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Summary

Renewable energy sources and photovoltaic installations in particular, are gaining ground in
the power supply sector. It is of great importance to assure that this technology does not
pose any threat to humans and the environment in general. Glint and glare reflection from
photovoltaic installations with regards to aviation travel draws a lot of attention, not so much

because of the frequency of accidents but more because of the severity of one if it occurs.

With the Thesis it is attempted to investigate, the global concern on the effect of glint and
glare from Photovoltaic (PV) farms on aviation travel, the attempts made to regulate their
development in different countries, to strengthen or contradict existing research and other
global perception of glare risks to aviation travel and to assess the effect of a PV farm in close

vicinity to Nicosia General Hospital in relation to the Hospital's Helipad.

The proposed location is described in detailed as far as technical characteristics and
geographical location. The landing and take-of paths of the helicopter are mapped and are

correlated with the photovoltaic arrays.

The methodology includes identification of the location of the proposed project, technical
specifications and installation parameters and identification of the receptor points to be

considered for glare effect.

Software simulations are executed and the results are assessed in order to identify possible

glare issues and investigate mitigation measures and alternatives to the proposed solution.
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Chapter 1

Introduction

Safety in aviation travel draws a lot of attention, not so much because of the frequency
of accidents but more because of the severity of one if it occurs. The thesis attempts to
investigate the global concern on the effect of glint and glare from Photovoltaic (PV)
farms on aviation travel, the attempts made to regulate their development in different
countries and asses the effect of a PV farm in close vicinity to Nicosia General Hospital in

relation to the Hospital’s Helipad.

1.1 Introduction

Airports are usually located in the outskirts of cities, so that they are far from tall
buildings but on the other hand are still in close proximity for convenience in
transportation. The surrounding areas are usually left undeveloped so that they do not

pose any obstruction to airplane landing and take-off.

This undeveloped land is ideal for the deployment of PV farms because of the large area
availability and the low height of nearby development. Apart from that, there is also

available space on airport building rooftops.

In addition, airports have high electricity consumption and on-site renewable energy
sources (RES) are highly profitable and provide substantial contribution to national goals
for RES share in the energy sector. As mentioned in the publication “Bangalore’s Airport
to Become a Leader in Solar Energy Production” ( World’s Resources Institute, 2016), "‘an
airport’s electricity consumption, can amount to 100-300 gigawatt-hours (GWh) per year,

the same as 30,000 to 100,000 households, or a small city.”

In recent years and with the growing penetration of PV farms in the energy sector,
concerns have been raised regarding solar glare hazards in aviation when these farms are

developed near airports.



The construction of such farms is gaining ground and Figure 1 is an indication of the large

number already in operation worldwide.
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Figure 1. Solar Power Plants Worldwide (Air Transport Action Group, 2020)

1.2 Importance of thesis

The importance of this thesis lies in the probable danger which PV farms might pose due
to glintand/or glare. In the particular case which will be assessed for the Nicosia General
Hospital’s Helipad, there is great concern, not only for the safety of the helicopter flights
and aviation personnel and passengers but also for the safety of the patients and
personnel of the Hospital, the Hospital as a facility and its uninterrupted and continuous

operation.

Glint is considered to be an instantaneous light flash while glare is the excessive light
from a continuous source. Any surface other than a black body can cause glint and glare.
The question which arises is whether or not this light reflected from PV panels, may cause
unwanted visual distraction to aviation personnel (pilots, air traffic personnel, Air Traffic

Control Tower).



1.3 Objective

The thesis will investigate the theoretical background and the determination of
glint/glare occurrence. Existing PV farms will be examined and investigated in relation

to the proposed PV farm near Nicosia General Hospital.

With the use of an appropriate software tool, glare assessment of an existing and the
proposed PV farm will be carried out. The following will be calculated:
@® When and where glare will occur throughout the year for the prescribed solar
installation,
@ Potential effects on the human eye at locations where glare occurs, and

@® An estimate of the maximum annual energy production.

1.4 Literature review

Power production from photovoltaic systems is one of the most developing renewable
energy technologies. In his book ‘Introduction to Photovoltaic System Design’ (2011),
John R. Balfour, a United Nations’ Committee (International Electrotechnical Committee
for Renewable Sources) expert in the photovoltaics area, characterizes the design of
Photovoltaic systems as both “an art and a science” (Balfour, 2011). The system as a
whole does not pose a great difficulty in engineering design but the appropriate matching
of parts and subsystems must be carefully selected for an efficient and trouble free
operation. This book focuses on the “interrelationship” of these parts in order to design

a new high performance system or to improve an existing installation.

Nicola Pearsall, Professor in North Umbria University, Newcastle, and a world-leading
expert on photovoltaics, in his book “The Performance of Photovoltaic (PV) Systems”
(2016), addresses the power losses and degradation rates which should be accounted for
in PV system design. In addition to that, in the book the most common and frequently

observed system failure occurrences are summarized with the intent of being prevented.

In Dr Peter Gevorkian’s book, “Solar Power in Building Design” (2008), a complete
explanation of the photovoltaic sector is presented, starting with the photovoltaic
phenomenon and going through the design, economics and environmental contribution

of this sustainable technology. With regards to this Thesis, in the book it is very well

3



explained how the sun’s trajectory affects the placement of the PV panels and the

efficiency of the system.

“Energy Processing and Smart Grid”, is a comprehensive book of the way different
sources and loads are interconnected through power electronic devices, by Dr James A.
Momoh, a Professor of Electrical Engineering and Computer Science with Howard
University, USA, and a Fellow at the Institute of Electronics and Electrical Engineering
(IEEE) and a Distinguished Fellow at the Nigerian Society of Engineers (NSE). In his book,
Dr. Momoh, elaborates on renewable energy sources and photovoltaics in particular,
energy storage, power conversion (DC to Ac and vice versa), inverters and converters,
power metering and the way these individual parts are connected to a power supply

system.

The U.S. Federal Aviation Administration of the U.S. Department’s of Transportation, has
published a number of important documents with regards to aviation safety which most
of them are used globally as reference, as follows:

® “Technical Guidance for Evaluating Selected Solar Technologies on Airports”
(2018). The purpose of this Guidance is to assure that any solar exploitation
technologies deployed on or near airport space, comply with regulations, or in the
absence of that, assure that solar developments do not pose any danger to aviation
flights and any other personnel involved (pilots, air traffic controllers, or airport
operations). This report also presents case studies of airport PV installations
(Denver International, Fresno Yosemite International, Albuquerque International,
Sunport).

@® “ORDER JO 7400.2M - Procedures for Handling Airspace Matters”, (2019. This
publication covers a complete list of procedures and programs which can be
present in airport facilities and the necessary precautions or actions to be taken
regarding these procedures. This publication also includes the boundaries which
are considered aviation space within which glint and glare must be evaluated
regarding their effect on aviation flights.

® “Interim Policy 78 FR 63276, FAA Review of Solar Energy System Projects on
Federally Obligated Airports” (2013). This policy stresses the importance and
enforces the use of Solar Glare Hazard Analysis Tool (SGHAT), a tool which is

4



designed to investigate if a PV installation will have any effect or potential threat
to a nearby airport facility or aviation flights in the area. This is the tool which is

used in the present Thesis.

“Aviation Benefits Beyond Borders”, is a website of the commercial aviation industry
which aims to promote economic growth, social development and environmental
efficiency and sustainability in the aviation sector. This is represented by the Geneva-

based Air Transport Action Group.

Dr Clifford K. Ho of Sandia National Laboratories, with Cheryl M. Ghanbari and Richard B.
Diver, (2009), issued the paper “HAZARD ANALYSES OF GLINT AND GLARE FROM
CONCENTRATING SOLAR POWER PLANTS” which also applies on PV power plants, on
the effect of glint and glare as a potential hazard or distraction for motorists, pilots, and
pedestrians. This publication also reviews the “physiology, optics, and damage
mechanisms” with regards to solar radiation and introduces new metrics for temporary
flash blindness, which is possible to take place at lower values of radiation than the ones

resulting in permanent eye damage.

ForgeSolar is the official developer of the GlareGauge, the most known and used solar
glare analysis tool. The company maintains a website with instructional assistance on the

use of the tool (https://www.forgesolar.com/help/) as well as more general information

on solar radiation and on transmittance effects and glint and glare impacts

(https://www.forgesolar.com/static/docs/yellowhair-2015-asmt-pv-surf.pdf).

The Solar Trade Associations (STA) (2016), is an association of companies in the
production and installation industry of solar systems in the United Kingdom. Their main
goal is to promote solar energy technology with a high level of quality and support. STA
issues solid scientific publications towards their goal, among which the “ Impact of solar

PV on aviation and airports”, with important analysis on glare assessments.


https://www.forgesolar.com/help/
https://www.forgesolar.com/static/docs/yellowhair-2015-asmt-pv-surf.pdf

Chapter 2

Global Regulations and Theory
on Solar Reflectance

The theory on solar light reflectance has been studied and has been well documented

over the years. The regulation of PV farm deployment is still under development.

2.1 Global Guidance on the Effect of Glare

The effect of glare on aviation travel, even though it is gaining global attention due to the
increasing number of PV farms near airports, is not regulated to a great extent. The
following are a number of countries where efforts have been made to deal with the matter
so as to assure that PV installations do not pose a threat to flights and the surrounding

environment.

@® United States of America

The Federal Aviation Administration (FAA) of the United States is the Body which dealt
the most with the effects of glare. As mentioned in the Literature Review in Paragraph
1.4, FAA issued a number of Orders among which the “Technical Guidance for Evaluating
Selected Solar Technologies on Airports”. This is considered globally to be the most
complete guidance document on the effects of glare and which sets procedures to
approach the whole matter. The guidance starts with the basics of PV theory and design,
goes through the planning and siting of the PV farm, covers the safety requirements
regarding aviation and Environmental Standards and even goes into the economic

viability and financing of the PV project.

FAA, under a separate Interim Policy Document, mandates the use of the Solar Glare

Hazard Analysis Tool (SGHAT), to carry out glint & glare assessments of PV installations.

6



This tool is a product of the research facility “Sandia National Laboratories” of the US
Department of Energy. Currently, this is the only tool which carries FAA approval to be

used for assessing PV glare with regards to aviation travel.

® United Kingdom

United Kingdom is a country where PV installations have been deployed quite a few years
back and there have been formal attempts to address the issue of glint and glare and their
effect on aviation. The U.K. Civil Aviation Authority (CAA) has issued relevant guidance
since 2002, with revisions in 2010 and 2020 regarding solar installations near airports
within fifteen kilometers radius. In this guidance (CAA INTERIM GUIDANCE, 2010), it is
mandated that concern should be taken to “provide safety assurance documentation
regarding the full potential impact of the PV installation on aviation interests.” Apart from
this obligation arising from the guidance, there is not a specific methodology proposed to
the PV farm developer or owner to be followed. Instead, reference is given to the FAA

Technical Guidance, as the basis to be followed for the PV farm glare assessment.

® Republic of Ireland

In the Republic of Ireland, where PV farms are also gaining ground as an alternative,
renewable source of energy, the Sustainable Energy Authority of Ireland (SEAI) (2016),
has also issued the guidance “Planning and Development Guidance Recommendations
for Utility Scale Solar Photovoltaic Schemes” . This guidance also calls for glare
assessments for large PV solar parks but it does not provide any new research or

methodologies. Instead, it also references the FAA Technical Guidance.

® Germany
In Germany, The Federal Ministry of the Environment (2014), issued light guidelines

(LichtLeitlinie) which classify glare in the emissions category, along with noise and odor
pollution. The acceptable level of glare according to these light guidelines is 30 minutes
in one day or 30 hours in one year. It is further defined that glare has harmful effect if the
angle between the reflective surface and the sun is more than 15 degrees. According to

the local regulations, assessment of PV farms must follow these guidelines.



2.2. Theoretical background

Sunlight reflected from PV panels, can cause glint and glare (from now on both referred
to as “glare”), as already mentioned. Glare, under certain conditions can cause temporary
loss of vision, or flash blindness. The term “flash blindness”, or “afterimage” is defined
by the U.S Department of Transportation (ORDER JO 7400.2M - Procedures for Handling
Airspace Matters), as “a temporary visual interference effect that persists after the source
of illumination has ceased”. 1t is thus of primary importance to investigate whether or not

these “certain conditions” are present when designing a PV farm near an airport.

2.2.1 Effect of Solar Glare on Human Eye

The impact of light entering the human eye, is demonstrated in figure 2 below. Light goes
through the cornea and passes to the pupil. Light rays converge behind the lens (nodal
point). The image defined by the light rays is then turned upside down and its projection
falls to the retina. “Potential damage to the eye depends on a number of factors including
the source radiance, source angle (size and distance to eye), duration of exposure, and

wavelength” (Ho, 2009).
The perception of light from the eye depends on the intensity per unit area of the light,

usually expressed in cd/m2 (candela per square meter), which is defined as the

luminance of light.

Impact of Light Entering the Eye

choroid

retina

Y

Y

iris

Figure 2. Impact of light on the human eye (Ho, 2009)



Another term used to measure light intensity is the irradiance, which is the power (or
flux) of light per unit area measured in watts per unit area. Luminance and irradiance
are directly proportional. Figure 3 below denotes the spectrum of irradiance where eye

damage or effect occurs with regards to the light source angle.
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Figure 3. Irradiance and effect on human vision (ForgeSolar, 2019)

Eye damage can occur within the red area of Figure 3, while the potential of afterimage is
low in the green area and higher in the yellow area. Afterimage is also defined as the
reverse contrast shadow image left in the visual field after an exposure to a bright light that
may be distracting and disruptive, and may persist for several minutes” (U.S Department’s

of Transportation, 2019).

2.2.2 Reflectivity

In theory, light reflected from PV farms can cause visual interference to people. It has
been proven that solar irradiance with magnitude of 7 W/m2 could cause afterimage
effect, which can have a 4-12 seconds duration (Ho, 2009) . It should be noted that solar

irradiance has typical values of 800 to 1000 watts per m2.



Reflectivity depends on the following factors:

® PV Panel Position Relative to the Sun
The PV panel tilt angle plays a major role in the reflectance of the panel. Figure 4

below indicates that the bigger the incident angle is, the higher the reflectivity is.

Low incidence angle High incidence angle

1
1
|
1
1
]
1
1
1

100%

% sunlight reflected

1

Angle of incidence (degree)  ap°
Figure 4. Effect of sunlight incident angle on reflectance (Forgesolar, 2019)
® PV Panel Construction Material
The panel material has a very significant effect on the reflectance. By treating the

panel surface with antireflective coatings and textured surfaces, the reflectance

can be minimized as shown in figure 5 below.
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60%

50%
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% reflected light
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Angle of incidence between panel normal and sun (°)

Figure 5. Reflectance with regards to panel surface and tilt angle (Yellowhair, 2015)
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® Direct Normal Irradiance at the Specific Site at Midday
Reflectivity is, of course, directly related to the solar irradiance at the area under
examination. Following, is an example for a US location showing the irradiance over 24

hours.
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200

Figure 6. Reflectivity during 24 hours (ForgeSolar, 2019)

2.3 Photovoltaic phenomenon

A photovoltaic cell is a device which converts solar light into electricity. It is made of a
semiconductor material and it is usually no bigger than 4 human hairs and it produces up

to 2 watts (U.S Department of Energy, 2021).

A photovoltaic panel (or module) consists of a number of photovoltaic cells bonded in
chains and held together in-between materials such as glass and plastic in order to be

protected. Typical photovoltaic panel outputs range from 250 watts to 400 watts.

Solar light reaching a PV cell, can either go through the cell or it can be reflected or it can
be absorbed. PV cells are made of materials which have better conductivity than
insulating materials but not as good as conductive materials such as metals. For this

reason the PV cell materials are considered to be semiconductors.

Exposure of a semiconductor to solar light, transfers energy to electrons, the negatively

charged ions in the material. This transfer of energy creates a flow of electrons, same as
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electricity. This flow of electrons, or current, is obtained through the metal contacts which

appear like grid lines on a PV panel. This is known as the photovoltaic phenomenon.

2.4 Suitability of PV Farms for Airport Applications

Photovoltaic technology is considered today to be the most appropriate source of onsite
power generation application for Airports with “the best cost-benefit ratio of the solar

power alternatives” (FAA, 2018).

The main advantages of the PV technology are the following:

i. Itis proven to be more “cost-effective” (FAA,2018), for smaller applications such
as Airports when compared to larger installations connected to the grid.

ii. The PV panels have low profile and can be installed in different modules making
them suitable for installations on separate buildings roof tops since they do not protrude
high in the sky posing danger to aviation flights.

iii. By design the PV panels absorb solar radiation instead of reflecting it,
minimizing the risk of danger arising from glare.

iv. They are not suitable for wildlife habitats which would be considered danger
to airplane flight.

v. Does not produce electromagnetic pulses which could interfere with airplane
instruments and aviation radars.

vi. Does not produce air column movement which would pose danger to flights
In addition to the above, PV technology, has the following advantages:

a) Requires very little maintenance and upkeep costs are very low.

b) Can be upgraded very easily by adding additional PV arrays.

c) Malfunction in one array does not affect the whole system due to its modular design.

d) Can be used in replacement of other building materials such as parking lot roofing,
minimizing building costs.

e) During the summer months it has the higher production when the demand is also
higher.

f) They are very reliable in operation and have a long lifecycle, up to 25 years.
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g) Environmentally friendly in operation. It does not require any fuel to operate and

does not produce pollutants or noise.

2.5 Possibility of Occurrence of Glint and Glare

The occurrence of glint and glare is possible under certain conditions. Taking as an
example the trajectory of the sun, from the moment it rises from the east until it sets in

the west, it follows an arc in the sky in the south as it is shown in figure 7 below.

Depending on the season, the sun’s elevation angle differs, being much higher in the
summer months compared to the winter months. At any given time the sun’s radiation is
reflected on the PV panels in the opposite direction of the sun. This reflected radiation,
after a certain elevation angle, does not affect any receptors located on the ground. These
receptors are usually only affected by glint or glare in the morning and the evening hours.
When it comes to aviation travel though, glint and glare can occur at any time during the
day and for this reason it is very important to carry out a glint and glare assessment for

any PV farm installation which is close to Airports.

Summer Arc - Higher Sun Angle

Figure 7. Sun’s trajectory in the sky (Innovision, 2019)

2.6 Solar Glare Analysis Tools

A number of different tools have been developed for the determination of glare
occurrence. Sandia National Laboratories Center, a U.S. Federally Funded Research and
Development Center (Sandia National Laboratories, 2020), has developed the following

relevant tools:
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Solar GlareGauge Hazard Analysis Tool
Tower Illuminance Model

Empirical Glare Analysis Tool
Analytical Glare Estimation Tool

Glare intensity plot

PHLUX Mapping Analysis Tool

Reflectivity Calculator Tool

For the project in question, the Solar GlareGauge Hazard Analysis Tool will be used.

The importance of the use of the above mentioned tool is clearly confirmed by its
compulsory use “for any proposed solar energy system located on a federally-obligated
airport”, according to the U.S. Department of Transportation, Interim Policy 78 FR 63276,
2013.

This particular tool incorporates Google Maps where one can draw a virtual PV farm on
a selected location. Geographical information is automatically provided along with sun
position and vector calculations. The user enters information on orientation and tilt angle
of the photovoltaic panels, reflectance, direct normal irradiance and ocular specifications.
If, according to the tool’s results, substantial glare occurrence exists, design data are
recalculated using the tool to establish the optimum PV array configuration which will

yield the maximum energy production without glare present.
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Chapter 3

PV Farm Configuration

The deployment of a PV farm requires proper design and understanding of the
correlation of the different parts and subsystems. Also, the designer should be aware of
the factors which affect the performance of the system and these should be taken into

consideration.

Photovoltaic systems are composed of a number of different components and
subsystems. The main components for a typical PV grid connected system are the
following:

@® PV panels

® PV panels mounting structure

® Tracking system (optional)

@® Inverter

The following figure demonstrates the complete schematic diagram of a PV system.

T
Panels Combiner DC Inverier AC Main Utikty Utility Utility
Box Disconnact Disconnact Breaker Panal Metar Gaid
.-) -)D,-)lﬂl—: r—a- I:IHHTT
Housahold
Usage

Figure 8. Schematic diagram of a PV system (ForgeSolar, 2019)
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3.1 Photovoltaic Panels

The PV panels are the main component of the system since it is the power producing
subsystem. Different PV panels exist and it is very important to select the appropriate

type which suits the application.

3.1.1 Types of photovoltaic panels
The main PV panel construction types or technologies are monocrystalline panels,

polycrystalline panels and thin film panels.

@® Monocrystalline panels are constructed from single silicon crystals, formed from
silicon after being melted. This type of PV panel is the most efficient with
efficiencies ranging from 13% to 16%. It is though the most expensive due to the
single crystal manufacturing process.

@ Polycrystalline panels are constructed from many smaller silicon crystals. These
panels are less expensive but have lower efficiencies ranging from 11% to 14%.
These are the most commonly used PV panels with a market share of
approximately 70 % (Peake, 2018). Figure 9 below shows the monocrystalline

and polycrystalline panels in comparison.

Figure 9. Comparison of polycrystalline (left) and monocrystalline (right) silicon cells (University
of Calgary, Energy Education, 2018)

® The third more common type of PV panel is the thin film type which is constructed
as the name implies in a flexible thin film from either silicon, copper indium

gallium diselenide (CIGS) or cadmium telluride (CdTe) (University of Calgary,
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Energy Education, 2018). This type of PV panel is much less expensive as it
requires less than 1% material needed for a monocrystalline cell. Their efficiency
is also less ranging from 6% to 8% and for this reason require a lot more surface
area and installation space to produce the same amount of power as the other PV

panel types. Figure 10 below shows an example of a thin film PV solar panel.

Figure 10. Thin film solar panel (University of Calgary, Energy Education, 2018)

3.1.2 Photovoltaic Panel Efficiency and Power Production
The efficiency of a panel is considered to be the power produced from the panel as

electricity, divided by the solar light energy which shines on the panel. PV panels of
different construction technology and materials, have varying efficiencies. These
efficiencies range from 6% to 20% (FAA, 2018). These efficiencies are known to be

minimized by approximately 05%/year due to material fatigue and wear.

It is worth considering that the efficiency of the panel increases as its temperature
increases but only up to the ideal temperature of 252 C (FAA, 2018). With temperatures
rising over the ideal temperature, the efficiency begins to drop. Actually, the decrease in

power amounts to 5% per 102C over the ideal temperature.

Following is an example for the power production of a PV panel. Considering the above
efficiency decrease (5% per 102C over the ideal temperature), the power produced from
a 315w PV panel at a temperature of 352 C, during 7,13 hours of sunlight availability
would be

(315w x 0,95) x 7,13hrs = 2,134 kWh
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3.2 Mounting Structures

The PV panels need to be mounted on a structure which serves specific purposes. This
structure must be able to withstand the local weather conditions and must be strong

enough to carry the weight of the entire system.

The mounting structure should provide the panel orientation and the optimum panel tilt
which are required to produce the maximum electricity production for a certain
geographical point. For PV installations in the northern hemisphere, the optimum
orientation is true south and in the southern hemisphere the orientation should be true
north (University of Calgary, Energy Education, 2018). The optimum inclination should
be at an angle equal to the local geographical latitude (Gevorkian, 2008). Neither
horizontal nor vertical positioning of the panels is considered optimal despite the
simplicity of the mounting structure. Figure 11 below shows clearly the difference in
incident radiation received by the same panel in the horizontal, vertical and tilted

positioning.
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Figure 11. Incident Solar radiation as affected by PV panel tilt (Introduction to Photovoltaic
System Design, (Balfour, 2011)

Mounting structures can be located on rooftops, directly on the ground or even at
elevated structures providing shade over parking lots. These structures can be stationary
or have single or twin axis rotation capabilities. The mounting structure represents a
major cost percentage to the whole system and it should be carefully selected and
designed. Nicola Pearsall in his book, “The Performance of Photovoltaic (PV) Systems”,
explains in detail the factors which need to be taken into consideration before a decision

is reached. These factors are the following:
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o Initial Procurement Cost comparison

Rooftop mounting saves on infrastructure since existing roof can be used for anchoring
the PV mounting structure

o Maintenance Costs

Rooftop mounting has higher cost for panel cleaning maintenance but ground mounting
should account for cleaning the area from weeds and trees growing in-between PV panels.
As elaborated in the book “Advanced Photovoltaic Installations” by Balfour, 2011,
especially near airports and highways, PV panel arrays will require frequent cleaning
with high pressure water.

o Running Costs

Stationary structures have limited running costs as opposed to tracking system
structures which consume electricity in order to run.

o Load Calculations

Load calculations should account for weather conditions such as wind and snow load.

o System Degradation

Roof mounting as compared to ground mounting structures, in hot climates are prone to

higher degradation rates which affect system efficiency and could be up to 1% per year.

3.2.1 Rooftop installation
Rooftop installations are usually considered ideal for PV applications, especially if there

is not any shading from nearby buildings or other obstacles. Roof structural supports can
substitute to an extent the PV system support structure making the installation more cost
effective. Should the roof orientation and inclination be appropriate for the certain
geographical location, as explained at the beginning of this paragraph, then the only
consideration would be the load calculation for the weight of the system and other
weather concerns (snow, wind, hurricanes, etc.). Airports usually have large rooftop
areas which can be utilized for PV installations without sacrificing valuable land space
which could be put in other uses. Usually, rooftop installations tend to be more suitable
for smaller PV farms than ground mounted PV installations. Figure 12 below shows an

example of a rooftop installation.
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Figure 12. PV rooftop installation (FAA, 2018)

3.2.2 Ground Installation

The simplest PV installation is deployed on the ground. Main requirements are a flat level
area and south orientation without shading. Once the appropriate area is selected, the
stability of the system must be established so as to have a long lasting installation which

will not suffer from destabilization and efficiency losses.

Ground applications include directly on the ground level installations and installations

on elevated structures to provide car shading (Figure 13) as shown below.

Figure 13. PV Farm Structures (Balfour, 2011)

Ground installations favor larger scale projects to be more economical, as long as the land
used for the installation does not have any other more profitable opportunities for

development.

3.2.3 Tracking Systems
More complicated mounting structures include single and twin rotational systems which

have the ability to alter the orientation and the tilting of the panels during the day to
follow the sun’s path in order to maximize the power output, thus the efficiency of the
system. One directional movement of the panels is perpendicular to adjust for the sun’s

position relative to the season and the other movement is horizontal to track the sun’s
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movement throughout the day. If the system employs one of the movements is called a
single axis system and if it employs both it is a twin axis system. The purpose of the
rotation is to have the panels facing the sun perpendicular at all times. Examples of the

fixed, single and twin axis rotational systems are shown in figure 14 below.

USAXE of rotation  Axis of retation
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Fixed system Tilted one-axis tracking system Two-axis tracking system

Figure 14. Fixed, single and twin axis rotational systems (Gevorkian, 2008)

These tracking systems have substantially higher initial and maintenance costs which

should be weighed against the output benefit before a certain system is selected.

An example of a PV tracking system is shown in figure1l5 below.

Figure 15. PV Modules With Tracking System (Pearsal, 2016)

Solar tracking systems are more suitable in countries where sunlight hours are more in

one day, such as Cyprus. It is estimated that tracking systems can have 10% up to 40%
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power increase over stationary systems. This benefit must be weighed against the extra

installation, repair and maintenance costs before a decision is reached.

3.3 Inverter

The electrical current produced by the PV panels is directed in a combiner box and it is
then supplied to the inverter. An inverter is a converter which changes “a DC input
voltage to a symmetrical AC output voltage of desired magnitude and frequency” (Momoh,
2018). The inverter is the part of the system where the 30-40V direct current (DC)
produced by the PV panels is converted to 220-240V alternating current (AC). Losses in
the inverter part of the system range from 2% to 15% and it is of great importance to
make the right selection in order to have the maximum possible overall efficiency. The
system also incorporates a breaker panel necessary to protect the system from current
surge and short circuits. If the electricity is supplied to the grid, a utility meter is also

present to calculate the onsite consumption of power and the power supplied to the grid.

3.4 Factors affecting Performance of PV installations

A number of factors affect the performance of PV power generation. These factors fall

under the categories of environmental factors and system factors as follows:

3.4.1 Environmental factors
The environmental factors which affect the efficiency and performance of photovoltaic

systems are mainly solar irradiance, temperature, debris accumulation and shading.

i. Solar Irradiance
Solar irradiance is the sun’s power per unit area. This power is directly related to the

output power of PV panels. For this reason, a panel’s power output is also directly related
to the geographical location of the PV farm and the location of the sun throughout the day
and throughout the year.

ii. Environmental Temperature
The PV panel’s temperature, which is directly affected by the environmental temperature,

has the greatest effect on the system’s performance. As it has already been explained in
paragraph 3.1.2, if temperature rises over the ideal temperature of 252 C, the efficiency

drops 5% per 10°C.
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iii. Debris accumulation
Debris such as dirt, dust and leaves has a significant power reduction on the PV panel.

According to various studies on the matter, it was concluded that relative to the
geographical or topography location and the type and size of dust in an area, a 7% to up
to 65.8% reduction in PV panel efficiency may occur (M.M. Fouada, Lamia A. Shihatab,
ElSayed 1. Morgan, ). These studies indicate the importance of regular maintenance and
cleaning of the PV panels.

iv. Shading
Shading of the PV panels is another environmental factor with negative effect on PV

performance. Shading affects the whole panel efficiency and not only the cells of the panel
under shade, since the cells are connected in series. This considering, even poles and
trees can affect the performance of the system and definitely tall buildings with much
higher shading density. Studies have shown that even with a 5%-10% shading, the
system might suffer for up to 80% performance reduction (M.M. Fouada, Lamia A.

Shihatab, ElSayed 1. Morgan, 2017).

3.4.2 System Factors Affecting Performance
Apart from environmental factors, various system factors or individual parts also have an

effect on the performance of the whole system. These are mainly the PV panel’s

characteristics, the inverter efficiency and the inclination and orientation of the panels.

i. PV panel’s characteristics
The panel’ characteristics which affect performance is the technology and material

construction as explained in paragraph 3.1.1 and the energy conversion efficiency of the
panel. The conversion efficiency is given by the manufacturer and it is related to the
“rated power of the PV panel, the surface area of the panel and the solar irradiance” (M.M.
Fouada, Lamia A. Shihatab, ElSayed I. Morgan, 2017).

ii. Inverter Efficiency
The inverter is another part which has an effect on system performance and efficiency.

This was already discussed in paragraph 3.3.
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iii. PV panels inclination and orientation
The inclination and orientation of the PV panes are two of the most significant system

parameters affecting the performance and efficiency of the system. As explained in
paragraph 3.2.3 on tracking systems, ideally, the panels should be facing the sun
perpendicularly at all times. As a general guideline, especially in fixed angle systems, the
ideal tilt angle should be equal to the geographical latitude of the installation. It should
be noted though that the “tilt angle deviates approximately +15° from the latitude angle in
winter and about -15° of the latitude angle in summer” (M.M. Fouada, Lamia A. Shihatab,
ElSayed I. Morgan, 2017). Kaddoura TO, Ramli MA and Al-Turki YA with their report “On
the estimation of the optimum tilt angle of PV panel in Saudi Arabia, 2016”, have proven

that with 6 yearly adjustments of tilt angle, “99.5% of solar radiation can be harvested”.
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Chapter 4

Existing PV Farm Installations

Due to the growing concern on the effect of PV farms near Airports, it was deemed
necessary for the purposes of the Thesis to investigate the deployment of other PV

installations.

4.1 Description of existing PV parks near airports

For the reasons explained in Chapter 1, PV farms near airports already exist throughout

the world. Examples of such PV parks have been constructed at the following locations:

Narita Tokyo
Barcelona
Munich
Pittsburgh
Fresno

Athens

Larnaca

The increasing number of PV parks to supply electricity to airports, denotes the
importance of the particular application and the subsequent importance of this thesis.
Following is a brief description of the above installations with the exception of the
Larnaca PV farm, where a more detailed description is given on the glint and glare

assessment of the PV farm.

4.1.1 Narita Tokyo
The photovoltaic park is located at the South of the airport as shown in Figure16 below.
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Figure 16. Prologis PV Park (Prologis, 2021)

The PV array is installed on the rooftop of a Prologis warehouse. Prologis is an
international company specializing in the industrial real estate and logistics services.
Alongside their main operation, Prologis makes use of their warehouse rooftops for PV

farm installations.

The PV farm has the following characteristics:
@® Installed power 18,847 kWp
@ Electricity production per year 500,000kWh
@® Average reduction of CO2 emissions per year 8,139,428 kg

@® Equivalent to energy use in number of households 4,926

4.1.2 Barcelona
The PV installation at Barcelona Airport (WSP Global Inc., 2021), is an ongoing process.

It started in 2003, and it was, at the time, the largest PV airport installation. The panels
were installed on the airport’s rooftop and had the following characteristics:

® Installed power 450 kWp

@ Electricity production per year 500,000kWh

® Average reduction of CO2 emissions per year 500 tons

® Equivalent to energy use in number of households 200

4.1.3 Munich
The PV Park in Munich Airport (Munich Airport, 2019) was completed in 2018 and it is

located on top of the parking area. The PV Parks capacity is as follows:
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® Installed power 750 kWp
@ Electricity production per year 800,000kWh
@® Average reduction of CO2 emissions per year 500 tons

® Equivalent to energy use in number of households 350

4.1.4 Pittsburg
At Pittsburgh Airport, the intent is to install a PV Park of such capacity (as part of an onsite

Microgrid), to be completely self-sufficient as far as electricity is concerned. The Airports
electricity consumption is 14MW and the PV Park will have a capacity of 2.5MW. The
additional capacity will be provided by the Microgrid as shown in Figure 17 below

incorporating five natural gas-fueled generators.
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Figure 17. Pittsburgh Airport Microgrid (Airport Experience News, 2020)

4.1.5 Fresno

The PV farm has been constructed on a 9.5acres plot of the airport’s land which didn’t
have any other development potential.

The 11,700 panels have the ability to move hydraulically following the sun’s position for
optimum production.

The farm'’s capacity is 4.2MW and it covers 58% of the electricity consumption of the

airport.
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Following is an aerial view of the installation.

Figure 18. Fresno Airport PV farm installation (C&S Engineers, Inc., 2012)

4.1.6 Athens
Athens International Airport, incorporates the largest airport PV farm installation. The

project started in July 2004, with a pilot installation of 7,500 kWh capacity and was
completed in 2012 with a PV farm of 8MW capacity. The farm is developed on airport
land.

Following are the PV farm’s characteristics:
@ Installed power 8BMWp
@ Electricity production per year 11,000,000kWh
® Average reduction of CO2 emissions per year 10,000 tons
® Equivalent to energy use in number of households 350

Following is an aerial view of the PV farm in Athens.
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Figure 19. Aerial view of Athens International Airport PV farm installation (Greenair, 2012)

4.2 Description of PV parks near airports in Cyprus
The official airports in Cyprus are located in Larnaca and Paphos. Both airports are

operated by Hermes Airports Ltd. The company intends to install a 3.5 MW farm in
Larnaca Airportand a 1.1 MW farm in Paphos Airport. The installations aim to cover 25%

and 30% of consumption for Larnaca and Paphos Airports respectively.

The Larnaca installation is in progress even though it has been delayed when it had to be
partially moved to preserve fields with Orphys kotschyi orchids and Carchysscabra plants
(Balkan Green Energy News, 2020). Itis expected to be completed by the end of current

year.

Following is a description of the proposed installation of the PV farm near Larnaca
Airport. The following information is depicted from a glare assessment carried out by

Nicolaides & Associates (2019) for the licensing purposes of the PV farm.

4.2.1 Larnaca Airport Photovoltaic Farm Location
The PV farms is located 4km west of the city of Larnaca. It is at 1.5km distance from the

Airport building and 2.1km distance from the Airport traffic control tower. An aerial

photograph of the PV farm location is shown in figure 20 below.
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Figure 20. Larnaca Airport and PV farm Location (Nicolaides & Associates, 2019)

4.2.2 Larnaca PV Farm Technical Characteristics

The project involves a PV farm of 3.5MW capacity. The PV farm will be supplying power
to the Airport and any surplus to the Cyprus Electric Authority power grid.

i. PV modules
The installation will include 11290 PV modules of 315W capacity each. The dimensions

of the panels are 1650 x 992 x 35 mm. The support structure will be of the fixed poles
type without rotational capability. The technical characteristics are shown in table 1

below (Nicolaides & Associates, 2019).

STP 3108- 20/Wfs (MC4_270) SPECIFICATIONS
All Black Anti-Reflection Coating

Electrical Data

Maximun Power (Pmax) Jow
Mazimum Power Voltage (Vmp) 3w
Mazimum Power Current (Imp) 9.37A
Open-circuit Violtage (Voc) 402V £ 5%
Short-circuit Current (lsc) 987VA£5%
Module Efficiency STC (%) 18.9%
Operating Temperature(*C) -40°C~+85°C
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Maximum system voltage 1500vVDC (IEC)
Maximum series fuse rating 20A

Power tolerance 0+ 5W

Temperature coefficients of Pmax -0.39%/*C

Temperature coefficients of Voc -0.34%/°C

Temperature coefficients of lsc 0.060%/°C

Mominal operating cell temperature | 42+2°C

(NOCT)

Mechanical Data

Width 1650 mm

Length 992 mm

Depth 35 mm

Weight 18.3 kg

Total Area 1.63m*

Frame Anodized Aluminum Alloy
Connectors MC4 compatible
Warranty and Qualifications

Cell Type Monocrystalline solar 6 inches
MNumber of cells &80

Table 1. PV modules characteristics (Nicolaides & Associates, 2019)

ii. Inverter
The PV Modules produce D.C. electric power. This power is converted to A.C. electric

power with the use of an inverter. The system also utilizes a Maximum Power Point
Tracker-MPPT which constantly regulates the output of the PV panel so as to match the
battery or grid.

iii. Support Structure
The support structure is of the fixed type poles. They are made of galvanized steel and

they are directly fixed to the ground in cement fixtures. Figure 21 below shows the

dimensions and inclination angle of the structure and PV panels.

Figure 21. Dimensions and Inclination Angle of the Structure and PV Panels (Nicolaides &
Associates, 2019)
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4.2.4 Glint and Glare Phenomenon from PV panels
It has already been discussed in paragraph 2.2 that glint and glare is possible under

certain conditions. The PV modules of the specific project have anti-glaring glass in order
to minimize glint and glare. In addition, glint and glare from PV modules is compared to
other surfaces and materials present in the area in order to demonstrate whether or not
the PV farm will have a negative glare contribution to the Airport and the environment in
general. Figure 22 below indicates that PV solar panels have much less solar reflection

than other common surfaces which are present in the area such as soil and concrete.
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Figure 22. Reflectivity of PV Modules and Other Material (ForgeSolar, 2019)

The results indicated in figure above are also demonstrated in the following table which

shows the reflectiveness of several materials with regards to different incident angles.

Surface Approximate Percentage of Light Reflected®®

Snow 80

White Concrete 7

Bare Aluminium 74

Vegetation 50

Bare Soil 30

Wood Shingle 17

Water 5

Solar Panels 5

Black Asphalt 2

Table 2. Relative reflectivity of different materials (PagerPower, 2019)
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From table 2 it is evident that PV panels have much lower reflectiveness than other
common materials.

4.2.3 Glint and Glare Assessment
Among the licensing requirements of the PV farm, is the submission of a glint and glare

assessment. The assessment should demonstrate that the PV panels do not reflect solar

radiation in any manner which might pose danger to any of the following situations:

@ Reflection affecting the air traffic control tower

® Low potential for after-image during the final approach (landing) or take off

According to the FAA Technical Guidance which is adopted by the Cyprus Civil Aviation
Authority as did most other National Authorities worldwide, the glare assessment should

take into consideration an area of 3.2km radius around the landing lanes.

The glare assessment uses GlareGauge, the software developed by FAA for glare
assessment purposes. The initial software developed was under the name SGHAT and it
was available to all interested users but nowadays it is only available and used by U.S.

government and military purposes.

The input parameters used in the software are outlined below.

a. PV Farm Geographical Location
The PV farm was divided in two parts, PV array 1 kat PV array due to the arrangement
of the PV modules. The time zone used for Cyprus was UTC/GMT +2 hours. The two

arrays are shown in figure 23 below.

RILHLIT

'!””l

Figure 23. Larnaca Airport PV Panels Arrays(Nicolaides & Associates, 2019)
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b. Flight Paths

The landing and take-off patterns were chosen based on data and relevant maps
available with the Cyprus Civil Aviation Department. Two different flight paths
were studied. These flight paths are shown in Figure 25.

c. Analysis Parameters
The parameters which are needed for the software analysis are the following:

i. Units Height (m): The PV modules height of the ground and the height of the

observation points at all times.

ii. Time interval: This is the frequency per which the data will be collected. The

position of the sun is calculated for the requested time period. For this
assessment, the time interval was set at 1 minute and the time period to 12
months.

iii. Subtended angle of the sun: This is the angle defined by the perimeter of the
sun as it is perceived by an observer on earth as it is shown in figure 24 below.

This is calculated to be 32 degrees or 9,3 mrad n 0,5°.

D=1.39X 10°km

Sun & 127X 104km

=15x108km+1.7%

Figure 24. Subtended angle of the sun (Ecoursesonline, 2021)

iv. Direct Normal Irradiation (DNI)(W/m?) : This is the maximum direct normal

irradiation which can be observed at a certain geographical location. This value
can escalate at any given time in relation to the position of the sun throughout the
day. In a typical clear sunny day, a typical value for DNI would be around to 1000
W/m?. For the area under study, the maximum DNI on a clear day was calculated
to be 1040 W/m?.

v. Ocular transmission coefficient: This is the amount of radiation absorbed by the

eye before it reaches the retina (see Figure 2). The typical value is 0.5.
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vi. Pupil diameter: Pupil is the black circle of the eye and its function is to allow
light to reach the retina. Typical values range from 0,002m during the day and
0.008m during night.

vii. Eye focal length: This is the distance between the point where the light rays

cross inside the eye and where they intersect the retina (distance f in figure 2).
This value is useful in order to calculate the size of the projected image on the
retina for a given angle. A typical value is 0,017 m.

viii. Axis Tracking: Defines whether or not axis tracking is employed with values
being none/single/dual based on the description given in Paragraph 3.2.3-
Tracking Systems. In this particular project, the Axis Tracking is “None”.

ix. Panel tilt: PV module tilt is 282

x. Orientation: The orientation of the arrays is south (180° from true North, as
explained in Paragraph 3.2).
xi. Rated power: The PV farm rated power is 3500kW.

xii. Module surface material: The modules’ material is anti-reflective deeply

textured glass.

xiii. Reflectivity varies with incidence angle: If this parameter is selected, the

software calculates the reflectivity of the PV modules in relation of the sun'’s
position at every time interval. For this assessment, the value 0.2 was selected.

ixx. Correlate slope error to module surface type: Ifthis parameter is selected, the

software calculates the slope error in relation to the PV surface material. For the
assessment the parameter was selected and the slope error was calculated to be
83mrad.

xx. Height above ground: This is the PV modules height above ground and for this
projectitwas 1,47m

xxi. Flight Path:

xxii. Direction: Direction from the lower point (threshold) along which

observation point are defined (02 = north, 902 = east of north) Direction for Flight
Plan FP1 is 419 xau for Flight Path FP 2 is 2212.

xxiii. Glide slope: This is the angle of descent or ascent during landing and take-off

respectively. For this project this was 32 for FP1 and 2.75° for FP2.
xxiv. Threshold crossing height: This is the height of the plane when crossing the

lowest point (threshold). For this assessment this was 15.24m.
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xxv. Consider pilot visibility from cockpit: If this parameter is selected, the user

can define the limits of the viewing angles of the pilot through the cockpit. If not
selected, the software uses typical parameters as follows:

® Maximum descent viewing angle: 30 2

® Azimuth viewing angle: 120 2
For the assessment, this parameter was not selected as the typical values were

considered satisfactory.

The following figure indicates the PV array locations, the Air traffic Control Tower

and the Flight Paths.

Figure 25. PV array locations, Airtraffic Control Tower and Flight Paths(Nicolaides & Associates,
2019)

4.2.4 Assessment Results and Conclusions
The assessment results are shown in figure 26 below. For the calculations a time interval

of 1minute was considered. Detailed presentation of the results is shown in Appendix 1.

a. Assessment results
According to the results in Appendix 1 there is not any glare effect on the Air Traffic
Control Tower or on Flight Path 2, from either of the two arrays.
On Flight Path 1 there is a possibility of glare effect for 27091 minutes per year during
the hours between 06:00am and 10:00am of the same day. According to FAA guidelines

this is considered acceptable.
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b. Conclusions
Based on the assessment results above, the location and other parameters (inclination,
orientation) of the PV arrays, have only “Low Potential for After Image” (see figure 3),
which is considered acceptable according to the “Technical Guidance for Evaluating
Selected Solar Technologies on Airports” of FAA.
Furthermore, the anti-reflective deeply textured glass of the PV modules prevents
unwanted radiation from reaching the observation points. The surface of sea water and

the dried up in the summer salt lake, have greater glare effect than PV modules.
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Chapter 5

Proposed Project Assessment

The proposed project is the deployment of a PV farm within the surrounding area of
Nicosia General Hospital. The PV farm will be very beneficial to the energy
consumption sustainability of the Hospital. The electricity consumption expense of

Nicosia General Hospital, is around to 4 million euro per year.

Apart from the financial burden, an organization whose main purpose is to provide
health services, needs to be at the forefront of the protection of the environment as well.
For the above reasons, it was deemed necessary to introduce measures for reducing
energy consumption, and the deployment of a PV farm is one of the main actions

towards a more sustainable, environmentally friendly operation.

This assessment is of great importance due to the close proximity of the PV farm to the
Hospital’s Helipad (250m approximately). Should there be any danger to helicopter
flights from glare, not only the helicopter personnel and passengers but also the

Hospital’s patients, personnel and the Hospital’s operations will be jeopardized.

5.1 Assessment Methodology

In order to carry out a thorough glare assessment, the following methodology is
followed:

a. Identify the location of the proposed project. The area under examination is defined
at a radius of 3.2m (see paragraph 4.2.3 -Glint and Glare Assessment).

b. Specify the receptor points to be considered for glare effect. For the proposed
installation, these points are inside the helicopter cockpit along the flight paths. At the
Hospital’s location there is not an Air Traffic Control Tower.

c. Execute GlareGauge software tool with appropriate inputs.
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d. Evaluate software tool results and identify glare issues.
e. Suggest improvements and or alternative solutions in order to eliminate glare issues.

f. Execute GlareGauge software tool with alternative inputs and reassess the results.

5.2 Nicosia General Hospital Description

The Hospital is the largest medical facility in the Country. Itis the most equipped Hospital
as far as medical equipment is concerned and it has the highest yearly patient treatment
visitation figures. More than 25,000 patients are hospitalized for treatment, over 250,000
patients are admitted to outpatient care facilities, more than 100,000 patients visit the
Accidents and Emergency Department and around to 7,500 surgeries are performed each
year. Nicosia General Hospital is the only medical facility in Cyprus providing tertiary

care. It is considered to be the country’s reference Hospital.

In the Hospital, 2300 people are employed from different professions, such as doctors,
nurses, laboratory employees, technicians, workers and administration staff. It is also
estimated that more than 2500 people, other than employees, visit the Hospital every day

(patients, visitors, patients’ relatives, Hospital associates).

The Hospital comprises of over 100,000 square meters of covered spaces. It is a 6 floor
level structure with medical facilities in Levels -1,0,1,2,3 and 4. There are 24 different
Wards/Clinics, Outpatient Department, Radiology Department, Clinical Laboratories,
Accidents and Emergency Department, Surgery Department, Blood Bank, Morgue,

Kitchen, Laundry Facility, Warehouse and Administration Department.

5.3 Facilities Location

The Site where the PV farm will be deployed is Nicosia General Hospital. The Hospital is
situated at the South outskirts of Nicosia, as shown within ared perimeter line in an aerial

plan view (Google Maps, 2021), in Figure 26 below.
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5.4 Description of PV Project
The proposed installation involves a PV farm of 943kW capacity. The PV farm will be

supplying power to the Hospital. It is not expected that there will be any surplus power

to be diverted to the Cyprus Electric Authority power grid.

5.4.1 PV Farm Location
The proposed project consists of two PV arrays as shown in Figure 27 below in red

perimeters. A more detailed plan view of the PV Arrays is shown in Appendix 2.
The Helipad is shown within a blue perimeter and the Hospital’s Main Buildings are

shown within a green perimeter.
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Figure 27. Proposed PV Farm Location (Google Maps, 2021)
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5.4.2 Nicosia General Hospital PV Farm Technical Characteristics
Following are the PV farm technical characteristics, such as capacity and PV modules

technical specifications.

a. PV Modules

The proposed PV farm capacity is as follows:

i. PVArray1l
Quantity of Photovoltaic Modules 1749
Capacity per Module 400w
Total Array 1 Capacity 700kW

ii. PV Array?2
Quantity of Photovoltaic Modules 608

Capacity per Module 400w
Total Array 2 Capacity 243kW

Total PV Farm Capacity = Array 1 Capacity + Array 2 Capacity = 943kW

The installed PV capacity is calculated by considering the footage area of the PV module
based on its dimensions as depicted by the datasheet of PERC SOLAR CELL in
Appendix 3:

Panel height 2.008m

Panel width 0.992m

Installation angle 33°

Area footage per panel = 2.008m x c0s33° x 1.002m = 1.69m2
Capacity 400W

c. Support Structure

The PV modules will be installed on a fixed structure without rotational capability. The
structure will be raised to 2.5m height at its lower point so it can be used over the parking

space for shading purposes as well.
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5.4.3 Cost Benefit Analysis for PV System installation
From market research, the investment in PV system supply and installation will be

around to 900Eur per installed kW. So, for the proposed 943kW system, the cost will be
approximately 850,000Eur. Additionally, there will be a further cost of 500,000 euro for

the support structure over the parking lot, for a total investment cost of 1,350,000 Eur.

The solar capacity in Cyprus is estimated at 1700kWh per installed kW (George Makrides,
Bastian Zinsser, Matthew Norton, George E. Georghiou, Markus Schubert and Jiirgen H.
Werner, 2008). Thus the capacity of the proposed system will be 943kW x 1700kWh/kW
=1,603 MWh/year

Based on the tariff of 0.17 Eur/kWh, the economic benefit is 1,603,000x0.17=272,510
Eur/year. Thus, the investment payback period can be calculated as

1,350,000/272,500 =5 years.

Should one consider only the photovoltaic modules’ cost and not the carpark shade
advantage, the investment payback period would be

850,000/272,500 = 3.1 years

From above investment payback period, the investment is considered economically

viable.

5.4.4 Glint and Glare Assessment
Following are the data and assumptions used for the glare assessment of the proposed

installation.

a. PV Farm Geographical Location

The Hospital’s parking lot is divided in two main sections. The proposed PV arrays will
be installed over each one of this two sections as shown in figure 27. From the European
Commission’s PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM website
(Appendix 2), the geographical coordinates of the site are 35.127, 33.376 (Latitude,
Longitude). The time zone used for Cyprus was UTC/GMT +2 hours.
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b. Flight Paths
The Cyprus Civil Aviation Department provided with the map of Appendix 6. The map

indicates the area of approach and take off to the Helipad. The map indicates in red
triangles the areas which are avoided by the helicopters. Three different, two way flight
paths were studied, covering the area within the red areas. These flight paths are shown
in Figure 28. The receptor points are considered to be inside the cockpit along the flight
paths at a radius of 3.2km from the PV Arrays.
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d. Analysis Parameters

The parameters which are needed for the software analysis are the following:

i. Units Height (m): The PV modules height of the ground and the height of the

observation points at all times.

ii. Time interval: This is the frequency per which the data will be collected. The

position of the sun is calculated for the requested time period. For this
assessment, the time interval was set at 10 minutes (minimum time interval
allowed for GlareGauge software demo mode) and the time period to 12 months.
iii. Subtended angle of the sun: This is the angle as it was shown in figure 24. This
is calculated to be 32 degrees or 9,3 mrad 1} 0,5°.

iv. Direct Normal Irradiation (DNI)(W/m?) : This is the maximum direct normal

irradiation which can be observed at the geographical location of Nicosia General
Hospital. From the European Commission’s PHOTOVOLTAIC GEOGRAPHICAL
INFORMATION SYSTEM website (Appendix 4), for the specific project location,
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this was calculated for the months of June, July and August. The maximum value
was found to be 800 W/m? in the month of August. For the glare assessment, the
default value of 1000 W/m? was used as the worst case scenario.

v. Ocular transmission coefficient: The typical value is used of 0.5.

vi. Pupil diameter: The typical values were used ranging from 0,002m during the

day and 0.008m during night.

vii. Eye focal length: A typical value is used of 0,017 m.

viii. Axis Tracking: Axis tracking is not thus the value Axis Tracking “None” is
selected.
ix. Panel tilt: PV module tilt is 332, based on the geographical longitude.

x. Orientation: The orientation of the arrays is south (180° from true North, as

explained in Paragraph 3.2).

xi. Rated power: The PV farm rated power is 943kW.

xii. Module surface material: The modules’ material is anti-reflective deeply

textured glass.

xiii. Reflectivity varies with incidence angle: For this assessment, the value 0.2 was

selected.

ixx. Correlate slope error to module surface type: This parameter was selected,

so that the software calculates the slope error in relation to the PV surface
material.
xx. Height above ground: This is the PV modules height above ground and for this
installation it is calculated as follows:

length x sin33° + 2.5m = 2,008m x sin33° +2.5m = 3.6m
xxi. Flight Path: 3 different two way flight paths as shown in figure 28

xxii. Direction: Direction from the lower point (threshold) along which

observation point are defined (02 = north, 902 = east of north). Direction for both
flight paths is 909.

xxiii. Glide slope: This is the angle of descent or ascent during landing and take-off

respectively. For this project this was 32 for all flight paths.

xxiv. Threshold crossing height: This is the height of the plane when crossing the

lowest point (threshold). For this assessment this was considered to be the height
of the Hospital (15m) since below that it is not possible to have direct viewing of

the PV modules from the helicopter’s cockpit.
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xxv. Consider pilot visibility from cockpit: If this parameter is selected, the user

can define the limits of the viewing angles of the pilot through the cockpit. If not
selected, the software uses typical parameters as follows:

® Maximum descent viewing angle: 30 @

@® Azimuth viewing angle: 120 2
For the assessment, this parameter was not selected as the typical values were

considered satisfactory.

5.5. Presentation of results and discussion

The data presented in paragraph 5.4.4 are inserted in GlareGauge software. The analysis

is carried out for all three Flight Paths (FP1, FP2 and FP3), for each Photovoltaic Array

separately (PV1 and PV2) for a total of six times. The results of the six assessments are

presented in Appendix 5.

Due to the location of the Helipad, Hospital Management Team set the requirement of no

glare with potential to cause an after-image (flash blindness).

5.5.1 Assumptions and Simplifications

The assessment was carried out using the following assumptions and simplifications:

L.

il

iil.

iv.

Vi.

Vii.

"Green" glare is denoted as glare which has low potential to cause an after-image
(flash blindness).

"Yellow" glare is denoted as glare which has potential to cause an after-image
(flash blindness).

GlareGauge software does not account for any obstacles between the PV arrays
and the view from the Flight Paths.

There is always clear sky without cloud shading over the PV arrays.

The PV modules are always clean and clear from debris and dust.

The incident radiation angle from all PV modules of the same PV Array, is the same.
The reflected radiation angle from all PV modules of the same PV Array, is the

same.

These assumptions and simplifications, all account for the “worst case scenario”. If the

assessment results do not indicate any possible danger from glare for the particular
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Helipad, then there is a greater margin of safety than the one built into the GlareGauge

Software.

5.5.2 Assessment Results
The summary results from the simulations in Appendix 5 are shown in Table 3 below.

PV Array Flight Simulation Results - | Simulation  Results -
Path Possibility of “green” glare | Possibility of “yellow”
in minutes per year glare in minutes per year
PV1 FP1 0 0
PV1 FP2 0 0
PV1 FP3 152 365
pPV2 FP1 0 0
pPV2 FP2 0 0
pPV2 FP3 391 0

Table 3. Simulation Results

From above table, four of the six flight path assessments do not show any glare from
either of the two PV arrays. Assessment for Flight path FP3 shows 152 minutes of “green”
glare and 365 minutes of “yellow” glare from Photovoltaic Array PV1, over a period of 12
months. Also, the assessment for same Flight Path FP3 shows 391 minutes of “green”

glare from Photovoltaic Array PV2, over a period of 12 months.

As explained in Paragraph 2.2.1, “green” glare has low potential for afterimage and

“yellow” glare has potential for afterimage.

While no mitigation measures are required for the “green” glare produced, the
requirement set at the beginning of the current paragraph for “yellow” glare being not

acceptable, calls for mitigation measures.

5.5.3 Maximum Annual Energy Production

One of the goals of the Thesis is to calculate the maximum annual energy production of
the PV Arrays in order to verify the economic viability of the system. Another feature of
the GlareGauge software is the prediction of the annual energy production.

From Appendix 5, the predicted annual energy production per PV Array is as follows:
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PV Array1l 1,681,000.00kWh
PV Array 2 583,200.00kWh
TOTAL 2,264,200.00kWh

This prediction is much higher than the annual production of 1,603,000.00kWh
estimated in paragraph 5.4.3.
According to the GlareGauge prediction, the investment payback period can be

calculated as follows:

a) Investment Cost (with car park shading) = 1,350,000 = 3.5 years
(Total Annual Production x Electricity Tariff) 2,264,200x 0.17

b) Investment Cost (without car park shading) = 850,000 =2.2years
(Total Annual Production x Electricity Tariff ) 2,264,200x 0.17

Based on the above calculations, the payback period is even better than what was

initially anticipated.

5.5.4 Mitigation Measures

Due to the requirement of eliminating the possibility of “yellow” glare, the software
simulation was run again using a different PV module material. This time instead of PV
modules with Smooth Glass with Anti Reflective Coating, Deeply Textured Glass PV
modules were assumed for the Photovoltaic Array 1.

The simulation results are shown in Appendix 5 (Flight Path 3 (PV Array 1) GlareGauge
Assessment - Mitigation Assessment). From these results it is now evident that
“yellow” glare is eliminated. The only glare present is “green” glare for 4663 minutes

per year which is acceptable since it has only low potential for afterimage.

5.5.5 Conclusions

As stated in the Summary Section, the Thesis attempts to investigate the global concern
on the effect of glint and glare from Photovoltaic (PV) farms on aviation travel, the
attempts made to regulate their development in different countries, strengthen or
contradict the global perception of glare risks and asses the effect of a PV farm in close

vicinity to Nicosia General Hospital’s Helipad.
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From the Thesis it is evident that there is great concern regarding glare from
photovoltaic farms when these are close to Airports and other aviation landing places
such as Helipads. In the Thesis further investigation was carried out and the regulation
attempts in different countries are presented.

The large number of PV farm installations already in place for Airport electricity
demand supply shows the need for and the importance of this technology. In addition
to the installations presented in Chapter 4, the Solar Trade Associations (STA) report,
which is considered to be the most up-to-date compilation of analysis relating to

glint and glare and their effect on aviation travel, has examined “Over 200 glint and glare
assessments conducted for airports and developers”. Out of these 200 assessments, 80%
did not indicate any glare issues, 17,5% needed to be investigated further but again did
not indicate any glare issues and only for 2.5% of the assessments regarding 5 cases, the
original design had to be revised before approval has been given.

The particular assessment for Nicosia General Hospital’s Helipad, falls within the above
2.5%. Due to the requirement for not any glare even with potential for after image
(“yellow” glare), the original PV module material was changed. Instead of the original
Smooth Glass with Anti Reflective Coating modules, Deeply Textured Glass PV modules
were used for the Photovoltaic Array 1. This design change eliminated the potential for
after image (“yellow” glare) which was downgraded to “low” potential for after image
(“green” glare). This stresses the importance of the Thesis and of the glare assessments
which assist in eliminating danger which would not have been otherwise realized.

In addition to the safeguarding of the Helicopter flights and all related people and assets
concerned, the assessment in the Thesis proved that the investment is profitable and
actually it is even better than the original estimate. This is an important factor since
now the project is well documented not only with regards to safety but also with

regards to its’ economic sustainability.
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Appendix 1. Larnaca Airport Glare Analysis Results

GLARE ANALYSIS RESULTS
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Appendix 2. PV Arrays

B0BX400W=243.2KW SOLAR PANEL 2m2

1749X400W=699.6KW SOLAR PANEL 2m2

B89.6+243,2=942 BKW SOLAR PAMEL 2Zm2
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Appendix 3. PERC SOLAR CELL PV Panels
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Product Characteristics
Model Mo.

Warranty

Product Warranty

Power Warranty
Electrical Data at STC

Maximum Power (Pmax)

Voltage at Maximum
Power (Vmpp)

Current at Maximum
Power (Impp)

Open Circuit Voltage
{Voc)

Short Circuit Current (Isc)
Panel Efficiency

Power Tolerance
{Positive)

Material Data

Panel Dimensian (H/W/D)

2]

Weight

Cell Type

Cell Size

Cell Number
Glass Type

Glass Thickness
Encapsulant Type
Back Cover Type
Frame Type
Junction Box Diodes

Junction Box Protection
Class

Connectar Type
Cable Crossection

Cable Length

C5M400-144

15 Years

CSM410-144

12 Years of 92% Output Power, 30 Years of 85% Output Power

400 Wp

4175V

9.6 A

498V

1036 A

19.88 %

+5%

Standard Test Conditions (STC): air mass AM 1.5, irradiance 1000Wrm?, ceil temperature 25°C

2008x1002x40 mm

225kg
Monocrystalline
158.75%158.75 mm
144
Tempered, Anti-reflection Coating

3.2 mm
EVA
T

Anodized Aluminium Alloy

3

IP &8

MC4
4 mm?

900 mm

410 Wp

42,35V

9.69 A

504V

10.6 A

20.38 %

+5%
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Appendix 4. Photovoltaic Geographical Information
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Appendix 5 - GlareGauge Assessment

Flight Path 1 (PV Array 1) GlareGauge Assessment

¥ .

-
ForgeSolar

Demo Project
NGH Helipad

Created May 1, 2021 Project type Demo
Updated May 1, 2021 Project status: active
Time-step 10 minute{s)

i offset UTCZ

Site 1D 53141.3547

Misc. Analysis Settings

DI varies (1,000.0 Wim®2 peak} Analysis Math

Ocular transmission coeflicient: 0.5
Pupd dismeler. 0.00Z m

Eye focal length: 0.017 m

Sun sublended angle: 9.3 mrad

Summary of Results o glare predictest

PV Name Tilt Orientation “Green" Glars

deg deg min
PV array 1 320 @0 7 & K

Component Data

PV Array(s)
Total PV footprint area: 11,262 m"2

Name: PV amay 1

Bescription: P Vertax Latitude

000 K ;
Wary rafiectivity with sun position? Yes B
Slope eror: £.43 mrad 4

2-Mile Flight Path Receptor(s)
Hame: £8 1 -
Threshotd height - 16m
Direction: 21.4 deg
Gilde siope: 3.0 deg
Pitot view restricted? Yes
Vertical view restriction: 30.0 deg
Azimuthal view restriction: 50.0 deg Zaile paint 38100130

g
8128738
8128628
8127204
as1zrare

odologies

ervation point: Version 2

+ ZMile iGNt Pain: Version 2
Route: Version 2

Longituds

sy
3374818
aa7seme
33375688
337488

Ground slevaticn

war
.00
ez
78Es

Energy Produced

1,681,000.0

Haight abave graund

0.00
0.00
000
0.00

Height above ground

1824
15888

ForgeSolar

Total slevation

war
800
17812
17868

Total slavation

19822
3813

60



Route Receptor(s)

Summary of PV Glare Analysis
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Flight Path 2 (PV Array 1) GlareGauge Assessment
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g 2o - - -
0 C L s nanises 18586 w00 se
2 asiarams 378808 w07 .00 143.07
Summary of PV Glare Analysis
PV configuration and fotsi predicted glare
PV Name Tilt Orientation "Green” Glare “Yellow" Glare Energy Produced Data File
deg deg min min kWh
PV array 2 320 180.0 [] Q 1,681,000.0 -
PV & Receptor Analysis Results
Resullts for sach PV array 8nd recaptor
PV array 2 no gare found
Predicted energy output: 1.681,000.0 kWh (assuming sunny. clear skies)
Component Green glare (min) Yellow glare (min)
FP:FP2 0 L]
Route: Route 1 0 o
Ne glare found
Assumptions
Times associzied with glare are denoted in Standard ime. For Daylight Savings, acd one hour.
Glare analyses do nol account for physical ObSIuclons bEMWEEn reflectons and receplors. THIS INCIUges buildings, ree cover and geographic ObSIUCons.
systeen geamelry i nal rlgamuy simulated.
Tneumnmm 1 i \Mhdllg abserver e,eenm angle of view, and nyplm biink response time. Actual values and mulﬂmayval‘y.

e system oulput < Dt pases approximation e cleas, sunny skies y It should not be used in place of more figorous modeling method:
et VT ool stions i he B aray cealioid, rather ‘naniha achia Glare spot location, dueto: algmﬂm limitatians. This may aflect resulls loe large PV footprints. ‘Ricitionsl analyses of aray sub-sections can provide addiional infarmation on expectsd glare
The sublended souroe angle (glara 4pol sizs) I Ganairainad by the PV arily fodipein size. Parthioning larye artays ino smaler sections wil reduce the nasimum potential sublended angle, potentially impacting results if actual glare spots are larger than the sub-array size.
Adsilional analyses of the combined area of adjacent sub-arrays can provide mare information on polential glare hazards. (See previous paint on related imitations.)
azard zone boundaries shown in the Glare Hazard plol are an approximation and visual aid. Actual ocular impact oulcomes encompass 3 conlinucus, not discrete, spectrum.
Glare locations displayed on receplor plols are spproximate. Actusl glare-spol locations may differ.
Glare vector plols are simpiiied representations of analysis data. Actual glare emanalions and fesulls may ailer.
Refer 16 the Help page for delailed assumplions and Emilations not listed here.

63



Flight Path 3 (PV Array 1) GlareGauge Assessment

Y

-
ForgeSolar

ForgeSolar

Demo Project
NGH Helipad
Froed SnD e

Site 1D 53136.8502

Misc. Analysis Settings

DNI: varies (1,000.0 Wim#2 peak] Analysis Methodologies:
Ocular transmission cosficient: 0.5 = Observation paint: Version 2
Pupil dismeter: 0.002 m « 2-Me Flight Paih: Version 2
Eye focal length: 0.017 m - Route: Version 2

Sun subtended angle: 3.3 mrad

Summary of Results clare with potential for temparary after-image predicted

PV Name Tilt Orientation “Green” Glare "Yellow" Glare Energy Produced

deg min min KWh

PV array 1 320 152 365 -

Component Data

PV Array(s)
Total PV footprint area: 10.519 m"2

Name: & array 1
Bescription: FE2 ertex Latitude Longitude. Ground slevation Haight above geound Total slevation
i wacking: Flxed (na rotation)

m:ﬂumm g duy L - -
Foatprint araa: 10,518 m'2.
Foated

power- +
Panel matsrial: Smacth glass with AR coasng
Wary refloctivity with sun position? ‘es
Correlata siops erTor with surtace typs? Yes
Slope error: 8.43 mrad

38127344 areem e a.00 18z
38127328 ;a0 rasE 0.00 17586
38.128884 ERTTE w108 o.00 w0
38.128660 Jaraem wL1e 0.00 w0

PRI

2-Mile Flight Path Receptor(s)

Mame: £B 1 W b * A
; paint Lattuda Longitugs Ground sievation Hisight above ground Total sigvation

Threshold 35120882 3338907 1338 1824 158,60
2umale paint 38.09s202 3388858 20088 5640 36728
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Route Receptor(s)

Name: Foute 3

Route typs Twoway
Wiew angle: 50.0 deg

Summary of PV Glare Analysis

PV configuralion and lots predicted glare

PV Name Tilt Orientation
deg deg
PV array 1 32.0 180.0

Distinct glare per month
Excludes ovestapping glare from PV array for multiple receplors at matching lime{s)

PV Jan Feb
p-array-1 (green) 0 0
pv-array-1 (yellow) 0 ]

PV & Receptor Analysis Results

Resulls for esch PV amay and receptor

PV array 1 potential tempaorary after-image

Component

FR.FP 1
Route: Route 3

PV array 1 - Receptor (FP 1)

PV array is expecied to produce the follwing glare for cheervers on is Night path:
152 minules of *green” glare with low polsntial to cause lemparany sher-imags.
= 226 minules of *yellow” glare with potential to cause temposary aflr-inage

Arewal Fredicted Glare Decurrence

LA I I R R e
Dy of year
T vy S
flovpiaredoteai-ii

Hazard piot fur pu-array-L and fp-3

¥

Retina!Irradiance (Wem2)
i &

]

mage 2ass
Formacers: Rl Crsage Zene

Sampled Annual Glare Reflections on PV Footprint
1815 4

-
130 ™~

100 1

North (m)

o ® -
East (m]
- patentin for teperary atermage

Eutantal or tamparary sher-image
- vy Footprint

“Green” Glare

min
152
Apr May
0 35
4 70

Green glare (min)

152
[]

Appraximate datance from thresheld tkm)

North {m)

Longitude. Ground elevation Height sbave ground
deg - m
‘Tames 8132 a0
anammss 18857 a0
“Yellow" Glare Energy Produced
min kWh
385 -
Jun Jul Aug Sep Oct Nov
&0 43 5 o o o
&0 67 34 o 0 o

Yellow glare (min)

226
139

Daiy Duration of Glare

Vo Vo o
Day ar o
e S ]
P eyt e

Path Lacaticn vs, Time of Glare

ol W SN
LR
Tate
- prnt b ey e g
kv o vy e

Positions Along Path Receiving Glare
0 -

-

-500 -
1000 -
~1500 -
~2000 -
~2500 -
=3000 -
~3500 -

L] 1000 2000
East (m}
= Low potential for temporary after-mage

Potential for tempocary after-image
-t

Data File
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Flight Path 1(PV Array 2) GlareGauge Assessment

N

orgesolar ForgeSolar

-us

Demo Project

Untitled
Created May 2, 2021 Project type Demo
Updated May 2. 2021 Project status: active

Time-step 10 minutefs)
Timezone offset UTG2
Site 1D 53143.9548

Misc. Analysis Settings

DR varies (1,000.0 Wim "2 peak} Analysis
Ocular Iransmission coeflicient: 0.5 .

Methodalogies:
Observation paint: Versian 2
Pupi diameter. 0.002 m + Z-Mile Flight Path: Version 2
Eye focal length: 0.017 m - Rou

Stn sublended angle: 8.3 mrad

Summary of Results no glare predicea:

PV Name Tilt Orientation “Green” Glare "Yellow" Glare Energy Produced

deg deg min min KWh
PV array 2 320 15,0 A 7 a o o 583,2000

Component Data

PV Array(s)
Total PV footprint area: 4,422 m"2

Mama: B4 armay 2

Vertex Latitude Longitude Ground sievation Haight siove ground Tatal slevation
Axiz wacking: Fixac {na reanan)
Tt 22.0dog
Orisntation: 180.0 deg deg ey - = .
Footpeint area: 4,422 2
e ' 28126907 337880 1rr.es a0 1748
Panel matariai Emocth gass with AR cossing 2 35128807 3naraee 11 as0 118
with sun position? Yes 3 35 128924 31378318 17618 a.o00 7B
o o Srtos g Yo f as1zs8m Fams 1887 a0 saT
s 28126287 3374828 6.8 200 iTes
2-Mile Flight Path Receptor(s)
Nama: €7 1 N o
Paint Latitude Longituds Ground slevation Helght sbove ground Tatal slevation
g asg ™ ™ -
ez prerory sareier o 1524 19040
2o point a8100107 31368503 0318 16650 6808
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Route Receptor(s)

Name: Route 1

Vertex Latituda Longitude. Ground elevation Height abiove ground Tatal slevation

Route type Twoeway
View angle: 50.0 deg
deg deg - - -
1 4 e B 1815 () e
2 25108088 23378830 18583 0.00 185,83
Summary of PV Glare Analysis
PV configuration and lofal predicted glare
PV Name Tilt Orientation “Green" Glare “Yellow™ Glare Energy Produced Data File
deg deg min min kWh
PV array 2 320 180.0 Q o 583,200.0 -
PV & Receptor Analysis Results
Results for aach PV srray and rsosplor
PV array 2 noglare found
Predicted energy oulpat: 583,200 0 KWh (sssuming sunny, ciear skiss)
Component Green glare (min) Yellow glare (min)
FP:FP 1 0 o
Route: Routa 1 o o
No glare fownd
Assumptions
= Times associaled with glare are denoled in Standard ime. For Daylight Savings, s0d ane hout.
* Glare analyses do not account for between receplors. tree cover and
* Detui st goamety s ol Mgorously imoite.
The glare hazard tioas inchuding tics, angle of view, and typical blink response time. Actual values and mu\um.,my.

eypmmuuwmsa numwmmmmmm sy Skits yenr-1eand_ 1l SKOUS ABL be Lsed i Pl f More AHOROUS MOdelng Fethor
Several V1l ations uliza the P Adray cenied, Father than the dcisl glars $pot location, due 1o sigorithn limtaions. This may aNect results o large PV Ioafrinta. Addllicnal analyses of array sub-sections can provide addibonsl inlormation an expeclsd glare

* The suntended acurce angie (gl aie) i Ginairainet by Ihe PV iy #Sopret size. Parlioning Lane arays i amaliersectiona Wil red e the Maximum polentil sublsnded anqle, polenial iaacting resuls  achial ghace spois are Luger han e sub-array size.

Addilional analyses of the of adjacent information on potential glare hazards. (See pravious paint on related limilations.)
3 Maam 2ans neundnes e o Mg ppiot aen an appucdiasog it aic. Ackis ocolar Inact oukcomes sncoinfass s ConArusus, ol oicrets, specium.
displayed on receptor plote
simplifled ok analyai i mglmmmmuuumm
* Relerio the n-rp page ix cotailed assumplicna and riaions nol Isied here.




Flight Path 2 (PV Array 2) GlareGauge Assessment

P

-
ForgeSolar

ForgeSolar

Demo Project
Untitled

Crested May 2, 2021
Updated May 2, 2021
Time-step 10 minule{s)
Timezone offset UTCZ
Site 1D 53144.9548

Project type Dema
Project status: active

Google ='W

Misc. Analysis Settings

DHI: varies (1.000.0 Wim"2 peak) Analysis Methodologies:
Oculer ransmission coeflicient: 0.5 = Observation painl: Version 2
Fupd diameter 0.002 m = Z-Mite Flight Path. Version 2
Eye focal length: 0.017 m - Foute: Version 2

Sun sublended angle: 9.3 mrad

Summary of Results we glare predicted:

PV Name it Orientation “Green" Glare "Yellow” Glare Energy Produced

deg deg min min KWh

PV array 2 320 180.0 0 0 583,200.0

Component Data

PV Array(s)
Total PV footprint area: 4,422 m"2

Nama: PV array 2
F

Description: FP2 Vertex. Latitude Longltude Ground slevation Height anove ground Total elevation
Axis racking: Fised {ne rotation)

a5.128907 374820 17788 .00 17748
5.128807 3ar8e6 17res a.00 17148
35.128924 E-ETE) 17614 .00 17614
5.125959 38161 7887 0.00 17847
35.126287 Faraezs 17686 a.00 17658

[
2
Vary reflectivity with sun position? Yes a
Slope error: B.A3 mrad A

[]

2-Mile Flight Path Receptor(s)

Name: €8 1 S
: soint Latitude Longitude. Ground sievation Haight above ground Tatal slexation
Thesshckd height : 18 m
Oirsctian: 0.0 dey
Glide siope: 3.0 ceg. dug deg - e -
Pilat view restricted? ¥
= e Throsncia 38126626 37880 18370 1824 10894

Azimuthal view restriction: §0.0 deg Samile point 3woaTTIa 23 378400 30478 6285 36763
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Route Receptor(s)

Latitude Longitude Ground slevation Helght abiove ground Total slevation

deg deg. ™ m m
s T e D me s [
2 ﬂ mmn 33THSe 18555 a.00 18855
Summary of PV Glare Analysis
PV configuralion and [0lal predicted glare
PV Name Tilt QOrientation “Green” Glare “Yellow” Glare Energy Produced Data File
deg deg min min KWh
PV array 2 20 180.0 o o 583,200.0 -
PV & Receptor Analysis Results
Results for sach PV array and recepior
PV array 2 no glare found
Predicted energy oulput: 553.200.0 kW (assuming sunny, clear skies)
Component Green glare (min) “Yellow glare (min)
FP:FP 1 0 0
Route: Route 2 o o
No glare found
Assumptions
Times associated wm. g-re m uenam in Stancard me. For Daylight Savings, 3¢d one hour.
Glare bebween reflectors and receptors. This inclises biildings, lies cover and geographic obstuclions.

Detailed sysiem geomen-r i m:rlgam.—y ‘simulated.
The glare hazand delerminabon rles on asteral apprarimations Inchiclap cherver eye characerilics, anple of view. and ypical bink response fime. Acial values and resuls may vary

The system s & ONI-based e cleas, sunny skies year-iound_ It should nol be used in place of mone figorus modeling method:

Several V1 calculations wtilize the PV aray centroid, rather ‘i he s y-; 200l location dus 10 sigoritn lmitatons. This may afec resuls for Farge PV Footprinia. Adllional anslyses of aray sub-sections can provids adclonsl information on expected glare

Addilional analyses of the combined Siea of adfent sub-anays can provide more infonmalion on polenlial glare hazards. {Sée previous paint on relaled imitations.)
Hazaed zone boundaes shown n ine Ciere Hezard plot are an sporeximation BR0 visus sid. Actusl ccular impact oulcomes encompass a contimious. ol discrete, spectrum.
Glare an receplor plots may dil

Glare vector plots are simplified regresentations of nalysis na\a Mnd glare emanalions and reits may difler.

Rafer 10 the Help page lor detailed assumpbons and Renilalions Aol listed here

The sublendsd souree angle (gare Sp0l size) i Consained by the PV Patitioning I into smaller sections will reduce the maximum polential sublended angle, potentislly impacting results if actual glare spots are larger 1han the sub-array size



Flight Path 3 (PV Array 2) GlareGauge Assessment

-
‘forgeS(:Iar ForgeSolar

Demo Project

Untitled

Created May 2. 2021 Project type Demo
Updated May 2, 2021 Project status: active
Time-step 10 minute(s)

Timezone offset UTCZ

Site 1D 53145.8548

Misc. Analysis Settings

DN varies (1,000.0 Wim=2 pask) Analysis Methodologies:
Ocular transmission cosflicient: 0.5 * Dbsercation point: Version 2
Pupil diameter: 0.002 m - 2-Mie Flight Path: Version 2
Eye focal length: 0.017 m - Route: Version 2
Sun sublended angle: 8.3 mead
Summary of Results clare with lew potential for temperary after-image predieted
PV Name Tilt Orientation “Green" Glare "Yellow" Glare Energy Produced
deg deg min min KWh
PV array 2 320 180.0 3st (1] 583,200.0
Component Data
PV Array(s)
Tatal PV footprint area: 4,422 m*2
Mama: 0 aray 2
Bescription: F#3 vartex Latituca Longitude Ground elevation Meight above ground Tatal sievation
Axis racking: Fixed (na ratation)
e 320
Grlentation: 180 deg drg teg - - -
0 8.z8007 3374880 17188 [ T
2 38125907 378482 68 ao0 17788
a 28128924 Farsars meas 200 L
4 812808 et 178 ao0 17887
s 38 126287 araezs 17656 ao0 1E8E
2-Mile Flight Path Receptor(s)
Name: 3 -
: Foint Latitude Longitude Ground elevation Height above ground Total elevatian
Theeshold height : 18 m
Diroction: 342.0 deg
Gilde slope: 1.0 deg deg deg N - -
Pilat view restricted? Yes
e e 305 g Threshola 38126801 33378781 18356 1824 19860
Azimathal view restriction: 50.0 deg e point 38086304 3n.3est17 0062 16587 e
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Route Receptor(s)

i
aTear

Ground slevation

|38
8845

Height atiove ground

a0
a.00

Tatal slevation

m3.46
18845
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Summary of PV Glare Analy:
PV configurafion and lotsi predicted glare

PV Name Tilt Orientation "Green" Glare "Yellow” Glare Energy Produced Data File
deg deg min min KWh
PV array 2 320 180.0 a1 0 583.200.0 -

Distinct glare per month
Exclutes avertapping glare Irom PV array for mulliple recaplors at matching time(s)

PV Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
pv-amray-2 (green) 0 0 ] 10 12 104 116 49 ] ] [ ]
pu-array-2 (yellow) 0 0 0 [ 0 0 o 0 0 ] [ ]

PV & Receptor Analysis Results

Resulls for sach PV array and receptor

PV array 2 iow potential for temporary after-image
Predicted energy oulpul: 583,200.0 kWh (sssuming sunny, clear skies)

Component Green glare (min) Yellow glare (mi
FP:FP 3 ) i o1 o
Route: Route 3 [ °

PV array 2 - Receptor (FP 3)

PV iy s sxpicted 1o producs the fallawing glare far chasrvers on Bis fight path:
301 mirutes of“yreer glate Wih kw polsniakla caite temgcraryafitriniage.
+ Diminubes of "yellow” glare with polential o cause temporary alsrmage.

Anevsl Predcrad Glars Oceurmence . Dally Duration of Glare

Minutes of giare

[t

Path Locatice vs. Tine of Glare

E
1
F
£
2
£
id
g
fu
i
% i
E
g o
. Z
: b9 -
wt v"\"\”ﬂuﬂ'ﬁ\'»"-ﬂu"d‘s‘
—
opedeitir il
st
Sampled Annual Glare Reflections on PV Footprint
ELR
0 o
20 A
=500 4
—
E ~1000 |
€ o E
-1500 1
= £
a0 £
—2000 7
1004
-2500 1
20
v ™ T -3000 1
-» o »
East {m) -3500 <
= Low potentialfor temporary aftar-mage ° 1000 2000
Poaertal for rwru-vu'eﬂnme East (m)
e
w— Low potential far temporary after-image.
Putential for temporary after-image
- path
PV array 2 - Route Receptor (Route 3)
Ne glare found
Assumptions
« Times assoctigled with glare are densled in Standard ime. For Daylight Savings, 8¢ one houl
. Glaie analyses do not ScCount af phySICa GDSINICD s between Fellciors 3nd Feceplors. i ncdes bulings, e cover 3nd QEOJEAPG OBSTUGIONS.
. Deﬂedmbemgem;nummgnm‘dysl imulated.
* The giaee nazara s ] inciuding o, ange of e, an ypicat S tesponse tme. Acual s 20 resls ray vor.
+ The system oulput calculation is a nm-«mm apptmimaim hal assumes clear, sunny skies year-round. i should nol be used in place of more figorous modeling method:

Several V1 calculations uliize the PV array centroid, rather lhan the aclual glare spot location, due 1o algarithm limitations. This may aflect resulls for large PV lootprints. mlmﬂamu of array sub-sections can provide addiional information on expected glare.
The sublended source angle (glare Spol size) i constrained by the PV iy ootpanl size. Panitioning I8ige airays inld smaller Sections will reducs the Maximum polential sublenoed angle, potentially impacting resulls il sctial glare spots are larger INan the sub-array size.
Adsiionsi ansiyses of the oombined arce of sdjacent sub-amays cen pravkle more nformalion an potenialglare hazards. (See previoun paini on relaied imiations.)
Hazord Faac Boanderios skowe i the iare Hzar plot ow 2 sogrA maton amd viewal k. ke cotlar epact oucomes sacompese s Comnaess. Nt iorets, spoctum.
displayed on receptor plots ual glare-spot locations may difter.
st veclor plos are snpliied reprasentations of anaiysis s ot Aekons glare emanations and results may ailler.
Refer Lo the Help page for detailed assumplions and kmiations nol listed here.
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Flight
N

]
orgeSolar

Path 3 (PV

Demo Project
NGH Helipad

Created May 1, 2021

Project type Demo
May 1, 2021 Project

status: acive

Site ID 53138.8502

Misc. Analysis Settings

DN varies {1,000.0 Wi *2 peak]
Ocular ransmission cosflicient: 0.5
Pupil diameler: 0.002 m

Eye focal length: 0.017 m

Sun subtended angle: 9.3 mrad

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

Orientation

PV Name Tilt
deg deg
PV armay 1 320 180.0

Component Data

PV Array(s)
Total PV footprint area: 10,519 m*2

Name: £V amay 1

Description: FP3
Axis tracking: Fived {no rotation)
Tilt: 32,0 ceg

Orientation: 180.0 deg
Footprint area: 10,518 m*2

Rated power: -

Panel material: Doepdy textured glass

Vary reflociivity with sun position? Yes
Correlate siope ermor with surface type? Yes
Siape error: B2.6 mrad

2-Mile Flight Path Receptor(s)
Name: FP 1 g

Threshold helght - 15m
Dirsction: 342.5 deg
Glide siape: 2.0 ceg
Pilat view restricted? res
Vertical view restriction: 304 deg
Asimethal view restriction: 50.8 deg

e

Array 1) GlareGauge Assessment -

Mitigation Assessment

ForgeSolar

Analysis Methodologies:
» Observation

“Green” Glare

min
4,663
Latitude.
deg
127384
38121328
35128884
38128660
Latituda
asg
38126882
38030282

int: Vers
-Mite Flight Path: Version 2
Route:

areem
R

37453

jon 2

“Yellow" Glare Energy Produced

round slevation Meight abiove ground Tatal elevation
™ m m
sz 200 17882
17956 a6 17888
181.08 000 18108
18118 2.00 (IR

Ground elevation Helght above ground Total slevation
m m m
18336 1824 198.60
20088 ne.a0 EEET
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Route Receptor(s)

Summary of PV Glare Analysis
PV configuration and lofai predicted glare

PV Name Tilt
deg
PV array 1 320

Distinct glare per month

Orientation

deg

1800

Excludes overtapping glare fram PV array for multiple receplors at matching ime(s)

PV

pu-array-1 (green)
pv-amay-1 (yellow)

PV & Receptor Analysis Results

ReSults for 8ach PV armay and receptor

PV array 1 iow potential for temporary aftar-image

Companent

FP:FP1
Route: Route 3

PV array 1- Receptor (FP 1)
PV array is expecied o produce the following
« 3628 mi

#oeusal Pracictad Gla ecunence

150

E
zw
g
2

o Y e
East (m)
Lo prtentis for temporory altermige

Fohenisal far bamparary aher mags
-y array Fostprnt

Feb

7

Tor observers on this Night path
mintes of “gresn” glare Wil low palential 16 CaUse lemporary
- Dminutes of "yellon” glare with polential 1o cause temporary aller-mage.

aMer-image.

Vertex Latituda Longitude Ground elevation Height abave round
deg ey ™ =

1 0 s 17867 (e [r)

2 38.128028 st oo

“Green” Glare Energy Produced

min min KWh
4,663 0 -
Apr May Jun Jul Aug Sep Oct Nov
463 560 591 587 503 414 169 4
0 [ o 0 0 [ 0 0

Green glare (min) Yellow glare (min)
3628 o

1035 L]

Daty Duration of Glare:

AN

Miwses of glare

H

0 —
R I I

iy s s

Path Losation vs, Time af Glare

Approximate detance framthreshold (
13

P e R T P e
ot
- e

riseroa

Positions Along Path Receiving Glare
500 4

od
-500 +
-1000 -

~1500 -

North (m)

~2000 -
-2500
~3000 -
~3500 -

1000 2000
East (m}

w—Low potential for temporary atter-image
Putential for temporary atter-image
-—path

Data File



PV array 1 - Route Receptor (Route 3)
PV aray, is expecied to produce the follawing glare for receplors at this location:
1.

035 Manales of "Greent gart: wih o HOENEl 15 EBuse lemposary aMlrmage.

= D minutes of "yellow™ glare with potential 1o cause lemporary aler-image.

Annual Predicted Glare Occurrence Daily Duration of Glare

Minutes of glare

vf«"wuﬁw‘*@»‘qﬁmw# Pt g P e R o e
Day of year Day of year
Lo paoiil by e g Lo ptetih oty s e
il s gy haciage il o rpirog ks
Hazard plot fee pu-aeray.1 and route.3 Positions Along Path Receiving Glars.

Wi

; »l
wy

Retinal Inadlance (Wicm=2)

Wiy
why

w

Sampled Annual Glare Reflections on PY Footpring

North (i

subrended Source Angle (mrad) W ow me oan wa
East (mi1

o et fram Sauce Ou

© Wazart Due (0 Wewing Unfitesed Sun

Low Pt for Ater-anace 2o
[N T ——

1304
139
o |
E
£ "
]
2.
»]
o]
= v " T
P e @
East {m)
= ottt e s
P e ey e
= ppandubons
Assumptions
- Times associsted with glare are denoted in Standard ime. For Daylight Savings, add one hour
* Glare analyses do not account for physical obstructions between reflectons and receplors. m- includes buildings, tree cover and geographic obstructions.
- geometry is not rigorously simulated.
. mea«e hazard determination relies on several approximations. \Mﬂ\r\g nm e,eenamﬁma. am af ne- and typ\ﬂ Blink fesponse time. Actual values and resum. mary vary.
© The system oulput calouation i a DNI-based approximation 1hal 3ss sed 1 poca o mose rigorous moding metod
. Szueral W1 calculations utilize the PV array mtm rather than the u:mzl ghu spﬂlloﬂlm ﬂu; ) algm\m Ilmlllllnnn This may affect results for large PV footprints. m\muam-mam ‘sub-sections can provide additional information on expecied glare

trained by the PV array foolprint size. Panitioning large arrays inlo smaller sections will reduce the maximum potential sublended angle, potentislly impacting results if actual glare spols are larger than the mbalfuy size.

Hazard zone boundafies shown in the Glare Hazard plol are an approximation and visual aid. Actisal ocular IMpact oUICOMES ENCOMPass & CONBIUOUS., nol disrele, spectrum.
Glare locations displayed on receplor ploks are spprosimate. Actual glare-spol locations may differ.

Glare: weclor plols are simplilled represantations of analysis data_Actual glare emanations and results may &ffer

Refer Lo the Help page lor detailed assumptions and lmilations not listed here.
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