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EXECUTIVE SUMMARY

Westwood Professional Services (Westwood) completed a glint and glare study for the proposed
USS Fair Park Solar LLC (Project) located in Rice County, Minnesota. This analysis used an average
six-foot array structure height for all arrays. The analyses were modeled with a 10-degree solar
panel resting angle. Four flight paths for the Faribault Airport were assessed for this study. No
residences or routes were identified as Observation Points (OPs).

With a six-foot array height and 10-degree rest angle, the model reported no glare from the
proposed array to the four flight paths assessed and that the assessment passed the Forge Solar FAA
policy adherence. The findings are detailed in Appendix A.

1.0 INTRODUCTION

Westwood Professional Services, Inc., (Westwood) was contracted by US Solar to prepare a glare
study of four flight paths to the Faribault Airport for the proposed Project. The Project is located
west of Interstate-35 northwest of the intersection of 183" St. West and Parkland Drive
northwest of Faribault, Rice County, Minnesota. It covers a portion of Section 23 in T110N R21W
(Exhibit 1).

USS Fair Park Solar LLC will consist of a series of photovoltaic (PV) modules fixed to single axis
solar trackers. Panels will be placed with project infrastructure within an approximately 8.1-acre
Project Area (Exhibit 2).

Specifically, this study answers the following questions:

1. Will glint or glare from the PV modules be visible to pilots that utilize these flight paths?
2. Ifglint or glare is visible, what is it comparable to?

1.1 General Discussion of Reflection

With growing numbers of solar energy facilities being proposed and installed throughout the
United States, the potential impact of glint and glare from PV modules and other types of solar
collection systems is receiving increased attention as a potential nuisance to neighboring
residential properties or potential hazard or distraction for vehicle drivers, pilots and air-traffic
control personnel at nearby airports.

A common misconception about solar PV modules is that they inherently cause or create a lot of
glare, posing a nuisance to neighbors and a safety risk for pilots. While in certain situations the glass
surfaces of solar PV systems can produce glint (a momentary flash of bright light) and glare (a
reflection of bright light for a longer duration), light absorption, rather than reflection, is central to
the function of a solar PV panel. PV modules absorb solar radiation that is converted to electricity.
Solar PV modules are constructed from high transmission, low iron glass and are covered with anti-
reflective (AR) coatings. Modern PV modules reflect as little as two percent of incoming sunlight,
about the same as water and less than soil or even wood shingles (Sandia 2014).

1
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1.1.1 Reflection Type from Solar Modules

Smooth surfaces such as glass and still water exhibit specular reflection. Specular reflection is when
light hits the surface at one angle and is reflected in another direction, like a mirror. Specular
reflection can be contrasted with diffuse reflection, which occurs when light reflects off
microscopically rough surfaces and scatters. Diffuse reflection is what happens when light hits
virtually everything in our field of vision. The difference between the two types of reflections are
illustrated in Figure 1. Since solar modules are flat and have a relatively smooth surface, most of
the light reflected is specular, meaning that incident light from a specific direction is reradiated in a
different direction.

Specular Diffuse

Figure 1: Specular and Diffuse Reflections

When the sun is reflected on a smooth surface, it can result in glint or glare for those who are on
the receiving angle. In both cases, the light reflected is diminished by having first hit the substrate
that reflected it—unless that surface is a perfect mirror. When the sun is the original source of the
light reflected off a reflective surface, the time and position at which glare or glint might occur
depends on the original position of the sun in the sky in relation to the location of the viewer.

1.1.2 Relative Reflectance of Solar Modules Compared to Other Surfaces

Solar modules are designed to absorb light, and accordingly reflect only a small amount of the
sunlight that falls on them compared to most other everyday objects. Most notably, solar modules
reflect significantly less light than flat water or standard window glass. In fact, glass, one of the
uppermost and important components of a solar panel, reflects only a small portion of the light that
falls on it—about 2-4 percent, depending on whether it received an anti-reflective coating (ARC).
To increase solar panel efficiency and power output, most of the solar PV modules in use today are
treated with an ARC. An example of how antireflective technology can increase light transmission
in glass and reduce overall reflection is provided in Figure 2. Standard low-iron glass reflects
approximately 8 percent of light, whereas AR-glass modules reflect a total of approximately 2-3
percent of thelight.
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Figure 2: Light Transmission of Glass

June 22, 2021

Several studies have been conducted which have measured the intensity of reflections from PV solar
modules with respect to other naturally occurring and manmade surfaces. The results of the studies
show that reflections of the sun from solar modules are possible; however, the reflections produced
will be of intensity similar to, or less than, those produced from still water and significantly less than
reflections from glassandsteel. The reflectivity of solar modules relative to other natural or manmade
surfaces are provided in Figures 3 and 4.
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Figure 3: Analysis of Typical Material Reflectivity with Sunlight Angle (Source: Capital Solar Farm

Visual Impact Assessment,2010)
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Figure 4: Albedo for Various Common Surfaces (Source: Capital Solar Farm Visual Impact
Assessment, 2010)

One measure of reflectivity is albedo, the ratio of solar radiation across the visible and invisible
light spectrum reflected by a surface. Albedo varies between 0, a surface that reflects no light, and
1, a mirror-like surface that reflects all incoming light. Solar PV modules with a single ARC have a
reflectivity of between 0.03 and 0.18. Common sand has an albedo between 0.15 and 0.45 and
agricultural vegetation has an albedo between 0.18 and 0.25. This diffuse reflectivity measure is
consistent with the intent of solar PV modules to absorb most of the solar energy for conversion
to electricity.

1.2 Important Considerations

When reflection occurs, unless it is directed toward, and seen by, an abutting property (hereafter,
receptor, or observer), glint will not pose a concern. This was determined after modelling the
potential for glint and glare with surface characteristics from typical PV modules with the
GlareGauge analysis tool.

Before considering the mathematics of sunlight reflectivity, it is important to understand several
fundamental limitations concerning the extent to which glare might be visible to nearby air-traffic
control facilities.

First, for glare to appear, the observer must be able to see the tops of the PV modules. For this to
occur, at a minimum, the receptor would need to be at a height sufficient to slightly look down at
the tops of the solarmodules.

Second, since the panels will be mounted on single axis tracking systems, the surface of the panels
will always try to follow the position of the sun (but fixed in one axis). Due to this property, steep

glancing angles are minimized as compared to a non-tracking system.

4
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Lastly, glare is avoided when vegetation or other impediments are located between the observer
and the solar modules. A home, for example, may be in the general area of a site with solar PV
modules. That house, however, is at no risk of exposure to solar glare if other buildings or trees
stand between it and the solar modules.

1.3 Overview of Sun Movements and Relative Reflections

The basic concept to understand in any discussion of glare elevation is that the angle of incidence
is always equal to the angle of reflectance. The empirical inquiry is then whether the potential
observer is within the altitude of reflection given the distance of the observer from the solar PV
panel. At any angle of reflectance, as a potential observer is further and further away from the
solar PV panel, the elevation of the reflected sunlight (i.e., any glare) is more likely to be above the
observer and, thus, not seen. In contrast, at a high angle of reflectance, the elevation of reflected
sunlight will likely be above the observer-even at short distances.

Given the basic principle of light reflectivity, evaluating the angle of reflectance from a solar PV
panel must begin with a determination of the altitude of the sun (in degrees) relative to the ground.
The “solar altitude” is the angle of the sun in degrees above or below the horizon. As such, the most
important consideration when calculating light reflectivity is not the horizon, but the angle at which
the solar panel is mounted relative to the horizon.

As the angle of the sun in relation to the solar PV panel increases, the angle of reflection will
decrease, and the altitude of reflection will increase. The altitude of the sun differs based on several
different factors: the time of day, the season of the year, and the latitude at which the solar PV
panel islocated.

1.3.1 Determining the Vector Location of Incident Sunlight

The sun’s apparent path across the sky changes slightly every day in known and predictable ways
depending on the location of the subject area on the earth and date of the year. At any given
instant, the sun’s position in the sky can be described by a directional vector characterized by an
azimuth and an elevation. An azimuth is defined as the angle of the sun’s position from due north
in a clockwise direction. For example, if the sun rose exactly in the east and set exactly in the west,
the azimuth of the sunrise would be 90° from north, and the sunset would occur at 270° from the
north. The sun’s elevation is defined as the degrees of the sun’s orb above the horizon at any
instant in time. Other azimuth conventions consider azimuth from north to south along the east half
as ranging from 0° to 180°, and along the west half as ranging from 0° to-180°.

Sun path chart diagrams plot the azimuth and elevation of the sun at any instant in time for any
location on the earth. A sun path chart for the latitude and longitude of the proposed Project is
shown in Figure5.

As depicted in Figure 5, the sun’s path for a given date is shown in blue and the time during which
the sun is at a specific location in the sky is shown in red. For the location of a given receptor such

5
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as an air-traffic control facility, the solar elevation and azimuth where reflections would be received
at the receptor can be calculated and plotted on the solar chart. For example, for the hypothetical
receptor shown in green, reflected light would only be received when the sun is between
approximately 75° and 90° azimuth (from north) and at an elevation between 22° and 40°. From

the chart, this would occur between 8 and 9 a.m. between the dates of March 20 to April 20.

Figure 5: Solar Path Chart Plotting Solar Azimuths and Elevations as a Function of Time and Date
for the Location of the Proposed Solar Project

1.3.1 Sunlight Geometry

The determination and characterization of the geometry of incident and reflected light is a
mathematical process that is based on angles and vectors in three-dimensional coordinate
systems. Light reflected from a surface is described in Figure 6a and shows that reflected light is
symmetrical about the normal of the surface. All methods used to calculate the path of reflected
rays assume this symmetriccondition.
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