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Document Purpose

This report provides an assessment of glare hazard from the proposed Wrentham Solar Project,
County of Warner, Alberta, Canada.

Document History

Wrentham Solar Project Solar PV Glare Analysis

Version Date Comments
1.0 —Issued for Review 14 July 2017 Initial Version for Client Review
2.0 —Issued for Review 28 November 2017 Updated Project details, re-modelled

and analyzed, changed project name
from SK Conrad 1&2 to Wrentham
Solar Project. Added optimization
analysis. Issued for Review

3.0 —Issued for Use 1 December 2017 Issued for Use

Disclaimer

While this document is believed to contain correct information, Solas Energy Consulting Inc. (“SOLAS”) does not make any
warranty, either expressed or implied, nor assumes any legal liability or responsibility for accuracy, completeness,
methodology, usefulness, reliability, or current status of any material contained in this document (“Report”), nor shall SOLAS
assume any liability with respect to any matter or information referred to or contained in the Report, nor shall any person
relying on the Report (“Recipient”) or any party fo whom the Recipient provides the Report or information have any claim
against SOLAS arising out of such Report. The interpretation of this or any other data or report related to this project is solely
the responsibility of the client.
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Glossary
After-image Visual image that persists after the stimulus that caused it has stopped.
AUC Alberta Utilities Commission
Azimuth Horizontall angleo of the sun around an object — north is 0°, east is 90°, south is 180°,
and west is 270°.
FP Flight path
kWopc Kilowatts Direct Current
mrad Measure of angle, 1/1000t of a radian
MWpc Megawatts Direct Current
(0] Observation point
Subtended Angle Size of an object divided by the distance from the observer.
Whpc Watts Direct Current
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Section 1, Introduction

1 INTRODUCTION

Solar Krafte Utilities Inc. (Solar Krafte) is developing a ufility-scale solar photovoltaic system in
southern Alberta. The 49.7 MWoc solar photovoltaic plant called the Wrentham Solar Project
(Project) is located south of Highway 61 (Red Coat Trail), between the villages of Stirling and
Foremost in the County of Warner, Alberta.

Photovoltaic (PV) solar panels convert sunlight into electricity; however, up to 10 percent of the
sunlight may be reflected into the surrounding areas!. In certain situations, the reflected sunlight
can produce a glint (a momentary flash of bright light) and glare (a continuous source of bright
light) that may have a visual impact on individuals.

Solar Krafte retained Solas Energy Consulting Inc. (Solas) to conduct a glare analysis for
observation points at nearby residences and from major transportation infrastructure near the
Project. Solas performed an analysis from residential locations, roadways and intersections, and
points along the rail line adjacent to the Project.

This report documents the potential for solar glare from the Project on individuals at the
observation points.

1 Solar Glare Hazard Analysis Tool (SGHAT) User’'s Manual v 1.0, Ho and Sims, Sandia National Laboratories,
2013.
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Section 2, Project Description and Assumptions

2 PROJECT DESCRIPTION AND ASSUMPTIONS

The 49.7 MWbc Project is a ground-mounted solar PV array located on agricultural land. Figure 1
shows the Project’s approximate location. The Project will connect to the distribution system, and
is expected to be built in 2018-2019.

Highway 61 (Red Coat Trail) bounds the Project on the north side, the Forty Mile Railway runs along
the southern boundary, and Range Road 161 makes up the western boundary. The Conrad
substation is located 4 kilometres to the east of the Project. The Project is in a remote location
where the surrounding ferrain is relatively flat, and few trees are present. The Chin Lakes are 8
kilomeftres to the northwest, and multiple small waterbodies are scattered around the area.

There are no nearby airports or heliports.

The Project will use approximately 120,300 solar PV panels of 420 Wpc each. The panels on the
northern half of the project area (Wrentham 1) will use a single-axis tracking system, while the
remainder of the panels on the southern half of the project (Wrentham 2) will have fixed racking.

The panels at Wrentham 1 will have tracking axes oriented one degree west of south (181 degrees
azimuth). The tracking axis will be horizontal (parallel to the ground), and the panels will not have
a vertical offset angle. The panel fracking angle will be limited to 60 degrees from horizontal in
either direction. The tfracking axis, located at the top of the racking, will be 1.93 metres above
ground level. At full rotation, the edges of the panels will extend from 1.04 metres to 2.82 metres
(3.41 feet to 9.25 feet) above ground level.

The panels at Wrentham 2 will be mounted on racks in portrait style. The panels will be a minimum
of 0.85 metres (2.79 feet) above ground level and will rise to 3.50 metres (11.48 feet). The panels
are designed to face one-degree west of south (181 degrees azimuth) at a fixed filt angle of 25
degrees?,

The Project integrates setbacks from property lines, roads, highways, and railways.

2 Data provided by Solar Krafte
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Section 2, Project Description and Assumptions
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Figure 1: Project Location — Wrentham Solar Project and Proximity to the Villages of Stirling, Foremost,
and Warner

The Project is on approximately 340 acres of land. Figure 2 outlines the Project area in red and
shows the solar arrays as the dark interior area.

:
!
\

ReedsCoatalrail
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Wrentham 2

7 Google
Alberta MBIs ‘andfCounties

Figure 2: Project Boundary and Proposed Wrentham Solar Panel Arrays
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Section 2, Project Description and Assumptions

2.1 Project Assumptions

Solas assumed a constant elevation for the entire site to emulate the approximate grading that
will occur during construction. A change of grade will modify the results from the glare analysis.

Solas used approximate locations for the vertices of the solar array in the analysis, as exact
coordinates were not available. For Wrentham 1, Solas assumed the bottom of the panels will be
1.04 metres (3.41 feet) from the ground, and assumed the top of the panels is 2.82 metres (9.25
feet) from the ground, when the panels are fully rotated (60 degrees from horizontal). For
Wrentham 2, Solas assumed the bottom of the panels is 0.85 metres (2.79 feet) from the ground,
while it assumed the top of the panels is 3.50 meftres (11.48 feet) from the ground.

The model assumes the reflective surface lies in a plane defined by the array vertices, so the
analysis is run at the fop and bottom elevations to determine glare due to different parts of the
panels. The analysis was also run at an elevation of 1.93 metres (6.33 feet) for Wrentham 1, and
2.18 metres (7.15 feet) for Wrentham 2 to help identify frends in the frequency and size of glare.
Detailed input parameters and assumptions can be found in Appendix A.
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Section 3, Glare Regulations and Receptors

3 GLARE REGULATIONS AND RECEPTORS

At the time of writing, there are no Canadian federal, provincial or municipal regulations or
requirements regarding glare from solar projects. In the United States, the Federal Aviation
Administration stipulates that any glare along an aircraft’s flight landing path must have a low
potential of producing after-images. Glare outside of 50 degrees of the pilot’s line of sight is not
considered a risk.

Solas selected multiple observation points to assess the potential glare on nearby residents,
railways, and vehicle routes. Roadway intersections were also identified as locations that could
be subject to risk due to glare. Solas evaluated observation points for residences at an elevation
of six feet above ground level to mimic a person standing at a window. Solas evaluated
observation points on roads at an elevation of four feet to mimic a driver sitting in a small truck or
passenger vehicle. Solas evaluated railway observation points at an elevation of 14 feet to
simulate the conductor inside the cab of the locomotive.

Solas completed a review of registered airstrips and helipads within three kilometres of the Project,
and did not find any. Therefore, Solas did not take flight paths into consideration.

Solas analyzed the potential for glare at the observation points shown in Figure 3.

3 https://www.federalregister.gov/documents/2013/10/23/2013-24729 /interim-policy-faa-review-of-solar-
energy-system-projects-on-federally-obligated-airports
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Section 3, Glare Regulations and Receptors
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Figure 3: Wrentham Solar Arrays with Observation Points 1 to 6

Table 1 lists the observation points used in the analysis.

Table 1: Description of Observation Points

Observation Point  Location \ Notes
1 Residence
2 Residence
3 Range Rd 161 &

Railway crossing
4 Railway Approaching Range Rd 161 from the west
5 Railway Approaching Range Rd 161 from the east
6 Railway East of the array
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Section 4, Glare Prediction Method

4 GLARE PREDICTION METHOD

The impact of glare depends on the interaction between the position of the sun, the filt of the
solar panels, the reflectivity of the panels’ surface, the size of the project, and the relative location
of the driving path or the observer. Solas did not consider the screening effect from existing or
proposed hedgerows or other objects in this evaluation.

The sun’s position is described using the angle of elevation and solar azimuth. The angle of
elevation is described as the angle between the horizon and the centre of the sun. The azimuth is
measured as the angle from true north in a clockwise direction.

Solas performed the glare analysis using the Forge Solar Glare Gauge# software tool. This tool uses
project inputs and solar positioning calculations to determine if glare will occur at identified
observation points. If glare is found, the tool calculates the refinal irradiance (brightness) and
subtended angle (size divided by distance) of the glare source. These two factors predict ocular
hazards ranging from temporary after-image to retinal burn. Minor topographic features are not
always identified in Glare Gauge, as the topographic contours are based on information from
Google Earth.

“Green" rated glare indicates a low potential for after-image, while “yellow” rated glare indicates
the potential for after-image exists, and “red” rated glare indicates the potential for retinal
damage. Glare that is beyond 50 degrees from a driver’s line-of-sight does not constitute a safety
hazard.>

The amount of light reflected by a solar panel depends on the angle of incidence of the sunlight
on the panel as illustrated in Figure 4.

Normal Axis

About 2% of light is reflected
\ : for small angle of incidence

Angles of Incidence \

About 50% of light is reflected
for large angle of incidence

Figure 4: Reflected Light and Angle of Incidence

4 Copyright, Sims Industries, 2015
5 SGHAT_Users_Manual_v2-F.pdf
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Section 4, Glare Prediction Method

On average, a solar panel reflects approximately 10 percent of sunlighté, which is about the same
as open water’. Anfi-reflection coating on the solar panel can reduce the reflection to one to two
percent on average. The software models the reflectivity for each angle of incidence based on
experiments Sandia Natfional Laboratories performed for a variety of different panel
constructions8. Very little light is reflected when the sun is nearly perpendicular to the panel, but
more light is reflected when the sun is at a shallow angle to the panel.

The software uses an interactive Google map. Solas uses Google maps to define the location and
size of the PV arrays, characteristics of the PV array, and position of observers.

¢ Lasnier and Ang, 1990, Photovoltaic Engineering Handbook. Taylor & Francis, New York.
7 US EPA, 2013, AERSURFACE User’s guide, EPA-454/B-08-001.

8 Sandia National Laboratories, 2014, Solar Glare Hazard Analysis Tool (SGHAT) User's Manual v. 2F, Appendix
E
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Section 5, Results of the Analysis

5 RESULTS OF THE ANALYSIS

Given the parameters and assumptions listed in Appendix A, it is predicted that the Wrentham 1
array will not produce glare at any hazard level at any height for the observation points
evaluated. The Wrentham 2 array is predicted to produce glare that may affect observers. The
following results pertain only to the Wrentham 2 array.

The Project does not reveal any red glare for either Wrentham 1 or 2 arrays. Solas identified yellow
glare at three locations along the railway, and green glare on Range Road 161 at the railroad
crossing. Residential locations have a low potential of being affected. The results and level of glare
for the observation points are summarized as minutes per year in Table 2. Time-of-day is provided
in standard time year-round.

The results of the Forge Solar analysis suggest that the following three locations have some yellow-
grade glare:

o OP4 — Railway — Approaching Range Road 161 from the West — There is potential for
temporary after-image (Yellow-grade glare) from the panels for a total of 973 minutes
(around 16 hours) per year at this location. The glare occurs from April to September
around 6:30-7:00 a.m. standard time for up to 13 minutes.

e OP5 — Railway — Approaching Range Road 161 from the East — There is potential for
temporary after-image (Yellow-grade glare) from the panels for a total of 617 minutes
(around 10 hours) per year at this location. The glare occurs from April to September
around 6:00-7:00 a.m. standard fime for up to 12 minutes. The glare will likely be over the
conductor’s right shoulder, out of direct line of sight.

e OP6 — Railway — East of Array — There is potential for temporary after-image (Yellow-
grade glare) from the panels for a total of 725 minutes (around 12 hours) per year at this
location. The glare occurs from March to September around 6:00-6:30 p.m. standard time
for up to 12 minutes.

The following observation point is predicted to have some green-grade glare:

e OP3 — Range Road 161 & Railway Crossing — There is low potential for temporary after-
image (Green-grade glare) from the panels for a total of 997 minutes (around 17 hours)
per year at this location. The glare occurs from April to September around 6:00-6:30 a.m.
standard time for up to 12 minutes. Depending on a vehicle’'s direction of travel, the glare
may be out of direct line of sight, but it may appear in the vehicle’s mirrors.

Under the assumptions used in the model (see Appendix A), Solas did not find any glare for the
remaining observation points at residences. Modifying the tilt angle, azimuth, and site grade may
affect these results.
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Table 2: Glare Hazard by Observation Point in Minutes Per Year

Section 5, Results of the Analysis

Location OP# Hazard Panel Elevation
Level 0.85m 2.18m 3.50m
. G - - -
Residence - North of OP] v : B B
array

R - - -
Residence - South of € - - -
) OP2 Y - - -
array R . . .
Range Rd 161 & < 177 527 997
. . OP3 Y - - -
Railway crossing R - - -
Railway - G 50 33 1
Approaching Range OP4 Y 973 553 34
Rd 161 from the west R - - -
Railway - G 28 4 329
Approaching Range OP5 Y 617 121 -
Rd 161 from the east R - - -
G 49 26 4
Railway - East of array OPé6 Y 725 428 102
R - - -

Figure 5 shows the observation points that Solas predicts glare from the solar array will affect. Each
point is colour coded to match the intensity level; blue represents points that Solas does not
predict will experience glare.
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Section 5, Results of the Analysis

Red*Coatshrail
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©120/1iGoogle
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Figure 5: Observation Points Predicted to be Affected by Glare*

*Blue — no glare predicted; Green — green-grade glare predicted; Yellow — yellow-grade glare
predicted

Table 2 indicates that glare from the Project will affect drivers on Range Road 161, as well as
locomotive conductors using the Forty Mile Railway. Residents near the Project will not likely
experience glare from the array. Most of the glare comes from the bottom of the panels (0.85
metres), while the top of the panels (3.50 metres) will create glare less often.

A summary of the cumulative duration of glare predicted at each observation point predicted to
be affected by the Project is provided in Figure 6 below. OP3is expected to see the longest annual
duration of glare at up to 997 minutes of glare per year, but it will be at the lowest hazard level.
OP4 shows the most annual exposure to yellow glare at up to 973 minutes of glare per year.
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Section 5, Results of the Analysis

1200

1000

800

600

400

Minutes of Glare per Year

200

OP3 OP4 OP5 OP6
Observation Points

Green glare Yellow glare

Figure 6: Annual Glare at Observation Points Predicted to be affected by the Project

Table 3 shows the time frames for the occurrence of glare. The table provides only the highest-
intensity glare for each case and location. Cells are colour coded to match the intensity level,
where grey represents no risk of glare. The table also lists the time of day, dates, and the glare’s
duration. The duration represents the highest number of minutes of glare, assuming no cloud cover
and no further mitigation measures.

The results demonstrate that there will be glare from spring to fall for short durations around 6:00-
7:00 a.m., or 6:00-6:30 p.m., depending on the location.
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Table 3: Time of Day, Dates, and Duration of Glare

Section 5, Results of the Analysis

Panel height above ground level

Location 0.85m 2.18m 3.50m
Time of day
Dates

OP1 Duration No Glare
Time of day
Dates

OP2 Duration No Glare
Time of day 6:17 AM - 6:37 AM 6:17 AM - 6:37 AM 6:16 AM - 6:37 AM
Dates 13 Apr-29 Aug 10 Apr-6 Sep 3 Apr-8 Sep

OP3 Duration Up to 5 mins. Up to 12 mins. Up to 12 mins.
Time of day 6:28 AM - 6:49 AM 6:28 AM - 6:49 AM 6:30 AM - 6:48 AM
Dates 3 Apr-7 Sep 10 Apr-8 Sep 13 Apr-20 Aug

OP4 Duration Up to 13 mins. Up to 12 mins. Up to 3 mins.
Time of day 6:28 AM - 6:49 AM 6:28 AM - 6:48 AM 6:17 AM - 6:37 AM
Dates 6 Apr-3 Sep 5 Apr-21 Aug 8 Apr-4 Sep

OP5 Duration Up fo 12 mins. Up to 4 mins. Up to 9 mins.
Time of day 6:15 PM - 6:36 PM 6:15 PM - 6:36 PM 6:16 PM - 6:36 PM
Dates 29 Mar-10 Sep 1 Apr-11 Sep 9 Apr-6 Sep

OPé Duration Up fo 12 mins. Up to 9 mins. Up to 5 mins.
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Section 5, Results of the Analysis

The following sections describe the glare hazard for the two most affected areas:

5.1. Forty Mile Railway — Approaching Range Road 161 from the West, and
5.2. Range Road 161 and Forty Mile Railway Crossing.
5.1 Forty Mile Railway — Approaching Range Road 161 from the West

OP4 represents the location of a train, and the train’s conductor, travelling east on the Forty Mile
Railway. At this observation point, the conductor should be looking towards the road crossing and
array in case a vehicle or another object is crossing the tracks. Glare from the array may be a
concern if it impairs the conductor’s ability to spot a dangerous situation. Figure 7 illustrates the
time of day and seasonality for glare hazard for OP4 from the panel elevation of 0.85 metres (the
bottom of the panels). The potential for after-image occurs around 6:30-7:00 a.m. standard fime
from April to September.

2500 - Annual Predicted Glare Occurrence

23:00 -
22:00 -
21-00 -
20:00 -
19:00 -
18:00 -
17-00 -
16:00 -
15:00 -
14-00 -
13-00 -
12:00 -
11:00 -
10-00 -
09:00 -
08:00 -
07-00 -
06-00 -
05:00 -
04:00 -
03-00 -
02:00 -
01-00 -
00-00 T T T T T T T T T T

R R I S e
Day of year

B Low potential for temporary after-image
Potential for temporary after-image

Hour

Figure 7: Time of Glare Hazard for Observation Point 4
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Section 5, Results of the Analysis

Figure 8 shows the daily duration for each level of glare experienced at OP4. This observation point
experiences up to 13 minutes of glare, with most of it classified in the yellow category.

60 Daily Duration of Glare

50

I
o

Minutes of glare
74 ]
]

B
=]

10

0 I I I i.'I'I-ILurL._lI-LLi'-_.'mIIII I I I I
P e et gt ¢ W 0 R o
Day of year

B Low potential for temporary after-image
Potential for temporary after-image

Figure 8: Daily Duration of Glare at OP4

Figure 9 depicts the areas of the array that will produce the glare that will be seen at OP4in a
one-year period. The points on the array are colour coded to match the hazard level of the glare.
For OP4, glare from the array is concentrated toward the southwest portion of the layout. The
glare spot will be about 420 metres away from the observation point at the closest.
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-1830
-2090
-2360
-2620

North (ft)

Section 5, Results of the Analysis

Glare Reflections on PV Footprint (Aggregate)

5 o

QO M) Q
e© ,\?)'Lo ,\9'\0 163 ,51_%0 ,59&0 a0

= Low potential for temporary after-image

Potential for temporary after-image
B PV Array Footprint

Figure 9: Location of Glare on the Array as seen from OP4

2

Figure 10 plots the glare hazard according to the size of the glare spot (Subtended Source Angle),
brightness of the glare (Retinal Iradiance), and the glare level (green, yellow, and red zones). The
size and brightness of the glare spots are displayed using logarithmic scales. At OP4, the glare is
600 fimes dimmer than staring at the sun, but it will appear up to 10 fimes bigger than the
perceived diameter of the sun viewed from the same location. From OP4, which is about 420
metres from the glare areaq, the glare will be about 33 metres (109 feet) wide.

Confidential

e ——————

1 December 2017

Page 20



Wrentham Solar Project Solar PV Glare Analysis SOLAS

Section 5, Results of the Analysis

Annual log-log hazard plot for PV 23087, OP 270301
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Figure 10: Log-Log Hazard Plot for OP4

5.2 Range Road 161 and Forty Mile Railway Crossing

OP3 represents the location of a driver approaching the crossing between Range Road 161 and
the Forty Mile Railway. At this observation point, drivers will be looking east and west to make sure
that they will not be in the intersection at the same time as a train. Glare from the array may be a
concern if it impairs a driver’s ability fo see an approaching train. Figure 11 illustrates the time of
day and seasonality for glare hazard for OP3 from the panel elevation of 3.50 meftres (the top of
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the panels). The low potential for after-image occurs around 6:00-6:30 a.m. standard time from
April fo September.
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Figure 11: Time of Glare Hazard for Observation Point 3

Figure 12 shows the daily duration for each level of glare experienced at OP3. This observation
point experiences up to 12 minutes of glare, with all of it classified in the green category.
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Figure 12: Daily Duration of Glare at OP3

Figure 13 depicts the areas of the array that will produce glare that will be seen at OP3in a one-
year period. The points on the array are colour coded to match the hazard level of the glare. For
OP3, glare from the array is concentrated toward the southwest portion of the layout. The glare
spot will be about 430 metres away from the observation point af the closest.
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Glare Reflections on PV Footprint (Aggregate)
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Figure 13: Location of Glare on the Array as seen from OP3

Figure 14 plots the glare hazard according to the size of the glare spot (Subtended Source Angle),
brightness of the glare (Retinal Iradiance), and the glare level (green, yellow, and red zones). The
size and brightness of the glare spofts are displayed using logarithmic scales. At OP3, the glare is
500 times dimmer than staring at the sun, but it will appear one million times smaller than the
perceived diameter of the sun viewed from the same location. From OP3, which is about 430
metres from the glare area, the glare will be about 2.9 micrometres wide. This will be virtually
imperceptible.
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Annual log-log hazard plot for PV 23089, OP 270422
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Figure 14: Log-Log Hazard Plot for OP3
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6 GLARE OPTIMIZATION

Solas also completed a system opfimization analysis fo determine possible options to reduce glare
and increase production. The optimization analysis aims to balance the reduction of glare from
the solar PV array with the overall energy production of the system. The single-axis tracking
Wrentham 1 array was not included in this analysis as glare was not predicted from the array. Solas
used a 25-degree panel tilt angle and 181-degree azimuth (one degree west of due south) as a
base case in the optimization. Table 4 shows the range of filt and azimuth angles examined.

Table 4: Parameters used in the Optimization Analysis

Parameter Minimum Angle (°) Maximum Angle (°) Increment (°)
0

Panel Tilt 60 5
Azimuth (Panel Orientation) 176 186 5

Figure 15 shows the change in yellow glare and change in total energy production compared o
the base case. The point at the top of each series (greatest increase in yellow glare duration)
corresponds to an azimuth of 176 degrees, while the point at the bottom of each series (greatest
decrease in yellow glare duration) corresponds to an azimuth of 186 degrees. Points toward the
bottom-right of the chart have decreasing amounts of yellow glare, and increasing production
compared to the base case. Note that this figure only captures changes in the amount of yellow
glare predicted, but it does not provide any information regarding changes in green glare
duration. Tilt angles above 45 degrees are not presented in the figure as production declines and
significant amounts of green glare are predicted for higher filt angles. The figure does not include
the results for tilt angles below 15 degrees as annual yellow glare duration increases, and energy
production decreases. Detailed results are shown in Appendix B.
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Figure 15: Change in Yellow Glare vs. Change in Production at Different Tilt and Azimuth Angles

The maximum energy production is achieved at a tilt of 45 degrees and 181 degrees azimuth,
however yellow glare is also increased in this configuration compared to the base case.
Compared to the base case, changing the ftilt angle generally results in increased annual
durations of yellow glare. Tilt angles greater than the base case display better production up to
45 degrees, and lower production for tilt angles less than the base case of 25 degrees.

Table 5 shows the annual duration of yellow glare predicted for each configuration, broken down
by observation point. The base case is indicated in bold outline. Tilt angles of 50 degrees and
greater are omitted as they exhibit less than optimal production, as well as high amounts of total
glare. Tilt angles of 10 degrees and lower are omitted as they have more yellow glare than the
base case, and are less productive than the base case. Glare durations are coloured in
comparison fo the base case — more glare will appear increasingly red, while less glare will appear
increasingly green. Azimuth changes within five degrees of the base case decrease the annual
energy production by less than 0.2 percent when rotated in either direction. Rotation in either
direction yields nearly the same loss in production, with azimuths of 176 degrees showing a slight
advantage. Azimuths of 186 degrees provide the greatest reductions in yellow glare, while
azimuths of 176 degrees show the greatest increases in yellow glare.
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Table 5: Yellow Glare by Observation Point
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Section 6, Glare Optimization

D O % 0
OP4 OP OP6 Prod o
735
700
1,239 823 722 2,790
1,295 906 2,877
1,424 972 3,097
990 615 2,283
1,098 720 744 2,563
1,197 841 735 2,782
882 515 2,158 96.30%
980 605 718 2,303 96.44%
1,106 688 687 2,484 96.38%
748 93.71%
| 993 561 727
1,015 645 696 2,358 93.76%
505 705 90.42%
906 577 2,250 90.52%
1,079 662 2,500 90.48%
1,014 578 2,367
1,094 618 2,479
1,141 699 744 2,589
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OP3is predicted to produce glare in the green hazard level. The duration of green glare increases
with tilt angle and is higher at an azimuth of 176 than an azimuth of 186. Additional details on the
changes in green-grade glare can be found in Appendix B.
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7 CONCLUSIONS AND DISCUSSION

The results of the analysis of the Project indicate that, based on the assumptions used, there is likely
no incidence of red-rated glare. Residences near the Project will not experience glare from either
proposed solar PV array. Solas does not expect that the single-axis fracking Wrentham 1 array will
produce glare that will affect the observation points that were evaluated. Trains passing by the
south end of the site are predicted to be affected by glare from the Wrentham 2 array. Drivers on
Range Road 161 at the crossing of the Forty Mile Railway are also predicted to experience glare
from the fixed filt Wrentham 2 array.

Solas expects locomotives and their conductors at OP4 to experience up to 973 minutes of yellow
glare each year. The glare will be present from April to September for up to 13 minutes each day,
occurring around 6:30-7:00 a.m. standard time. The glare at this observation point will be much
dimmer than the sun, but it will appear significantly larger. As a train approaches the crossing with
Range Road 161 from the west, the conductor will scan the area to ensure that it is safe o
proceed, but the conductor’s vision may be impaired by glare from the Project. A train
approaching the crossing from the east (OP5) may not need to worry about glare from the array.
At this observation point, glare would be over the conductor’s right shoulder, out of direct line of
sight. If the locomotive engine is equipped with mirrors, reflections of the glare may be visible.

Solas predicts green-grade glare to affect drivers on Range Road 161 as they approach the Forty
Mile Railway crossing. Between April and September, OP3 is predicted to experience up fo 13
minutes of glare daily between 6:00 and 7:00 p.m. In a one-year period, up to 997 minutes of glare
may be experienced at this location. The size of the glare spot observed by drivers will be
extremely small. Drivers travelling south on Range Road 161 would not be able to see glare from
the array directly, but they may see it in their vehicle’'s mirrors. Drivers travelling north on Range
Road 161 are more likely to see glare from the solar PV array as they look to the east for
approaching trains. Though Solas’ models indicate that green glare will affect drivers at OP3, the
distance and size of the glare spots may render the glare virtually imperceptible.

Glare predicted to be produced by the solar array is mainly categorized in the “yellow"” hazard
level. This indicates that an after-image may be experienced if an observer looks at a glare spoft.
The size and intensity of the glare spot and resulting after-image depend on the distance between
the observer and the array. Increasing the distance between the observer and array decreases
the glare's impact and after-image. The after-image an observer may experience would
temporarily appear as a slightly darker or discoloured spot or line in the observer’s vision. Though
inconvenient, glare at this hazard level may not be sufficient to cause an unsafe situation by
impairing an observer’s vision.

This analysis is limited in that Solas did not model cloud cover or obstructions. In addition, any
change in grade from that specified will change the results of the analysis.

Confidential

1 December 2017 Page 30



Wrentham Solar Project Solar PV Glare Analysis SOLAS

Section 7, Conclusions and Discussion

Based on the information associated with the geographic configuration of the panels, the
proposed Project has a low potential to result in hazardous glare conditions that could create the
potential for permanent eye damage.

The results of the optimization analysis show that the Project may benefit from adjustments made
to the filt angle and orientation of the solar PV array. Changing the azimuth to 186 degrees (six
degrees west of due south) is expected to produce the least amount of yellow glare for a given
filt angle. Production decreases when the array is oriented away from the base case of 181
degrees azimuth are limited to less than 0.2 percent.
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Appendix A  Forge Solar Modelling Assumptions

Wrentham 1

Axis tracking: Single

Tilt of fracking axis: 0 degrees (parallel to ground)

Orientation of tracking axis (Array Azimuth): 181 degrees (1 degree west of due south)
Offset angle of module (Panel filt from tracking axis): 0 degrees

Maximum tracking angle: 60 degrees

Panel material: Smooth glass without anti-reflective coating

Vary reflectivity with sun position2 Yes

Ground elevation: 3077 feet (938 m)

Height above ground: 3.41 feet to 9.25 feet (1.04 m - 2.82 m)

Wrentham 2

Axis tracking: Fixed

Array Azimuth: 181 degrees (1 degree west of due south)
Panel tilt: 25 degrees

Panel material: Smooth glass without anti-reflective coating
Vary reflectivity with sun position2 Yes

Ground elevation: 3077 feet (938 m)

Height above ground: 2.79 feet to 11.48 feet (0.85 m - 3.50 m)
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Additional Optimization Results

Section 7, Conclusions and Discussion

The below table provides the detailed results of the solar glare optimization for the full range of
orientations and azimuths modelled. Annual energy production and the percentage of the
maximum energy is also presented for each configuration. The expected annual duration of glare
is categorized by hazard level. The base case used a tilt angle of 25 degrees and 181 degrees
azimuth, identified by the black box.

Glare Predicted for the Full Optimization Range

186 8,395 1,218 0 49,230 96.83%
60 181 7,919 1,546 0 49,320 97.01%
176 7,997 1,962 0 49,280 96.93%
186 6,669 1,515 0 50,100 98.54%
55 181 6,333 1,784 0 50,190 98.72%
176 5,692 2,389 0 50,160 98.66%
186 3,855 1,925 0 50,610 99.55%
50 181 3,156 2,563 0 50,700 99.72%
176 2,107 3,711 0 50,670 99.67%
186 792 3,333 0 50,760 99.84%
45 181 700 3,568 0 50,840 100.00%
176 703 3,679 0 50,810 99.94%
186 405 2,790 0 50,520 99.37%
40 181 419 2,877 0 50,610 99.55%
176 458 3,097 0 50,570 99.47%
186 292 2,283 0 49,920 98.19%
35 181 335 2,563 0 50,000 98.35%
176 368 2,782 0 49,970 98.29%
186 232 2,158 0 48,960 96.30%
30 181 249 2,303 0 49,030 96.44%
176 284 2,484 0 49,000 96.38%
186 225 1,983 0 47,640 93.71%
25 181 299 2281 o] 47700  93.82%]
176 263 2,358 0 47,670 93.76%
186 227 2,055 0 45,970 90.42%
20 181 260 2,250 0 46,020 90.52%
176 288 2,500 0 46,000 90.48%
186 224 2,367 0 43,970 86.49%
15 181 247 2,479 0 44,020 86.59%
176 286 2,589 0 44,000 86.55%
10 186 256 2,606 0 41,670 81.96%
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The following table shows the changes in green glare at different tilt angles and orientations for
OP3. The highest level of glare expected at OP3 is in the green hazard level, so the results did not
appear in Table 5. The base case used a filt angle of 25 degrees and 181 degrees azimuth,
identified by the black box.

Green Glare Duration Changes for OP3

Green Glare

Tilt (°) Orientation (°) Duration (minutes)

186 193

40 181 199
176 264
186 161

35 181 195
176 208

30

25

20 181 199
176 202
186 167

15 181 180
176 229

Confidential

1 December 2017

Page 34



