466

0

0

0

0

0

0

0

0

0

0

0

0

462

462

C

0

hr

9.5

7.1

11.1

59:1

42.0

17.0

65.5

41.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

7,5

7.7

0.0

0.0

mm

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

hr

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

c.0
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Glint & Glare Assessment

PV array 1 and Fp 04 Casement

Receplo type: 2.rnile Flight Path

minutes 01 yellow glare

568 minutes 0! greer glare

Lid! Ireland GMBH
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—
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Glint & Gla,e Assessment

PV array land PP 08 Dublin

Peceplo- vDe 2-rife ??Obt D8fl
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Lid? Ireland GMBH
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Glint & Glare Assessment

PV array 1 and FP 10 Dublin

Receptor toe 2-mile Fligrit Path

0 minutes 01 yellow glare

653 minules ot green glare

LicE Ireland SMSH
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Glint & Glare Assessment

PV array 1 and FP 13 Tallaght

Receptor lype 2-mile Flight Path

0 minutes 01 yellow glare

3.5B minutes 01 green glare

Annual Predtl&d Glare Oct urrPn?
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Stint & Glare Assessment

PV array 1 and FP 14 Taltaght

Receptor type: 2-mile Right Path

0 minutes of yelLow glare

2521 minutes Cl green glare
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Ghnt & Glare Assessment

PV array 1 and EP 15 Tallaght
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Glint & Glare Assessment

PV array 1 and FP 16 Tallaght

Receolo fly us 2-mile Eit ‘of,

mpqo.les Dl yellow gia’e
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Lid! Ireland GMBH
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Glint & Glare Assessment

PV array 1 and FP 19 Tallaght

Receptor type: 2-mile Flight PaIn

minutes of yellow glare

2466 minutes ol green gtare

Lid? Ireland GMBH
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Glint & Glare Assessment Lid! Ireland GMBH

PV array 1 and FP 01 PV array 1 and FP 02

Casement Casement

Receptor type 2-mile Flight Path Receptor type 2-mile Plight Path

No glare found No glare found

PV array 1 and FP 03 PV array 1 and Fp 05 Weston

Casement Receptor type 2-mile Fligr.: Path

No glare found
Receptor type 2-mde Pl’grtt Path

No glare found

PV array 1 and Fp 06 Weston

ccacio typo 2-n Ic l g Oatr

No glare found

PV array 1 and FP 07 Dublin PV array 1 and FP 09 Dublin

Recede’ -yoe 2- -e ci: aii Racecic tpe 2-ne tjr 2at•

No glare found No glare fauna

PV array 1 and EP 11 Dublin PV array 1 and FP 12 Dublin

Recer:o- type- 2ritle licit atn eceptc- type- 2-nile rl;&-: Path

No otare found No glare found

PV array 1 and EP 17 Tallaght PV array 1 and FP 18 Tallaght

Reces:o’ type 2milu rich: °al— ececic- h -q 2-nc FUc”: °a:

No otare found No are louic

PV array 1 and FP 20 Tallaght

Recenon,-t,e 2-re i,gn:

No c:ae icunc
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Glint & Glare Assessment

PV array 1 and ].-ATCT

Receptor lyon: Observation Point

o minutes at yellow glare

453 minutes of green glare

Day of year
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Glint & Glare Assessment

PV array 1 and 2-ATCT

Receptor type- Observation Point

0 minules ol yellow glare

463 Ininules of green glare

Lidi Ireland GIt4BH
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Glint & Glare Assessment Lid? Ireland GMBH

Assumptions

‘Green’ glare s gla’e with low coler’tial to cause an ahe’-i’raoe (f:asn nlindr.ess. wer. observed O’Or 1° a tybica’ c[-nK ‘esponse time.
Vello.o’ p ane is gte-c wit” potentiat to cause an a’1e’-1age ‘Ilash nlird—ess wnen observed p’’c’ to a lyp cal 01 re ‘esponse litre.

‘‘nes associated w-th elsie ac denoted V Stancaro lime P0 DsyPa,l Savi”gs, add oe h-cur

‘re algchtm Joes not ‘go’ously rep’eset the deta leo geo’net”t a’ a ss’e’r petalled leas,’es sjc” as gaps between modules. ‘a’iaole

height of Ibe PV array, and support structures may impact actual glare results however, we have validated our models against several

systems. includiti a V array causing glare to be air-traffic control tower at Manchester-Boston Regionat 4rrporl and several sites in

Albuquerque. and the tool accuratefy predicted the occurrence ana intensity 01 glare at dillerent times and days Dl the year

Several Vi calculalions util;ze the PV array centroid. rather than the actual glare spot location, due ID algo’ith’o l:rnttations. Tb-s may affect

resulls tor large PV loolpnints. Additional analyses of array sub-sections can proviDe aoditional information on expected glare This primarily

etfecls V1 analyses of oath receptors.

Random number computations are utrlized by various steps 01 the annual nazaro analysis algorithm. Predicted minules of glare can try

oetween runs as a result ‘lie limitation p’imarily alfects analyses at Observat,on Point receolors including A’CTs. Note that the SGI-IAT/
ForgeSola’ netbodolnoy has always retied on an analytical, ojalitative app’oacb to accu’alefy determrne the overall hazard (i.e g’een vs.

yellow) of eapected glare on an annual basis.

The analysis dces 001 consider ouslacies (eilne’ man-made c’ nat-alt between the chsrvali:tr polos and the orescribec solar inslallairo” thai
Pta) obstruct obseniec hare such, as irees. hills. buridings, etc.

“be subtenoed sou’ce a”cle cla’e spot s Ce l5 cons-aires by the PV aris5 foclp’t’iI mae Par:iIcninc la-re ar-ave into smelter sections all

resoe “a -nsa-—u-” cote-itat euslercec an-Die. scte”: alti “sad-no ‘colts-i actual gia’e svts a’s :5-(.5 tha” tre sr,-ar’a S cc. Aoc.licrai

ana’ses ci the co”-o€c Dma c’ erase” sJc-a’ras’s Ca” o’os’-ce ‘ime irlc,n’iarior c’ intent-at gia’e “aza’ns See r’Crc,s c-ant c’ ‘etieti

“be var-able c’ect ‘is ‘‘—a i’ 5009cc D9l ‘es’_’e -i’ seiaciec scales tie .use’’p’esc’ibec peak DJl usi”.c a ‘WiCS cearcas i,,adace r,’ol’ie

Tnis prctle nas a ‘I’ve’ Pt-Il i’- “a ‘—urn-ge and eventncs and a “lssi’nu” Si sota’ ‘-ocr ‘-e scarng uses a c-ear-ca1 ‘‘ac,arc,e p-nile based

or a no-mel zec t,ne teat-etc sun’ise. sOa’ noon. and sui’sel c-i 5” are O’BSC’ Sec by S 5.it-Pbttt-SO alvcntrm’ a-nc the tmir,,ce anD lonoituoe

obtained torn toogie “spa “e ast.a PM or an -si,’e’ ca cat’ be ahestec o cloud cove’ al’nossne’’c atien,atis” ano crner

are’-’ c’ mental actors

“c ccjla’ bazaro p-es ccc by he tool care-sic or anri’be’ ot e”-i’onr”ental cot-cal. a”c “uner ‘adds WIsh Can be urce’tar We

p’c;’he 00,1 labs anc ‘ys ca a”ces c’ ea,’es for “ese iactais so ‘be’ ‘he u-se’ car vay’reee ra’amate’s IC see it ‘ e5 - axe a” irs-cc’ on

tine ‘es-jIs Tne speed o’ SGHAT allows expedited sensit’vilt- sf0 psianeric a’iain yes

The system ,Iput raisuiatron rs a Litcibasec app’oxtniation nat assumes clear Sunny Sees Yeain jr-c It sho,ilo not be used ir place 0t

ripc’c_s modeling methods.

ezatd zstrs bounoa’ es shown i- the Glare Hazarc plot are ar api;-tsx:mation anc visual aib basec or aoo’eoaiec research data. Actual ocula’

impact outdo-nat a’icc’noass a continuous, not d:screta. soect’um

Glare locations s sotaved 0” ‘esaptor plots a-a apo’cximate, Actual glara’soot locations Pray di’ter.

Reid to the help rape at vw,lorgesoIar,ccr&helpt ior assumptions and limitations not lislec nere

Deaji’ ia—c analysis pa’are:ets and observer eye cha-acte’istics for iefe-ense only

- Anstye:s Vme i’-’e’.’at 1 minule

• Osula’ i’ensmissian coatticiont. 3 5

• Pupil d-ar’teter 0.002 meie’s

Ese tocai ienotC ocr—etc’s

• Sur’rJsc.cc.ca’cIe bSmllt’acians

20’ C 4 Sims inc,st”es c/Ga hp-peSo-ar. A. Ricbts
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Glint & Glare Assessment

FORGESOLAR GLARE ANALYSIS

Project: Lidi Fortunestown Lane

Site configuration LIDL Fortunestown Lane

Client: Lidi Ireland GMBH

Created 18 Aun 2022

Updated 29 Aug. 2022

Time-step 1 minute

Timezone offset 0100

Site ID 74302.13111

ONI peaks at 1000.3 Wrv2

Ocular transmission coefficient 0.5

Pupil diameter 0002 m

Eye focal length 00’? m

Sun subtended angle 9.3 mrac

Methodology V2

Glare Policy Adherence

Lid! lre(andGMBH
—In,

I_n
Rh Ndrge;oar

The following tents estimates the oolc adhe-ence of this glare analysis accodino to the 2021 U.S reoea; Av:a-on Aominiatalio Policy

Review of Solat Enerey System Projects on Federally-Obligated Airports

— nis policy may reoure the following crit-na be met to’ solar energt systems or airport p’operty:

• Jo glare of Th end to’ Air taffic Cont’ol Towers) AICT;- at cab height.

- Default aralyss and obse-ve- chaacte’istics. roLding I -minute lime sten.

ForneSola’ is not affilatec wiw the U.S. °AA and aces not rep’ese- 0’ sneak o°iciatly tot the U.S FAA ForoeSolar canno aop’ove or oen

plolects - ‘esulte so notrnational only. Contact the relevant airpo’: and FAA oistrot o4fice In’ information on oolic and ‘eoui’e’nents.

COMPONENT

Analyss oa’a--ele’

AT CT(s)

ive.nced

STATUS

PASS

FAIL

DESCRIPTION

Analysis t’me interval and eye characterstics se0 a’e acceptante

Receplorisl ma’ked as ATOT receive green ad/cr yellow dare

.FDrgeSciir
750185
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Component Data

PV Arrays

Name PV aay I

Axis tracking: Frxed rn o:atic’

Tilt 40

Orientation BC’

Rated power -

Panel material S,oolb alass *1cc: AR coa:-i

Reflectivity Vary with sun

Slope error ciireFate w.th rnai&r!ai

.b’rge - let

123.98

122.76

122.76

123.98

Tris rep,’! includes results br Pt’ arrays and Ooservat.cn Point (‘Or: receptors marked as A TCTs Csrtpsnen,s War ae no! pertinent to toe

policy. scct as routes, ti-pb! paths. as e4.ica! surfaces. a’e excluded

Vertex Latitude () Longitude (‘) Ground elevation (m)

1 53.265925 -6.4:8237 117.00

2 53.285951 6.417998 117.00

3 53.285492 -6.41 7864 117.00

4 53.285463 -6.4 8098 117.00

Height above ground (m) Total elevation O)

6.98

5.76

5.76

6.98
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Map;rna;ec’ -A’CT t4ap maoe o2ATCT

•Forge<
770(85

Observation Point ATCT Receptors

Name ID Latitude C) Longitude (1 Elevation im) Height {m)

1-flCT 1 53629083 -626L286 6541 8700

2-ATCT 2 53628547 -6262 17 6568 2200

347CT 3 53.355628 6469512 49.51 15.00

4-AiCT 4 53.305511 6441 794 93.49 1500
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Glare Analysis Results

Summary of Results Glare with low potential for temporary after-image predicted

PV Array

PV array 1

Receptor

1-ATCT

2-ATCT

3- AT CT

PV: PV array 1

Receptor

1 -ATCT

2-ATCT

3- AT CT

4-ATCT

mAn

453

463

0

0

Tilt Orient Annual Green Glare Annual Yellow Glare Energy

mm hr mm hr kWh

4.0 80.0 916 15.3 0 0.0

Total annual glare received by each recepto: may include duplicate times of glare from multiple refieclive SUrfaces

Annual Green Glare Annual Yellow Glare

hr mm hr

7.5 0 0.0

7.7 0 0.0

C.0 0 0.0

0.0 0 0.0

Annual Green Glare Annual Yellow Glare

mm hr mu, hr

453 7.5 0 0.0

463 7.7 0 0.0

0.0 0 0.0

0,0 0 0.0
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PV array ). and ].-ATCT

Receptor type: ATCI Observalion Point

minutes 01 yellow glare

453 minules ot green glare

Annual Predicted Glare Occurrence Daily Duration of Glare
00-

2? 00—

00-
I0 00-

lore- 4°
a Ga a

0?

r

20-

- 00
en co —

e
eei’u oscow-# O ccc.oae ç$i0 A ecce’ it

Pay of year Day of year
LrlFolr’i aenlrruaoa.re--l--]4.
F. lnlt2I fee iooa—aflo— urn __irr•rni?ri_? —.

PV array land 2-ATCT

Recenior type WCT 005ervalion Point

o minries of yellow cia-c

463 mlnjlns 0 Qee glare

Annr’al Precl:rterl y-lwe Dcc Jrrerire Dair mm anon of Glare
tG

D2 Or. —

1! Or.
5??-

soc a 40
nor.

no
- rr

mo•

S w oc o C 95

Day of year Ear rof yea
—

PV array 1 and 3-ATCT PV array I and 4-ATCT

Rececio- tnpe ,c CT Ohseuat.o’ Pr -
- Eaceulo lyIJy cnCT OOsrvylr °o nr

No clara oc,r,d No ofare found

F-
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Assumptions

G-eer’ glare .s glare with ow zoient’a’ to cause an a’le-irtage (flasi Olinaness: wnr OOseveC Orb’ tO anvoycal sink eshonse time

Velioe’ glare is glee wt potential to cause an atoe-image ‘lash bI ninessi •vnen seweG sic’ to a lyptab pink response in,5

Times assocees - ri glate a’e oe”oteo V Stance a 1mw Po Daylight Sevi”cs. sac o’e flour.

ne algor I—n- goes no’ rigo’ously ,ep’esenlct-e detailes ge-smet-y SIC syse ceta lec lectures sum as gaps oelween nodules variable

he.gnt o me PV array, anO Support structures may ‘moats actuat glare resulls [-loweve, e have valaareo our models against several

systems ncludng a PV array causing glare lo the e°-t’aitic control iowa’ at Manchestet-Boslon Pegional At “ooh and seve’al sites Ir

Alouauerque and t”e lool acci/wely p-edGes the occjrence ano Intensty of glare a’ dhe”en: limes ant dat Of te year.

Seve-ai i 1 calcjlalo—s ut me :1w P-I a’ray oensroid. atbe’ liar the actual glare spot lsca:ior
- due to algorithm In tations, Tnt nay a”ect

resots lot la-ge P\’ footnrr-ts Acdi: 0Thl analyses of array sum-sections ca’- prov’le aid’! trial I o”ratto on exqeoled glare ma oreilj

a4’etts V ana5SeS ol pat eceotors.

Raoorr rjrbe com,n.Iations ae utl’zes b- va-out s,e::s ab be a—njal nazao analyst al001:bnt P-edic.teo nwtes 01 31ae Qy’5

oe:wee” rns as a esulI Tus Iqnutal:,r o-i-ta-ilv erects analyses o Ooserva:.nn Point receptors. icluc.i-g fr’ DTs Note nat the SGnA’,

FoigeSolar nethos-ology has always relied on an aralyticaL aualtative app-path ID azcu’elely dersrn-ne the overat ia.za’d Ii e. seen vs

yellowt 0 expemsea glate on an annual basis

The a’iaks a os-es not conside obstacles leitier man-made or natu-alt between the rose-cation points and the prescriber solar -nstaltator that

ran obstrur.; obseec plate such as trees hills. buildings, air

The subrer-cec souce angle clere snot sizet is ccnsiainec by the PV a-ra& ocip-nI roe Partilicninc large arrays mb smaller sect-ons a,ll

reduce the maximum noleneal suclenoed angle. pclert.ally bn’cacl:nc ‘es-Its -, actual uba’e spots a”e large’ thar. lIe subarra\ size Aoolior at

analyses tIthe cc” ned a’ea of adiacer sub-anavs car proviDe Ire rrlc’naiior Or, porertal glare hazards : See prevics pont or ‘eared

limitations

The variable dcci normal irradiartce lDNl lecture It selecrec; scales the seprescribec peas DNI using a ts-pcal clearca\ radiance cu1 is

This pro-Ic has a lower 0N5 in the mornings and evenings and a maximum a: solar noon.The scaling uses a clear-say ,radiaflce pobile broseo

on a norm aI.zec time relat ye IC sun”se. solar noon, air sunset, which are p?ascrioed by a sun-posisicr algo5bn’ ant she latituce ant longituDe

oblainee iron- Coogle maps The asia’ PM on any given cay Car he attecled by cloud cover atrsosnieic attenuation, and cihe

or’vtonmCrtal taclors

The ocula- ‘iaard p-edioteo by the tool oenends or a nunibe- of environmental optical. apr bunar actors which Can be unceia,n, We

provide -nout iiebos and iyp.cal rarges a clues lot these lactors so that the user car vary these pa’amete’s lb see they Have a” mnicac on

the results Tie speed 01 SGHAT allows expedrled sens’t’uiis ant psanistric analyses

The system oulput calculation isa Phi-baser aoorox,matron net assumer clear sunny sues year-round. It shoulD not be used Ir piece of -nore

ngC-os modeling methods.

-1-’arczotie bounda-’.s show” in. tie Glare Hazaro plo; ce an aporca mat-h--! an: v’s-a cii zasec or ace’ agates researcn data Actual ocular

im:paot oulcomes eiCu”.pcss a cont,n, ‘IC C sceit. succour

Glare locations tsolaoed on -erepto- plots as aosfos,male AC.ni aia’e-spot locators ‘-ay dIe

c tie —eir mao’ at wwwtoroesoia.ccm!help’ -cr assump:rors a” i.-rl:at-o-’c no lissec ee

e1aur ga-c arat:siv psiarnetets e”C zitserer eye o”a-ace’ist rs .0 r€’een:e only;-

• A—al-s’s I me lne ‘a n rinute

• DL aisritission Creitiolont: Z 5

- Puo’ c smite- 0032 mete-s

• Lye oca ciii .OtTete’s

-

• Sur subte- ccc argie So rn:ll-adians

S-n-s no so-es sos ro-tcsr--a. :s Eicrfs °Sec- -
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Appendix D
Solar Module Glare and Reflectance Technical Memo

Oraft E -.vr000-ental Impact Rooi
RE Dsthbuted Solar Project
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SUNPOWER CORPORATION DATE: September 29, 2009
Tech Note Title & Number: SunPower Solar Module Glare And Reflectance, *T09014 DM5 #: 001-56700 Rev. **

SUN POWER Technical Notification

the possible glare and reflectance

TITLE: SunPower Solar Module Glare and Reflectance
AUTHORS: Technical Support

APPLICATION: Residential! Commercial

SCOPE: SunPower Modules

SUMMARY:

The objective of this document is to increase awareness concerning
impact of PV Systems on their surrounding environment.

The glare and reflectance levels from a given PV system are decisively lower than the glare and
reflectance generated by the standard glass and other common reflective surfaces in the environments
surrounding the given PV system. Concerning random glare and reflectance observed from the air:
SunPower has several large projects installed near airports or on air force bases. Each of these large
projects has passed FAA or Air Force standards and all projects have been determined as “No Hazard to
Air Navigation”. Although the possible glare and reflectance from PV systems are at safe levels and are
usually decisively lower than other standard residential and commercial reflective surfaces, SunPower
suggests that customers and instaflers discuss any possible concerns with the neighbors/cohabitants near
the planned PV system installation.

DETAILED EXPLANATION:

In general, since the whole concept of efficient solar power is to absorb as much light as possible while
reflecting as little light as possible, standard solar module produces less glare and reflectance than
standard window glass. This is pointed out very well in US Patent 63592i2 which explains the
differences in the refraction and reflection of solar module glass versus standard window glass. Solar
modules use “high-transmission, low iron glass” which absorbs more light, producing small amounts of
glare and reflectance than normal glass.

In the graph below, we show the renecteb energy percentaoes of sunight, of some common resdental
and commercial surfaces. The legenc and the ;raon .‘sts the items ‘mm top to bc::o— n oder c’ the
h;gnesr percentage of reflected erergv.

SunPower Corporation Proprietary Information. Electronically Controlled. Latest Revision is in the Document Management System.
A printed copy is uncontrolled and maybe outdated unless it bears a red ink “controlled copy” stamp. Form P 001-51499 Rev ‘A
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SUNPOWER CORPORATION

Tech Note Title & Number: SunPower Solar Module Glare And Reflectance, *T09014

LidI Ireland GMBH

DATE: September 29, 2009

DMS U: 001-56700 Rev. **

Common Reflective Surfaces
{in carnmercal S ,esidentil PV scen environments) -s

--

_

o Si sO

Incident angle of Sunlight
ii., dg- —I

It should be noted that the reflected energy percentage of Solar Glass is far below that of a standard glass
and more on the level of smooth water. Also, below are the ratios of the common reflective surfaces:

Cr

Common Reflective Surfaces (2)
I.onipo-e,’rsustscesinco,,n-e,cai .es,ciesiiflsycien’environrlens)

Ineid erxn gle in nogeet

strcarc

Light beam physics resolves that the east amount of light 5 rehected when the beam is the normal, in
other words, least light energy is refected when the beam at 0 degrees to the normal. The chart below
is a result of Hght beam physics calculations:

SunPower corporation Proprietary Information Electronically controlled. Latest Revision is in the Document Management System.
A printed copy is uncontrolled and maybe outdated unless it bears a red ink “controlled copy” stamp. Form #001-51499 Rev *A
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SUNPOWER CORPORATION

Tech Note Title & Number: SunPower Solar Module

Sijid’ Gdss

Glare And Reflectance, *T09014

Lid? Ireland GMBH
DATE: September 29, 2009

DM5 U: 001-56700 Rev.”

ecute flOck 0’ ,cfract,u’, s,diuos ,iayva,ysieyiitiy dcuei,ci,,,, wi poSt,, .,,id,eLo,vncc- dotoniontation. Ii.,, values to, ti,c ,bov’-taltuOitioim

or .‘ngit Vd,UVS obt.uned from Quo list 0! ,v!uro,,cc I.4, uris cios,irnen Ii.

Important reference — “Stpples glass”: In addrtion to the superior refractive/reflective properties of solar
glass versus stancard glass, SunPower uses stippled solar glass for our modules. Stippled glass is used
with high powered telescopes and powerful beacons and lights. The basic concept behind stippling is for
the surfaces of the glass to be textured with small types of indentations. As a result, stppling allows
more light energy to be channeled/ transn.:ted through the glass while diffusing the refected Ight
energy. ThIs concept is why the reflection of off a SunPower solar module will look hazy and less-defined
than the reflection from standard glass, this occurs because the stippled SunPower glass is transmitting a
larger percentage of light to the solar cell while breaking up the intensity of the reflected light energy.

SUMMARY/ACTION REQUIRED:

The studies, data and light beam physics behind the charts and graphs prove beyond a reasonable doubt
that solar ;lass has less glare and efiecta’ce tan standad aess. The figures also maKe t cear that the
o ffercnce 5 very ccc s ye beteee soar cass and other comcn es detacommerc.al casses.
add ton. to: to oe n :‘e stanoa-c ich:;ass eca:.ens and ca’cja:.ors, tre S°ov,e sola- :acc is
stippled and has a very photonabsorbert solar ocr attached to the back side, ccrtbtng two addtc:ne’
fac:c.rs vrich -escits r ee less icr: energy being -eec:ec.

SunPower corporation Proprietary Information. Electronically controlled. Latest Revision is in the Document Management System.
A printed copy is uncontrolled and maybe outdated unless it bears a red ink “controlled copy’ stamp. Form #001-51499 Rev ‘A
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Tech Note Title & Number: SunPower Solar Module Glare And Reflectance, *T09014 DMS U: 001-56700 Rev, **

REGIONAL CONTACTS:

EU Toll Free number: SunPower Technical Support, 00800—SUNPOWER (00800—78676937)
• For inquiries by e-mail, please use:

o Spain: SunPower — Soporte Técnico España: soDortetecnico@isunDowercorp.com
o Germany: SunPower — Technischer Support: technischersuDport@sunpowercorD.com
o Italy: SunPower — Servizio Tecnico Italia: serviziotecnico(äsunoowercorD.com
o France: SunPower — Support Technique France: suooorttechniquesunDowercorp.com

USA Toll Free number: SunPower Technical Support, 1-800—SUNPOWER (786-76937)
• For inquiries by e-mail, please use: Technicalsu000rt(dlSunoowercorp.com

Australia (Sunpower Corporation Australia PTY LID) contact number: +61-6-9477-5888.

Korea — SPK (SunPower Korea) contact number: (02) 3453-0941
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• 3. Karlsson and A. Roos, Modeling the angular behavior of the solar energy transmittance or windows, Solar Energy, 69, 4, (2000)
• 3. Karlsson, B. Karisson and A. Roos, A Simple model for assessing the energy efficiency of windows, In Press, Energy and Buildings
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