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Memorandum

Date: November 12, 2019

To: Aaron Halimi, RP Napa Solar 2, LLC

From: Thomas Cleveland

Subject:  Project ID P19-00338-UP: RP Napa Solar 2, LLC Conditional Use Permit County of
Napa Planning Division Response to Additional Questions Regarding the Glare Study

Summary of Findings

In sum, the solar glare analysis determined the project will not produce glare that would result in a
safety hazard to aviation, regardless of the time of year or day.

In response to questions raised by Staff via email on November 5th, 2019, please see below:

1. What are the glare consultant’s qualifications for, and past experience in conducting aviation
hazard and airport land use compatibility evaluations?

I have worked as a technical expert and engineer in solar energy for 15 years. | have provided expert
testimony for over 100 solar projects throughout the United States, analyzing (among other things)
potential aesthetic, glare, or safety hazard impacts from those projects. Over the past four years, | have
conducted glare impact analyses and studies for approximately 20 utility-scale photovoltaic system near
public and military airports.

Before joining the private sector, | worked at North Carolina State University's Clean Energy
Technology Center. | received a B.S. and M.S. degrees in mechanical engineering from North Carolina
State University, where | studied optics, radiation energy transfer, and solar energy.

2. What are the applicable local, state and federal thresholds/criteria for glare impact
significance to aviation?

The Federal Aviation Administration (FAA) is the governing body regulating all aspects of civil
aviation, including air safety and the use of navigable airspace. The FAA developed guidelines
specific to assessing the potential for glare impacts to airports from solar facilities. These guidelines
are set forth in Interim Policy, FAA Review of Solar Energy System Projects on Federally Obligated
Airports (78 Fed. Reg. 63276; the "FAA Solar Guidelines").

The FAA Solar Guidelines set forth the criteria whether solar glare impacts from a PV facility impact
air safety and the use of navigable airspace:

To obtain FAA approval to revise an airport layout plan to depict a solar installation
and/or a 'no objection’ to a [solar installation], the airport sponsor will be required to
demonstrate that the proposed solar energy system meets the following standards:

1. No potential for glint or glare in the existing or planned Airport Traffic Control Tower
(ATCT) cab, and
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2. No potential for glare or 'low potential for after-image’ . . . along the final approach
path for any existing landing threshold or future landing thresholds . . . as shown on the
current FAA-approved Airport Layout Plan (ALP). The final approach path is defined as
two (2) miles from fifty (50) feet above the landing threshold using a standard three (3)
degree glidepath. (Emphasis added.)

The FAA Solar Guidelines "requires the use of the Solar Glare Hazard Analysis Tool (SGHAT) to
demonstrate compliance with the standards for measuring ocular impact stated above for any proposed
solar energy system." (Ibid.) The project glare analysis used SGHAT.

3. How does this project compare to glare evaluations conducted for projects within other airport
influence areas where studies have been performed and no impacts resulted?

The studies that | have performed on solar facilities with single-axis trackers and in close proximity to
airports showed no glare to ATCTs or pilots. There are PV systems installed on airports throughout the
world, including several notable examples of large-scale ground-mounted PV systems installed at some
of the largest airports in the country. For example, Denver and Indianapolis International Airports
incorporate large PV systems directly underneath or just offset from aviation runways. The FAA found
there were no glare impacts from these systems, which have continued to operate without any issues.

There are also countless solar arrays located on land near airports and in closer proximity to runways
than the project. As depicted below, the FAA has provided case studies evaluating PV systems in close
proximity and directly underneath flight pathways in California, including the Fresno Yosemite and
Metropolitan Oakland International Airports.

Fresno Yosemite International Airport (FYI) — California

\/Ilﬂlm ! /

. J
-
/ IIIIIIII Illlﬂllll

: /
oamE ; IR dARAEED -/
- ree Zone D g i
RPZ: Rumvay ProtecionzZore | IIIIIIII’lIIHHII‘d BB B |/

| i /

The City of Fresno constructed a 2.4 MW ground-mounted solar generation system in June 2008. The
project consists of 11,700 solar panels on a single axis tracking system, which are located near the end of
Runway 29. Specifically, the site is adjacent to the Object Free Area and inside a portion of the Runway
Protection Zone. There have been no glare issues associated with this project.
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Metropolitan Oakland International Airport — California
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Oakland International’s Airport is host to a 756 kW ground-mounted system, developed in 2007. The
panels are located approximately 400 feet from the runway. The project has been operational since
November 2007 and there have been no reports of airspace impacts from radar or glare on the air traffic
control tower or on pilots.

4. Does an ILS vs. visual approach/departure affect the analysis?

No, the analysis methodology and acceptance criteria are the same regardless of instrument or visual
approach. Further, the analysis methodology and acceptance criteria were developed to account for
the potential glare impact to a wide range of aircraft and airports.

5. Why are the 6 flight tracks modeled in the analysis fully representative of all potentially
significant glare occurrences within the flight pattern? It appears modeling only evaluated the
straight-in approach on a single elevation glide path. What about departure paths, circling to
land patterns, characteristics of the various aircraft making overflight — speed, elevation,
proximity to the overflight, vulnerability/recoverability in the pattern for various aircraft types.

The 6 flight tracks modeled were chosen based on the requirements set forth in the FAA Solar
Guidelines. As provided above, the FAA Solar Guidelines specifically states that the assessment criteria
for pilot impact is limited to the final approach path, with the final approach path defined as "a straight
path two (2) miles from fifty (50) feet above the landing threshold using a standard three (3) degree
glidepath.”

The FAA report entitled Evaluation of Glare as a Hazard for General Aviation Pilots on Final Approach
presents research on the potential for glare at various locations during various potions of a flight to create
a hazard for a pilot. Based on various studies, including personal interview with various pilots
throughout the country, the FAA determined that the final approach is the only area of flight where solar
panel glare could impair a pilot's ability to fly. Specifically, a pilots ability to fly was only impaired on
the final approach when the glare is straight ahead and for more than five seconds. (See FAA, Evaluation
of Glare as a Hazard for General Aviation Pilots on Final Approach, p. 9 (July 2015).)
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6. Are helicopters potentially impacted?

While the FAA Solar Guidelines do not address helicopters, this is an indication that the risk for glare
impact to helicopters is dramatically lower than the risk of glare to airplane pilots. Helicopters have a
slow approach speed and can change approach angles and speeds, which mitigates the potential for
impact from solar glare or glare of any kind for that matter.

7. Why is the modeling evaluation period 1 minute? It is possible that glare could occur for less
than one minute and the model isn’t capturing that?

The FAA Solar Guidelines state: “Ocular impact must be analyzed over the entire calendar year in one
(1) minute intervals from when the sun rises above the horizon until the sun sets below the horizon.”
As the sun slowly moves across the sky it is not possible that there is a glare-producing solar position
between two non-glare-producing positions one minute apart.

8. Do the seasonal changes in sun angle (summer tracking more overhead, winter tracking more
toward the south) create a potential for glare at some point during the year relative to various
applicable flight patterns even for single-axis tracking systems?

The software model is able to accurately model the solar radiation angles and the appropriate PV panel
reflectivity. While it is theoretically possible for there to be some glarefrom a single-axis tracking, the
SGHAT analysis of the project did not find any glare at any minute of the year, regardless of the season.
Any glare created from a single-axis tracking system would be of a low intensity that would not have
any impacts for pilots on their final approach. It is much more likely that pilots would experience glare
from nearby waterbodies during any season of the year compared with the project. | am not aware of any
safety incidents at the Napa County Airport related to the waterbodies nearby.

9. Study says that severe glare earlier in the flight pattern is generally not a hazard. What is the
basis or criteria for this determination? It seems that any severe glare to pilots is a hazard.

The FAA made this determination, which was based on FAA and national laboratory studies and reports
on the potential for solar glare impacts on pilots. Those reports include Evaluation of Glare as a Hazard
for General Aviation Pilots on Final Approach, which presents research on the potential for glare at
various locations during various portions of a flight pattern to create a hazard for pilots. The report
concluded that solar glare only creates meaningful risk (i.e. a safety hazard) during the final approach
portion of a flight. Any glare earlier in the flight pattern does not create a safety hazard. The FAA's
conclusions have been confirmed by several interviews | have had with pilots.

It is very common for pilots to experience intense glare from water surfaces or direct viewing of the sun
during a flight, both of which are much more intense than the worst possible glare from a PV facility.
Because aircraft typically travel at a higher rate of speed than vehicles, the effect is momentary, lasting
only as long as the angle between the sun, water body, and aircraft is maintained.

As noted above, it is much more likely that pilots would be impacted by glare from nearby waterbodies
during any season of the year compared with the project. I am not aware of any safety incidents at the
Napa County Airport due to glare from the waterbodies nearby. Further, | am not aware of any safety
incidents at the Napa County Airport due to any of the fixed solar panels on the adjacent industrial
buildings.
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Executive Summary

Photovoltaic (PV) modules (aka solar panels) are designed to absorb, and thus not reflect, close to 100%
of the solar energy that strikes them. However, when sunlight strikes the glass front of a solar panel at
a glancing angle a significant portion of the solar radiation is reflected, which can potentially lead to
solar glint or glare impacting a person’s vision, including pilots landing aircraft. Thankfully, the
conditions required for a PV project to create hazardous glare rarely occur. Also, it is possible to use
specialized 3-D modeling software to predict when and where glare may be produced, which allows
adjustment of solar project designs before they are constructed in order to avoid the potential for glare
hazards.

To avoid construction of solar PV projects that could create a solar glare hazard for aircraft, the Federal
Aviation Administration (FAA) and the US Department of Energy’s Sandia National Laboratories
partnered to develop a software to calculate the potential for a PV project to create glare intense
enough to be a hazard to nearby aviation. The software, called Solar Glare Hazard Analysis Tool (SGHAT),
may also be used to assess the potential for a PV project to cause solar glare for other viewers, such as
vehicle drivers on nearby roads and neighbors looking out of their windows.

The analysis presented in this report used a privately licensed version of the SGHAT software, called
ForgeSolar, to conduct a detailed site-specific PV solar glare analysis of the proposed Soscol Ferry Road
Solar project (Project). The software from ForgeSolar has been validated as effective for this type of
solar glare analysis. The software analysis checks for the potential for solar glare of any intensity for

analysis of the Soscol Ferry
Solar project included the final
approach flight paths for the
six runways at Napa County
Airport (KAPC), the air traffic
control tower at Napa County
Airport, a 3-mile section of
Hwy 12, Soscol Ferry Road, %
of a mile of Napa Valley
Corporate Dr., and buildings
within 1 mile of the site (see
figure to the right for locations
as modeled in ForgeSolar).

The analysis predicts no glare
of any intensity at any time

during the year at any of the

@l

] Napa County Airport in Center (red lines); Hwy 12, Soscol Ferry
locations. Road, and Napa County Corporate Dr. 2-way routes (aqua lines);
and Buildings (red OP# markers) [PV site circled in yellow)

analyzed observation
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Background

At the request of RP Napa Solar 2, LLC, | conducted an analysis of the potential for solar glare impacts
by the proposed 1.98 MWac Soscol Ferry Solar facility located about 4 miles south of downtown Napa,
California. The study analyzed the potential for glare impacts to drivers on all nearby roads, pilots and
air traffic controllers at Napa County Airport, and residential and commercial/industrial neighbors
within one mile.

—

Glare Impact Analysis
Intense glare can create a visual hazard. Every
experienced driver is familiar with the type of glare

shown in the photo to the right that occurs when an
auto driver is heading directly into the rising or setting
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experience glare from reflections off a variety of | —- -
objects on the ground, such as metal structures, “

bodies of water, and car windshields. Consequently,

sun. Similarly, airplane and helicopter pilots often fly

in the direction of the sun and thus experience very

intense glare directly from the sun itself. Pilots also

pilots fly with sunglasses and tinted visors to minimize Figure 1: Glare coming directly from the Sun

this hazard. The reflected glare produced by these objects is not nearly as intense as direct sunlight, but
they can be intense enough to have a hazardous impact on vision. Like many other objects on or near
the ground, solar panels (aka PV modules) can reflect sunlight and cause glare visible to pilots. There is
also the potential for solar panels on or very near the airport to cause distracting glare for air traffic
controllers. Due to these potential hazards, the Federal Aviation Administration (FAA) and the US
Department of Energy’s Sandia National Laboratories collaborated to create an online software tool,
known as the Solar Glare Hazard Analysis Tool, or SGHAT, to analyze solar photovoltaic projects for their
potential to create hazardous solar glare. After multiple years of free public availability, access to the
SGHAT tool was ended in 2017 and the SGHAT technology was licensed to a private company,
ForgeSolar. ForgeSolar improved upon the original SGHAT technology and offers a private solar glare
hazard analysis tool, which is the only such tool available today. The analysis presented in this report
used the current professional ForgeSolar software.

The software calculates the potential for glare at each modeled observer (e.g., approaching pilot,
passing motorist, neighbor) for every minute of the year. The model knows the position of the sun each
minute, assumes a cloud-free sky, and calculates the potential for glare from each section of the
proposed solar facility. The software can calculate not only whether there is a possibility for glare each
minute, but also the intensity of the glare. Thus, it can assess the degree of hazard any glare may present
to pilots and motorists.

Modeling the Soscol Ferry Solar Facility

The models presented in this report use the default SGHAT values for model variables that are not site
specific, such as the sun subtended angle of 9.3 milliradians and 0.017 meter eye focal length. All the
model variables are visible in the ForgeSolar results reports included in Appendix A of this report.
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Figure 2 shows the location of the PV array modeled in the ForgeSolar. The modeled array covers the
entire parcel on which the Project is located in order to assess the potential glare impact of a PV array
located anywhere on the parcel. A satellite image of the site area containing an outline of the parcel
was overlaid over the ForgeSolar software so that the PV array location in the model accurately
represents the location of the Project. To be conservative the array in ForgeSolar extends to the site’s
perimeter fence.

Figure 2. Soscol Ferry Solar PV Array in ForgeSolar (blue area with numbered vertices) with Overlay
of the Parcel Outline (yellow line) of the Entire Parcel on which the Soscol Ferry Solar Site is Located

The entire project uses single-axis tracking raking to mount the PV modules. As is typical for this type of
PV module racking, the array at the Soscol Ferry site consists of 1-module-wide rows that are each
oriented along a North-South line. This North-South line is also the axis of rotation of each row. The
basic motion is that each row slowly rotates over the course of every day from a 60-degree tilt toward
the east at sunrise to a 60-degree tilt toward the west by sunset. Around midday when the sun is at its
highest position in the sky the rows of modules are horizontal, with each module facing straight up. The
ForgeSolar analysis assumes that the rows remain tilted 60 degrees to the west from the time of sunset
each day until the time of sunrise the next day. In actuality the tracking system is likely to be more
sophisticated and implement automatic backtracking, which means that near sunrise and sunset the
rows will tilt less than the full 60 degrees in order to avoid each row partially shading the row behind it.

Solar module electricity production is very sensitive to partial shading, so the system can produce more
power by facing the modules a little more horizontal than otherwise optimal if it means avoiding one
row shading another. This backtracking will increase the incidence angle of the sunlight on the modules
which increases the reflectivity of the modules and thus the potential for glare impacts. Unfortunately,
the ForgeSolar software is not currently able to model automatic backtracking, however additional
ForgeSolar simulations were conducted to assess the glare impact of backtracking. Four additional
systems were analyzed, two with the PV array facing west with fixed-tilts of 45 and 30 degrees from
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horizontal, and another two facing east also with tilts of 45 and 30 degrees. The west-facing models
represent a backtracked array near sunset and the east-facing models represent a backtracked array
near sunrise. The only portion of the SGHAT results from the fixed-tilt array models that is meaningful
is the time period near sunrise (for the east-facing arrays) or sunset (for the west-facing arrays).

For all SGHAT models in this report, the solar array is modeled at a height of 5 feet, representing a typical
height for the center of each PV module. Models were also run with array heights of 2 feet and 8 feet,
representing the bottom and top of the array, as recommended in the SGHAT user manual. The results
of the 2-ft and 8-ft height models were exactly the same as the model with a 5-foot array height, so for
simplicity only the 5-foot array data is presented in this report.
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Figure 3. Diagram of PV Module Racking from the Soscol Ferry Solar Site Plan, Including Minimum
Height Above Grade For Horizontal and Extreme Angles of Rotation

It is vital to realize that the ForgeSolar software does not take into account visual obstructions between
the solar array and the observer. This includes both topographical barriers, such as a hill, and living or
man-made barriers such as a forest or building. A comprehensive analysis of the visibility of the solar
array from each observation route or point is not included in this report, although aerial 3D surface
models show that the buildings to the north of Hwy 12 do not have a view of the solar array, and thus
any glare it may produce, due to Hwy 12 being elevated on a berm 50-75 taller than the flat land on
either side. For simplicity, no relevant observation points were omitted from the ForgeSolar analysis
due to having its line of sight to the array blocked. However, some potential building observation points
were omitted from the ForgeSolar analysis due to other building blocking their sight of the array and/or
because other modeled observation points represent a closer observation point along the same or
similar line of sight.
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Analysis of the Napa County Airport (KAPC)

This analysis modeled the potential for glare hazards for Napa County Airport (KAPC), which is located
about 1.0 mile south of the Soscol Ferry Solar project (measured from the threshold of the closest
runway to the closest solar module). The Napa County Airport Land Use Compatibility Plan classifies all
the land around the base as one of several impact zones (Zones A to E) depending on its potential to
impact operations at the base with Zone A having the most potential for impact. The proposed site for
the Soscol Ferry PV project is in Zone C (approach path) of the Napa County Airport Land Use
Compatibility Use Plan, which requires that any development not produce a hazard to aircraft in flight.
Based on the FAA guidance on glare impacts, to comply with this requirement the solar project must
not create glare along any final approach path that is more intense than glare that has a “low potential
for after-image”. Napa County Airport has six runways: Runway 18R/36L, Runway 6/24, and a shorter,
narrower strip Runway 36R/18L. Each set of runways share the same physical runway but represent
approaches from opposite ends. The specifics of the typical approach for each runway were set based
on FAA data for Napa County Airport!. The airport also has an air traffic control tower located just to
the south of the runways that was included in the solar glare analysis as Observation Point 25.
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Figure 4. Location of Napa County Airport in Relation to the Soscol Ferry Solar Project Site; 1.0 Miles
Between Them Along the Yellow Line (Image is Oriented with North Toward the Top)

1 Sourced from http://maps.avnwx.com/airport/KAPC which presents the current airport data provided by FAA
(https://aeronav.faa.gov/afd/20jun2019/sw 172 20JUN2019.pdf) in a user-friendly format
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')

[ Runway 18L-2 mi

Figure 5. Approach Flight Paths (Red Lines) to Napa County Airport’s Six Runways and Air Traffic
Control Tower (“25 — ATCT” just south of the center of runway 6/24) as Modeled in ForgeSolar

As specified in the Interim Policy for the FAA Review of Solar Energy System Projects on Federally
Obligated Airports?, the ForgeSolar software examines the last two miles of the landing approach to
each runway. The analysis is limited to this portion of the flight path because severe glare during the
final approach has the potential to create a hazard for the pilot, whereas severe glare earlier in the flight
is generally not a hazard.

The SGHAT airport results were no glare of any intensity during any minute of the year for any of the
flight paths and for the air traffic control tower. The four additional ForgeSolar models representing
intelligent backtracking of the array near sunrise and sunset predicted no glare from a backtracking
array.

2 “Interim Policy for the FAA Review of Solar Energy System Projects on Federally Obligated Airports.”,
http://www.gpo.gov/fdsys/pkg/FR-2013-10-23/pdf/2013-24729.pdf
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Analysis of Potential Glare Impacts to Nearby Motorists

The proposed project is over 250 yards from the closest public road, Soscol Ferry Road, but does has
several roads nearby. So, the three roads (Hwy 12, Soscol Ferry Road, and Napa Valley Corporate Dr.) in
the vicinity of the proposed solar project where included in the ForgeSolar analysis. Soscol Ferry Road
is the closest road to the site, but its views of the site are nearly fully blocked by a row of heavy
vegetation. Napa Valley Corporate Drive is a U-shaped road to the north of the site and its views of the
site are also well buffered by the vegetation to the north of the solar site. Hwy 12 is about 1/3 of a mile
to the north and east of the site and has some views of the site as it approaches from the east. Despite
the very limited views of the solar site, the full lengths of the nearby roads were included in the solar
glare hazard analysis to make the analysis as simple and conservative as possible. The following few
images from a 3D model of the site in Google Earth use elevated views from above the area to provide
a sense of the views of the site for motorists on the nearby roadways. The yellow area seen in these
images is the site footprint within the project’s perimeter fence.

i d IS EERIER

<. i

Figure 6. View from Southeast of the Project site from an Elevated Viewpoint across Hwy 12; The
Yellow Area is the Project site Footprint within the Perimeter Fence.
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ForgeSolar provides a “route” type of observation location that is designed to model the potential for

glare hazards along roads and other routes. Three route was modeled in ForgeSolar as shown in Figure
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9, Figure 10Figure 11, which are each analyzed by ForgeSolar for motorists traveling in both directions.
The routes were modeled at 3.5 feet above the ground, to represent the height of a driver, per the
American Association of State Highway and Transportation Officials (AASHTO) eye height of a driver of
a passenger vehicle®. The software checks for glare from up to 50 degrees from the direction of travel.
Studies of pilots have shown that glare from beyond 45 degrees from their direction of travel does not
present any glare hazard, and it is reasonable to assume that the same holds true for motor vehicle

drivers as well.

3 i

a

Figure 9. Observation Route (Route 1) on Hwy 12 as Modeled in ForgeSolar, Over 3 Miles End-to-End

3 A Policy on Geometric Design of Highways and Streets. American Association of State Highway and
Transportation Officials, Washington, D. C., 2004 edition
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Figure 10. Observation Route (Route 2) on Soscol Ferry Road and Napa Valley Corporate Drive as
Modeled in ForgeSolar, Over 1 Mile End-to-End

Figure 11. Observation Route (Route 3) on Napa Valley Corporate Drive as Modeled in ForgeSolar,
Close to ¥ Mile End-to-End

The SGHAT motorist results were no glare of any intensity during any minute of the year for motorists
on Hwy 12, Soscol Ferry Road, or Napa Valley Corporate Drive. The four additional ForgeSolar models
representing intelligent backtracking of the array near sunrise and sunset predicted no glare from a
backtracking array for motorists on these roadways.
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Analysis of Residential and Commercial/Industrial Neighbors

The closest buildings to the project site are nearly a % of a mile from the site fence. There are numerous
residential, industrial, and commercial buildings between about 1/4 and 1 mile from the PV site. Twenty-
four of these buildings were included in the ForgeSolar model (Observation Points 1 through 24.
Observation Point 25 is the air traffic control tower at Napa County Airport). There are additional
buildings within a 1-mile radius of the solar facility that are not included in the ForgeSolar model, but
these buildings are either unoccupied, have their view blocked by a building included in the analysis, or
their potential for glare is represented by the analysis results of a nearby building included in the
analysis. Most of the buildings have their view of the solar project at least partially blocked by either a
hill between the building and the site or heavy vegetation. The buildings north of Hwy 12 have their
view of the solar site fully blocked by the berm that elevates this portion of Hwy 12. Rather than include
a line-of-site study to justify not modeling some buildings, all appropriate buildings (with the limitations
listed above) were simply included in the ForgeSolar analysis.

Buildings within 1 Mile Radius (Yellow Circle) of the Center of the Proposed Solar Facility as Modeled
in ForgeSolar
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The SGHAT building glare results were no glare of any intensity during any minute of the year for any of
the observation points located at buildings. The four additional ForgeSolar models representing
intelligent backtracking of the array near sunrise and sunset predicted no glare from a backtracking
array for any of the observation points located at buildings.

SGHAT Results

As described above, the ForgeSolar SGHAT software was used to conduct a glare hazard analysis of pilots
landing at Napa County Airport; air traffic controllers at Napa County Airport; motorists on Soscol Ferry
Road, Napa County Corporate Drive, and Hwy 12; and people at nearby buildings. A summary of results
is presented in this section of the report and the full ForgeSolar-generated report in provided in
Appendix A.

The ForgeSolar SGHAT defines two intensities of glare, “green” and “yellow”. Green glare represents a
“Low Potential for Temporary After-Image” and is about 1/1000%" the intensity of looking directly into
the sun (based on Hazards Plot in the SGHAT User’s Manual)*. According to the FAA Interim solar policy®,
which defines the requirements for solar projects constructed on airport property, glare visible to pilots
on their final landing approach that is classified in this green range is acceptable. In other words, any
amount of green glare is considered non-hazardous. Yellow glare has a “Potential for Temporary After-
Image”; such glare could affect the pilot’s ability so see clearly even after looking away from the glare.
The FAA Interim solar policy (which only has authority for solar built on airports) does not allow solar
arrays that produce yellow glare visible to pilots on final approach to be built on airport property. The
ForgeSolar results use the same green and yellow glare classifications for glare visible at other types of
observation points as well, such as to motorists and pedestrians.

The ForgeSolar SGHAT results were no glare of any intensity during any minute of the year for every
flight path, air traffic control tower, roadway route, and land-based observation point. As described in
the Modeling the Soscol Ferry Road Solar Facility section, additional ForgeSolar models were
constructed to simulate intelligent backtracking by the tracking system early and late in the day to avoid
inter-row shading. When backtracking the PV modules are turned slightly away from the sun and thus
have more potential to create a glare hazard. The results of these simulations showed that backtracked
rows (45 and 30 degrees from horizontal) did not produce any glare during the hours near sunrise and
sunset in which backtracking may be used. The models did predict some glare near noon, but this glare
result is meaningless because the array will be tracking the sun at this time of day and will not be in a
backtracked position at that time. The ForgeSolar-generated reports for the 30-degree fixed-tilt east-
facing and west-facing are provided in Appendix B and Appendix C respectively. The 45-degree tilt
results were similar to the 30-degree results and thus not included in the report.

4 Solar Glare Hazard Analysis Tool Users Manual version 2.0,
https://share.sandia.gov/phlux/static/references/glint-glare/SGHAT_Users_Manual_v2-0_final.pdf
5 Interim Policy for the FAA Review of Solar Energy System Projects on Federally Obligated Airports,
http://www.gpo.gov/fdsys/pkg/FR-2013-10-23/pdf/2013-24729.pdf
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Conclusion

The solar glare hazard analysis of the proposed Soscol Ferry Road Solar facility finds that the PV system
will not produce any glare hazards. ForgeSolar, a detailed, proven solar glare hazard analysis software,
was used to model the potential for the proposed solar array to cause glare for approaching motorists,
people at nearby buildings, and pilots and air traffic controllers at Napa County Airport. In fact, the
software analysis found no glare of any intensity at any time during the year at any of the analyzed
locations. The proposed PV project uses a single-axis tracking racking system to support the solar
modules/panels which keeps the solar modules facing generally toward the sun. This design avoids
situations where the sunlight hits the solar panels with a glancing angle, which is the only condition
when the glass of a solar panel is very reflective and thus the only condition likely to cause visible glare
to an observer.
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Appendix A: SGHAT/ForgeSolar Results Report

ForgeSolar Glare Analysis Report — Page 1 of 15

-mEEEE>
.m ForgeSol

L _lan |}

FORGESOLAR GLARE ANALYSIS

Project: Soscal Ferry
A proposed 2 MW PV facility on Soscal Ferry Rd. in Napa, California. The array is single-axis tracking.

Site configuration: baseline of full parcel area
Analysis conducted by Tommy Cleveland (thcleveland@gmail.com) at 03:43 on 31 Jul, 2019.

U.S. FAA 2013 Policy Adherence

The following table summarizes the policy adherence of the glare analysis based on the 2013 U.S. Federal Aviation Administration
Interim Policy 78 FR 632786. This policy requires the following criteria be met for solar energy systems on airport property:

+ No "yellow” glare (potential for after-image) for any flight path from threshold to 2 miles
+ No glare of any kind for Air Traffic Control Tower(s) ("ATCT") at cab height.
+ Default analysis and observer characteristics (see list below)

ForgeSolar does not represent or speak officially for the FAA and cannot approve or deny projects. Results are informational only.

COMPONENT STATUS DESCRIPTION

Analysis parameters PASS Analysis time interval and eye characteristics used are acceptable
Flight path(s) PASS Flight path receptor(s) do not receive yellow glare

ATCT(s) PASS Receptor(s) marked as ATCT do not receive glare

Default glare analysis parameters and observer eye characteristics {for reference only):

« Analysis time interval: 1 minute

« Ocular transmission coefficient: 0.5

+ Pupil diameter: 0.002 meters

+ Eye focal length: 0.017 meters

+ Sun subtended angle: 9.3 milliradians

FAA Policy 78 FR 63276 can be read at https://www.federalregister.gov/d/2013-24729
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Glare Impact Study of Soscol Ferry Solar Facility

SITE CONFIGURATION

Analysis Parameters

DNI: peaks at 1,000.0 W/m"2
Time interval: 1 min

Qcular transmission
coefficient: 0.5

Pupil diameter: 0.002 m

Eye focal length: 0.017 m
Sun subtended angle: 9.3
mrad

Site Contfig ID: 29959.5354

PV Array(s)

Name: PV array - full parcel area
Axis tracking: Single-axis rotation
Tracking axis orientation: 180.0°
Tracking axis tilt: 0.0°

Tracking axis panel offset: 0.0°
Max tracking angle: 60.0°
Resting angle: 60.0°

Rated power: 1880.0 kW

Panel material: Smooth glass without AR coating
Reflectivity: Vary with sun

Slope error: correlate with material

Vertex Latitude (°) Longitude (°)
1 38.237104 -122.278527
2 38.238651 -122.277958
3 38.238672 -122.276784
4 38.238490 -122.276295
8 38.238583 -122.275909
6 38.238511 -122.275534
7 38.238330 -122.275410
8 38.238427 -122.274981

9 38237976 -122.274659
10 38.238132 -122.274064
11 38.238490 -122.273618
12 38.238474 -122.273345
13 38.238878 -122.272556
14 38.236986 -122.272610
15 38.237007 -122.278119

Ground elevation (ft)

25.01
21.79
24.58
26.05
26.42
26.28
29.51
28.15
34.12
42.34
38.53
45.58
47.27
45.63
26.08

Google

Height above ground (ft) Total elevation (ft)

5.00 30.01
5.00 26.80
5.00 29.58
5.00 31.06
5.00 31.42
5.00 30.28
5.00 34.51
5.00 33.15
5.00 39.12
5.00 47.34
5.00 43.53
5.00 50.58
5.00 52.27
5.00 50.64
5.00 31.08
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ForgeSolar Glare Analysis Report — Page 3 of 15

Flight Path Receptor(s)

Name: Runway 18L
Description:

Threshold height: 50 ft
Direction: 201.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 38.218450 -122.278381 21.13 50.00 71.14
Two-mile 38.245442 -122.265178 111.30 513.29 624.59

Name: Runway 18R
Description:

Threshold height: 52 ft
Direction: 201.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 38.223162 -122.278005 2912 52.00 81.13
Two-mile 38250155 -122.264800 131.38 503.21 634.58
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ForgeSolar Glare Analysis Report — Page 4 of 15

Name: Runway 24
Description:

Threshold height: 50 ft
Direction: 257.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude {°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 38.210852 -122.271618 35.66 50.00 85.66
Two-mile 38.217356 -122.235722 157.07 482.04 639.11

Name: Runway 36L
Description:

Threshold height: 50 ft
Direction: 21.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 38.208032 -122.285264 14.27 50.00 64.27
Two-mile 38.181040 -122.288466 217 615.56 617.73

Name: Runway 36R
Description:

Threshold height: 50 ft
Direction: 21.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude (°) Longitude (°) Ground elevation (it) Height above ground (ft) Total elevation (ft)
Threshold 38212178 -122.281407 13.28 50.00 63.28
Two-mile 38.185186 -122.294609 2.58 614.16 616.74
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ForgeSolar Glare Analysis Report — Page 5 of 15

Name: Runway 6
Description:

Threshold height: 50 ft
Direction: 80.0°

Glide slope: 3.0°

Pilot view restricted? Yes
Vertical view: 30.0°
Azimuthal view: 50.0°

Point Latitude {°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
Threshold 38.207728 -122.288439 13.93 50.00 63.93
Two-mile 38.202707 -122.324718 4.48 612.90 617.38
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Discrete Observation Receptors

Name ID Latitude (°) Longitude (°) Elevation (ft) Height (ft)
OP 1 1 38.238531 -122.269469 66.04 6.00
OP 2 2 38.238271 -122.268454 66.27 6.00
OP 3 3 38.237167 -122.265653 61.21 6.00
OP 4 4 38.235844 -122.267874 54.88 6.00
OP5 5 38.237030 -122.284632 16.46 6.00
OP 6 6 38.237717 -122.284761 12.92 6.00
OP7 7 38.244907 -122.279598 29.05 6.00
OP 8 8 38.245461 -122.275703 32.79 6.00
OoP9 9 38.245427 -122.274651 30.34 6.00
OP 10 10 38.245368 -122.273343 31.57 6.00
OP 11 1 38.240774 -122.273588 49.35 6.00
OP 12 12 38.240728 -122.272357 63.53 6.00
OP 13 13 38.240128 -122.273030 43.38 6.00
OP 14 14 38.240546 -122.270788 60.17 6.00
OP 15 15 38.240015 -122.269790 60.68 6.00
OP 16 16 38.228644 -122.260730 57.37 6.00
OP 17 17 38.226031 -122.265236 41.93 6.00
OP 18 18 38.226250 -122.269699 41.50 6.00
OP 19 19 38.226823 -122.272918 24.91 6.00
OP 20 20 38.244218 -122.293553 17.13 6.00
OP 21 21 38.250486 -122.267803 68.28 6.00
OP 22 22 38.242743 -122.261441 152.55 6.00
OP 23 23 38.239589 -122.258716 297.97 6.00
OP 24 24 38.232024 -122.258410 76.08 6.00
25-ATGT 25 38.207659 -122.279153 20.73 50.00
Map image of 25-ATCT
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Route Receptor(s)

Name: Route 1
Path type: Two-way
Observer view angle: 50.0°

Vertex Latitude (°) Longitude (°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
1 38.223573 -122.257910 71.78 3.50 75.28
2 38.225295 -122.258058 67.71 3.50 71.21
3 38.230284 -122.258530 63.04 3.50 66.54
4 38.232189 -122.259088 65.92 3.50 69.42
5 38.234178 -122.260461 71.37 3.50 74.87
6 38.240245 -122.267563 72.47 3.50 75.97
7 38.241576 -122.269452 78.26 3.50 81.76
8 38.242470 -122.271876 87.59 3.50 91.09
9 38.242975 -122.274022 97.61 3.50 101.11
10 38.243161 -122.278164 113.19 3.50 116.69
11 38.243447 -122.282069 127 .44 3.50 130.94
12 38.243902 -122.285717 3.20 3.50 6.70
13 38.244795 -122.289493 6.45 3.50 9.95
14 38.246851 -122.296467 18.98 3.50 22.48
15 38.247610 -122.298699 20.68 3.50 24.18
16 38.248755 -122.300587 19.59 3.50 23.09
17 38.250070 -122.301960 20.18 3.50 23.68
18 38.250912 -122.302540 19.07 3.50 22.57
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Name: Route 2
Path type: Two-way
Observer view angle: 50.0°

Vertex Latitude {°) Longitude {°) Ground elevation (ft) Height above ground (ft) Total elevation (ft)
1 38.237033 -122.284001 10.07 3.50 13.57
2 38.238339 -122.284698 5.64 3.50 9.14
3 38.239224 -122.285063 5.00 3.50 8.50
4 38.240210 -122.285224 8.64 3.50 12.14
5 38.240395 -122.284741 12.50 3.50 16.00
6 38.240875 -122.284645 14.69 3.50 18.19
7 38.241255 -122.284419 13.39 3.50 16.89
8 38.241415 -122.283776 15.31 3.50 18.81
9 38.241710 -122.282681 30.24 3.50 33.74
10 38.241600 -122.282016 38.74 3.50 42.24
11 38.241373 -122.281201 41.28 3.50 4478
12 38.240909 -122.279248 25.36 3.50 28.86
13 38.240547 -122.277006 29.49 3.50 33.00
14 38.240538 -122 276480 34.34 3.50 37.84
15 38.240715 -122.276298 36.39 3.50 39.89
16 38.241095 -122.276802 40.61 3.50 44.11
17 38.241634 -122.277220 52.59 3.50 56.09
18 38.242148 -122.277296 64.06 3.50 67.56
19 38.242864 -122.277231 76.65 3.50 80.15
20 38.245048 -122.277206 56.07 3.50 59.57
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Glare Impact Study of Soscol Ferry Solar Facility

Name: Route 3
Path type: Two-way
Observer view angle: 50.0°

Vertex Latitude {°) Longitude {°)
1 38.241686 -122.269042
2 38.241105 -122.269439
3 38.240616 -122.270093
4 38.240422 -122.270758
5 38.240506 -122.274181

6 38.240548 -122 275565
7 38.240717 -122.276316

Summary of Glare

Total annual glare received by each receptor

Receptor

Runway 18L
Runway 18R
Runway 24
Runway 36L
Runway 36R
Runway 6
OP 1

OP 2

OP 3

Ground elevation (ft)

81.72
72.51
63.08
57.29
42.25
37.13
36.46

GLARE ANALYSIS RESULTS

PV Array Name Tilt Orient
) ©)
PV array - full parcel area SA SA
tracking  tracking

Annual Green Glare (min)

OClojlo|lo|e|Oo|O|O O

Total elevation (ft)

Height above ground (ft)

3.50 85.22
3.50 76.01
3.50 66.58
3.50 60.79
3.50 45.75
3.50 40.63
3.50 39.96
"Green" Glare "Yellow" Glare Energy
min min kWh
0 0 6,134,000.0

Annual Yellow Glare (min)

ool |Oo|C|O |0 |O|O
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Receptor Annual Green Glare (min) Annual Yellow Glare (min}
OP 4 0 0
OP 5 0 0
OP 6 0 0
OP7 0 0
OoP8 0 0
OP ¢ 0 0
OP 10 0 0
OP 11 0 0
OP 12 0 0
OP 13 0 0
OP 14 0 0
OP 15 0 0
OP 16 0 0
OP 17 0 0
OP 18 0 0
OP 19 0 0
OP 20 0 0
OP 21 0 0
OP 22 0 0
OP 23 0 0
OP 24 0 0
25-ATCT 0 0
Route 1 0 0
Route 2 0 0
Route 3 0 o]

Results for: PV array - full parcel area

Receptor Green Glare (min} Yellow Glare (min)
Runway 18L 0 0
Runway 18R 0 0
Runway 24 0 0
Runway 36L 0 0
Runway 36R 0 0
Runway 6 0 0
OP 1 0 0
OoP2 0 0
OP 3 0 0
OP 4 0 0
OP 5 0 0
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Glare Impact Study of Soscol Ferry Solar Facility

Receptor

OP6
OP7
OoP8
OP 9
OP 10
OP 11
OP 12
OP 13
OP 14
OP 15
OP 16
OP 17
OP 18
OP 19
OP 20
OP 21
OP 22
OP 23
OP 24
25-ATCT
Route 1
Route 2

Flight Path: Runway 18L

0 minutes of yellow glare
0 minutes of green glare

Flight Path: Runway 18R

0 minutes of yellow glare
0 minutes of green glare

Flight Path: Runway 24

0 minutes of yellow glare
0 minutes of green glare

Flight Path: Runway 36L

0 minutes of yellow glare
0 minutes of green glare

Green Glare (min}

Qoo jloC|OICIC|IO|IQC 0|00 |C|0C |0|0|0|OC|O

Yellow Glare (min)

C|lo|lo|O|c|lOojOo|O|O|C(O|O|O|O|O|O|O0O|O|O|O |0 |O
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Flight Path: Runway 36R

0 minutes of yellow glare
0 minutes of green glare

Flight Path: Runway 6

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 1

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 2

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 3

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 4

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 5

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 6

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 7

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 8

0 minutes of yellow glare
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0 minutes of green glare

Point Receptor: OP 9

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 10

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 11

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 12

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 13

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 14

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 15

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 16

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 17

0 minutes of yellow glare
0 minutes of green glare
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Point Receptor: OP 18

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 19

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 20

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 21

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 22

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 23

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: OP 24

0 minutes of yellow glare
0 minutes of green glare

Point Receptor: 25-ATCT

0 minutes of yellow glare
0 minutes of green glare

Route: Route 1

0 minutes of yellow glare
0 minutes of green glare

Route: Route 2

0 minutes of yellow glare
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0 minutes of green glare

Assumptions

"Green" glare is glare with low potential to cause an after-image (flash blindness) when observed prior to a typical blink response time.
"Yellow" glare is glare with potential to cause an after-image (flash blindness}) when observed prior to a typical blink response time.
Times associated with glare are denoted in Standard time. For Daylight Savings, add one hour.

Glare analyses do not account for physical obstructions between reflectors and receptors. This includes buildings, tree cover and
geographic obstructions.

Several calculations utilize the PV array centroid, rather than the actual glare spot location, due to algorithm limitations. This may affect
results for large PV footprints. Additional analyses of array sub-sections can provide additional information on expected glare.

The subtended source angle (glare spot size} is constrained by the PV array footprint size. Partitioning large arrays into smaller sections
will reduce the maximum potential subtended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Additional analyses of the combined area of adjacent sub-arrays can provide more information on potential glare hazards. (See previous
point on related limitations.}

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

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

The glare hazard determination relies on several approximations including observer eye characteristics, angle of view, and typical blink
response time. Actual results and glare occurrence may differ.

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

2016-2019 © Sims Industries d/b/a ForgeSolar, All Rights Reserved.
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SGHAT/ForgeSolar Results Report for Sunrise Backtrack

Appendix B

Simulation

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 1-2 of 21
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ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 3-4 of 21

2919
8ze9

91719
0008

o

£L219
2299

() uopeaoye je10L

G0 6 WBIRH

95'519
0008

() punoib anoqe 1BoH

$0°28Y
0008

852
82€L

(1) uoneAapd punoiy

ez
prad

BADJ9 PUNOID

207281
9968

(1) uonessja punoin

609962 221 98158198 ojw omg
[ovi82Tel  8LIZIZEE ploysai L
(.) spnyBuoy () apmnen wiod

005 MO [Ny
0708 M3IA [BORIIA

S3A LPAIOMISI MIIA 10l1d
<O'€ 2doys 3piH

0°1Z ‘uondang

105 24BIaY ploysaiyy
‘uopdposag

|9t Aemuny ‘oweN

9ovBs2e2l-  OPOLBLEE ajw-omL
9258221 2E0B0ZE plousaiL
(Jopmybuor  (.) opmpe wiog

.0'05 M3 [RyINWIZY
0°0F :M3IA [EOILIIA

SGA £PRIOLISEI MOIA 1011d
0' adoys 3piD

0'12 uopdaNg

1 05 BRY ploysasyL
-uondusseq

9 Aemuny -eweN

2256228} 956L1708 oy omy
giglizzal- 26801298 ploUsaIL
(.) spnyBuoy () espmnen wiod

<0°05 :MOIA [eInuNZY
L0°0E JMaIA [BINIAA

S3A (PIAOMISAI MIIA 10]1d
<0'€ :odols apno

<0'2Sg -uondeNa

105 YBIaY pjoysalyy
‘uopduosaq

e Aeruny dweN

85E9
eri8

() uopenvjo jeroL

85129
pLLL

() uonenaja jeroL

12608
0028

(1) Punoib 0n0ge 1BIOH

6ZELS
0005

(1) puno1B anoge WBIH

seigt
zvez

(1)) uoiendjo punosn

(1) uoneaaja punosn

008¥92221- 551052'8€ Sw-omy
008,222 2916229 plousoL
(Jopmibuol () opmie wiod

-0'08 MaIA [lByINWIZY
0°08 ‘MBIA [BIRIIA

SEA LPINOMISA MIIA
«0'g ‘adojs

0102 :uondana

126 4BI2Y ploysaiyL
-uopdussag

g} Aemuny ‘eweN

8L159222 4 2YPSYZaE ojiw-om
188822221 0S¥BIZEE PlousaiL
(:)epnubuot  (.) apmne wiod

010G ‘MO feyINUZY
50°0F “MIA [EIRIOA
S3A LPAUISAI MIIA JOIId

05 yBIey ploysaiyL
‘uopdussag
181 Aesuny :oweN

(s)101ded92y yied 146114

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility [[EZE

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 5-6 of 21

0008
009
009
00
)
009
009
009
e
009
00y
009
009
w9
009
e
we
009
009
009
e
)
009
009
009

() wboH

£L02
8092
16162
EEET
9295
et
1612
051y
£61Y
1828
8908
2109
ek
€568
Se 6y
e
pe0E
6L2e
s062
262l
el
825
1219
2269
$099

(1) uopenaiz

BS16L2221

0Lp8SZ 22k
slL86222)-
LplezzzL-
£0829222)-
£S9E62 224

8162L2221-
65969222

962592 221
062092 22}
082692221
882022221
08082 224

18€2£2°221
88s€L222) -
eveeLzzeL
159p22°22k-
POLSLTTEL
8856L2 221
19Lv82 221
2e9v8Z 221
718492 22\
£59592 224

¥5p692 221
B9P69Z 221

() 9pmybuo

639202 8€
y20282 88
6856€2 8¢
Ev.2v2 88
987052 26
BIZPHZ 8E
£28922'8¢
092922 86
LE092Z 8E
79822 8¢
SL00v28E
6v50p2 8¢
6Z10vZ 86
82100232
$LL0v28E
89E9VZ 88
12v5vz 88
19vSbZ 8E
L08b928E
£12i828€
0B0L£28E
78962 8¢
18418288
Liegee8e
16986286

() opmpey

216000

101v-52 jo obewy dey

101y 52
¥Z 0
£2d0
2240
1zdo
0z dO
61 dO
84 dO
2140
91 do
§1dO
¥LdO
€1 dO
21d0
14 do
0LdO
6d0
8d0
£d0
8d0
§d0
¥d0
£dO
2d0

1 dO

oweN

s103daday uoneAlasqQ 93a.4dsiq

8wLI9
€689

(1) uonenaja jejor.

05719 sy 81152522} 10420798 o omy
0005 XD 6ev882221-  82LL02°8C plousaiL
(1) punoib anoqe wbraH (1) uoneaaja punoin () apnybuo () apmnen wiod

<0'08 MOIA leyInuIZY
070 M3IA [BORIBA

S3A (PIIOMISI MIIA 101D
«0'c sodoys ap,

008 uondBAa

105 bray ploysaiyy
‘uopduosag

g Aemuny -oweN

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 7-8 of 21

15786
5100
9519
80'9S
IR
686
8L
o0ee
9982
BLbY
22
vLEE
T3
8091
BL8L
009}
vz
058
718
58k

() uoneassa (eo)

(4) punoub anoqe wBray

0%
599
809
6525
L90r
6E'9E

(1) uoneasya punosn

sUzLLzzeL
162L22 22}
962242221
022242221
20892224
8629.2221-
08¥9/2 22

S00242221-
8¥268.222h

10Z182°221"
210298222}
189282224
842€82221-
BI¥PO2 22

§v9v8z Z2L
19248222}
y72382 22k
£90582 221
86948222

10082 221"

() epnyBuon

9POGHZ 88 0z
9924260 61
avizvzee 8
vEaIPZ e n
SROIYZ R 9t
slovzee st
80504268 b
1p5002'88 gt
806042 6C 2
BLEINZEE 1
00914Z'88 o
011z e 6
SIpIvZee B
S52IPZ 60 L
SL80VZ R 8
6504208 s
01200288 v
vazsezee e
60096260 z
£6082'88 3
() apmne XaoA

.0'05 :3|BUE M3l JaAISSAQ
fen-omy 20k e
Z eInoy ‘eweN

5T
89z
8062
8Lvz
82z
966
0L9
$60S)
B9LL
Lol
BU'HE
9L'18
1652
8L
269
¥5'99
121
825L

(1) uopensl je1oy

(1) punoub anoqe 1BRK

L06L
810z
6361
8902
26'81
57’9
0ee
ik
BLELL
19°26
6528
sz'8L
weL
v
2659
PO'EY
o)
8L

(i) uopes)a punoun

0¥9206 22
098108 221
£8500€°224
669862 221
19962 221
B6YE8Z 22
12582221
690282 22+
v818.2 22k
220022220
si8LLZEL
259692 22} -
£99192 224
197092 224~
880852 224
DESBSZ 22k
850852 22} -
048282 22k

() apnybuo

21805286 81
02008288 1
5584288 91
algzvzee st
15894228 [
SBLYVZBE €
20862 88 21
LPYERZ T "
191ev2'88 o
52625200 3
02v2KZ 8E B
ausIpZ 80 L
SH2OVZBE 9
8LIpEzeE s
88126288 i/
o208z 88 e
96292288 2
£1562288 '
() spmipe X307

+0°06 ‘3|BUe M3IA J3A1SGO
Aemeomy -odki yied
| ooy ‘eweN

(s)103daday anoy

July 31, 2019 H‘



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 9-10 of 21

(uiw) a1e19 MmojiBA

§28
86
82

o oo

o o oo

891
clee
061E
Loee
609E

© oo oo

(unw) azen mo|jaA [enuuy

0 9d0
0 $dO
o ¥ dO
0 €d0
99 2do
6e91 1 dO
0 9 femuny
0 Hog Aemuny

0 g Aemuny

0 2 Aemuny
66171 ygl femuny
0829 81 Aemuny

(uiw) asepo usain Joydoday

eaJe |9d4ed ||ny - Aedde Ad :10j S3INS9Y

€6} € ainoy
9 2 @inoy
8L | @inoy
0 101v-g2
0 ¥2 do
hSL £€2d0
99€1 2240
0 12 do
02 d0O
61 dO
81 dO
L dO
91 dO
881 St dO
er 1 dO
e €1 dO
9LL 2k do
v0E + dO
01 dO
6d0
8d0
LdO
9d0
$dO

© o oo

°

© oo o oo

(uiw) ase|o udaly |enuuy Joydeday

0 o
[ 0
3 99
€e 691
0 0
0 0
[ 0
0 0
£eel B61YL
0 089

(u1w) a1e19 Moj|a, [enuuy

0°000°'289'€
umi
ABloug

9650
£90p
Sy
6209
8599
1092
2zse

(1) uoneasya g0y

191°81 erLie 006
uw uw (8]

2leD ,MOJ|2A,,  Ble|D usaun, W80

(unw) ase|n uaary jenuuy

¥ dO

€d0

2do

+do

g Aemuny
yog Aemuny
19¢ Aemuny
2 Aemuny
Y8l Aemuny
784 Aemuny

101deoay

J0)davas yore Aq paaladal arell jenuue [elof

0oe
(&)
nL

eaJe |90sed |nj - keue Ad

aweN Aeuy Ad

aie|n jo Atewwng

SIINS3Y SISATYNY JHVIDO

05°C sv'90
05E ELiE
05 STy
0SE 6745
05 2069
05 152
0s'e 2ie

() punoub anoqe JbraH () uoneasya punosn

81692220

59952 22k
181522221
861012224
£600£2 221
BEPE9Z 22

290892 221

(.) apnybuoy

21205260
BYSOPZ BE
905052 86
22602 BE
919092 86
SOHIPZ T
9991v2'8¢

- N oo oo~

() spmnen FEVETY

.0'05 ‘3IBUE MaIn JaAISSAO
fem-omy odA e
£ @10y ‘oweN

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 11-12 of 21

SIQISIA 18{0 UDUA UONESAT Ul 14641 Xoiddy

(1) PIoUs44 W0y} 95ueysip a1euwproiddy

2016 Mok Jo salnuw o

vz Aemuny :uyied 6114

123k jo heq
R I I SR SR

W

2109 Jo uoneing Aeq

aseib jo saunul

33U3LN230 31810 PaBIP3L [ENULY

ase/6 USRI |0 SAINUIW BBL YL
a18]6 Mofj9A J0 SAINUIL £EEL

uST Aemuny :yzed ybild

1eak 1o heg
il I T SRR
Yo

v

1019 jo uoeang kiieq

8 & _® _R =
2101 J0 s

210
A A T .

&N N

e 1613 “xouddy

528 o614
86 9
82 8L
0 0
0 0

o rSL

0 99€L
096 0

0 o

0 0

0 0

0 0

0 0
18¥1 8481
€lee el
061E VEB
Loge 9LL
6098 ¥0€

L2 0

0 0

0 0

0 o

(uiw) aepn Mmojjap (unw) asep uaain

(1) ProysaAA Wi $30e3sp Slewoddy

o R

39UBLIN0 34810 PAVI3 ENULY

oue|f LaaIB jo seInuI 08/9
| MoljaA jo sainuIW o

181 Aemuny :yed ybiy

€ @noy
2 ainoy
| 8inoy
101v-62
2 d0
€2d0
22 do
12do
02 dO
61 dO
81 dO
L1 dO
91 dO
SL dO
v1dO
€1 dO
2kdo
L dO
01dO
6d0
8d0o
£dO

10ydeoay

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 13-14 of 21

Ieakjo eq
P AR
o SR, ik

o a

asei9 jo uoneing Ailea

o

o

H

R

ae(6 o sau

6 dO :103dad39y juiod

s oo jo

e mofof jo

8 dO :103dad9y jujod

auelfi uoifi Jo soINUW O
el MojoA jo saInUIW

L dO :403do39y juiod

el usasf jo saUIW O
aue|b MojaA 10 SeInUIW

9 dO :401ded9Yy julod

auelf usasf jo el
ame|B mojjaf jo sajnuIw o

G dO :101da23y julod

s usalfi jo sainuIW 0
are|b Mojaf jo SaInUIW

¥ dO :401daday julod

1|6 usalb o saInUIW 0
s[5 MOJIaA 10 SAINUIW 0

€ do :103daday juiod

1eak jo feg
ik i R ol o

oy

23UaLn230 2469 PP [eNULY

A Y

asefb jo sanutn

aseig jo uoneing ieq

aIB{D UaaID |0 SBINUI 399

A R

anoH

33aLIN0 3iej9 PaRIP3L [enuuy

u(6 UBU JO SAINUIL BESL

71D MOljak 10 SaNUIY €€

1 dO :103daday julod

sl wojies jo seInuw o

wog Aemuny :yied b4

12 uoosB jo saINUILI 0
aueib mojjoA Jo 5 w0

9 Aemuny :yied b4

aself uoalb Jo saINUIW 0

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Page 15-16 of 21

R

vy

sk jo uoneing Aleq

o
Al

o

)
aieib jo sawnum

asei9 jo uoneing Airea

el Uaal Jo SaINUI LbEL
a18(6 MOJI9A 10 SAINUIY ELEE

PT dO :103daday julod

33U3LIN330 34810 PaIP3I [ENULY

are|b uaalb Jo sainuIW HEG
S18[6 MO[9A J0 SHINUW 0BLE

€1 dO :403dad3y julod

22UaLN230 24619 PP [enuuy

oy

ase19 j0 vogeina A

1eak o feq
P I I S S Y

o

o

«

ase0 jo uoneing Aieq

a0l o saanuy

aseif jo saanu

aseib uBalf 40 SeNUIW 97/
are[ mojjak 1o saINUIL |0EE

ZT dO :101dad3y julod

23UBLIN0 211D P3IP2A [ENUYY

ase|b usalb jo seINuIW $0E

1[5 mojjok 0 SeINUIL 509E

1T dO :103daday julod

13k j0 feq
e T

39UBLINO 33019 PP [ENULY

a18|6 usaid jo SaInUIW
(b mojjaf jo sanuiw 7z

0T dO :103daday julod

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 17-18 of 21

P

VYo

ase19 40 uoneing Alea

R Tl LR

o

§ R =
2206 jo snuily

8

519 0 uoneina Airea

2116 jo sanuiy

P

Bl I S R L e

oo gt e @ @

oy

SN0 B4R PIAPRI [EAULY

el UoosS Jo soInuW 99E
asef moljof o seinuw o

22 dO :401d2d3y julod

sesh jo hea

anon

$2UBLN20 311D PIP3I [ENULY

el uoosb o
QIElB MojjoA J0 SOINUI 096

1Z dO :403d2d3y julod

(6 uoas jo saIUIW 0
ase| Mojaf Jo SainUIW

0Z dO :403daday julod

a1e|6 usaih
| Mojak jo sanUIW 0

6T dO :103daday julod

123 jo feq

P N S e

ww

asei0 jo uoneing ieq

ek o keq
P 0 gh o @ e g

L A

ase0 jo oneing Aeq

-

o

P
o

aselB jo sownum

aseif jo sanumn

il uoa jo saInuIW
1|6 MojjeA jo saInuIW

8T dO :4101daday ulod

12/ usalb jo saInuIW
(B mojjaA jo sainuw

LT dO :103dad3y julod

a1/ uaau jo saInuIW 0
au(B Moljak J0 AU 0

9T dO :103daday julod

10 heg
R AR R

3303111330 316[9 PaVIP3I [ENULY

1|6 UBaIB JO SBINUILL g/81
18I0 MOk O SSINUIL /8L

ST dO :403dad3y julod

23UaLIN0 21019 PaLIP2L [ENUY

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Pages 19-20 of 21

suonndwnssy

2uaun20 2180 P

ase(b UaaIE |0 SaINuIW £61
ore(B moljak 10 SoINUIL 25

€ @1noy :ainoy

23uaLn230 3160 PPl [enuuy

1|6 usaui jo sainUIW 9
ase|b mojjak jo sapuIw g6

Z @3noy :a3noy

aseip o uogeing Areg

e jo sanu

230311230 316[0 PALIP3I [RNUY

aselB uoost Jo sonuw g1 |
oIElB MmojjoA Jo soInu Bz

T @1noy :a1noy

16 usalb jo seInuIW
aue( MolloA jo SaInuIW 0

121v-GZ :403da39y Juiod

il uoas jo seinuw
ue(B MoloA Jo SaInUIW

vZ dO :103daday julod

33uaLINQ 23ej9 PaTIP2I [Enuy

aum(6 Uaal O SAINUIL phSL
sl Mojjas jo AU

€2 dO :103d933Y julod

July 31, 2019



Glare Impact Study of Soscol Ferry Solar Facility _

ForgeSolar Report (Sunrise Backtrack Simulation, only applicable in early AM) — Page 21 of 21

“pansasal SWBIH iy URI0Sabi04 B,O/p SAUISNPU] SIS & 6102-9102

WNI9adS ‘8181051p 10U *SNONUILC © SSEAWODUS SBLIOIING 19edw| JEMNO0

[eNIoY ‘Blep yosessa) pelefsibbe uo paseq ple [Ensia pue Lojlewxoidde e aJe 10jd pIezeH SJE|O SUI Uj UMOUS S8PEPUNDG SUOZ PleZeH
8P ABWW 50UBLNAOD B.2|6 PUE SINSAI [Ny ‘6L 8SUOdSE)

Sulia [eoidAl pue ‘meja o ejfue ‘sopspeloRIRyD Bk Jerlesqo Buipniul suonewixoxdde [216A0S U0 SBjje) UoEUWLIBIEP Plezey aeld Byl
oW Aew sinses pue suopeuews el EnIoy “Elep siskeue Jo suopelueseide; peyIdws eie SI0id J0KBA BIEID

Joyip Aew suoneso] 10ds-a.e16 (enioy “elewxoidde e siod 101061 U0 pereldsip SUOEo0] BIEID

{suoneywy pajea uo uod

snomaud 0ag) “spiEzeY 01e(6 [eRuaIod Lo UOEWLOUI 8:0Ww BP0 UES SAELIE-QNS JUBDEIPE JO BOJE POLIGICO BU} JO SOSAIEUE [ELONIPPY
02i5 Aeue-qns oy uey) Jobie| ose sjods el [enioe j) sinsas Bugoedw Ajejualod ‘obue PopuRIgNS [ERULIO WINWIXEL BY) SONPO) [|IM
suoloas Jo|jews o) skeue obiie BuiolEd 021 Wdioo) ABLIE Ad oU) AQ POUEIISUDD S| (021S ods aJejB] ojBue BaINCs POpUOIGNS BUL
34816 Pajoatxe LO LONZWLLOJU [EUOHIPOE 9PIACI UED SUOGORS-GNS ABLIE JO SaSABUE [BLOWPPY “SIudioo) Ad aBig) oj sinsal
wuwoBIE o} anp “uoieoo] jods @IE(B [ENIOE BU) Uey} JOYIE] ‘PI0AUBD ABLE Ad SU} BZN SUOZINOIED [2/areS
suolonsqo oydestoot

puUE J3A00 391 *SBUIP|ING SapNIaUl SIY | *S10da08) PUE SI0108)je) LBaMIad SUOINISqO [£aisAYd 10} JUNCODE 10U Op SaSATRUE B/e|D
Jn0y 5u0 ppe ‘SBUINES WBIIABQ JOd "B PIZPUBIS Ul PAJOLGP 918 SJE|D LA PaJEInosSE SawlL

-awy asuodsa yuyq [21dA1 € 0} joud Pariasqo uslMm (Ssaupulia ysey) 9Bew-ioYe UE BSNED 0] [ENUBIOd Lum aelb 1 9126 ,MOlIoA,

Joaye Aew i1 “SuoRel

‘o osuodsol Yuyq [221dA! € 0} Joud PAKDSAD Lo (SSOUPLIG USEl) ABELWJoYE UE 0SNED 0] [EURI0d M| Ui OJE(D 51 aiEiE ,ucs

July 31, 2019 ‘H



Glare Impact Study of Soscol Ferry Solar Facility
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SGHAT/ForgeSolar Results Report for Sunset Backtrack Simulat

Appendix C

ForgeSolar Report (Sunset Backtrack Simulation, only applicable in late PM) — Pages 1-2 of 17
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Appendix D: Thomas Cleveland’s CV

Thomas (Tommy) H. Cleveland, P.E.

4141 Laurel Hills Rd. Raleigh, NC thcleveland @gmail.com 919-923-5490

Education & Training

North Carolina State University, Mechanical Engineering M.S. 2004
North Carolina State University, Mechanical Engineering B.S., Business Mgmt. minor 2001 - Summa Cum Laude
Lumberton Sr. High School, Lumberton, NC, 1997 — Valedictorian

Professional Engineer, licensed in North Carolina (#033711), 2008 - Present

Professional Experience

Solar PV Engineer, Advanced Energy, Raleigh, NC, April 201 7—Present
e Evaluation of commercial and utility scale solar PV facilities to assess the quality of design, construction,
and operation
e Engineering analysis and concise presentation of results to customers

Solar Energy Engineer (various progressive titles), North Carolina Solar Center/NC Clean Energy Technology
Center, North Carolina State University, 2005-April, 2017
e Lead solar engineer at the Center (2008-2017)
e Conducted detailed PV + storage feasibility study for community solar project for a NC municipal utility
e Provided quality assurance and technical support to development of in-house training program of every
stage of solar farm construction for a leading regional utility-scale photovoltaic EPC firm
e Guided design of prototype residential Plug and Play PV system and collected AHJ feedback (Department
of Energy SunShot project)
e Co-led stakeholder process to develop Template Solar Development Ordinance for North Carolina
e Led design and development of ISO-17025 accredited solar thermal collector testing lab
e Designed and installed PV field performance monitoring system, conducted performance analysis
e Conducted renewable energy site assessments for commercial, industrial, and institutional clients
e Presented to local government officials, community leaders, and general public on solar energy
e Provided technical support to a wide variety of energy consumers and stakeholders across North
Carolina

Consultant/Expert Witness, Private consultant for over 15 solar developer clients, 2012-Present
e Provides expert witness testimony at special/conditional use and re-zoning public hearings regarding the
health, safety, and environmental impact of utility-scale solar photovoltaic systems. Experience in NC,
SC, VA, and FL {over 60 projects to date)
e Provides respectful clear answers to sometimes ill-informed and/or hostile questions
e Conduct site-specific studies of EMF, sound, and solar glare hazard for several projects

Instructor of ET 220 Solar Photovoltaic Assessment, Department of Forestry and Environmental Resources, North
Carolina State University, 2014-Present
o Developed all course content for this new three credit hour online course
¢ Course covers all aspects of photovoltaic site assessment including energy use, solar resource, system
design, utility tariffs, estimating, economics, and more
e Course is optional course for an Environmental Technology and Management degree
e Course is required for a Renewable Energy Assessment minor
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Instructor of MAE 421 Design of Solar Energy Systems, Mechanical and Aerospace Engineering Department of
North Carolina State University, 2009-2014
e Instructor of the solar energy engineering course, MAE 421, in the NC State University Mechanical and
Aerospace Engineering department
e The course was offered during the spring semester and typically had 30 to 50 undergraduate and up to
twelve graduate engineering students
e Previously co-instructor of the course for two years (2007, 2009)

Research Assistant, North Carolina Solar Center, North Carolina State University, 2003—2005
e Developed and validated a TRNSYS simulation model of a unique solar thermal concentrating collector
e Assisted with the installation of photovoltaic systems ranging in capacity from 1 kW to 5 kW

Selected Publications

“Balancing Agricultural Productivity with Ground-Based Photovoltaic Development”, NCCETC/NCSU white paper,
August 2017, https://nccleantech.ncsu.edu/wp-content/uploads/Balancing-Ag-and-Solar-final-version-
update.pdf

“Health and Safety Impacts of Photovoltaics”, NCCETC/NCSU white paper, May 2017,
https://nccleantech.ncsu.edu/wp-content/uploads/Health-and-Safety-Impacts-of-Solar-Photovoltaics-
2017 _white-paper-1.pdf

“Community Solar (+ Storage) Program Design for Fayetteville Public Works Commission”, NCSU/NCCETC report,
March 2017, (Public version) https://nccleantech.ncsu.edu/wp-
content/uploads/FPWC_CommunitySolar_Public_Version.pdf

T. Cleveland, H. Tsai, “Charlotte-Mecklenburg Schools Roadmap to 100% Renewable Electricity” & “Durham
Public Schools Roadmap to 100% Renewable Electricity”, NCCETC, February 2016

T. Cleveland, et al, “Template Solar Energy Development Ordinance for North Carolina”, NCCETC & NCSEA,
December 2013, www. go.ncsu.edu/template-solar-ordinance

M. Sheehan, T. Cleveland, “Updated Recommendations for Federal Energy Requlatory Commission Small
Generator Interconnection Procedures Screens”, Solar America Board for Codes and Standards Study Report, 64
p., July 2010, www.solarabcs.org/about/publications/reports/ferc-screens/pdfs/ABCS-FERC_studyreport.pdf

T. Cleveland, et al, “Optimizing Solar Thermal Resource Use at Commercial Buildings”, Solar 2010 — ASES National
Solar Energy Conference 2010, 6 p., May 2010, www.ases.org/papers/101.pdf

T. Cleveland, “Description and Performance of a TRNSYS Model of the Solargenix Tracking Power Roofm”, Solar
2005 — ASES National Solar Energy Conference, 6 p.

T. Cleveland, K. Creamer, & Dr. R. Johnson, “Energy Metering of Solar Domestic Hot Water Systems for Inclusion
in Green Power and Renewable Portfolio Standards Programs”, Solar 2004 — ASES National Solar Energy
Conference 2004, 6 p.

T. Cleveland, “Effective Energy Metering of Solar Domestic Hot Water Systems for Inclusion in Green Power and
Renewable Portfolio Standards”, Master’s Thesis, North Carolina State University, Raleigh, 191 p., April 2004,
http://repository.lib.ncsu.edu/ir/handle/1840.16/1152

Selected Recent Presentations

T. Cleveland, A. Huang, “Plug and Play Residential PV System Innovation and Demonstration”, Solar Power
International Conference 2015

T. Cleveland, “Make Solar Energy Economical”, recorded video lecture for E102: Grand Challenges of Engineering
course at NC State University, January 2015

T. Cleveland, M. Clark, “Template Solar Ordinance for North Carolina”, Solar Power International Conference
2014
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