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Introduction rh) g

Definitions

= Glint and glare may cause

unwanted visual impacts Glint: Momentary flash of
: : : light
= Pijlots, air-traffic controllers,

workers, motorists Glare: Continuous source
of excessive brightness

= Potential visual impacts

= Distraction Objective
= After-image (flash Develop quantified
blindness) analysis_ of glare to _reduce
_ uncertainties associated
= Retinal burn with visual impacts of

solar power installations




Overview

= Examples of Solar Glare

= (Qcular Hazard Metrics

= SGHAT Demonstration
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Examples of Glare from Solar ety
Technologies

Laboratories

Photovoltaics Concentrating Solar Power

Dish Collectors at Sandia Parabolic Trough Collectors at
Kramer Junction, CA
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Types of Reflection i)

Avd

Specular Reflection Diffuse Reflection
Polished Surfaces Rough Surfaces
(e.g., mirrors, (e.qg., receivers, textured

smooth glass) glass, snow, pavement)




Reflectivity rh) i
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Adapted from ACRP Synthesis 28 “Investigating Safety
Impacts of Energy Technologies on Airports and Aviation”
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Impact of Light Entering the Eye
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= Need to calculate

= Power entering eye
= Function of irradiance at the cornea (front of eye)

= Subtended angle of glare source (size / distance)
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Potential

Ocular Impacts

safe retinal irradiance_v3 xls
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Brumleve (1977) [1]

¢ Sliney and Freasier
(1973, Table Ill) [3]

— — Delori et al. (2007)
ANSI 2000 [11]

@ Metcalf and Horn
(1958) [12]

m Severin et al. (1962)
[13]

¢ Saur and Dobrash
(1969) [14]

_ Equations and analysis methods detailed in Ho et al. (2010, 2011) -
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Solar Glare Hazard Analysis Tool ) e
(SGHAT) T —

Literstories

Solar Glare Hazard Analysis Tool :
TﬁsiwoﬂemnmnnMMMrdareanZwmwm year from a userspecified PV array as viewed fom WWW-SandIa-gOV/glare

User-prescrided chservaion poits. The potemial ccular impact from the observed glare is 2iso datermned. The user first draws the
wmﬂtmannmmmmmmtmlmwlhcw"upm Agcriceal data such as 1t and onentation of
the panels, el offsets, direct normal . and coular p s are then entered. The tocl then produces a
ple!malmmnmﬂdmecaylnddqse(mwumwleanoco.rba»ﬂonmmswm The coler of the dots =
on the plot indicates the potential coutar hazard

mr 'Mn the latest mﬂm of the foBowing free webd Browsers: Maxita Frsfox o Googhe Chrome

o Downioad e SEMAT

MappIng ouine PV array and add observation ports -

E
Analysis Details and ReSults = oot iv vyt oo i v ee s
PV array vertices )
: Lattude Lengtude Eevation
(deg) (deg) =)

42 005t T a401091 42 2920000




Interactive Google Maps ) .
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Home Register Glare Analysis ~ PHLUX Mapping Reflectivity Calculator efe S Contact Us

Solar Glare Hazard Analysis Tool

This tool determines when and where solar glare can occur throughout the year from a user-specified PV array as viewed from
user-prescribed observation points. The potential ocular impact from the observed glare is also determined. The user first draws the outline of
the array and marks observation points using tools on the Google map below. Additional data such as tilt and orientation of the panels,
elevation offsets, reflectivity, direct normal irradiance, and ocular parameters are then entered. The tool then produces a plot that shows the
times of the day and days of the year that glare can occur based on the prescribed system. The color of the dots on the plot indicates the
potential ocular hazard.

* SGHAT requires the latest version of one of the following free web browsers: Mozilla Firefox or Google Chrome
* Download the SGHAT User Manual

Mappln (] Outline PV array and add observation point(s) -




Data Entry for PV Tilt/Orientation, ) i
Reflectance, DNI, and Elevations

Data and Coordinates Results

Hover over fields for helpful information

PV array vertices

- - Feet
Heignt units ~ © Latitude Longitude  Elevation Elevation
® Weters (deg) (deg)@  (m) ()
Analysis name | MHT 429292481 -71.4404010 67.8822021 2227106440
Orientation of array 200 deg 429289496 -71.4304032 6H7.7910003 2224114256
Calculate declination 42.0276219 -71.4401435 67.7910003 2224114256
Tt of solar panels | 20 deg 42.9270126 -71.4411413 67.7910003 2224114256
Height of solar panels | 21 m
X Clear Array
Rated power | 500 KW
Reflectivity of PV module | 0.1 Observation Points
Slope error 10 mrad Latitude Longitude Elevation Elevation Height above
# (deg) (deg) @ (m) (ft) ground (m) @
Subtended angle of sun | 9.3 mrad
1 4202833 -71.44224 B7.70360 22241998 | 4 x
Peak DNI | 1000 W2

DNI variabiity @ Variable

() Fixed ® Clear Observations

Time interval 1 min

Data output | None  |[v]

View ocular parameters

©1997-2013 Sandia Corporation | Questions and Comments | Sandia Privacy & Security | Disclaimer and Terms of Service




Glare Occurrence Plot

Hour
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B Low potential for temporary after-image
[ Potential for temporary after-image
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Glare Animation Feature rh) i

Mapplng Outline PV array and add observation point(s)

Select date
05-11-13

Select OP

1 H=
oile [ i ) A 0702 @
&oogle i Imagery ©2013., DigitalGlobe, GeoEye, USDA Farm SeNjos A

Data and Coordinates Results




Manchester-Boston Regional Airport ~ [Es.

Glare viewed from Air Traffic Control Tower at
Manchester/Boston Regional Airport
(8:15 AM EDT, 4/27/12).




Manchester-Boston Regional Airport ~ [Es.

I Low potential for temporary after-image
[ Potential for temporary after-image
I Potential for permanent eye damage

22:00F

Hour

at Manchester/Boston Regional Airport
(~8:17 AM EDT, 5/10/12). Note thatatarp has .o}

been placed over some of the modules. 03:00 k
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Times shown are Standard Time. Add one
hour for Daylight Savings Time.




Mitigation of glare while maximizing

energy production
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Energy Production
100.0%*
93.9%**
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Alternative PV array
configurations that are predicted
to produce no glare to the ATCT
(unless otherwise noted).

Azimuthal angle is measured
clockwise from due north (0°);
elevation angle is measured from
0° (facing up) to 90° (facing
horizontal).

*Maximum energy production;
produces glare to ATCT
**Current configuration; produces
glare to ATCT




MHT — Alternative Design ) .

Mapplng Outline PV array and add observation point(s)

e

m

3.3

~ Imagery 5201‘5 Digi@ﬁ"ﬂobﬁ.’ “ a e Report a map error

00
Date 91012012 |Time K » N MHT Search

Rotate modules 90 degrees counterclockwise




Runway Approaches

Observatio Distance From Landing
Description :
n Point #

Location (meters)

Touchdown (TD)
Threshold Point
1 km from TD
2 km from TD
3 km from TD
4 km from TD

5 km from TD

Observation points for straight approaches to runways 35,

0

300

1000

2000

3000

4000

5000

Elevation
(meters)
0

15.72

52.41

104.82

157.22

209.63

262.04

6, 17, and 24 assuming 3 degree glide slope.

Sandia
National
Laboratories




Approach to Runway 35 ) o,

) Solar Glare Hazard Analysis Tool - Mozilla Firefox

Fle Edt View Hitory Bookmarks Tools Help
| @ solar Gare Hazard Analyss Tool |+

(-, @ https

share.sandia.gov/phlux/sghat; wve \ |49~ Google PI #®

Mapplng Outline PV array and add observation point(s)

Map | Satellite

Contacts:
Clifford K. Ho
ckho@sandia gov
(505) B44-2384

Report 3 map error

Date 01-01-2012 Time ] » | | ] mht Search

Cianan

Casin gov
AnaIySiS Details and Results cnier detais orpv array and location and view results (a0a) 2644208

L

Observation points approaching Runway 35 from the
southeast.




Approach to Runway 24 ) i,

) Solar Glare Hazard Analysis Tool - Mozilla Firefox

Fe Edt Vew Hitory Bookmarks Tools Help
| @ solr Gare Hazard Analyss Tool [ |

€ @ https://share.sandia.gov/phiux/sghat/ wve ‘ |29~ Google P\

Map | Satellite

Contacts:

Clifford K. Ho
ckho@sandia gov
(505) 844-2384

Date | 01-01-2012 Time ] » | | L mht Search

Ana|ySIS Detalls and Results Enter details of PV array and location and view results
Cianan A. Sims
casims@sandia.gov
(505) 284-4208

Data and Coordinates Resuits _v_‘

Observation points approaching Runway 24 from the
northeast.




Glare Occurrence Plot for Runway 24

(Observation point 5)
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Predicted glare and potential ocular hazard from observation point 5 (3 km from touchdown)

on approach to Runway 24. A low potential for ocular impact is predicted.



Conclusions rh) i

= SGHAT predicts when and where glare will occur from a prescribed
PV array at user-defined observation points/paths
= Google Maps is used for easy user interface

= SGHAT predicts annual energy production

= Systems can be quickly optimized to mitigate glare while maximizing energy
production

= SGHAT can be used to produce analyses and reports to satisfy FAA
requirements for solar installations near airports




