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Performance and Cost Analysis of Solar Systems Considering

Different PV and Inverter Models

Mohamed AL BATTAL

Abstract

As solar technology progresses, there are different options in terms of system designs,
solar panel types, for PV (photovoltaic) systems for specific building or plant type ap-
plications. It is necessary to evaluate the differences between these types in addition to
study the impact of using different PV and inverter models on different systems in order
to obtain the most suitable and feasible design that can be used to achieve economic
feasibility with the best technology type for an application. In this study, we will design
different solar systems together with a cost analysis to get the most efficient design that
generate most possible energy for the most suitable price to provide a 350kWp capacity
on 7500m? land. The designs are made to supply an integrated building that consume
20,000 kWh/month (240MWh /year) located in Istanbul - Turkey. This study provides
comparisons of energy outputs and cost expenses between three different systems using

two types of PV panels & three types of inverters for each system.

Keywords: Photovoltaic System, System Design, Comparison of Alternative PV Tech-

nologies, Financial Assessment.



Farkli PV Sistemlerinin Enerji Performans: ve Maliyet

Degerlendirmesi

Mohamed AL BATTAL
Oz

Giines teknolojisi ilerledikce, sistem tasarimlari, glines paneli tipleri, PV (fotovoltaik)
sistemleri icin Ozel bina veya tesis tipi uygulamalar: i¢in farkli secenekler vardir. Farkh
PV ve invertor modellerinin farkli sistemler {izerinde kullanilmasinin etkilerini incelemek
igin bu tipler arasindaki farkliliklar1 degerlendirmek gerekir, bir uygulama icin en iyi
teknoloji tiiriiyle ekonomik fizibilite saglamak icin kullanilabilecek en uygun ve uygu-
lanabilir tasarimin elde edilmesi icin. Bu caligmada, 7500m2 arsa iizerinde 350kWp ka-
pasite saglamak i¢in en uygun fiyata en uygun enerjiyi iireten en verimli tasarimi elde
etmek icin maliyet analiziyle birlikte farkli giineg sistemleri tasarlayacagiz. Tasarimlar,
Istanbul - Tiirkiye’de bulunan 20.000 kWh/ay (240MWh/y1l) tiiketen entegre bir bina
tedarik etmek ic¢in yapilmigtir. Bu caligma, her bir sistem icin iki tiir PV panel ve iic tiir
invertor kullanan tg¢ farkli sistem arasindaki enerji ciktilar1 ve maliyet harcamalarinin

karsilagtirilmasini saglar.

Anahtar Soézciikler: Fotovoltaik Sistem, Sistem Tasarimi, Alternatif PV Teknoloji-

lerinin Karsilagtirilmasi, Finansal Degerlendirme.
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Chapter 1

Solar Energy

1.1 Introduction

The world’s growing increases the demand on basic elements and industries which require
continual use of fossil fuel-based energy sources. Unfortunately, this became a real issue,
the dependence on these sources creates several challenges such as depletion of fossil fuel
reserves, the continual fuel price fluctuations and environmental impacts. These issues
create unsustainable situations that ultimately lead to an irreversible threat to human
societies [12]. The electricity generation process from fossil fuel-based energy sources
generates elements that adversely affect the climate due to the process of combustion
that lead to the emission of greenhouse gasses such as carbon dioxide, which act as a
partial blanket for the longwave radiation. This is known as the natural greenhouse
effect. The emission and spread of the greenhouse gases affect negatively and do real
impact on the atmosphere causing the global warming, water and soil pollution is also
observed [13]. Nevertheless, renewable energy sources are the most suitable alternative
and the only solution to the growing challenges [14]. Many studies have been made to
create new way to generate electricity, a way that generate an infinite clean energy that
covers the need without affecting the environment. Thus, in 1839 the French scientist
Alexandre-Edmond Becquerel find out the photovoltaic effect that explains the process
of electricity generation from sunlight [15]. At 1941 the American scientist Russell Ohl
created the first solar cell. The basic principle of sunlight to electricity is called photo-
electric effect [16], in this phenomenon the electricity conversion depends on the photons
of the sunlight. Once solar system constructed an infinite electricity can be produced

1
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without any dependence on earth resources, generating electricity with no waste or pollu-
tion. Renewable energy sources reduce greenhouse gas emissions significantly if replaced
by fossil fuels. As renewable sources of energy are naturally obtained from the contin-
uous energy flows in our environment [17]. Producing a usable electricity from a solar
system require a set of solar panels and inverters. Solar panels generate a direct current
(DC) from sunlight conversion. Inverters are devices converts DC to alternative current
(AC) for electricity usage. Solar systems face some shortcomings such as: interruption
of power generation due to seasonal variation as most renewable energy sources rely on
climate, which is why their exploitation requires complex ways of design, planning and
control [18]. In addition to the variety of solar panel models, inverters and systems sci-
entists and industries have discovered and manufactured so far makes us question, on
what system type should we rely? How would different panel and inverter models affect
the energy output? This study will present a case with different designs of different
solar systems using different panel and inverter models together with a cost analysis to
test the difference in energy output and to get the most efficient design that covers the
need besides the economic feasibility. With regard to the types of solar systems, a brief
explanation of the advantages and disadvantages of each type will be provided in Figure

1.1.

Solar systems comparison

— e One-way axis =——Tyo-way axis

Complexity

Installation

Cost difficulty

> Life span

Maintenance
required

Capability to collect

Reliablity light

FIGURE 1.1: Solar system comparison [19]
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1.2 Types of Solar Energy Collectors

Solar collectors are devices that capture the sunlight and convert it to electricity, these
devices formed by connecting many solar cells forming a panel. Two types of solar panels
are widely used based on geographical and environmental features, fixed solar panels and

trackers panels.

1.2.1 Fixed Panel

Fixed panels are placed in a fixed angle that gives the maximum collection of sunlight,
which is usually the optimum tilt as it is shown in Figure 1.2. Achieving maximum
efficiency require setting the panels towards the sun to allow most of sun rays to be
captured. Due to the lack of moving parts in the design, they are easy to design, easy

to construct and maintain.

FIGURE 1.2: Fixed-axis panel [1]

1.2.2 Single-Axis Panel

Single-axis panel have one-way free movement either horizontal or vertical way which
rotates around a tilted shaft according to sun position estimated by light intensity sensors

as it is shown in Figure. 1.3.

FIGURE 1.3: Single-axis panel [1]
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1.2.3 Dual-Axis Panel

Dual-axis panels are the most light collectable systems due to having two degree of
freedom, they can move in both directions horizontal and vertical, therefore these panels
can angle themselves to direct the sun anywhere even if aim is off by 10° the output is

still 98.5% of the full tracking maximum [20] Figure 1.4.

FIGURE 1.4: Dual-axis panel [1]

1.3 Component of Solar Panel

Solar panel is formed from connecting many solar cells together, to create an electrical
flow [21], silicon material is used in the manufacturing of solar panel because it’s a
natural semiconductor, easy obtained and can be easily doped. Constructing the silicon
material in a positive layer and negative layer will create an electrical field like batteries.
Using crystallized silicon on its own will not conduct the electricity very well, in this
regards some of impurities need to be added to create an electric current. Figure 1.5
shows that adding pentavalent impurities to the intrinsic semiconductor like phosphorus
creates negative charge (n-type) while positive charge (p-type) layer is formed by adding

trivalent impurities to the intrinsic semiconductor like boron.

When p-type and n-type semiconductors joined together, the surface between them called
P-N junction, the movement of electrons at P-N junction creates an electrical field that

makes electrons to flow only through one direction from p-type to n-type layer. When
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TN
EEEEEEE
positive electrode

to regulator

Cross section of a solar cell

e
electric current

FIGURE 1.5: Solar panel component [22]

sunlight strikes the solar panel, the sunlight energy strikes electrons in p-type and n-type
layers. Due to the different charges, the sunlight rays will flow from the top layer (n-
type) to the bottom layer (p-type), but because of the electrical field formed in the P-N
junction blocks the way and prevents this to happen. Therefore, an external circuit with
thin wires need to be connected to the top layer of the panel (n-type layer) to provide a
path for the electrons to flow from the n-type layer to p-type layer providing a supply of

electricity.

1.4 Electricity Generation

Solar panels convert photons from the sun rays into direct current (DC) electricity flowing
in one direction only from the negative to positive side around a circuit, hence the name
direct current. For home usage the direct current (DC) converted to alternating current
(AC) electricity because it can be easily transformed from one voltage to another with
the capability to transform huge amounts of electricity because of its frequency with very
low energy losses to almost any desired voltage. Figure 1.6 shows the electrical generation
process through solar panel system, the excess energy (DC) coming from solar panels

can be stored in separated batteries.
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Extra Electricity
craedited on grid

1
EI1 Solar panels convert
sunlight to DC current

Take electricity your

home requires Inverter converts

DC electricity to AC

FIGURE 1.6: Electrical generation process [23]

1.5 Solar Tracking Systems

When Fixed Solar panels had been discovered it was used to supply small to big demand
of energy. However, Fixed panels do not have the capability to supply the demanded
energy due to the movement of the sun throughout the day or seasonal and weather
conditions. In fact, weather condition plays an important role in the electricity produc-
tion, cloudy days reduces the ability of collector to capture sunlight compared to sunny
days. The energy supplying process depends fundamentally on the amount of sunlight
collected by the collectors. In this regard, a lot of studies showed that the Fixed solar
panels generate high rate of energy within a period of time in the day and not in the
others. For this case many studies proposed optimizing the slope angle of solar panels
in which the panels can collect sunlight at all possible geographic latitudes and periods.
A study had been made to test the ability of tracking system in Diizce - Turkey, they
found that tracking system achieved 35% power more than the Fixed system shown in
Figure 1.7, 1.8 that presents the differences in radiation intensity and the active power

generated between Fixed and tracking Dual-axis system throughout a day.
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Fixed Pand Panel with a tracking system
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FIGURE 1.7: Active power production

2]

12 B Fircd Punel I Pand with a racking system

W

Froduced Active Power
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Time

F1GURE 1.8: Radiation intensity [2]

The superior energy production can be noticed in the Dual-axis tracking system while

the Fixed system barely reaches the maximum power in the same situation. Figures 1.9,

1.10 displays another solar comparison between Fixed and the Dual-axis, the comparison

were made in the same location at Chagrin falls, Ohio in January of 2016 [3].

227 .7 0w

Jaruary 2016 P 161 B0 b8

Tmerary IhWha|

FIGURE 1.9: Fixed-axis energy pro-

duction [3]

441 67w

Jamuary 2018 B Priwss 7| J38- 2408 1

Tmerapy ]

FiGURE 1.10: Dual-axis energy pro-
duction [3]

It was reported that Dual-axis system performed nearly double value than that in Fixed

state, 227kWh compared to 441kWh.

Furthermore, One-axis tracking systems showed remarkable advantages over Fixed ones

in Bakersfield - California with 25% performance improvement, as it stated in Figure

1.11 [4].
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FIGURE: Energy Harvest, Fixed vs. One-Axis Tracking
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FIGURE 1.11: Fixed - One-axis comparison [4]

1.6 Motivation

There are many tradeoffs in industrial scale use of PV systems. Solar cells are manufac-
tured into modules and these modules are brought together in a system design to meet
requirements for a selected location with certain radiation history. System will have pan-
els with inverters to allow grid-operation once connected. Although constructing solar
plants will allow us generate energy, there are many challenges to solve, such as variety
of solar panel models, inverters and systems can be designed for a specific location and
country. Therefore, the purpose of this study is to determine and evaluate the differences
between performing different panel and inverter models in different solar systems to test
how would this affect the output results along with performing cost assessment in parallel
to find the optimum solution. In this study, we will design different solar systems that
will provide a 350 kilowatt peak (kWp) capacity. The kWp is the peak power of a PV
system or panel under a standardized test for panels across all manufacturers to ensure

that the values listed are capable of comparison.



Chapter 2

Design and Simulation Results

2.1 Design Overview

Designing an appropriate solar panels affected by many factors, these factors need to
be emphasized and identified before starting the design such as the amount of energy
to be produced and the location of the panels, which have a real impact to the design
regarding shadow effect. Shadowing effect occurs when solar panels does not receive the
same amount of sunlight throughout the system due to the existence of obstacles. Figure
2.1 shows the difference in energy output just shortly when the sun rises and gets to the
panels at 9:00 am. The panels on the right side have been subjected to the effect of the
shadow resulting from the presence of an object that obscures the rays from the plates,
resulting in a decrease of 75% compared to the panels in full sun. The figure shows how
shadow on panels affect the energy output compared to the ones on full light. Hence all
obstacles, objects and buildings surrounding the location of the solar system must be in

the calculation to achieve an accurate result for the designs.

2.1.1 Design Requirements

In order to design a solar power plant, we need to ensure that several things are achieved.

The first step in designing a solar PV system is to locate the solar grid that allows the

sunlight to reach the PV modules as much as possible. The second step is to find out

the total power and energy consumption of all loads that need to be supplied by the

solar PV system as in our study to be 20,000 kWh for an existing building. The third
9
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FIGURE 2.1: Panel energy output [5]

step is selecting the size of PV modules, knowing that different size of PV modules will
produce different amount of power. The fourth step is selecting the size of inverters. The
input rating of the inverter should be higher than the total watt of appliances, hence the
inverters should be large enough to handle the total amount of watts you will be using
at one time. After applying these steps, we can use a software to design the solar plant.
In this study PVsyst software had been used because it’s based on a quick and simple
procedure by specifying the desired power or available area and choosing the PV and
inverter modules from the internal database then PVsyst will propose an array/system
configuration, that allows to conduct a preliminary simulation. In addition, the software

embeds a color-coded warning/errors messaging system if there’s a mismatch or issue.

2.2 Grid Location

Well-designed solar panel system has clear and unobstructed access to the sun for most
of the day throughout the year. In fact, setting a PV system correctly is critical in order
to achieve maximum power production and thus maximum energy offset and financial
return. Therefore, the location that has been selected to be a place for the system is
the marked area shown in Figure 2.2. The displayed area has remarkable features as it
is 9m height to minimize the shadow effect as much as possible, and has an area around
7500m? that can carry large numbers of PV panels. Furthermore, setting the solar grid

on the columns can be exploited to give an aesthetic appearance to the area.



Chapter 2. Design and Simulation Results 11

FIGURE 2.2: Proposed grid location [6]

2.2.1 Drawings Preparation

After selecting the solar plant location, the surroundings need to be drawn so PVsyst
software can calculate the shadow effect on solar panels. Sketchup softwar had been
used to draw the location of the solar grid and all of the surroundings since PVsyst
accept Sketchup format. After drawing the location, the file can be exported to PVsyst
software for analyzing. An engineering plan for the proposed location had been used.
The engineering plan shows essential dimensions in order to understand the nature of
the surroundings that may have a direct impact on solar plant performance such as
buildings height and distances. Drawings must be drawn to scale, but not unnecessarily
full scale. This engineering plan shown in Figure 2.3 has been used to draw the area that
surrounds the PV solar plant in Sketchup software, including all buildings and plateaus

if any surrounding, to get an accurate result regarding the calculation of shadow effect.
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F1GURE 2.3: Engineering plan for grid location

Taking the work on a wider scale, a tool from google earth [24] was used to draw the
plateaus and islands near the solar plant location if any exists to ensure covering all of
the elevations that may affect the design calculation results. This tool helps determining
the elevation of any selected points in the map. The spacing between points has been
fixed which means that the distance between every two points is the same. Each point
has a specific elevation shown in Figures 2.4, 2.5. One plateaus with 100m height and
three islands with 190m height near solar plant location has been identified to be drawn

for their potential impact on the design.
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FIGURE 2.5: Islands elevations [§]

The dimensions and elevations data obtained from google earth tool and engineering plan
are used in Sketchup software to have a copy of reality. The Sketchup software drawing

results displayed in Figure 2.6 can be used in PVsyst software.
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FIGURE 2.6: Sketchup plan drawing

2.3 Solar Panel Design

After drawing the location of the solar system, there are parameters need to be defined
to start designing the solar system such as system type, solar panel / inverter models
and capacity’s, latitude / longitude of the solar grid location, altitude and azimuth
angles. The defined coordinates allow PVsyst software to provide the solar radiation
from the internal database. All solar panels receive a nameplate power rating indicating
the amount of power they produce under industry-standard test conditions. Most solar
panels on the market have power ratings in the range of 200 to 350 watts watts. These
ratings represent the output power under ideal conditions. These ratings are useful as a
way to make consistent comparisons between panels. A higher power rating means that
the panels are more effective at producing power. For electricity usage the output direct
current (DC) energy coming from the system need to be changed to alternative current
(AC) using inverters. Solar systems are very much dependent on which inverter type
are used. String type inverter will be used in the design therefore all the solar panels
are connected in series and controlled as one long chain. Hence, the monitoring can’t
be done on panel-level, but instead per string as it is shown in Figure 2.7. Regarding

trackers, the design will consist Fixed, One-axis and Two-axis trackers.
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CENTRAL (OR STRING) INVERTER

String or
Central Inverter

FIGURE 2.7: Central inverter [9]

Solar designs will be presented in a form of reports that displays all the parameters used
in the design with showing the results obtained to achieve 350kWp capacity. All designs
will face the same conditions, location, height, spacing, tilt angle, and no. of inverters
to have fair comparison for all alternatives. After performing all design alternatives, we
will subject all designs to comparison so that we can see the effectiveness of each design

compared to others.

2.3.1 Fixed Panel Design

At this point after drawing the location of the solar system. We can start designing
the solar systems. First, different factors for the solar system design need to be defined,
starting by choosing the system type then setting the tilt and azimuth angles after that
selecting the panel and inverter models. In this study two different panel models with
different capacities have been used, Yingli PV 310Wp [25] and Panasonic PV 230Wp [26].
These panel models have different intrinsic structure as Yingli PV is polycrystalline panel
which made of multifaceted silicon crystals while Panasonic PV is HIT panel which stands
for Heterojunction with Intrinsic Thin layer which designed with thin amorphous silicon
layers to reduce electron carrier loss to minimal levels. In this study, the performance of
these two different intrinsic structures of panel models will be subjected into comparison
when facing the same conditions. Three different inverters will be used in the designs,
SMA 60.0 kWac [27], Hyundai 50.0 kWac [28], Solarmax 50.0 kWac [29]. The longitude
and latitude for the proposed location were obtained from google maps. According to the
location of the solar system PVsyst provide meteorological data as its stated in Figure
2.10. The result of performing these PV and inverter models will be subjected into

comparison to see which alternative has the maximum power output.
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2.3.1.1 Fixed Axis Simulation Report using Yingli PV

PVsyst software has a quick and simple procedure to perform a design simulation starting
by specifying the system type whether its Fixed, One-axis or Two-axis system in the
orientation part in PVsyst software as it shown in Figure 2.8. then defining the tilt
and azimuth angles as it shown in Figure 2.9. Next step, is selecting the system part in
PVsyst software as it shown in Figure 2.8 then defining the desired power or available area
for the solar grid and choosing the PV and inverter models from the internal database
as it shown in Figure 2.10. Then we can import the drawing we have drawn using
sketchup software in the near shading part Figure 2.8 and set the panel’s spacing. This
allows to conduct a preliminary simulation. If there was any issue or mismatching when
setting the parameters, the software will embed a color-coded warning/errors message.
The Figures 2.12, 2.13, 2.17, 2.18 are simulation report from PVsyst after defining the
parameters which contains four pages, each page shows the defined parameters and the
results obtained from performing the design simulation. The report presents design

simulation performed using 310Wp Yingli solar PV with 60.0 kWac SMA inverter.

System Yarian (calculation version)
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FIGURE 2.8: Input parameters
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F1GURE 2.10: Grid system definition

FIGURE 2.11: Simulation
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FIGURE 2.12: Fixed, Yingli - SMA
simulation report 1

F1GURE 2.13: Fixed, Yingli - SMA
simulation report 2

A study done by Suzi Dilara Mangan, Giil Koglar Oral [30] shows that the optimum angle

for Istanbul is 31°. The azimuth angle is 180° which is the compass direction from which

the sunlight is coming according to location of panels [31]. When the drawing had been

imported to PVsyst software the panels had been assigned to be 2.2m x 2m according

to spacing calculation [32] as shown in Figures 2.14, 2.15. All solar panel alternative

designs had the same defined parameters. Results shown in Figure 2.12 shows that to

provide almost 350 kWp plant require 1121 PV modules with 6 SMA 60.0 kWac inverters

that will convert DC to AC from 1121 panels. Note, that 60.0 kWac inverter has been

used which provides 360 kWac power which is larger than the capacity of the plant (350

kWp), which can be considered as an oversized inverter. In this regards we will see how

the slightly over sized inverter will perform against the two other inverters that had been

used with 50 kWac Unit Nominal Power (UNP) in the comparison part.
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FIGURE 2.14: Spacing calculation [10] FIGURE 2.15: Panel spacing

Length of panel is 2m, tilt angle is 31°, then X = 1.03. Azimuth angle for when winter
solstice (December 22) is 164.5°, Altitude angle in the same month is 24.12°[31], then Y
=-2.21m

In the second page of the report Figure 2.13, simulation shows the shading diagram on
the solar grid according to the defined location and the sun’s movement [33] as it shown
in Figure 2.16.
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FI1GURE 2.16: Fixed shading diagram
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The chart shows the graphical expression of the shading factor. This graph gives an
artificial assessment of the shading distribution according to the season and time of the
day during the year. The black lines show the amount of shading loss for some given
shading factors, superimposed on the sun paths. As long as the sun path do not cross
the black lines then no loss caused by shading will appear. The blue line of beam shading
factor indicate the tangential limits of the plane when the sun rays are parallel to the
plane. Numbers from 1 to 7 refers to the path of the sun in a certain period; the worst
case of sun path is during the winter season when the sun is at lowest point, Number
6 refers to 19 of January and 22 of November, if we are at 15 of January we will be
somewhere between No. 6 and 7 which is below the blue line. The black lines obtained
from the calculations are good that we almost have no shading loss caused by nearby

obstacles between 9 am to 5 pm.
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The simulation shows that performing Yingli solar PV 310Wp with SMA 60.0 kWac in-
verter generates 266.4 MWh /year coming out from 1121 panels with 78.44% performance
ratio (PR). PR affected by losses such as shadings, ageing, module quality, mismatching
and wiring [34]. Figure 2.17 also shows the electrical generation every month as it shown

in Figure 2.19.
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FIGURE 2.19: Fixed-axis monthly production

The results show that in the summer season, system generates more energy than in
the winter season. Although the design system has the capability to generate 297.2
MWh /year as it is shown in Figure 2.18 it generates 266.4 MWh /year because of losses
plant exposed to over the year. The graph shows 7.19% loss due to shading, this value
shows the amount of energy production loss due to the shading on panels caused by
the existence of obstacles preventing the sunlight from reaching the panels throughout
the year. The Incidence Angle Modifier (IAM) had 5.71% loss which corresponds to
the decrease of irradiance reaching PV cells caused by the reflection of sunlight on the
glass layer of the PV panel. Irradiance level had 2.37% loss which shows the intrinsic
behavior of the PV modules as Yingli PV is polycrystalline solar panel that are made
from multifaceted silicon crystals. The plant had 4.24% loss due to temperature which
shows the temperature behavior of the PV model. In fact, the electrical performances of
a silicon solar cell shows that the cells are very sensitive to temperature [35]. A study
had been made to show the effect of temperature on solar cells [36], the study tested
the performance of polycrystalline silicon and showed that the performance of solar cells
is dependent on environmental conditions and their output parameters such as output

voltage, current, power, and efficiency vary by light intensity and temperature.
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Real modules are never identical, with long term aging, modules do not degrade the
same way especially when having big systems which have different string wire lengths.
Temperature may also be different from part to another (colder at the edges), which
all lead to have mismatch loss [37]. The plant had 1.97% inverter loss which refers to
the inverter efficiency during operation. These factors led to this shortage of energy

production to 266.4 MWh/year.

2.3.1.2 Fixed Axis Energy Output Comparison
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FIGURE 2.20: Fixed, Yingli PV Energy output [67]

Performing Fixed-axis system again in PVsyst software using same PV model (Yingli)
but with Hyundai and Solar max inverters have different energy output as it shown in
Figure 2.20. The Figure shows that using Hyundai and Solarmax inverters with Yingli
PV have the capability to generate almost the same energy with 1.6 MWh /year difference
299.1, 297.5 MWh /year respectively, but the Figure shows that the actual output energy
for both systems is 258, 257.9 MWh /year with just 0.1 MWh /year difference due to
the different percentage of losses in each system. Note that 7 more panels were used
with system using Hyundai 50 kWac inverter. However, it generates 8.4 MWh /year less
than when SMA inverter is used because it has less overall losses with different inverter

capacity.
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F1GURE 2.21: Fixed, Yingli Inverter Losses

Figure 2.21 shows that all alternatives have the same shading, temperature, quality,
IAM factor and irradiance losses because of using same PV model with facing the same
conditions (Fixed axis). The negative value of quality loss -0.75% is a gain, the quality
factor refers to confidence value to the real model (models will never be better than
announced). PVsyst usually consider a conservative value according to the PV module
manufacturer tolerance specifications [38]. The differences were observed in inverter
losses during operation. The least loss was recorded when SMA inverter is used with
3.48% less than when Hyundai inverter is used, which also increased the slight difference

in energy output.
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2.3.1.3 Fixed Axis Simulation Report using Panasonic PV
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F1GURE 2.23: Fixed, Panasonic - SMA

Panasonic 230 Wp UNP with six 60 kWac SMA inverters were used in this alternative,

facing the same conditions. Figure 2.22 shows that to achieve 350 kWp capacity, 1520

PV modules will be required which about 400 more modules than when Yingli (310 Wp)

is used. This will put us under question, is 7500m? space sufficient for installing grid

that uses Panasonic PV panels? A calculation will be performed for space requirement

when all alternative designs are done.
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It was established that using Panasonic solar PV with 230Wp capacity and SMA 60.0
kWac inverter generates 264.2.0 MWh /year with 77.33% PR. Note that these results are
similar to the alternative design using Yingli with SMA. Regarding losses, we can see
that Panasonic panels have less losses caused by temperature with 2.95% compared to
4.24% for Yingli PV. In other hand using Panasonic PV with SMA inverter has 2.5%
model quality loss while it was +0.75% for Yingli.
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2.3.1.4 Fixed Axis Energy Output Comparison
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Results displayed in Figure 2.26 shows that Fixed system with Panasonic PV model
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FIGURE 2.26: Fixed Panasonic PV Energy output [87]

had the same energy output before loss elimination. This would give a better view into

assessing the impact of each inverter to the design. As its reported that design with 60

kWac SMA inverter had higher energy output after eliminating losses. Using Hyundai

and Solarmax inverters to Panasonic PV have the capability to generate the same energy

with no difference 300.9, 300.9 MWh /year respectively, but the actual output energy for

both systems is 254, 255.4 MWh /year with just 1.4 MWh /year difference due to the loss

difference of inverter operation for each system shown in Figure 2.27.
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FIGURE 2.27: Fixed, Panasonic Inverter Losses
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Using same panel model led to have same shading, temperature, quality, IAM factor and
irradiance level losses. Anyhow, given the percentage of losses resulting from quality,
this system had 2.5% negative value compared to 0.75% positive value for Yingli pan-
els. Therefore, the results of these design alternative are logical compared with designs
using Yingli panels. Figure 2.27 shows that differences were reported in inverters during
operation. The least loss was recorded when SMA inverter is used with 1.88% compared

to 5.5% and 5.11% for Hyundai and Solarmax.

2.3.1.5 Fixed Axis Systems Comparison
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El
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Fi1GURE 2.28: Fixed, Yingli - Panasonic systems comparison

As shown in Figure 2.28 there is difference in energy output before loss elimination
between Yingli and Panasonic systems. Even though the global irradiation is the same for
both systems Figures 2.18, 2.25 such as Yingli with SMA has the capability to generates
297.2 MWh/year while Panasonic with same inverter generates 300.7 MWh/year. In
fact, that was because of IAM factor which affect the light absorption, that corresponds
to irradiance reaching the PV cells surface. This decrease is mainly due to reflections on

the glass cover, which increases with the incidence angle as it is shown in Figure 2.29

39].
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FIGURE 2.29: Incidence Angle Modifier - TAM [11]

Figures 2.18, 2.25 shows that Yingli panels had 5.71% loss due to IAM while Panasonic
had 5.54%, which explains the slight difference between energy output. However, Pana-
sonic models had more energy output because of less TAM factor. Results after entering
loss calculation were in favor of designs with Yingli panels because the total proportion
of losses is lower in Yingli design systems which made the difference. Figure 2.28 shows
that systems with Yingli panel models has more promising results but still many factors
will affect the final design decision such as checking the area required for both panel
systems, system type (Fixed, One-axis, Two-axis) results, cost of systems. These factors
play an important role in which choosing the best efficient design that covers the need

besides achieving economic feasibility.

2.3.2 One Vertical Axis Panel Design

The grid’s location along with the sun’s movement shows that if the Vertical axis system
is used would give better results because vertical system tracks the sun’s azimuth which
allow panels to be exposed more to the sun [40]. The capability to collect light is better
in One-way axis trackers than Fixed-axis systems as it has been mentioned in Figure 1.1
due to the existence of moving parts that help the panel angle itself to direct the sun. In
this part of the design we expect to have more energy produced because One-axis trackers
are capable of generating more electricity in roughly the same amount of space needed
for Fixed-tilt systems. The design will be performed using same panel models (Yingli
310Wp - Panasonic 230Wp) with same inverter models (SMA 60.0 kWac - Hyundai 50.0

kWac - Solarmax 50.0 kWac). Same parameters have been defined such as tilt angle and
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spacing to examine the obtained output with subjecting all designs into comparison to
see which alternative would have better energy output. In addition, One-axis results
will be compared to those of the Fixed system to inspect the amount of difference if any
exist. Regarding maximum and minimum orientation for the One-axis system, it has
been defined to be 120° degrees according to the sun’s path for the defined location. The
following report will present data and calculations for a design performed using 310Wp
Yingli solar PV with 60.0 kWac SMA inverter. All calculations that will be presented

are based on real data.

2.3.2.1 One Axis Simulation Report using Yingli PV
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Results in Figure 2.30 shows that One-axis system require 1121 PV modules to achieve
the desired energy output as it was in Fixed system. Hence, number of PV modules
depends on the panel UNP which is 310 Wp. Note that the shading chart in Figure 2.31
had different output compared to Fixed system. The irregular look of the lines is due to
the interpolations across discrete calculation points [33]. Note that the blue line of beam

shading factor does not exist in One-axis track system.
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Iso-shadings diagram
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FIGURE 2.32: One-way shading diagram

Same parameters were defined in this alternative design but different shading diagram

obtained. It was figured that the reason behind this is the movement of single-track

system that caused the shades on nearby panels.
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Performing Yingli solar PV 310Wp with SMA 60.0 kWac inverter in One-axis track sys-
tem generates 489.6 MWh /year produced from 1121 panels with 77.87% PR. Figure 2.34
shows that the design system capable to generate 560.1 MWh /year but after eliminating
losses the energy output decreased to 489.6 MWh /year. Note that loss due to shading
is 9.41% while it was 7.19% in Fixed system due to panels movement. Targeting the
sun reduced the TAM factor loss to 1.71% compared to 5.71% in the Fixed system, this
better performance was obtained due to the movement of the panel system which allow
no refraction as possible of the solar radiation when it reaches the panels. Following
the sun’s azimuth increased the radiation exposure time, causing temperature loss to

increase to 8.07% compared to 4.24% in the Fixed system.
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2.3.2.2 One Axis Energy Output Comparison
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FIGURE 2.35: One-way Yingli PV Energy output [91]

The chart shows that results are close to each other regarding energy output before
applying loss elimination calculations. System with SMA inverter had more energy
output after consideration of loss calculations with more than 12.5 MWh /year difference
compared to other alternatives due to different percentage of losses in each system shown
in Figure 2.36. Note that although 7 more panels had been used with Hyundai 50 kWac

inverter it generates 12.6 MWh /year less than when SMA inverter is used.
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FIGURE 2.36: One-way, Yingli - Inverters losses
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Note that all alternatives had the same, temperature, quality, IJAM factor and irradiance
level losses because of using same PV model. The differences were observed in inverter
performance. The least loss was recorded when SMA inverter is used with 1.77% com-
pared to 4.75% and 4.37% for Hyundai and Solarmax respectively which increased the
difference in energy output. Note that Figure 2.37 shows that all losses due to inverter

operation had lower value than in Fixed system.
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F1GURE 2.37: Fixed - One-axis inverter operation loss
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2.3.2.3 One Axis Simulation Report using Panasonic PV
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Facing the same conditions, 1520 Panasonic PV modules with 230 Wp UNP and six 60
kWac SMA inverters were used in this alternative. It was figured that the shading chart
shown in Figure 2.43 is the same as when Yingli PV model was used. This shows that
the UNP of the PV does not affect the movement of track system because the purpose
of designing these different design systems is to obtain the maximum energy output for

the same fixed factors.
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This system is capable to generate 564 MWh /year compared to 560.1 MWh/ year for
Yingli PV. After loss elimination this system generates 493.2 MWh /year compared to
489.6 MWh /year using Yingli PV. It was figured that in Figure 2.28 regarding energy
output for the alternatives of Fixed system, that Panasonic PV model had more energy
output than Yingli PV model before loss elimination but not after. However, in the

current system, Panasonic had more energy output than when Yingli PV model was

used even after loss elimination.
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2.3.2.4 One Axis Energy Output Comparison
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FIGURE 2.42: One-way Panasonic PV Energy output [103]

This chart shows that results were the same regarding energy output before applying
loss elimination. This would give a better view into assessing the impact of each inverter
to the design. According to Figure 2.42, system with SMA inverter had more energy
output after consideration of loss calculations with more than 15.5, 13.4 MWh/year
when Hyundai and Solarmax inverters is used. The results show increasing in the energy
production gap between systems, as One-axis system that used Yingli PV with SMA

inverter had 12.5 MWh/year difference with the other inverters that has been used.
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FI1GURE 2.43: One-way, Panasonic - Inverters losses

The differences were observed in inverter performance. The least loss was recorded
when SMA inverter is used with 1.77% compared to 4.77% and 4.39% for Hyundai

and Solarmax respectively. It was figured that the reason behind having better energy
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output using Panasonic PV and SMA inverter than Yingli PV with SMA inverter after
loss elimination is that the temperature loss difference between Panasonic and Yingli
models in Fixed system was 1.29%, but in One-axis system the temperature difference
increased to be 2.64%, which means that Panasonic PV’s perform better when exposing

to heat compared to Yingli models.

2.3.2.5 One Axis Systems Comparison
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FIGURE 2.44: One-axis, Yingli - Panasonic systems comparison

As shown in Figure 2.44 there is difference in energy output before loss elimination
between Yingli and Panasonic systems even though the global irradiation is the same
for both systems Figures 2.34, 2.41. In fact, the reason behind that is the difference in
irradiance reaching the PV cells surface (IAM). Note that Yingli PV with SMA had 70.5
MWh /year energy shortage after applying loss calculation, almost the same reduction
happened when Panasonic was used with SMA inverter with 70.8 MWh/year. But
in Fixed-axis, Figure 2.28 shows that Yingli and Panasonic with SMA inverter had
different energy shortage because of different loss proportion systems were exposed to
leading to have 5.7 MWh/year difference 30.8, 36.5 MWh /year for Yingli and Panasonic

respectively.
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2.3.3 Two-Axis Panel Design

This part of design, Two-axis panels will be used using same panel and inverter models.
We expect more energy production because of the capability of light collection is the
best in Two-axis track system due to existing of two moving parts that allow the panel
angle itself to direct the sun anywhere which increase the capability of system to generate
more electricity in roughly the same amount of space needed for any other system. The
modules orientation had been assigned to be 120° with the capability to tilt them self
within 0° to 80° degrees. A comparison will be held between all design systems (Fixed,
One-axis, Two-axis) to inspect the amount of energy output differences. The next report
will present data and calculations for a design performed using 310Wp Yingli solar PV
with 60.0 kWac SMA inverter. All calculations that will be presented are based on real
data.

2.3.3.1 Two Axis Simulation Report using Yingli PV
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FIGURE 2.45: Two-way, Yingli - SMA
simulation 1

FIGURE 2.46: Two-way, Yingli - SMA
simulation 2
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According to Figure 2.45 same defined factors with the same number of Yingli PV mod-
ules have used in the design. Note that the shading chart in Figure 2.46 has different
distribution compared to One-axis system, this different output was because of increasing

of the system’s movement which enabled the panels to affect each other more often.
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FIGURE 2.47: Two-way, Yingli - SMA FIGURE 2.48: Two-way, Yingli - SMA
simulation 3 simulation 4

This design alternative generates 501.3 MWh /year produced from 1121 PV modules with
77.32% PR. Shading loss shown in Figure 2.48 increased to 9.73% compared to 9.41%,
7.19% in One-axis and Fixed systems. The IAM factor had slightly better value than
it was in the One-axis system. Irradiance loss value shows also slight improvement.
Tracking the sun in all possible directions increased the radiation exposure time, causing
temperature loss to increase to 8.58% compared to 8.07%, 4.24% in One-axis and Fixed

systems respectively. In addition, Figure 2.47 show same inverter performance.
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2.3.3.2 Two Axis Energy Output Comparison
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FIGURE 2.49: Two-way Yingli PV Energy output [115]

The chart shows system with SMA inverter had more energy output after considera-
tion of loss calculations with more than 12.5 MWh /year difference compared to other

alternatives even though it had less energy output before loss elimination.
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FIGURE 2.50: Two-way, Yingli - Inverters losses

All alternatives had the same shading, temperature, quality, [AM factor and irradiance
level losses because of using same PV model. The differences were observed in inverter
during operation. The least loss was recorded when SMA inverter is used with 1.76%

compared to 4.75% and 4.37% for Hyundai and Solarmax respectively.
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2.3.3.3 Two Axis Simulation Report

using Panasonic PV
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FiGURE 2.52: Two-way, Panasonic -
SMA simulation 2

Facing the same conditions, same number of modules require to achieve the 350kWp.

Figure 2.52 shows the same shading chart as when Yingli PV model was used.
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SMA simulation 4

This system generates 507 MWh /year compared to 501.3 MWh/ year when Yingli PV

was used. Figure 2.54 shows better [AM factor and irradiance level values compared with

the same PV model in One-axis and Fixed systems but this system has higher shading

and temperature loss values.
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2.3.3.4 Two Axis Energy Output Comparison
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FIGURE 2.55: Two-way, Panasonic PV Energy output [127]

This chart shows that the energy output results were the same before loss elimination, this
will give better view on inverter performance in Two-axis system. The figure shows that
system with SMA inverter had more energy output after consideration of loss calculations
with more than 16.1, 13.7 MWh/year when Hyundai and Solarmax inverters is used.
The results show increasing in the energy production gap between systems, as One-axis
Yingli model with SMA inverter system had 15.5, 13.4 MWh/year difference with the

other inverters that had been used.
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FIGURE 2.56: Two-way, Panasonic - Inverters losses
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Note that all alternatives had the same shading, temperature, quality, IAM factor and
irradiance level losses. The differences were observed in inverter performance. The least
loss was recorded when SMA inverter is used with 1.77% compared to 4.78% and 4.39%
for Hyundai and Solarmax respectively which increased the difference in energy output.
Note that Panasonic PV models have more resistance to sun heat compared to systems

with Yingli PV model leading to have 2.82% less temperature loss.

2.3.3.5 Two Axis Systems Comparison
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FI1GURE 2.57: Two-axis, Yingli - Panasonic systems comparison

The figure shows difference in energy output before loss elimination between Yingli and
Panasonic systems, even though the global irradiation is the same for both systems
Figures 2.48, 2.54. The reason behind that is the amount of radiation reaching the PV
cells surface (IAM). Note that Yingli PV with SMA had 74.7 MWh/year energy shortage
after applying loss calculation, almost the same reduction happened when Panasonic
was used with SMA inverter with 74 MWh /year unlike the Fixed system which have 5.7

MWh /year difference between the output of using these different panel models.
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2.3.4 Design Comparison for All Systems

330

% 300
2 250
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FI1GURE 2.58: Design comparison for all systems

Many design had been performed using different PV and inverter models each had differ-
ent energy output according to PV, inverter and system type although having the same
defined factors such as: location, height, spacing, tilt angle and number of inverters.
The designs had been performed to test the differences in energy output between Fixed,
One-axis and Two-axis systems using same PV and inverter models. In addition to ex-
amine and evaluate the effect of using different PV and inverter model for each system
type. The results obtained were close to each other if we take each system separately.
The factors that influenced the existence of these different results are the type of the
panels and inverters that have been selected of each have different characteristics and
capability to help achieving the desired energy. From the results obtained we can see
that each PV model have different behavior than the other model. According to the
results, Panasonic model have higher heat resistance than Yingli model when it used in
any system. IAM factor also had been reported to be better in Panasonic model which
refers to the specifications of the glass which in turn can affect the amount of sunlight
that reaches the solar cells through the amount of solar refraction when the sunlight
strikes the glass. In the other side Yingli models had better results in the quality and
irradiance level parts which reflect the intrinsic behavior of the PV model. But when
comparing temperature, [AM factor and irradiance level between systems we find that
they have different values, in the sense that changing the type of system leads to change

the results in these parameters either be larger or smaller values. When track system



Chapter 2. Design and Simulation Results 46

had been designed, we have noticed increasing in temperature loss because modules will
expose more to the sun. In the other side the TAM factor had better results because the
motion of the panels reduces the refraction of the solar radiation when it reach the glass

plate.

The different UNP in inverters showed how much it can affect the energy output when
comparing the results in each system separately. The results show that the slightly over-
sized inverter performed better than the other inverters that had lower UNP. Oversizing
an inverter will drive it to its full capacity more often which allow the PV plant nominal
power to be achieved faster in the morning, in addition the PV plant remains connected
to the grid longer in the evening which maximizes the power output in low light condi-
tions [41]. Figures 2.21, 2.36 and 2.50 show the inverters performance when connected
with Yingli model, the difference is clear between the oversized inverter and the other
inverters. However, the other two inverters with the same UNP have nearly the same
result, the difference was because of the efficiency of each inverter. Also it had been

observed that the inverter performed better when used in track systems.

Performing all of these different designs to achieve 350 kWp capacity showed that there
is a clear difference in energy output between Fixed and Track systems, but not between
One-axis and Two-axis according to Figure 2.58. According to the location of the grid,
One vertical axis system can genarete energy as much as Two-axis system, which indicates
that One-axis design system has the most promising results regarding energy output
compared to the others. However, we still need to perform cost analysis to get the most

suitable design that also achieve the economic feasibility.
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Cost Analysis

3.1 Assessing System Cost

Performing many alternatives gives many different energy outputs, each output refers to

a system capability to generate power. If a certain system can generate certain amount

of energy that achieve the desired output, then no need to invest in another system that

would give the same amount but costs more.

Figure 2.58 shows that there is no much
difference between One-axis and Two-axis
systems giving a preliminary clarification
on which systems could be more appropri-
ate. In order to have full knowledge about
the cost of each system, this part of the
thesis will show the cost of each alterna-
tive based on price of each element in the
design. Some of element prices varies from
type to type, which can affect the deci-
sion, adding into account the expenses of
operation. The price of each element in

the design is based on power capacity and

presented in Figure 3.1 [42].

Py
Yingli Solar pv - YL310P-35b
Panasonic pv- VBHN2305E51
Inverter

SMA - Sunmy Tripower 60-US-10 (400 VAC)

Hyundai - HPC-050HT-E
Solarmax 50 TS
Trackers
Fixed
One-axis
Two-axis
Operation expenses
Electrical installation
Mechanical installaion
Medium voltage components/MW
Transmission line
Cabling
SCADA/ MW
Commissioning
Annual Operation & Maintenance
Delivery
Transportation/truck

FI1GURE 3.1: Prices

47

U W W W W W

Rl

Cost/Wp
0.34 USD/Wp
0.36 USD/Wp

Cost
53 USD/kWac
59 USD/kWac
5000 USD/Unit
Cost/MWp
80,000
200,000
300,000
Cost/MWp
25,000.00
25,000.00
50,000.00
25,000.00
30,000.00
10,000.00
10,000.00
20,000.00
Cost/load
1,000.00
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3.1.1 System Cost Calculation

System cost calculation displayed in a form of tables that shows all design components

along with prices. Tabel 3.1 present the cost calculations of Fixed system.

TABLE 3.1: Fixed system cost calculation

Fixed system

Assumptions Yingli PV Panasonic PV
Panel calculation
Units 1121 1128 1122 1520 1521 5121
Price 0.34 USD/Wp 0.36 USD/Wp
Track system 28,000 USD 28,000 USD
Total 146,153 146,891 146,258 153,856 153,938 153,938
Inverter calculation SMA Hyundai Solarmax SMA Hyundai Solarmax
Units 6 6 6 6 6 6
Price 19,080 17,700 30,000 19,080 17,700 30,000
Total model cost 165,233 164,591 176,258 172,936 171,638 183,938
Operation expenses
Transportation/truck 4,000 4,000 4,000 4,000 4,000 4,000
Electrical installation 8,750 8,750 8,750 8,750 8,750 8,750
Mechanical installation 8,750 8,750 8,750 8,750 8,750 8,750
Medium voltage components 17,500 17,500 17,500 17,500 17,500 17,500
Transmission line 8,750 8,750 8,750 8,750 8,750 8,750
Cabling 10,500 10,500 10,500 10,500 10,500 10,500
SCADA 3,500 3,500 3,500 3,500 3,500 3,500
Commissioning 3,500 3,500 3,500 3,500 3,500 3,500
Annual operation & maintenance 7,000 7,000 7,000 7,000 7,000 7,000
Total 237,483 236,841 248,508 245,186 243,888 256,188

The table shows that 1121 Yingli PV modules with the track system cost $ 146,153. The
model costs $ 165,233 after adding the price of 6 SMA inverters and so on for the rest of
alternatives. Because the operating expenses are based on power capacity of the plant.
All prices will be fixed since all alternatives are designed to achieve 350 kWp capacity,
which means that panel, inverter and track system prices will play the critical role of
achieving the least price. Having 400 more PV modules in systems using Panasonic PV

model increased the total cost than systems using Yingli PV model.
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TABLE 3.2: One-axis system cost calculation

One-axis system

Assumptions Yingli PV Panasonic PV
Panel calculation
Units 1121 1128 1122 1520 1521 5121
Price 0.34 USD/Wp 0.36 USD/Wp
Track system 70,000 USD 70,000 USD
Total 188,153 188,891 188,258 195,856 195,938 195,938
Inverter calculation SMA Hyundai Solarmax SMA Hyundai Solarmax
Units 6 6 6 6 6 6
Price 19,080 17,700 30,000 19,080 17,700 30,000
Total model cost 207,233 206,591 218,258 214,936 213,638 225,938
Operation expenses
Transportation/truck 4,000 4,000 4,000 4,000 4,000 4,000
Electrical installation 8,750 8,750 8,750 8,750 8,750 8,750
Mechanical installation 8,750 8,750 8,750 8,750 8,750 8,750
Medium voltage components 17,500 17,500 17,500 17,500 17,500 17,500
Transmission line 8,750 8,750 8,750 8,750 8,750 8,750
Cabling 10,500 10,500 10,500 10,500 10,500 10,500
SCADA 3,500 3,500 3,500 3,500 3,500 3,500
Commissioning 3,500 3,500 3,500 3,500 3,500 3,500
Annual operation & maintenance 7,000 7,000 7,000 7,000 7,000 7,000
Total 279,483 278,841 290,508 287,186 285,888 298,188

TABLE 3.3: Two-axis system cost calculation
One-axis system

Assumptions Yingli PV Panasonic PV
Panel calculation
Units 1121 1128 1122 1520 1521 5121
Price 0.34 USD/Wp 0.36 USD/Wp
Track system 105,000 USD 105,000 USD
Total 223,153 223,891 223,258 230,856 230,938 230,938
Inverter calculation SMA Hyundai Solarmax SMA Hyundai Solarmax
Units 6 6 6 6 6 6
Price 19,080 17,700 30,000 19,080 17,700 30,000
Total model cost 242,233 241,591 253,258 249,936 248,638 260,938
Operation expenses
Transportation/truck 4,000 4,000 4,000 4,000 4,000 4,000
Electrical installation 8,750 8,750 8,750 8,750 8,750 8,750
Mechanical installation 8,750 8,750 8,750 8,750 8,750 8,750
Medium voltage components 17,500 17,500 17,500 17,500 17,500 17,500
Transmission line 8,750 8,750 8,750 8,750 8,750 8,750
Cabling 10,500 10,500 10,500 10,500 10,500 10,500
SCADA 3,500 3,500 3,500 3,500 3,500 3,500
Commissioning 3,500 3,500 3,500 3,500 3,500 3,500
Annual operation & maintenance 7,000 7,000 7,000 7,000 7,000 7,000
Total 314,483 315,841 325,508 322,186 320,888 333,188
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According to the cost analysis tables, Two-axis system had the highest price with
$300,000/MWp for the track system ending up with $314,483 for Yingli PV with SMA
inverter compared to $279,483 - $237,483 for One-axis and Fixed systems. Figure 3.2

summarizes the cost of all systems along with their energy production.
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F1GURE 3.2: Cost to energy

It was established that the best alternative design system that have the best result (The
most reasonable price for energy produced) for 350 kWp plant to be selected was One-
axis Yingli PV with SMA inverter. This system generates 489.6MWh /year and cost
$279,483. Although, there are other alternatives that have more energy production but
did not have reasonable price. Taking Yingli PV with SMA inverter in Two-axis system
as an example, it produces 501.3 MWh /year and cost $314.483. The reason behind not
nominating systems with Panasonic PV models within qualified nominators is their need
for more space for the defined spacing to achieve 350 kWp capacity as it is shown in

Figure 3.3.
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3.2 Grid Installation

FIGURE 3.3: Grid

The area proposed in the design (7500m?) can handle with the defined spacing 920
modules to achieve 350 kWp capacity. Setting 1520 Panasonic PV modules for the
defined spacing require 12700m? = 50 units on X axis and 31 units on Y axis. Regarding
the best alternative we got from performing all designs (One-axis Yingli PV with SMA
inverter), it requires 1121 PV modules to achieve the desired capacity. The required
area to set the panels is 9200m?, a steel structure design that will cover the area of the
columns need to be designed as having bm cantilever on the four sides. In this case the
area will be 9333m? which we can set the grid as having 47 units in X-axis and 24 units
in Y-axis. For Panasonic model case, the area need to get expand even more, even if
there is an available area to expand the steel structure, the design will not be feasible
because Panasonic design models already have more cost than Yingli models, in addition
to more cost will be considered regarding designing and installing larger steel structure

which require constructing new steel columns to have non deflected steel roof.
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3.2.1 Steel Structure Design

Designing the proposed suggestion to handle 1121 PV modules require to determine the

weight of each element in the system as it is shown in Figure 3.4.

¥ingli YL310P-35b  One axis frame SM3SPMOG  SMA Sunry Tripower 60-US-10 (400 VAC)

Weight kgfunit 27 9 75
Units 1121 1121 &

30267 10089 450
Total weight kg 40806

FIGURE 3.4: Weight of system

The weight of the system elements is approximately 41 tons devided by the area (9333m?)
equals to having 4.37 kg/m?2. Figure 3.5 shows the steel structure design [43].

FIGURE 3.5: Steel structure

Figure 3.5 shows that the steel structure design contains rods, trusses and bracing system
that would provide huge increases in bending resistance. The figure shows that different
steel sizes (cross-sections) had been used, each color refers to specific cross section shown

in Figure 3.6. Figures 3.7 - 3.9 displays the steel for each cross-section used.
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Steel color Cross-section (mm)
200x200x8
200x100x4
80x80x4
100x100x4

FIGURE 3.6: Steel cross-section FIGURE 3.7: Steel design 1

FIGURE 3.8: Steel design 2 FIGURE 3.9: Steel design 3

Note that the price of steel structure will not affect the solar system design selection
since the price of constructing a steel design covering 9333m? will be the same. Based
on steel structure design, the weight of the steel system according to the quantity of rods
used to cover 9333m? area equals to 42kg/m?. The price of constructing one kilogram
of steel is $1.58 [44] including sandblasting, shop primer, assembling, transportation,
last painting and taxes. The weight of steel that had been used equal to 9333m? x 42
kg/m? = 391,986 kg, as a result the final cost of steel needed to implement the design is
$619,338 need to be added to the price of the best alternative we have obtained (Yingli
PV with SMA inverter - $279,483) which equals to $898,821.



Chapter 3. Cost Analysis 54

3.3 Return of Investment

The price of 1 kWh in Turkey in 2019 is 0.09 U.S. Dollars |45]. The integrated building
consumes 20,000 kWh /month, which means that this building spends $1,800 per month
on electrical bills. Different scenarios will be applied to Fixed and One-axis systems to

discuss their financial status.

3.3.1 First Scenario

The first scenario is Fixed-axis (Yingli PV with SMA inverter) that generates more than
20,000 kWh/month as an average value and costs $856,821 including the steel structure
price which is $619,338. But taking into account the exact electrical generation of the

best designed alternative in Fixed-axis per month is shown in Figure 3.10.

7 T T T T T T T T T T 1
- Lc : Collection Loss (PV-array losses) 0.53 kWh/kWp/day
sl l Ls : System Loss (inverter, ...) 0.04 kWhkWp/day _
¥T : Produced useful energy (inverter autput) 2.1 KEWhkWpiday

Normalized Energy [kWh/kWp/day]

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov  Dec

FIGURE 3.10: Fixed-axis, Yingli-SMA energy production/month

This figure presents a normalized energy production (per installed kWp) which means as
it is stated in the figure, that the average useful energy produced is 2.1 kWh /kWp/day
multiplied by 30 days to get the monthly value then multiplying the result with 350 kWp
which is the desired capacity of the plant. Doing this simple calculation gives the exact
energy production for a specific month. According to the monthly production we can
see that the solar system generates more electricity in summer season compared to the

other seasons, which means that this system can’t fully supply the integrated building
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with the demanded energy throughout the year according to the following calculations

shown in Table 3.4.

TABLE 3.4: Fixed-axis, Yingli-SMA useful energy production/month

Useful Energy Useful Energy . . Solar Energy
Month 1 wyh /kWp /day)  (kWh/kWp/month) DeSi8m CaPacity oo 4 ction
January 0.5 15 350 5250
February 0.7 21 350 7350
March 1.6 48 350 16800
April 2.6 78 350 27300
May 3.8 114 350 39900
June 4.3 129 350 45150
July 4.2 126 350 44100
August 3.2 96 350 33600
September 2.1 63 350 22050
October 1 30 350 10500
November 0.7 21 350 7350
December 0.5 15 350 5250
Average 2.1

According to the results, the first and the last three months of the year, the solar grid
can’t supply the integrated building with the demanded energy which means it needs to
get the rest of energy from the utility grid. The saving and disbursement amounts are
summarized in Table 3.5.

TABLE 3.5: Fixed-axis, Yingli-SMA Savings and Disbursements

Building Solar energy Utility grid

Month electricafl electri(’jal ety e () Disbursement
consumption  generation . ($)
(KWh) (KWh) price (8)
January 20,000 5250 0.9 472.5 1327.5
February 20,000 7350 0.9 661.5 1138.5
March 20,000 16800 0.9 1512 288
April 20,000 27300 0.9 1800 0
May 20,000 39900 0.9 1800 0
June 20,000 45150 0.9 1800 0
July 20,000 44100 0.9 1800 0
August 20,000 33600 0.9 1800 0
September 20,000 22050 0.9 1800 0
October 20,000 10500 0.9 945 855
November 20,000 7350 0.9 661.5 1138.5
December 20,000 5250 0.9 472.5 1327.5
LIOMIEL 15,525 6075

SAVING
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Table 3.5 shows that implementing Fixed-axis solar system allows to save $15,525 for the
first year instead of paying $21,600 for the electricity. With an installed solar system,
only $6,075 need to be paid to supply the building in the months that have shortage

3 ; : : Investment cost _
in production. The cost of 1 kWh for this system is qproms enorgy clecirical genoration —
8856,821 _ g3 93g

264600

3.3.2 Second Scenario

The second scenario is for using the best alternative we have determined in the One-axis
system which is Using Yingli PV and SMA inverter. The exact energy production for

this system is shown in Table 3.6.

TABLE 3.6: One-axis, Yingli-SMA useful energy production/month

Month Useful Energy Useful Energy Design  Solar Energy

(kWh/kWp/day) (kWh/kWp/month) Capacity  Production
January 1.9 57 350 19950
February 2.7 81 350 28350
March 3.5 105 350 36750
April 4.4 132 350 46200
May 5.3 159 350 55650
June 5.9 177 350 61950
July 5.8 174 350 60900
August 5 150 350 52500
September 4.3 129 350 45150
October 3.4 102 350 35700
November 24 72 350 25200
December 1.8 54 350 18900
Average 3.86

According to the exact energy production, One-axis system is capable to supply the
integrated building almost throughout the year with slight shortage in winter season at
January and December. The saving and disbursement amounts for the first year are

summarized in Table 3.7.
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TABLE 3.7: First year, Fixed-axis, Yingli-SMA Savings and Disbursements

Building Solar Utilit Amount
electrical energy l.tiy of Savi Disbur
Month consum-  electrical 1 gtfrli it electricity (\g)n & _sement
ption  generation ¢ i(i:ce (E$)y shortage (9)
(kWh) (kWh) P (kWh)
January 20,000 57 350 19950 1795.5 4.5
February 20,000 81 350 28350 1800 0
March 20,000 105 350 36750 1800 0
April 20,000 132 350 46200 1800 0
May 20,000 159 350 55650 1800 0
June 20,000 177 350 61950 1800 0
July 20,000 174 350 60900 1800 0
August 20,000 150 350 52500 1800 0
September 20,000 129 350 45150 1800 0
October 20,000 102 350 35700 1800 0
November 20,000 72 350 25200 1800 0
December 20,000 54 350 18900 1701 99
TOTAL
SAVING 21,496.50 103.5

Table 3.7 shows that implementing One-axis solar system allows to save $21,496.5 for
the first year instead of paying $21,600 for the electricity. With an installed solar sys-
tem, only $103.5 need to be paid to supply the building with the demanded energy in

the months that have shortage in production. The cost of 1 kWh for this system is

Investment cost _ $898,821 _ $1.84
Total solar energy electrical generation ~— 487200 ~— '

3.3.2.1 Investment Calculations Findings

The One-axis solar system costs $279,483. Since the steel structure costs $619,338, the
total investment = $898,821 So as to test the eligibility of the investment compared to
the electricity from the utility grid, we need to calculate how much it would cost paying
the utility grid for 25 years. In order to calculate that, we need to put the increasing
of the electrical price in Turkey in the calculations. The increasing in electricity price
assumed to be 3% for every year. The price of 1 kW in the starting year is $0.09. The
integrated building consumes 20,000 kWh/month, which means that it spends $21,600
per year on electrical bills for the first year. The cost for the following 25 years is shown

in Table 3.8.
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TABLE 3.8: 25-year grid electricity payment

) . Pemoentage of Yearly
:;;:'["'USSE':U'::I 009  |Changingin Electricity 3.00%
Prioes
. Integrated Building Electricity Price Grid Electricty
EE = Consumption [KWh Y easr) [USDY KW Price

1] 2019 240,000 5 00200 | & 2L E00
1 2020 240,000 o} 00027 = 22 3248
2 20zr1 240,000 b} 0.rass = e
3 202 240,000 ] 00983 % 23,603
4 2023 240,000 o} 0.101% = 24,311
5 2024 240,000 b} 0.104% | = 25,040
5] 2025 240,000 ] 0.1075 | & 25, 792
7 2026 240,000 o} 0.1107 = 35,565
8 027 240,000 b} 0.1140 = 27,3632
9 A28 240,000 ] LT . 28, 183
ia 2029 240,000 ] 01210 | 5 25,M%
11 2030 240,000 o} 01246 = 29, 559
12 2031 240,000 b} 0128 = 30, e
13 3032 240,000 ) 01322 | 5 3L 720
14 I0TE 240,000 5 01361 & 32672
15 3034 240000 5 0.1402 | £ 33,6532
14 3035 240,000 ) 01444 | & 34,6632
17 3036 240,000 5 01488 £ 35,7032
18 3037 240,000 b} 01532 = IETTL
19 3038 240,000 ] 01578 | % 37,576
20 3039 240,000 o} QAG2XE = 350132
21 3040 240,000 b} 01674 | = 40, 13
22 3041 240,000 5 0.1724 | & 41388
23 304 240,000 o} QATT6 = 42 E39
24 304 % 240,000 b} 01830 = 43, 50E
Tatal 5 TET,520

The figure shows that if the system had not been installed, the total amount that the
integrated building must pay after 25 years is equal to $787,520 which is less than the

total investment, hence its inefficient.

3.3.3 Third Scenario

This scenario will be applied neglecting the price of steel structure to see the results of

implementing the solar system alone. The Fixed-axis system cost $237,483 which mean

Solar system cost _ $237,483 __
energy electrical generation ~— 264600

that the cost of 1 kWh for this system is Total solar
$0.89
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3.3.4 Fourth Scenario

Neglecting the price of the steel structure for the One-axis system makes the cost of 1

Solar system cost _$279,483 __ $0.57
energy electrical generation — 487200 :

kWh for the system equals to Total solar

It had been observed that the price of the steel structure is inefficient which cost 221%

more than the price of the One-axis solar system.

Investing in One-axis system costs $279,483 and can supply the integrated building
throughout the year with the demanded energy when paying the total disbursement
amounts for the winter season for January and December months which is $103.5 per

year according to the energy output for the One-axis system per month in Table 3.7.

The return of investment calculations will be held for 25 years since the average lifespan
for a solar system is 25 years [46]. To have an accurate calculation we need to involve solar
panels efficiency over time because solar panels loses its efficiency over time. According
to Yingli manufacturer, for the first year, the company guarantees that you will receive
98% of the minimal rated power [47]. Over the course of the next ten years, we will
receive 92% of the minimal rated power output with a loss rate of 0.6% each year. From
the 11th year until the 25th year, the warranty will cover 82% of the minimal rated
power output with a loss rate of 0.66% each year, which mean that the system loses
18% of the potential at the end of the investment duration. In addition, the electricity
prices increase yearly in Turkey. It is assumed to be 3% for every year and the starting
price will be $0.09 as it’s the price for every kW consumed in 2019 [45|. The increase in
efficiency losses increase the disbursement amount that will cover the electricity demand
of the integrated building. For the first year the electricity saving amount is $21,496.50
as it has been calculated in Table 3.7. The return of investment, electricity saving and

disbursement amounts for the coming years are shown in Table 3.9.

The amount of money that has been invested for this system is $279,483. The table
shows that after 12.78 years the invested money will be returned, according to following

formula.
13 —12 B X —12
283,547.33 — 264,196.19 279, 483 — 264, 196.28

The income, operation and investment costs are presented in Table 3.10. But first, the

inflation rate need to be added to the calculation which is the continuous increase in
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TABLE 3.9: Return of investment 1

Perntage of Year) StartingPrice in
Bawestrient Davations | 75 yesrs “”m:si“ Eknﬁd:’v 300% s |ussn,lk\ 3 5009 Income ol lnvestment Table
Distursement
pstalleq| SPESTE Praduction per froduction '"n":f:m": Amaunt af Electriaty Amaunts in B
Peried | vear RS0 "W installed eifceney )| LD e [T Shertage | P | Elesviiy Saing (5] | Man s Faced | SEE
(kW W Year] (Wi Year) 1USD/xWR) Shartoge
(6w Vear) .
in Praductian
[ 2018 350 1203 E 236360 220,000 1150.00 |5 00300 L4650 1035 31436350
1 2020 350 1403 w74 2833@ 240,000 1157.08 |5 0097 0:\758 100 2243409
2 2021 350 120 %3 230,405 220,000 116226 |5 00955 MMa61 | 11116 624270
3 2022 350 Las %2 277477 220,000 17152 (5 009m m.67983 11521 £.92232
4 2023 350 Las =5 27828 220,000 1187 (5 010m3 m.5m085 l1eal 10287239
5 2022 350 Lae FS 271471 220,000 112 (5 ci0m moLss | 1217 13489467
6 2025 350 L9 a4 268,492 220,000 11933 |5 0107 .m0 1283 145,187.36
7 2026 350 L9 @i 265516 220,000 1200 |5 010 ;6372 1329 16535108
a 2027 350 1409 a2 53 220,000 12023 |5 0418 200474 1378 185,385.82
3 2028 350 1409 25 1 220,000 120.06 |5 0413 1820576 1422 20529158
10 2029 350 1409 22 5@ 240,000 12500 (5 01210 877673 1481 225.068.36
1 2030 350 1403 3134 | 45330 240,000 123385 |5 012% 1363490 15171 28470126
12 2031 350 1403 2068 | 45003 240,000 1208 5 0128 14301 1538 264.196.28
13 3032 350 120 s002 | 24675 220,000 125194 |5 013 85115 1658 283.547.43
1 2033 350 Las 5936 | 443481 220,000 126119 |5 01360 180927 17168 302.756.71
15 2032 350 Las 7 240,205 220,000 1257 |5 0140 1806740 17816 32182410
16 3035 350 Lae 5804 | 236930 220,000 12:.0 (5 01ss 12552 184m 30,749.62
7 3036 350 L9 2733 | 23365 220,000 12m.77 |5 o4 1878364 19186 3253126
18 3037 350 L9 2672 | 23037 220,000 12m58 5 0asm ®.64176 19212 3717503
I 1033 350 1409 2606 | 42710 220,000 13055 |5 0458 18,9239 20667 39667491
2 3039 350 1409 ©4 22337 220,000 138.67 |5 016% 1835801 21451 41503293
2 3040 350 1409 8474 | 42058 240,000 13209 (5 0163 1821613 22267 433.24.06
3 3041 350 1403 2408 | 41727 240,000 13409 (5 047 1807426 23015 45132132
E) 3042 350 1403 2342 | 41a0@ 240,000 13909 |5 047% 13233 2388 463.255.70
) 3043 350 120 8236 | 210735 220,000 136177 |5 0183 179050 a3 257.046.20
Tatal 11234420 6,000,000 L1685

the overall level of prices of goods and services in a specific period. The inflation rate
is so important as the central banks publish their forecasts of inflation rate for the next
years and update their forecasting frequently according to situation. The history of
most economies shows that there is always a period with a lower inflation rate after
every period of the high inflation rate. The yearly inflation rate is in between 1% and
3% except for some extreme cases. The 25 years is long time to be forecasted, hence the
best way for forecasting the inflation rate for the next 25 years is by taking the average
of past years’ inflation rates with ignoring the trend because if the trend of the past years
is downward the forecast of the inflation rate will drop over the years. Since the price of
the system is in the U.S dollars, the forecasting of the inflation rate will be calculated
according to the history of the inflation rates of the united states. As a result, the next
25 years of US inflation rate forecasts are computed as yearly 2.41%. In addition, to

fund the project, a loan from a bank will used with 8% of interest

TABLE 3.10: Return of investment 2
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Chapter 4

Survey and Discussion

4.1 Findings

The solar potential analysis of the proposed area reveals that the One-axis system with
Panasonic PV model has 86.76% more energy production than in Fixed-axis. As for the
One-axis system that use Yingli PV model have 83.78% more energy production that in

Fixed-axis.

The analysis of the proposed area shows that PV and inverter models can affect the
energy output, plus different behavior of the PV’s had been observed when different
models used in different solar systems as when Panasonic PV model used in Fixed-axis the
temperature loss was equal to 2.95%, but when used in One-axis system the loss increased
to 5.43%, which means exposing the panels to the sun for a longer period increased the
loss by 2.48%. In the other side, when Yingli PV had been used in Fixed-axis system
the temperature loss was equals to 4.24% while it was 8.07% in One-axis system, which
means that we have 3.83% difference. The amount of increase in temperature losses
in both systems is not the same, this shows that even if we have the same defined
parameters facing the same conditions, different values may be obtained. Figures 2.21,
2.27,2.36, 2.43 show that there is no shading loss difference between Fixed and One-axis
systems either with using any model type but having different values when temperature
is involved, which shows that a specific PV can perform differently than other PV’s. The

different values in temperature loss describe the unique structure of Panasonic HIT panel

61
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which have an amorphous layer that allows to maintain high conversion efficiency and

performance at hot temperatures, generating more energy throughout the day [48].

Another coefficient is in favor of Panasonic model, is the irradiance level that reflect the
intrinsic behavior of the PV model as when Panasonic models used in Fixed-axis system
the irradiance level loss was equal to 3.76% while it was 1.36% in One-axis system which
means that there is an improvement of 2.4%. In the other side, when Yingli model is
used in Fixed-axis system the irradiance level was equal to 2.37% while it was 0.58% in
Omne-axis system, this indicates that Panasonic model has improved its performance by

higher rate.

The best result we have obtained after performing all of the design alternatives is the
One-axis system that use Yingli PV with SMA inverter because it has the best energy
output for the most reasonable price in addition that this system fits the proposed
area. This system can supply 489.6 MWh/year. But to supply a property with 240
MWh /year demand, Fixed system is enough. According to results, the following table
show the average energy output and system price for each Fixed and One-axis systems

in kWh/month and MWh /year.

TABLE 4.1: Fixed, One-axis energy production

No PV Model | Inverter Model | kWh/month | MWh/year | Price $
SMA 22,050 266.4 237,483

Yingli Hyundai 21,210 258 236,841

Fixed Solarmax 21,315 257.9 248,508
SMA 21,735 264.2 245,186

Panasonic Hyundai 20,895 254 243,888
Solarmax 21,000 255.4 256,188

SMA 40,530 489.6 279,483

Yingli Hyundai 39,270 477.1 278,841

One-axis Solarmax 39,480 476.8 290,508
SMA 40,635 493.2 287,186

Panasonic Hyundai 39,270 477.7 285,888
Solarmax 39,480 479.8 298,188

The table shows that Fixed-axis system can supply the property with the demanded
energy and according to price list the best alternative to select is Yingli PV with SMA
inverter that have the best energy output with the most reasonable price in addition that
it fits the designed steel structure after consideration of number of modules. Although
Fixed-axis system can provide the demanded energy, its price compared to the best

alternative we got in One-axis system (Yingli PV with SMA inverter) is not great if
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we take into account the benefits and advantages that we can get from producing more

energy knowing that the average lifespan of a solar system is 25 years [46].

The One-axis vertical system has a great output compared to Fixed-axis system with
more than 80% difference in power generation for the proposed location. This high
difference was because of the advantages we have obtained from using the vertical system
that allows the solar panels to track the sun’s azimuth, generating more energy. A study
had been made in Florida-America [49], to test the difference between the Fixed and
One-axis horizontal track system. The location of the study was in Boca Raton, Florida
with following information’s.

TABLE 4.2: Florida case study, location status

City Boca Raton
State FL

Latitude 26.21°N
Longitude | 80.04°W
Elevation | 11m

The Fixed system was designed with 23°inclination angle. The assigned angle was set
to achieve the best energy production throughout the year. As for One-axis panels, the
board turn range from (0-90°) System used Trina PV with 305W capacity and Sunny
boy 7000US-12 inverter. Based on the location and the selected components the daily
results are shown in Table 4.3.

TABLE 4.3: Florida case study, results

Tracker (kWh) | Fixed (kWh) | Tracker rate (%)
October 15, 2014 37.539 35.432 2.95
January 15, 2015 16.756 17.001 -1.44
April 15, 2015 51.395 42.292 21.52
July 14, 2015 32.007 24.943 28.68

Based on the study results the One-axis system generally performed better than the
Fixed system but did not reach an increase of 30% in terms of energy production. Since
the track system is horizontal, its production based on summer months when the sun is
overhead at noon, that give an advantage for the Fixed system in winter months when
the sun moves at lower altitudes, this explains why the January results were in favor of

the Fixed system when they could receive more sun radiation at midday.

The energy output changes between systems according to the location of the grid. In

the previous study, One-axis system had 28.68% more in terms of energy production but
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in other location One-axis system had just 7% more energy output as this study that
been made in Khyber Pakhtunkhwa, Pakistan [50] with 2 kWp capacity grid. Hanwha Q
cells PV model had been used using 8 PV modules with 250 W capacity and 2.0 kWac
Sunny boy inverter from SMA. A 32°tilt angle had been assigned to the E-W Fixed-axis
while the horizontal One-axis system had been installed in E-W orientation with 130°(-
65°/65°) of free movement, and the tilt limits for the Dual-axis is (10°/90°). The site
coordinates are 33°51'1N 72°51’8E. Based on the study, the monthly measured results
are shown in Table 4.4.

TABLE 4.4: Pakistan case study, results

Month Fixed-axis (kWh) | One-axis (kWh) | Two-axis (kWh)
January 228.6 251.96 308.0
February 259.36 269.87 288.9

March 276.68 289.69 321.2

April 253.32 266.40 339.1

May 255.95 287.25 350.8
June 248.93 279.24 340.2
July 225.53 253.89 288.9
August 247.99 259.20 315.9
September 256.87 269.95 347.2

October 241.96 256.92 315.4
November 217.47 232.40 310.4
December 204.08 220.30 306.0

Year 2917 3137 3832

Based on the measured results, single horizontal axis system performed better than
Fixed-axis system with just 7% more energy production, when Two-axis system produced

24% more energy.

The previous studies are presented to show how much location would affect the results
obtained when comparing systems together. In our study, One-axis system results show
how much sun radiation was lost by Fixed system that allowed the One-axis system to
generate much more energy. In addition, there was no considerable difference between
the two tracking systems that the One-axis vertical system had the capability to capture

and to generate almost as the Two-axis system.
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4.2 Recommendations

If we can achieve the desired energy, selecting PV’s with higher resistance to heat is
preferable, because temperature considered as a critical issue when forecasting energy
production. Long term high temperature working conditions can cause irreversible degra-
dation of its energy production [51]. PV panels can only convert to 20% of the sun’s
radiation that fall onto the PV panels [52], the remaining major part is converted to
heat [51]. According to a study made by Sendhil kumar, Tapas Mallik, M Katz and S
Weingaertner, 0.4 - 0.5% decrease in PV panel efficiency conversion can be reached for
each degree rise in temperature [53]. Based on this study results, an oversized inverter
has the capability to help the system to achieve more energy than other systems. In
addition, not to always depend on the latest technology system (Two-axis) to supply
your project, based on the results on this study One-axis system is the best choice to be
selected. Selecting panels with higher capacity can save area for future expanding and

investment.



Conclusion

It has been observed that many types of solar panel plants can be designed to reach the
desired energy, but the best design is a result of optimization of production of energy
and cost feasibility for a given application and requirements. Panels with SMA inverter
has more energy outcome resulting from inverter oversizing, which overcame the other
inverters that have less unit nominal power; In addition, inverters performed better in
track systems. It has been observed that the losses that had the greatest impact on energy
production were shading, temperature, model quality, [AM factor and irradiance level.
It has been noticed that the greatest impact on increasing the price difference between
Fixed, One-axis and Two-axis systems because of an element that was capable to increase
the price difference between Fixed-axis and the One-way axis by almost 18%, which was
a result of the cost of the track system (panel’s frame). The optimum design cannot be
reached by reaching the desired energy only, but also by reaching the reasonable cost. It
has been established that the most modern methodologies may not be always sufficient

to achieve the desired goals.
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Grid-Connected System: Simulation parameters

Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 2916°E
Time defined as Legal Time Time zone UT+3 Alstude O0Om
Alpedo  0.20
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : Fixed var

Simulation date 1070419 17h56

Simulation parameters System type Sheds a building
Collector Plane Orientation Tt 31 Azimuth  180°
Sheds configuration Nb. of sheds 1120 ldentical arrays

Sheds spacing 220m Collector width 2 00 m
Shading limit angle Limit profile angle ©£4.3% Ground cov. Ratio (GCR) 909 %
Models used Transposition Perez Diffuse Perez, Meieonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b

Original PVsyst database Manufacturer  Yingli Solar
MNumber of PV modules In series 19 modules In parallel 59 strings
Total number of PV modules Nb. modules 1121 Unit Nom. Power 310 Wp
Array global power Mominal (STC) 348 kWp Al operating cond. 311 kWp (S0°C)
Asray operating characteristics (50°C) Umpp 624V Impp 498 A
Total area Module area 275 m? Cell area 1964 @
Inverter Model Sunny Tripower 60-US-10 (400 VAC)
PVaeyst database Manufacturer SMA

Characteristics Operating Voltage S70-800V Unit Nom. Power 60.0 kWac
Inverter pack MNb. of inveriers & units Total Power 350 kWac

Pnom ratio 097

PV Array loss factors

Thermal Loss factor Ue (const) 200 WimfK Uw (wind) 0.0 Wim K / mis
Wiring Ohmic Loss Global array res. 21 mOhm Loss Fraction 1.5% at STC
LID - Light Induced Degradation Loss Fraction 1.3 %
Module Quality Loss Loss Fraction -0.8%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 010 %
Incidence affect (LAM): User defined profile
o v A0 o 7= o a5 L
1.000 1.000 1.000 0,880 0800 0870 O 430 0000

Py [ ahaiton M
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PVSYST V6.79 |1004119|  Page 2

Grid-Connected System: Near shading definition

Project : Sehir solar plant
Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation il 31° azimuth 180

PV modules Model YL310P-35b Pnom 310 Wp
PV Armray Nb. of modules 1121 Pnom total 348 kWp
Inverter Sunny Tripower 50-US-10 (400 VAC) Pnom 500 kW ac
Inverter pack Nb. of units 6.0 Pnom total 360 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V&.79 I I‘l[.'l.u'(HJ"IQJ Page /4

Grid-Connected System: Main results

Project : Sehir solar plant
Simulation variant : Fixed vari

Main system parameters System type Sheds on a building

Near Shadings Linear shadings:

PV Field Orientation tilt 31° asimuth 180"

PV modules Model YL310P-35b Pnom 310 Wp
PV Array Nb. of modules 1121 Pnom total 348 kWp
Inverter Sunny Tripower 50-US-10 (400 VAC) Pnom 600 kW ac
Inverier pack MNb. of units 6.0 Pnom fotal 350 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 266.4 MWhiyear  Specific prod. 767 KWhKWp/ivear
Performance Ratio PR 78 44 %
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PVSYST V6.79 10/04/19 Page 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation tit 317 azimuth  180°

PV modules Model YL310P-35b Pnom 310 Wp

PV Amay Nb. of modules 1121 Pnom total 348 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 kKW ac
Inverter pack Nb. of units 6.0 Pnom total 360 kW ac
User's needs Unlimited load (grid)

{854 Kb/ * 2175 m” col.

efficiency at STC = 15.09%

267.2 MWh
23T%h
-4 24%

+0.75%

-1.30%
-1.10%
-0.53%

271.3 Mh

Yy 1.07%
1 0.00%
4 0.00%
~410.00%
-0.01%
0.00%
268.4 Mk
268.4 Mivh

Loss diagram owver the whole year

Giobal incident below threshold
Near Shadings: imadance loss

LAM factor on giobal

Effective iradiation on collectors
PV conwersion

Array nominal energy (at STC effic)
P loss due to imadiance level

PV loss dus 1o temperature
Module quality loss

LID - Light induced degradation
Mismatch ioss, modules and strings
Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss ower nominal . power
Inverter Loss due to max. input curment
Inverier Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
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PVSYST Ve.79 10/0419 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude 0m
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : Fixed vari
Simulation date  10/04/19 18h09
Simulation parameters System type Sheds on a building
Collector Plane Orientation Tit 31° Azimuth 180°
Sheds configuration Nb. of sheds 1120 Identical arrays
Sheds spacing 2.20m Collector width 2.00 m
Shading limit angle Limit profile angle 64.8° Ground cov. Ratio (GCR) 909 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unilimited load (gnid)
PV Array Characteristics
PV module Si-poly Maodel YL310P-35b
Original PVsyst database Manufacturer Yingli Solar
Mumber of PV modules In series 12 modules In parallel 94 sinngs
Total number of PV modules Nb. modules 1128 Unit Nom. Power 310 Wp
Array global power Mominal (STC) 350 kWp Al operating cond. 313 kWp (30°C)
Array operating characteristics (50°C) Umpp 394V Impp 7T94A
Total area Module area 2189 m* Cell area 1976 m*
Inverter Model HPC-050HT-E
Original PVsyst database Manufacturer Hyundai
Characteristics Operating Voltage  300-600 V Unit Nom. Power 500 kWac
Inverter pack Mb. of inveriers 6 units Total Power 300 kWac
Pnom ratio 1.17
PV Array loss factors
Thermal Loss factor Ue (const) 20.0 Wik Uv (wind) 0.0 Wim™K / m/s
Wiring Ohmic Loss Global array res. 83 mOhm Loss Fraction 15% atSTC
LID - Light Induced Degradation Loss Fraction 13 %
Module Quality Loss Loss Fraction -0.8%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect (LAM): User defined profile
a 20° 40° & [i's [i- 80" a5 o0
1.000 1.000 1.000 0,980 0.880 0,800 0.670 0.430 0.000
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PVSYST V6.79 10/04/19 Page 2/4
Grid-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant : Fixed vart

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation tit 31° azimuth  180°

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Mb. of modules 1128 Pnom total 350 kWp

Inverter Model HPC-050HT-E Pnom 500 kW ac

Inverter pack MNb. of units 6.0 Pnom ftotal 300 kW ac

User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19 Page 3/4

Grid-Connected System: Main results

Project : Sehir solar plant
Simulation variant :  Fixed var1

Main system parameters System type Sheds on a building

Mear Shadings Linear shadings

PV Field Orientation tit  31° azimuth  180°

PY modules Model YL310P-35b Pnom 310 Wp

PV Array Nb. of modules 1128 Pnom fotal 350 kWp
Inverter Model HPC-050HT-E Pnom 500 kW ac
Inverter pack Nb. ofunits 60 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 258.0 MWhiyear Specific prod. 738 kWhikWplyear
Performance Ratio PR 75438 %

Normalized productions iper inctailed RWp): Nominal power 1503 Wip Ferformange Fatio PR
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PWSYST VB.79 10/04/19| Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Mear Shadings Linear shadings

PV Field Orientation it 31" azimuth 180"

FV modules Model YL310P-35b FPnom 310 Wp

PV Array Mb. of modules 1128 Fnom total 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverter pack Mb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Loss diagram owver the whole year

Horizontal global irradiation
-27 30@obal incident in coll, plane
Global incident balow threshalkd
Near Shadings: irradiance loss
1AM factor on global
[B54 KWWhim? * 2189 m? coll, Effective irradiation on collectors
efficlency ot STC = 15.00% P conversion
2601 MWh Array nominal energy (at STC effic.)
-2.37% PV loss due lo irrsdisnce level
-4 24% PV loss dus lo temparature
C'D.Tﬁﬂ Module quality loss
-1.30% LID - Light induced degradabion
My 1. 10% Mismatch loss, modules and strings
-0,53% Ohmic wiring loss
273.5 MV Array virtual energy at MPP
-8 45% Inverter Loss during operation (efficienay)
0.00% Invertar Loss cver nominal inv. powar
0.00% Invarter Loss due to max. inpul current
0.00%: Inverter Loss over nominal inv. voliage
-0.24% Inverter Loss due to power threshold
0.00% Inverier Loss due to volisge threshold
258.0 MWh Available Energy at Inverter Oulput
258.0 MvWh Energy injected into grid
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PVSYST V6.79 10/04/19| Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Alitude Om
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant:  Fixed var1
Simulation date  10/04/19 18h20
Simulation parameters System type Sheds on a building

Collector Plane Orientation Tt 31° Azimuth  180°
Sheds configuration Nb. of sheds 1120 identical arrays
Sheds spacing 2.20m Collector width 2.00m
Shading limit angle Limit profile angle 648" Ground cov. Rafio (GCR) 909 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unilimited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
Original PVsyst database Manufacturer Yingli Solar
Humber of PV modules In series 17 modules In parallel &5 strings
Total number of PV modules Nb. modules 1122 Unit Nom. Power 310 Wp
Array global power Mominal (STC) 348 kWp At operating cond. 311 kWp (50°C)
Array operating characteristics (50°C) Umpp 558V Impp 557A
Total area Module area 2477 m* Cell area 1965 m*
Inverter Model Solarmax 50TS
Original PVsyst database Manufacturer SolarMax
Characteristics Operating Voltage 430-300V Unit Nom. Power 50.0 kWac
Imverter pack Mb. of inverters 6 units Total Power 300 kWac
Pnom ratic 1.16
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimK Uv (wind) 0.0 Win°K / m/s
Wiring Ohmic Loss Global array res. 17 mOhm Loss Fracion 1.5 % at STC
LID - Light Induced Degradation Loss Frachion 1.3 %
Module Quality Loss Loss Fraction -08%
Module Mismalch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect (IAM): User defined profile
o 0* a0 ar 70* 75 & 85" [y
1.000 1.000 1.000 0.980 0.880 0.800 0.870 0.430 0.000
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Grid-Connected System: Near shading definition
Project : Sehir solar plant
Simulation variant :  Fixed var1
Main system parameters System type Sheds on a building
MNear Shadings Linear shadings
PV Field Orientation tit 31" asimuth 180"
PV modules Model YL310P-35b Pnom 310 Wp
PV Array MNb. of modules 1122 Pnom total 348 kWp
Inverter Model Solarmax S0TS Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Fixed vari

Main system parameters

System type Sheds on a building

4 Tptan Lo (vt

e Colllmtinn Loms [F-memy Gaems]

W Pt viahl awiegy assrtes culgal

Mear Shadings Linear shadings
PV Field Orientation o 31° azimuth  180°
PV modules Model YL310P-35b Pnom 310 Wp
PV Array Mb. of modules 1122 Pnom total 348 kWp
Inverter Model Solarmax 50TS Pnom 500 kW ac
Inverter pack Mb. of units 6.0 Pnom fotal 300 kW ac
User's needs Unilimited load (grid)
Main simulation results
System Production Produced Energy 257.9 MWhiyvear Specific prod. 742 kWhkWp/year
Performance Ratio PR 7586 %
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User's neads

Unlimited load {grid)

PVSYST V679 10/04/19 Fage 4/4
Grid-Connected System: Loss diagram
Project : Sehir solar plant
Simulation variant : Fixed var1
Main system parameters System type Sheds on a building
Near Shadings Linear shadings
PV Field Orientation tit  31° azimuth  180°
PV modules Model YL310P-35b Pnom 310 Wp
PV Array Hb. of modules 1122 FPnom total 348 kKWp
Inverter Model Solarmax 50TS Pnom 500 KW ac
Inverter pack Mb. of units 6.0 Pnom total 300 kW ac

[BS4 kiWhim® * 2177 m? coll.

Loss diagram over the whole year

Horizontal global irradiation

=27 3u@obal incidant in coll. plane

Global incident balow threshald
Near Shadings: iradiance loss

1AM factor on global

EMective irradiation on collectors

afficiency st STC = 15.00%

PV conversion

207 8 MWh

2721 MV

257.9 MWh
257.9 MWWh

Array nominal energy (at 5TC effic.)

=2.3T% PV loss due to irradiance level
-4.24% PV loss dua to temparature
+0.78% Module quality loss
=1.30% LID - Light induced degradation
-1, 10% Misrmatch loss, modules and strings
4.0.53% Ohmic wiring loss
Array virtual anergy at MPP

N5, 00%

Invarter Loss during cperation (afficiency)

4 0.00% Invartar Loss over nominal inv. powaer
4 0.00% Invarter Loss due to max. input curment
4 0.00% Invariar Loss over nominal inv. voltage
4.0 D4% Invarter Loss due to powaer threshold
[~0.00% Inverter Loss due to voltage threshokl
.0 08% Night consumption

Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/04/19 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90* N Longitude 29.16° E
Time defined as Legal Time Time zone UT+3 Altitude O0m
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthedic
Simulation variant : Fixed var1
Simulation date  10/04/19 18h28
Simulation parameters System type Sheds on a building
Collector Plane Orientation Tit 31° Azimuth  180°
Sheds configuration Nb. of sheds 1120 Identical arrays
Sheds spacing 2.20m Collector width 2.00 m
Shading limit angle Limit profile angle 64.3° Ground cov. Rafio (GCR) 909 %
Models used Transposition Perez Diffuse Perez, Meteonomm
Horizon Free Horizon
Mear Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHNZ3I0SES1
Original PVsyst database Manufacturer Panasonic
MHumber of PV modules In series 16 modules In parallel 95 strings
Total number of PV modules Nb. modules 1520 Unit Nom. Power 230 Wp
Array global power Nominal (STC) 350 kWp At operating cond. 326 kWp (50°C)
Array operating charactenstics (50°C) Umpp 642V Impp 5S08A
Total area Module area 1916 m® Cellarea 1666 m°
Inverter Model Sunny Tripower 60-US-10 (400 VAC)
Original PVsyst database Manufacturer SMA
Characteristics Operating Voltage 570-800V Unit Nom. Power 60.0 kWac
Inverter pack Mb. of inverters 6 units Total Power 360 kWac
Pnom ratio 097
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim“K Uv iwind) 0.0 WimK / m/s
Wiring Ohmic Loss Global array res. 20 mOhm Loss Fracion 1.5% at STC
Module Quality Loss Loss Fraction 25%
Module Mismalch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fracion 0.10 %
Incidence effect, ASHRAE parametrization IAM = 1-bo(1/cosi-1) bo Param. 0.05

Fuyst Evalantion maos
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PVSYST V6.79 10/04/19| Page2/4

Grid-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant : Fixed vari

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation tit 31° azimuth  180°

PV modules Model VEHMN230SES1 Pnom 230 Wp

PV Armray Mb. of modules 1520 Pnom total 350 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 600 kW ac
Inverter pack Nb. of units 6.0 Pnom fotal 360 kW ac
User's needs Unfimited load (gnid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04119 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation it 31 azimuth  180°

PV modules Model VBHMZ3I0SES1 Pnom 230 Wp

PV Array Mb. of modules 1520 Pnom total 350 kWp

Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 kW ac

Imverter pack Mb. of units 6.0 Fnom fotal 360 kW ac

Users needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 264.2 MWhi/year Specific prod. 756 kWhkWp/year

Pyrficrmanos Arto PR

Performance Ratio PR 77.33 %
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PVYSYST VB.79

10/04/19 Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : Fixed var1

Main system parameters

Near Shadings

PV Field Orientation
PV modules

PV Array

Inverter

Inverter pack

User's needs

System type Sheds on a building
Linear shadings

it 31° azimuth

Model VBHMN230SES1 Prom

Nb. of modules 1520 Pnom total
Sunny Tripower 60-US-10 (400 VAC)  Pnom

Nb. of units 6.0 Pnom total

Unlimited load (grid)

180°

230 Wp
350 kWp
60.0 kKW ac
360 kW ac

[B58 KWhim® * 1918 m® coll
eificlency ol STC = 18.33%
300.7 Mlh

Loss diagram over the whole year

Horizental global irradiation

-27 108obal incident in coll. plane

Global incident balow thrashold
HNear Shadings: iradiance loss

IAM factor on global

Effective irradiation on collectors
PV canversion

Array nominal energy (at STC effic)
PV loss due to irradiance level

PV loss due to temparature

Module quality loss

Mismatch loss, modules and strings
Chmig wiring loss

Array wvirtual energy at MPP

Inverier Lass during operation (efficlency)
Inverter Loss over nominal inv. power
Inverter Loss due fo max input current
Inverter Loas over nominal inv. voltage
Invertar Loss due to power thrashold
Inverier Loss due to voltage threshold
Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/04/19| Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude Om
Albedo 0.20
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : Fixed vari
Simulation date  10/04/19 18h23
Simulation parameters System type Sheds on a building
Collector Plane Orientation Tit 31° Azimuth 180"
Sheds configuration Mb. of sheds 1120 Identical arrays
Sheds spacing 220m Collector width 200 m
Shading limit angle Limit profile angle 64.8° Ground cov. Ratio (GCR) 909 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHN230SE51
Original PVsyst database Manufacturer Panasonic
Number of PV modules In series 9 modules In parallel 169 strings
Total number of PV modules Mb. modules 1521 Unit Nom. Power 230 Wp
Array global power Mominal (STC) 350 kWp At operating cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp 361V Impp S03A
Total area Module area 1918 m* Cell area 1667 m*
Inverter Model HPC-050HT-E
Original PVsyst database Manufacturer Hyundai
Characteristics Operating Voltage 300-600V Unit Nom. Power 500 kWac
Inverter pack Mb. of inverters 6 units Total Power 300 kWac
Pnom ratic 1.17
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimfK Uv (wind) 0.0 Wim K / m/s
Wiring Ohmic Loss Global array res. 6.5 mOhm Loss Fracion 15 % at STC
Module Quality Loss Loss Fraction 25 %
Module Mismatch Losses Loss Fracion 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(lfcosi-1) bo Param. 005
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PVSYST V6.79 10/04/19| Page 2/4

Gnd-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation e 31° azimuth  180°

PV modules Model VBHMZ30SES1 Pnom 230 Wp
PV Array MNb. of modules 1521 Pnom total 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 KW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19| Page 34
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Fixed vart

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation tit 31° azimuth  180°

PV modules Model VBHM230SES1 Pnom 230 Wp

PV Array Mb. of modules 1521 Pnom total 350 kWp

Inverter Model HPC-050HT-E Pnom 50.0 kW ac

Inverter pack Mb. of units 6.0 Pnom total 300 kW ac

Users needs Unilimited load (grid)

Main simulation results
System Production

Produced Energy 254.0 MWhiyear
Performance Ratio PR  74.29 %
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PVYSYST V6.79 10/04/19| Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant:  Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

PV Field Orientation fit 31" azimuth 180"

PV modules Model VBHNZ30SES1 Pnom 230 Wp

PV Array Nb. of modules 1521 Fnom total 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverter pack Mb. of units 6.0 Fnom total 300 kW ac
User's neads Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation

-27 Je@Mobal incident in coll. plane

Global incident balow thrasholkd
Near Shadings: iradiance loss

1AM factor on global

[B58 KWhim? = 1818 m? coll, Effective irradiation on collectors
efficiency ot STC = 18.33% PV convarsion
300.0 MWh

Array nominal energy (at 5TC effic.)
PV loss due o irradiance level

P loss due o termparature

Medule quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

200.5 MWh Array virtual energy at MPP

Inverter Loss during operation (efficienay)
Inverter Loss over nominal inv. power
Invartar Loss dus 1o max. inpul surment
Invarter Loss over nominal inv, vollage
Invartar Loss dua to powar thrashold
Inverier Loss due fo vollage threshald
254.0 MWWh Available Energy at Inverter Output
254.0 MW Energy injected into grid
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PVSYST V6.79 10/04/19 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90°N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude 0m
Albedo 020
Meteo data: Cevizli Meteonorm 7 2 (2004-2010), Sat=100% - Synthefic
Simulation variant : Fixed var1
Simulation date  10/04/19 18h21
Simulation parameters System type Sheds on a building
Collector Plane Orientation Tit 31° Azimuth 180"
Sheds configuration Nb. of sheds 1120 Identical arrays
Sheds spacing 220 m Collector width 2.00 m
Shading limit angle Limit profile angle 64 3" Ground cov. Ratio (GCR) 909 %
Models used Transposition Perez Deffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHN230SES1
Original PVsyst database Manufacturer Panasonic
MNumber of P\ modules In series 13 modules Iin parallel 117 sirings
Total number of PV modules Mb. modules 1521 Unit Nom. Power 230 Wp
Array global power Mominal (STC) 350 kWp At operating cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp 521V Impp 625A
Total area Module area 1918 m* Cell area 1667 m*
Inverter Model Solarmax 50TS
QOriginal PVsyst dalabase Manufacturer SolarMax
Characteristics Operating Voltage 430-800 V Unit Nom. Power 500 kWac
Inverter pack Nb. of inverters 6 units Total Power 300 kWac
Pnom ratio 1.17
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim K Uv (wind) 0.0 WimK / m/s
Wiring Ohmic Loss Global array res. 14 mOhm Loss Fracion 1.5 % at STC
Module Quality Loss Loss Frachon 25 %
Module Mismatch Losses Loss Frachon 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1.-bo(l/cosi-1) bo Param. 005
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PVSYST V6.79 10/04/19| Page 214

Grid-Connected System: Near shading definition

Project : Sehir solar plant
Simulation variant : Fixed var1

Main system parameters System type Sheds on a building

Near Shadings Linear shadings

P\ Field Orientation tit 31" aznimuth 180"

PV modules Model VBHMNZ30SES1 Pnom 230 Wp

PV Array Nb. of modules 1521 Pnom fotal 350 kWp
Inverter Model Solarmax S50TS Pnom 50.0 kW ac
Inverder pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unilimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19| Page 34

Grid-Connected System: Main results

Project : Sehir solar plant
Simulation variant : Fixed vari

Main system parameters System type Sheds on a building

Mear Shadings Linear shadings

PV Field Orientation it 31° azimuth  180°

PV modules Model VBHNZ30SES1 Pnom 230 Wp
PV Array Mb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax SO0TS Pnom 500 kKW ac
Inverter pack Nb. of units 6.0 Pnom fotal 300 kW ac
User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 255.4 MWhiyear Specific prod. 730 KWhkWpiyear
Performance Ratio PR 7470 %
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PWSYSTVE.T9 10/04/19 Page 4/4
Grid-Connected System: Loss diagram
Project : Sehir solar plant
Simulation variant ; Fixed var1
Main system parameters System type  Sheds on a building
Mear Shadings Linear shadings
PV Field Orientation it 3r° azimuth 1807
PV modules Model VBHM230SES1 Pnom 230 Wp
PV Array Hb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax 50TS Pnom  50.0 kW ac
Inverier pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

256 kWhim® * 1918 m* coll

Loss diagram over the whole year

Horizontal global irradiation

-27 3@ obal incident in coll. plane

Global incident below threshold
Near Shadings: iradisnce loss

1AM factor on global

Effective irradiation on collectors

afficiancy st STC = 18.33%

PV convarsion

200 5 MVWh

2554 MWh
255.4 MW

300.0 MWh

Array nominal energy (at STC effic.)
FY loss due fo iradiance lavel

PY loss dus 1o temparatuie

Medula quality lzss

Mismatch loss, modules and strings
Chmig wiring loss

Array virtual energy at MPP

Inveriar Loss during operation (efficienay)
Inv@rtar Loss ovar nominal inv. powar
Inverter Loss dus to max. input current
Inverier Loss over nominal inv. voliage
Inverter Loss dus to power threshold
Invertar Loss dus to voltage threshold
Night consumption

Available Energy at Inverter Output
Energy injected into grid
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One axis Appendix

Original PVVsyst database

PVSYST V6.79 | [10/04r19| Page e
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cewvizli Country Turkey
Situation Lafitude 4090 N Longitude 29.16"E
Time defined as Legal Time Time zone UT+3 Altitude 0O0m
Albedo  0.20

Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : One axis

Simulation date  10/04/M19 19h23

1 par = System type Tracking system
Tracking plane, Vertical Axis Plane Tilt 31"
Fotation Limitations Minimum Azimuth  .120° Maximum Azimuth 120°

Trackers configuration MNb. of trackers 1120 ldentical arrays

Tracker Spacing 2.00 m Collector width 1.00m

Ground cov. Ratio (GCR) 500 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs @ Unlimited load (grid)
PV Array Characteristica
PV module Si.poly Model YL310P-35b
Original PVsyst database Yingli Solar

Mumber of PV modules In series 19 modules In parallel 59 strings
Total number of PV modules Mb. modules 1121 Unit Hom. Power 310 Wp
Array global power MNominal (STC) 348 kWp Al operating cond. 311 kWp (50°C)
Array operating characteristics (50°C) Umpp 624V Impp 458A
Total area Module area 2175 m*® Cell area 1964 m*
Inverter Model

Sunny Tripower 60-US-10 (400 VAC)
SMA

Characteristics Operating Voltage 5S70-300V Unit Hom. Power S0.0 kKWac
Inverer pack HNb. of inverters & units Total Power 360 kWac
Pnom ratioc 087
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim K Uv jwind) 0.0 Wim K / mis
Wiring Ohmic Loss Global array res. 21 mOhm Loss Fraction 1.5% at STC
LID - Light Induced Degradation Loss Fraction 1.3 %
Module Cuality Loss Loss Fraction -0.8%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect (LAM): User defined profile
[ o ] 200 | a0 | e | 7o ]| 75 | 8o a5 | oo |
L 1.000 1 1.000 | 1.000 1 0.8080 1 0.880 | 0.800 1 o870 1 0430 1 0.000 |
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PVSYST V6.79 10/04/19| Page 2/4

Grid-Connected System: Near shading definition

Project : Sehir solar plant
Simulation variant: One axis

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tiit
PV modules Model YL310P-35b Pnom
PV Amay Nb. of modules 1121 Pnom total
Inverter Sunmry Tripower 50-US-10 (400 VAC)  Pnom
Inverter pack Nb. of units 6.0 Pnom total
User's needs Uniimited load (grid)

3

310 Wp
348 kWp
60.0 kW ac
360 kW ac

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19| Page 3/4

Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : One axis

Main system parameters System type Tracking system

Hear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tt 31"

PV modules Model YL310P-35b Pnom 310Wp

PV Array Mb. of modules 1121 Pnom total 348 kWp
Inverer Sunny Tripower 60-US-10 (400 VAC) Pnom 600 kW ac
Imverter pack Mb. of units 6.0 Pnom ftotal 360 kW ac
User's needs Unilimited load (grid)

Main simulation results
System Production Produced Energy 489.6 MWhiyear Specific prod. 1409 kKWhkWp/year
Performance Ratio PR 77.87 %
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PVSYST V6.79 10/04/19 Page 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant :  One axis

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tit 31°

PY modules Model YL310P-35b Pnom 310 Wp

PV Array Nb. of modules 1121 Pnom fotal 348 kWp

Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 kW ac

Inverier pack Nb. of units 6.0 Pnom total 360 kW ac

User's needs Unlimited load (grid)

1348 KiWhim®

1810 kWhim® * 2175 m® coll

Loss diagram over the whole year

Horizontal global irradiation
+34 4% Global incident in coll. plane

efficiency at STC = 15.00%

530.1 Mk

Array nominal energy (at STC effic)
PV loss due 1o imadiance level

PV loss due 1o temperature

Modube quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wining loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss due 15 maoe. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
Energy injected into grid
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PVSYST VG.79 11010#191 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Alitude 0m
Alpedo  0.20
Meteo data: Cevizli Meteonorm 7_2 (2004-2010), Sat=100% - Synthetic
Simulation variant : One axis
Simulation date  10/04/19 19h22
Simulation parameters System type Tracking system
Tracking plane, Vertical Axis Plane Tt 31°
Rotation Limitations Minimum Azimuth -120* Maximum Azimuth 120°
Trackers configuration Nb. of trackers 1120 Identical arrays
Tracker Spacing 2.00m Collector width 1.00 m
Ground cov. Ralio (GCR) 500 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
nal Pvsyst database Manufacturer Yinghi Solar
Number of PV modules In series 12 modules In parallel 94 sirings
Total number of PV modules Nb. modules 1128 Unit Nom. Power 310 Wp
Array global power Nominal (STC) 350 kWp Al operating cond. 313 KWp (50°C)
Array operating characteristics (S0°C) Umpp 394V Impp T94A
Total area Maodule area 2189 m? Cell area 1976 m¥
Inverter Model HPC-D50HT-E
Original PVsyst database Manufacturer Hyundai
Characteristics Operating Voltage 300-600 V Unit Nom. Power 50.0 kWac
Inverier pack Nb. of inverters 6 units Total Power 300 kWac
Pnom ratic 117
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimfK Uw (wind) 0.0 Wm K / mis
Wiring Ohmic Loss Global array res. 8.3 mOhm Loss Fraction 1.5 % at STC
LID - Light Induced Degradation Loss Fraction 1.3 %
Module Quality Loss Loss Fraction -0.8%
Module Mismalch Losses Loss Fracion 1.0 % at MPP
Strings Mismatch loss Loss Fracon 0.10 %
Incidence effect (1AM): User defined profile
Q 20" 40 a0 o [ 8 a5 w0
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PVSYST V6.79 10/04/19 Page 2/4
Gnd-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant: One axis

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tilt 31°

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Mb. of modules 1128 Pnom total 350 kWp

Inwerter Model HPC-050HT-E Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom total 300 kW ac

User's needs Unilimited load (gnd)

Perspective of the PV-field and surrounding shading scene
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Iso-shadings diagram
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Haam Lhaging ke (Teewr CAKEIIECS | TS ANBIRGL SUITRL
I -y Atwrsation for cffase: 0101 J

Sraniegies 5% 1 22 e

and aibedo: D EE1




Appendix B. One Axis Appendiz

97

Performance Ratio PR 75.41 %

PVSYST V6.79 10/04119 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant: One axis

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axdis Plane Tt 31°

PV modules Model YL310P-35b Pnom 310 Wp

PV Array HNb. of modules 1128 Pnom total 350 kWp

Inverter Model HPC-050HT-E Pnom 500 kW ac

Inverter pack MNb. of units 6.0 Pnom total 300 kW ac

User's needs Uniimited load (gnd)

Main simulation results

System Production Produced Energy 477.1 MWhiyear Specific prod. 1364 KWhk\Wpiyear
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PVSYST V6.79 10/04/19 Fage 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant:  One axis

Main system parameters System type Tracking system

MNear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tilt 31

PV modules Model YL310P-35b Fnom 310 Wp

PV Array Nb. of modules 1128 Pnom total 350 kWp

Inverter Model HPC-050HT-E Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom total 300 kW ac

User's neads Unlimited load (grid)

Loss diagram over the whole year

Horizontal global irradiation
+34 4% Global incident in coll. plane

~0.05% Global incident balow thrashold

-8.41% Near Shadings: irradiance loss

=1.71%

1810 kWhim?® * 2188 m? coll
efficiency at STC = 15.00%

584 MWh

-0.58%
-5.07%
+0.75%

-1,30%
1,10%
0.58%

LAM factor on global
Effective irradiation on collectors
PV conversion

Amay nominal energy [at STC effic.)
Py loss due to rradiance level

P loss due to temperaiure
Module quality loss

LID - Light ndused degradation
Migmatch loss, medules and strings.
Crhimic wiring loss

Array virtual energy at MPP

Invartar Loas during oparation (efficlancy)

Invarter Loss over nominal inv. power
Invarter Loss duae to max. input current
Invarier Loss over nominal inv. voltage
Invarter Loss due to power threshold
Invarter Loss dus to voltage threshald
Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/0419 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude O0m
Albedo 020
Meteo data: Cevizli Meteonomm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant:  One axis
Simulation date  10/04/19 19h21
Simulation parameters System type Tracking system
Tracking plane, Vertical Axis Plane Tit 31°
Rotation Limitations Minimum Azimuth -120° Maxdmum Azimuth  120°
Trackers configuration Nb. of trackers 1120 Identical arrays
Tracker Spacing 2.00 m Collector width 1.00m
Ground cov. Ratio (GCR) 500 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (gnd)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
Original PVsyst database Manufacturer Yingli Solar
Mumber of PV modules In series 17 modules In parallel 66 strings
Total number of PV modules Nb. modules 1122 Unit Nom. Power 310 Wp
Array global power MHominal (STC) 348 kWp Al operating cond. 311 KWp (50°C)
Array operating characteristics (50°C) Umpp 538V Impp 557TA
Total area Module area 2177 m? Cell area 1965 m°
Inverter Model Solarmax 50TS
Original PVsyst database Manufacturer SolarMax
Characteristics Operating Voltage 430-800V Unit Nom. Power 500 kWac
Inverter pack Nb. of inverters 6 units Total Power 300 kWac
Pnomratic 116
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimPK Uv (wind) 0.0 W/m"K / m/s
Wiring Ohmic Loss Global array res. 17 mOhm Loss Fraction 1.5% at STC
LID - Light Induced Degradation Loss Fraction 13 %
Module Quality Loss Loss Fraction -0.8 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Sirings Mismalch loss Loss Fraction 0.10 %
Incidence effect (LAM): User defined profile
0 0 40° a0 L' 75 a0 25 B0*
1.000 1.000 1,000 0.880 0.880 0.800 0.870 0430 0000
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PVSYST V6.79 10/04/119 | Page 214

Gnd-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant: One axis

Main system parameters System type Tracking system

MNear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Aods Plane Tilt 31°

PV modules Model YL310P-35b Pnom 310 Wp
PV Array Mb. of modules 1122 Pnom total 348 KWp
Inverter Model Solarmax S0TS Pnom 500 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Penynr Dvaianion mode



Appendix B. One Axis Appendiz

101

PVSYST V6.79 10/04/19 | Page 34
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant:  One axis

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tt 31°

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Nb. of modules 1122 Pnom total 348 kWp

Inverter Model Solarmax SOTS Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom fotal 300 kW ac

User's needs Unblimited load (gnd)

Main simulation results
System Production

Produced Energy

Performance Ratio PR 75.77 %
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PVSYST V6.79

10/04/19

Fage 4/4

Project :
Simulation variant :

Grid-Connected System: Loss diagram

Sehir solar plant
One axis

Main system parameters

Near Shadings
PV Field Orientation
PV modules

FV Array

Inverter

Inverter pack

User's needs

Tri

System type

Linear shadings

acking plane, Verlical Axis
Model

Nb. of modules

Model

Nb. of units

Unlimited load (grid)

Tracking system

YL310P-35b
1122

Solarmax 50TS
6.0

Plane Tilt
Pnom
Prnom total
Pnom
Fnom total

ki i

30 Wp
348 kWp
50.0 KW ac
300 kW ac

1348 kKWhim?

1810 kWhim?® * 2177 m? coll

Loss diagram over the whole year

Horizontal global irradiation
+34 4% Global incident in coll. plane
-0.05% Global incident below thrashold

-8.41% Mear Shadings: iradiance loss
-1.71% 1AM factor on global

Effective irradiation on collectors

efficiency al STC

= 15.00% PV conversion

468.0 MWh

470.8 MWh
478.8 MWh

580.8 MWh

Array nominal energy (at 5TC effic.)
P loss dua to irradiance leval

FV loss due to temperature
Modula quality loss

LID - Light induced degradation
Mismalch loss. modules and strings
Crhmic wiring loss

Array wvirtual energy at MPP

Invarter Loss during operation (afficlency)
Invarter Loss over nominal inv. power
Invarter Loss due to max. input current
Invarier Loss over nominal inv. vollage
Invarter Loss due to powar threshold
Invarter Loss due to voltege threshold
Night consumpticn

Available Energy at Inverter Output
Energy injected into grid
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PVYSYST V6.79 10/04/19 Fage 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant:  One axis

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tit 31"

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Nb. of modules 1122 Pnom total 348 kWp

Inverter Model Solarmax 50TS Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom total 300 kW ac

User's needs Unlimited load (grid)

1348 KWhim?

-1.7T1%
1810 KWhim?® * 2177 m® call
efficiency al STC = 15.00%

580.8 MWh

408.8 MWh

470.8 MWh
478.8 MWh

Loss diagram over the whole year

Horizontal global irradiation

+34.4% Global incident in ooll, plane

-0.08% Global incident balow thrashold

-8.41% Mear Shadings: iradiance loss

1AM factor an global
Effective irradiation on collectors

PV conversion

Array nominal energy (at 5TC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

LID - Light induced degradation
Mismalch loss. modules and strings
Chhmie wiring loss

Array wirtual energy at MPP

Invarier Loss during operation (afficlency)
Invarter Loss over nominal inv. power
Inverter Loss due to max. input curment
Inverier Loss over nominal iny. vollage
Invarier Loss due to power threshold
Invarter Loss dus to voltage threshald
Hight cansumption

Available Energy at Inverter Qutput
Energy injected into grid
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PVSYST V6.79 10/04/19

Page 2/4

Gnd-Connected System: Near shading definition

Project : Sehir solar plant
Simulation variant:  One axis

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Aods Plane Tilt 31°

PV modules Model VBHM230SES1 Pnom 230 Wp
PV Array Mb. of modules 1520 Pnom total 350 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 360 kW ac
User's needs Unilimited load (grid)

Perspective of the PV-field and surrounding shading scene

Penyar Dvaianion mode
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Performance Ratio PR 77.99 %

PVSYST V6.79 10/04/19 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant: One axis

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Verfical Axis Plane Tt 31°

PV modules Model VBHM230SES1 Pnom 230 Wp

PV Array Nb. of modules 1520 Pnom total 350 kWp

Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom &0.0 kW ac

Inverer pack MNb. of units 6.0 Pnom fotal 360 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 493.2 MWhi/year Specific prod. 1411 KWhkWpiyear

Ngrmelized produstions (per nctalied WWEE

Nominal power 150 WWp
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PVSYST V6.79 10/04/19| Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : One axis

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tilt
PV modules Model VBHNZ30SES1 Pnom
PV Array Nb. of modules 1520 Pnom tolal
Inverter Sunny Tripower 60-US-10 (400 VAC)  Pnom
Inverter pack Nb. of units 6.0 Pnom total
User's needs Unlimited load (grid)

n

230 Wp
350 kWp
60.0 KW ac
360 KW ac

Loss diagram owver the whole year

1348 KWhm® Horizontal global irradiation
+34.4% Global incident in coll. plane

1805 kdWh/im® * 1918 m™ coll
efficiency at STC = 18.33% PV conversion

Array nominal energy (at STC effic )
PV loss due to imadiance level

PV loss due o temperature

Module guality loss

Mismatch loss, modules and strngs
Ohiméz wiring loss

Array virtual energy at MPP

Inwerter Loss during operation (efficiency)
Inwerter Loss over nominal inv. power
Inverter Loss due to max. input curment
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due 1o voltage threshold
Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/04/19 Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude Om
Albedo 0.20
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : One axis
Simulation date 10/04/19 19h13
Simulation parameters System type Tracking system

Tracking plane, Vertical Axis Plane Tit 31"

Rotation Limitations Minimum Azimuth -120° Maximum Azimuth 120°
Trackers configuration Mb. of trackers 1120 Identical arrays

Tracker Spacing 2.00m Collectorwidth 1.00m
Ground cov. Ratio (GCR) 50.0 %
Models used Transposiion Perez Diffuse Perez Meteonorm
Horizon Free Horizon
Mear Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHN230SES51
Original PVsyst database Manufacturer Panasonic
Mumber of PV modules In series 9 modules In paraliel 169 sirings
Total number of PV modules Nb. modules 1521 Unit Nom. Power 230 Wp
Array global power Mominal (STC) 350 kWp Al operafing cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp 361V Impp 903A
Total area Module area 1918 m® Cell area 1667 m@
Inverter Model HPC-O50HT-E
Original P\Vsyst database Manufacturer Hyundai
Characteristics Operating Voltage 300-600 V Unit Nom. Power 50.0 kWac
Inverter pack MNb. of inverters 6 units Total Power 300 kWac
Pnom ratio 1.17

PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim"K Uv (wind) 0.0 WinK / m/s
Wiring Ohmic Loss Global array res. 6.5 mOhm Loss Fraction 1.5 % atSTC
Module Quality Loss Loss Fraction 25 %
Module Mismalch Losses Loss Fraction 1.0 % at MPP
Strings Mismalch loss Loss Fracion 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(1/cosi-1) bo Param. 005

Pituyat Evaharton s
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FVSYST V6.79 10/04/19

Page 2/4

Grid-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant:  One axis

Main system parameters System type Tracking system

MNear Shadings Linear shadings

PV Field Orientation Tracking plane, Verfical Axis Plane Tt 317

PV modules Medel VBHN230SES1 Pnom 230 Wp

PV Armray Mb. of modules 1521 Pnom total 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unilimited load (grid)

Perspective of the PV-field and surrounding shading scene

i

Izo-shadings diagram
Behir colar plant
Beam thading ke [Teanr ) - - arved
w0 T T T T T T T
Bhacieg o 1 % Atenation for diffuce: 8103

hading lae § % and sibeso: 0181
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PVSYST v6.79 10/04/19| Page 3/4
Grid-Connected System: Main results
Project : Sehir solar plant
Simulation variant: One axis
Main system parameters System type Tracking system
Near Shadings Linear shadings
PV Field Orientation Tracking plane, Vertical Axis Plane Tt 31°
BV modules Model VBHN230SES1 Fnom 230 Wp
PV Array Nb. of modules 1521 Pnom fotal 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverier pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Uniimited load (grid)
Main simulation results
System Production Produced Energy 477.7 MWhiyear Specific prod. 1385 kWhikWpiyear
Performance Ratio PR 7547 %
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User's needs

Unlimited load (grid)

PVSYST V6.79 10/04/19 Page 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant : One axis

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking plane, Verical Axis Plane Tilt 31°

PV modules Model VBHM230SES1 Pnom 230 Wp

PV Array Nb. of modules 1521 Pnom total 350 kWp

Inverter Model HPC-050HT-E Pnom 50.0 KW ac

Inverter pack MNb. of units 6.0 Fnom total 300 kW ac

1348 KWhim?

1805 KWhim? * 1918 m? coll

Loss diagram over the whole year

Horizontal global irradiation
+34 4% Global incidant in coll. plane
0.05% Global incident below threshold

-0.41% Mesr Shadings: iradiance loss
-2.04% 1AM factor an global

Effective irradiation on collectors

afficiency at 5TC = 16.33%

PV conversion

504 MW

502 MWh

478 MWWh
478 MWh

Array nominal energy (at 5TC effic.)
P loss due to irradiance level

P loss dua to lemparature

Modute quality loss

Migmatch loss, modules and strings
Crhmie wiring loss

Array virtual energy at MPP

Invarter Loss during oparation (efficiancy)

Invarter Loss over nominal inv. power
Invarter Loss due to mac. input current
Invariar Loss over nominal inv. vollage
Invarter Loss due to powar thrashold
Invarier Loss due 1o voltage threshold
Available Energy at Inverter Output
Energy injected into grid




Appendix B. One Azis Appendiz 111
PVSYST V6.79 10704119 Page 1/4
Gnd-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude Om
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthefic
Simulation variant:  One axis
Simulation date  10/04/19 19h20
Simulation parameters System type Tracking system
Tracking plane, Vertical Axis Plane Tit 31°
Rotation Limitations Minimum Azimuth -120° Madimum Azimuth  120°
Trackers configuration Mb. of trackers 1120 ldentical arrays
Tracker Spacing 2.00 m Collector width 100 m
Ground cov. Rafio (GCR) 50.0 %
Models used Transposiion Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHN23I0SES1
Original PVsyst database Manufacturer Panasonic
Number of PV modules In series 13 modules In parallel 117 sirings
Total number of PV modules Mb. modules 1521 Unit Nom. Power 230 Wp
Array global power Mominal (STC) 350 kWp At operating cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp S21V Impp 625A
Total area Module area 1918 m* Cell area 1667 m*
Inverter Model Solarmax 50T5S
Original PVsyst database Manufacturer Solariax
Characteristics Operating Voltage 430-300V Unit Nom. Power 500 kWac
Inverter pack Mb. of inverters 6 units Total Power 300 kWac
Pnom raio 1.17
PV Array loss factors
Thermal Loss factor Uc (const)  20.0 Wim°K Uv (wind) 0.0 Wim™K / m/s
Wiring Ohmic Loss Global array res. 14 mOhm Loss Fraction 1.5% at STC
Module Quality Loss Loss Fraction 25%
Module Mismalch Losses Loss Fraction 1.0 % at MPP
Strings Mismalch loss Loss Fracion 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(1/cosi-1) bo Param. 0.05

Fuayal Evalarton mads
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PVSYST V6.79

10/0419 Page 2/4

Simulation variant: One axis

Grid-Connected System: Near shading definition
Project : Sehir solar plant

Main system parameters

Near Shadings Linear shadings

PV Field Orientation Tracking plane, Vertical Axis Plane Tilt  31°

PV modules Model VBHM230SES1 Pnom 230 Wp
PV Array Nb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax 0TS Pnom 50.0 kW ac
Inverter pack Nb. of units 5.0 Pnom fotal 300 kW ac
User's needs Uniimited load (grid)

System type Tracking system

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
ehir colar plast
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PVSYST VB.79 10/04119 Page 3/4
Grid-Connected System: Main results
Project : Sehir solar plant
Simulation variant:  One axis
Main system parameters System type Tracking system
Mear Shadings Linear shadings
PV Field Orientation Tracking plane, Vertical Axis Plane Tt 31°
PV modules Model VBHN230SE51 Pnom 230 Wp
PV Array Nb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax 50TS Pnom 500 kW ac
Imverter pack Mb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (gnid)
Main simulation results
System Production Produced Energy 479.8 MWhiyear Specific prod. 1372 KWhiWplyear
Performance Ratio PR 7582 %

power 309 wWR

tme il b oA ves ae)
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1805 KWhim?® * 1918 m? coll.

+34£.4% Global incident in coll. plane

-0.05% Global incident below threshold
=#.41% Nesr Shadings: iradiance loss

1AM factor on global
Effective irradiation on collectors

efficiency at STC = 18.33%

PV conversion

Array nominal energy (at STC effie.)
P loss dua to irrsdiance lavel

PV loss due to temperature
Meodule quality loss
Misrnatch loss, modules and skrings

Ol winng loas
Array virtual energy at MPP

Invarter Loss during oparation (efficlancy)

Invarter Loss owar nominal inv. power
Invarter Loss dua to max. input current
Inverier Loss over nominal inv. voltage
Invarter Loss due to power threshald
Invarter Loss due to voltage threshold
Hight consumption

Available Energy at Inverter Output
Energy injected into grid

PVSYST V6.79 10/04/19 Fage 4/4
Grid-Connected System: Loss diagram
Project : Sehir solar plant
Simulation variant:  One axis
Main sysiem parameters System type Tracking system
MNear Shadings Linear shadings
PV Field Orientation Tracking plane, Verical Axis Flane Tilt  31°
PV modules Model VBHN230SES1 Pnom 230 Wp
PV Array Nb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax 50TS Pnom 50,0 KW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)
Loss diagram over the whole year
1348 K\V/m? Herizontal global irradiation
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Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cewvizli Country Turkey
Situation Latitude 40.90° M Longitude 29.16" E
Time defined as Legal Time Time zone UT+3 Alitude Om
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic

Simulation variant :

Two way axis var

Simulation date  10/04/19 20005
Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tit 0" Madmum Tt 80"
Rotation Limitations Minimum Azimuth  -120% Maximumn Azimuth  120°
Trackers configuration Nb. of trackers 1120 Identical arrays
Tracker Spacing 2.20m Collector width  1.01m
Ground cov. Ratio (GCR) 459 %
Models used Transposition Perez Diffuse Perez, Meleonorm
Haorizon Free Horizon
Near Shadings Linear shadings
User's needs © Unilirmited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
Oniginal PVsyst database Manufacturer  Yingli Solar
Mumber of PV modules In series 19 modules In parallel 59 sirings
Total number of PV modules HNb. moedules 1121 Unit Nem. Power 310 Wp
Array global power Mominal (STC) 348 kWp Al operating cond. 311 kWp (50°C)
Array operating characteristics (50°C) Umpp 624V Iimpp 4983 A
Total area Module area 2175 m* Cell area 1964 m*
Inverter Model Sunny Tripower 60-U5-10 (400 VAC)
Original P\Vsyst database Manufacturer SMA
Characteristics Operating Voltage S70-800V Unit Nom. Power 60.0 k¥Wac
Inverer pack Mo, of inverters & units Total Power 380 kWac
Pnom ratic 0.97

PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim K Uv (wind} 0.0 Wim"K / m/s
Wiring Ohmic Loss Global array res. 21 mOhm Loss Fraction 1.5% at STC
LID - Light Induced Degradation Loss Fraction 1.3 %
Module Quality Loss Loss Fraction -0.8%
Module Mismatch Losses Loss Fraclion 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect (IAM): User defined profile
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PVSYST V.79 10/04119 Page 2/4

Gnd-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-35b Fnom 310 Wp

PV Array Mb. of modules 1121 Pnom total 348 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom &0.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 360 kW ac
User's needs Unlimited load (gnid)

Perspective of the PV-field and surrounding shading scene

i

Iso-shadings diagram
Behir calar plast
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PVSYST V6.79 10/04/19 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-350 Pnom 310 Wp

PV Array Nb. of modules 1121 Pnom total 348 kWp

Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom ©0.0 kW ac

Inverter pack Nb. of units 6.0 Pnom fotal 360 kW ac

User's needs Uniimited load (grid)

Main simulation results
System Production

Produced Energy 501.3 MWhiyear Specific prod.

Performance Rafio PR 77.32 %
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Balances and main results
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PVSYST V6.7T9 10/04/19| Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Mb. of modules 1121 Fnom total 348 kKWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 KW ac
Inverter pack Mb. of units 6.0 Pnom total 360 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

1346 kWh/m? Horizontal global irradiation
+38.0% Global incident in coll. plane

-0.03% Global incident balow threshold
-2.73% Near Shadings: iradianca loss

=1.80% 1AM factor on global
1857 kWh/m® * 2175 m? call. Effective irradiation on collectors
afficiancy at STC = 15.00% PV convarsien

578 MWh

Array nominal energy (at STC effic.)
PV lass dua to iradiance lavel

FV loss due o temperature
Meodule quality loss

LID - Light induced degradation
Mismatch lass, modules and strings

Ohmic wiring loss

510 MWh Array virtual energy at MPP

k!-I To% Invertar Loss during oparation (efficiency )

" 0.00% Inverter Loss over nominal inv. powar

" 0.00% Invvarter Loss dua o max. inpul curment

M410.00% Inverter Loss over nominal inv. voliage

[ 0.00% Inverter Loss dus to power thrashold

-0.01% Inverter Loss due o vollage threshold
501 MWh Available Energy at Inverter Oulput
501 MWWh Energy injected into grid
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PVSYST V6.79 10/04/19| Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Couniry Turkey
Situation Latitude 40.90°N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Alitude Om
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant:  Two way axis vari
Simulation date  10/04/19 20h03
Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tit 0° Madmum Tat  §0°
Rotation Limitations Minimum Azimuth -120" Mxdmum Azimuth  120°
Trackers configuration Nb. of trackers 1120 Identical arrays
Tracker Spacing 220 m Collectorwidth 101 m
Ground cov. Raio (GCR) 459 %
Models used Transposiion Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
MNear Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
Original PVsyst database Manufacturer Yingli Solar
Number of PV modules In series 12 modules Inparallel 94 skrings
Total number of PV modules Nb. modules 1128 Unit Nom. Power 310 Wp
Array global power MNominal (STC) 350 kWp Al operating cond. 313 kWp (50°C)
Array operating characteristics (S0°C) Umpp 394V Impp T94A
Total area Module area 2189 m@ Cell area 1976 m7
Inverter Model HPC-050HT-E
Original PVsyst database Manufacturer Hyundai
Characteristics Operating Voltage 300-500 V Unit Nom. Power 50.0 kWac
Inverter pack Nb. of inverters 6 units Total Power 300 kWac
Pnomratio 1.17
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim K Uv (wind) 0.0 WinK / m/s
Wiring Ohmic Loss Global array res. 8.3 mOhm Loss Fraction 15% at STC
LID - Light Induced Degradation Loss Fraction 13 %
Module Quality Loss Loss Fraction -0.8 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect (IAM): User defined profile
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PVSYST V6.79

10/04/19| Page 2/4

Project :

Grid-Connected System: Near shading definition
Sehir solar plant

Simulation variant : Two way axis var1

Main system parameters System type Tracking system

MNear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-35b Pnom 310 Wp
PV Amay Nb. of modules 1128 Pnom total 350 kWp
Inverter Model HPC-0S0HT-E Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
Users needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

= i

Iso-shadings diagram

Nehir coisr plant
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PVSYST Ve.79 10/04/19 Page 3/4
Grid-Connected System: Main results
Project : Sehir solar plant
Simulation variant : Two way axis vari
Main system parameters System type Tracking system
Near Shadings Linear shadings
PV Field Orientation Tracking two axis
PV modules Model YL310P-35b Pnom 310 Wp
PV Armray MNb. of modules 1128 Pnom total 350 kWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom fofal 300 kW ac
User's needs Unlimited load (grid)
Main simulation results
System Production Produced Energy 433.4 Specific prod. 1397 KWh/&kWpiyear
Performance Ratio PR 74.86 %
Br iper EWpi power I50 WWp Performanse Rabio PR

1 T T T T T ¥
PR - Pt Satn (Y7 T 0748

Two way axis vari

Balances and main results
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1857 k\Wh/m? * 2189 m?® coll.

Horizontal global irradiation
+39.8% Global incident in coll. plane

-0.03% Global incident balow threshold

-2.73% Mear Shadings: iradiance loss

1AM factor on glabal
Effective irradiation on collectors

efficiancy st STC

= 15.00% PV convarsion

580 MW

Array nominal energy (at STC effic.)
PV loss dus 1o inadiance lavel

FV loss due to temperature
Medule quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmie wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)

Invarter Loss over nominal iny. powar
Inverter Loss due o max. inpul current
Inverter Loss over nominal inv, voliage
Inverter Loss due to power threshald
Invertar Loss dus o vollage thrashakd
Available Energy at Inverter Dulput
Energy injected into grid

PVSYST V6.79 10/04/19 Page 4/4
Grid-Connected System: Loss diagram
Project : Sehir solar plant
Simulation variant:  Two way axis vari
Main system parameters Syslem fype Tracking system
Near Shadings Linear shadings
PV Field Orientation Tracking two axis
PV modules Model YL310P-35b Pnom 310 Wp
PV Array Mb. of modules 1128 Pnom total 350 KWp
Inverter Model HPC-050HT-E Pnom 50.0 kW ac
Inverier pack Nb. ofunits 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)
Loss diagram over the whole year
1348 KWh/m
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PVSYST V6.79 10/04119 | Page 1/4
Grid-Connected System: Simulation parameters

Project : Sehir solar plant
Geographical Site Cevizlhi Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E

Time defined as Legal Time Time zone UT+3 Alitude Om

Albedo 0.20
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : Two way axis vart
Simulation date 10/04/19 20h10

Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tit 0 Madmum Tat  80°

Rotation Limitations Minimum Azimuth -120° Maximum Azimuth 120"
Trackers configuration Mb. of trackers 1120 identical arrays
Tracker Spacing 2.20m Collector width 101 m
Ground cov. Rafio (GCR) 459 %
Models used Transposiion Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unilimited load (grid)
PV Array Characteristics
PV module Si-poly Model YL310P-35b
Original PVsyst database Manufacturer Yinglh Solar
Number of PV modules In series 17 modules In parallel 66 strings
Total number of PV modules Nb. modules 1122 Unit Nom. Power 310 Wp
Array global power Mominal (STC) 348 kWp At operating cond. 311 kWp (50°C)
Array operafing characteristics (50°C) Umpp 558V Impp 557TA
Tolal area Module area 2177 m? Cell area 1965 m@
Inverter Model Solarmax 50TS
Original PVsyst database Manufacturer SolarMax
Characteristics Operating Voltage 430-300V Unit Nom. Power 50.0 kWac
Inverter pack Mb. of inverters 6 units Total Power 300 kWac
Pnom raio 1.16

PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WinK Uw (wind) 0.0 Wim“K / m/s
Wiring Ohmic Loss Global array res. 17 mOhm Loss Fraction 1.5% atSTC
LID - Light Induced Degradation Loss Fraction 1.3 %
Module Guality Loss Loss Fraction -0.8%
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fracion 0.10 %
Incidence effect (LAM): User defined profile
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PVSYST V6.79

10/04/19| Page 24

Project :

Grid-Connected System: Near shading definition
Sehir solar plant

Simulation variant :  Two way axis vari

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-350 Pnom 310 Wp

PV Array Nb. of modules 1122 Pnom total 348 kWp
Inverter Model Solarmax 50TS Pnom 500 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

i

Iso-shadings diagram
Behir colar plant
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PVSYST V6.79 10/04/19 Page 3/4
Gnd-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-35b Pnom 310 Wp

PV Armray Nb. of modules 1122 Pnom fotal 348 kWp

Inverter Model Solarmax 50TS Pnom 500 kW ac

Inverter pack Nb. of units 5.0 total 300 kW ac

User's needs Uniimited load (gnd)

Main simulation results

System Production

Produced Energy
Performance Ratio PR

438.2 MWhiyear  Specific prod
75.23%
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PVSYST V6.T9 10/04/19 Page 4/4
Grid-Connected System: Loss diagram

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model YL310P-35b Pnom 310 Wp

PV Array Mb. of modules 1122 Pnom total 348 kWp

Inverter Model Solarmax 50TS Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom total 300 kW ac

User's needs Unlimited load (gnd)

1857 kWhim® * 2177 m® coll

Loss diagram over the whole year

=1.80%

efficiency at STC = 15.00%

BTT MWWR

511 MWh

488 MWh
488 MWh

40.00%
[~0.00%
40.00%
1 -0.02%
[40.00%
+.0.04%

Horizontal global irradiation

+38.0% Global incident in coll. plane

-0.03% Global incident below threshold

-0.73% MNear Shadings: imadiance loss

1AM factor on global
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due lo inmadiance level

PV loss dus o temparatune
Medule quality loss

LID - Light induced degradaton
Mismatch loss, medules and sirings
Ohmig wiring loss

Array virtual energy at MPP

Inverter Loss during operation (afficlency)

Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Invarter Loss over nominal iny. voltage
Inverier Loss due o powar threshold
Inverier Loss due (o voltege threshold
Night sensumption

Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/04/19| Page 14
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Lafitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Alitude O0m
Albede 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthefic
Simulation variant : Two way axis vart
Simulation date  10/04/19 20015
Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tilt 0° Maxdmum Tit  80°
Rotation Limitations Minimum Azimuth -120° Maximum Azimuth 120"
Trackers configuration Nb. of trackers 1120 Identical arrays
Tracker Spacing 220m Collectorwidth 101 m
Ground cov. Ratio (GCR) 459 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHMN230SES1
Original PVsyst database Manufacturer Panasonic
MNumber of PV modules In series 16 modules In parallel 95 sirings
Total number of PV modules Nb. modules 1520 Unit Nom. Power 230 Wp
Array global power MNominal (STC) 350 kWp Al operating cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp 642V Impp 508 A
Total area Module area 1916 m® Cell area 1666 m®
Inverter Model Sunny Tripower 60-US-10 (400 VAC)
Original PVsyst database Manufacturer SMA
Characteristics Operating Violtage 570-800 V Unit Nom. Power 60.0 kWac
Inverter pack Nb. of inverters 6 unils Total Power 360 kWac
Pnom raic 097
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimsK Uv (wind) 0.0 Wim3K / m/s
Wiring Ohmic Loss Global array res. 20 mOhm Loss Fraction 1.5% at STC
Module Quality Loss Loss Fraction 25 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismaich loss Loss Fracion 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(l/cosi-1) bo Param. 0.05

Piyal Evd ket st



Appendix C. Two Axis Appendix

128

PVSYST V6.79 10/04119 Page 2/4

Grid-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model VBHM2Z30SES1 Pnom 230 Wp

PV Array Mb. of modules 1520 Pnom total 350 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom ©0.0 kKW ac
Inverter pack Mb. of units 6.0 Pnom fotal 360 kW ac
User's needs Uniimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Behir colsr plast
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Performance Ratio PR 77.73 %

PVSYST V6.79 10/04/19 Page 3/4
Gnd-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking two ads

PV modules Model VBHMNZ30SES1 Pnom 230 Wp

PV Array Mb. of modules 1520 Pnom total 350 kWp

Inverter Sunny Tripower 60-US-10 (400 VAC) Pnom 60.0 KW ac

Inverter pack Nb. of units 6.0 Pnom total 360 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 507.0 MWhiyear  Specific prod 1450 kWhk\Wpiyear
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PVSYST V6.79 10/04/19| FPage 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : Two way axis var

Main system parameters System type Tracking system

Mear Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model VBHN230SES1 Pnom 230 Wp

PV Array Nb. of modules 1520 Pnom total 350 kWp
Inverter Sunny Tripower 60-US-10 (400 VAC)  Pnom 60.0 kW ac
Inverier pack Mb. of units 6.0 Pnom total 360 kW ac
User's needs Unilimited load (grid)

Loss diagram owver the whole year

1348 KWhim® Horizontal global irradiation
+38.0% Global incident in coll. plane
-0.03% Global incident below threshald
-B.73% Near Shadings: iradiance loss
-1, 70% lAM factor on global

1853 KWhim® * 1818 m* eoll Effective irradiation on eollectors
efficiency at STC = 18.33% PV conversion

581 MWh Array nominal energy (at S5TC effic.)
PV loss due 1o iradisnce level

PV loss due lo tempersture

Modula quality loss

Mismatch loss, modubes and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over neminal inv, power
Invertar Loss dus 1o max. input currant
Inverter Loss over nominal iny, voltage
Inverter Loss due o power threshold
Imverter Loss dus 1o voltage threshold
Available Energy at Inverter Output
Energy injected into grid
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PVSYST V6.79 10/04/19| Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Lafitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Alitude 0m
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic

Simulation variant :

Two way axis var1

Simulation date  10/04/19 20h13

Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tit 0° Madgmum Tt 8§0°

Rotation Limitations Minimum Azimuth -120° Madmum Azimuth  120°
Trackers configuration Nb. of trackers 1120 Identical arrays

Tracker Spacing 2.20m Collector width 1.01m
Ground cov. Ratio (GCR) 459 %
Models used Transposition Perez Diffuse Perez, Meteonomn
Horizon Free Horzon
Near Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PV module HIT Model VBHN230SES1
Original PVsyst database Manufacturer Panasonic
MNumber of PV modules In series 9 modules In parallel 169 strings
Total number of PV modules Nb. modules 1521 Unit Nom. Power 230 Wp
Array global power Nominal (STC) 350 kWp At operating cond. 326 kWp (50°C)
Array operating characteristics (50°C) Umpp 381V Impp 903 A
Total area Module area 1918 m* Cell area 1667 m@®
Inverter Model HPC-050HT-E
Original PVsyst database Manufacturer Hyundai
Characteristics Operating Voltage 300-600 V Unit Nom. Power 50.0 kWac
Inverier pack MNb. of inverters 6 units Total Power 300 kWac
Pnomraio 1.17

PV Array loss factors
Thermal Loss factor Uc (const) 20.0 WimK Uv (wind) 0.0 Wim3K / m/s
Wiring Ohmic Loss Global array res. 6.5 mOhm Loss Fraction 1.5% atSTC
Module Quality Loss Loss Fraction 25 %
Module Mismalich Losses Loss Fracion 1.0 % at MPP
Sirings Mismatch loss Loss Fracion 0.10 %
Incidence effect, ASHRAE parametrization IAM = 1-bo(licosi-1) bo Param. 0.05
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PVSYST V6.79 10/04/19| Page 24
Grid-Connected System: Near shading definition
Project : Sehir solar plant
Simulation variant : Two way axis var1
Main system parameters System type Tracking system
MNear Shadings Linear shadings
PV Field Orientation Tracking two axis
PV modules Model VBHNZ30SES1 Pnom 230 Wp
PV Armray Nb. of modules 1521 Pnom total 350 kWp
Inverter Model HPC-0S0HT-E Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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Iso-shadings diagram
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PVSYST V6.79 10/04/19 Page 3/4
Grid-Connected System: Main results
Project : Sehir solar plant
Simulation variant:  Two way axis vari
Main system parameters System type Tracking system
Near Shadings Linear shadings
PV Field Onientation Tracking two axis
PV modules Model VBHMN230SES1 Pnom 230 Wp
PV Array MNb. of modules 1521 Pnom total 350 kWp
Inverter Model HPC-030HT-E Pnom 350.0 kW ac
Inverter pack Nb. of units 6.0 Pnom total 300 kW ac
User's needs Uniimited load (gnid)
Main simulation results
System Production Produced Energy 490.9 MWhiyear Specific prod. 1403 kWh/kWpfrear
Performance Ratio PR 7522 %
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PVSYST VE.79

10/04/19| Page 4/4

Grid-Connected System: Loss diagram

Project : Sehir solar plant
Simulation variant : Two way axis vart

Main system parameters

Mear Shadings
PV Field Orientation
PV modules

PV Array

Inverter

Inverter pack

User's needs

System type Tracking system

Linear shadings
Tracking two axis
Madel VBHN230SE51 Pnom
Nb. of modules 1521 Pnom total
Model HFC-050HT-E Fnom
Mb. of units 6.0 Pnom lotal
Unilimited load (grid)

230'Wp
350 kWp
50.0 kW ac
300 kW ac

1348 KWhim?®

1853 KWhim? * 1918 m* coll

Loss diagram over the whaole year

Horizontal global irradiation
+38.0% Global incident in coll. plane
-003% Global incident below thrashold
-8.73% Near Shadings: imadiance loss
-1.70% IAM facter on global
Effective irradiation on collectors

efficiency at STC = 18.33% PV conversion

581 MWh

510 MWh

481 MR
401 MWR

Array nominal energy (at STC effic.)
PV loss dus to iradisnce level

PV loss due o ternparature

Module quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Array wirtual energy at MPP

Invartar Loss during oparation (afficiancy)

-0.03% Inverter Loss ovar nominal inv. power
0.00% Inverter Loss dua 1o max. input currant
0.00% Inverter Loss over nominal iny. vollage
0. 18% Inverter Loss due to powar threshold
0.00% Inverter Loss due to voltage threshold

Available Energy at Inverter Output
Energy injected into grid
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FVSYST V6.79 10/04/19| Page 1/4
Grid-Connected System: Simulation parameters
Project : Sehir solar plant
Geographical Site Cevizli Country Turkey
Situation Latitude 40.90° N Longitude 29.16°E
Time defined as Legal Time Time zone UT+3 Altitude 0Om
Albedo 020
Meteo data: Cevizli Meteonorm 7.2 (2004-2010), Sat=100% - Synthetic
Simulation variant : Two way axis vart
Simulation date  10/04/19 20h11
Simulation parameters System type Tracking system
Tracking plane, two axis Minimum Tit 0 Madmum Tat  80°
Rotation Limitations Minimum Azimuth -120" Madmum Azimuth 120"
Trackers configuration Nb. of trackers 1120 identical arrays
Tracker Spacing 2.20m Collectorwidth 1.01m
Ground cov. Ratio (GCR) 459 %
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Near Shadings Linear shadings
User's needs : Unlimited load (gnid)
PV Array Characteristics
PV module HIT Model VBHN230SE51
Original PVsyst database Manufacturer Panasonic
Number of PV modules In series 13 modules In parallel 117 strings
Total number of PV modules Nb. modules 1521 Unit Mom. Power 230 Wp
Array global power MNominal (STC) 350 kWp At operating cond. 326 kWp (50"C)
Array operating characteristics (50°C) Umpp 521V Impp 625A
Tolal area Module area 1918 m? Cell area 1667 m*
Inverter Model Solarmax 50TS
Original PVsyst database Manufacturer SolarMax
Characteristics Operating Voltage 430-300 V Unit Nom. Power 50.0 kWac
Inverier pack Nb. of inverters 6 unils Total Power 300 kWac
Pnom rao 1.17
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 Wim*K Uv (wind) 0.0 Wim"K / m/s
Wiring Ohmic Loss Global array res. 14 mOhm Loss Fraction 15 % atSTC
Module Quality Loss Loss Fraction 25 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(1fcosi-1) bo Param.  0.05
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PVSYST V6.79 10/04/19 Page 2/4
Grid-Connected System: Near shading definition

Project : Sehir solar plant

Simulation variant:  Two way axis vari

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules VBHNZ30SES1 Pnom 230 Wp

PV Array Nb. of modules 1521 Pnom fotal 350 kWp

Inverier Solarmax S0TS Pnom 50.0 kW ac

Inverter pack Nb. of units 6.0 Pnom fotal 300 kW ac

User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene
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PVSYST V6.79 10/04/19 Page 3/4
Grid-Connected System: Main results

Project : Sehir solar plant

Simulation variant : Two way axis vari

Main system parameters System type Tracking system

Near Shadings Linear shadings

PV Field Orientation Tracking two axis

PV modules Model VBHMN230SES1 Pnom 230 Wp

PV Array Nb. of modules 1521 Pnom total 350 kWp

Inverter Model Solarmax 50TS Pnom 500 kW ac

Inverter pack Nb. of units 6.0 Pnom fotal 300 kW ac

User's needs Unlimited load (gnd)

Main simulation results

System Production Produced Energy 493.3 MWhiyear Specific prod. 1410 KWhikWpiyear

Performance Ratio PR 75.59 %
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PYSYST VB.79 10/04119 Page 4/4
Grid-Connected System: Loss diagram
Project : Sehir solar plant
Simulation variant : Two way axis vari
Main system parameters System type Tracking system
Mear Shadings Linear shadings
PV Field Orientation Tracking two axis
PV modules Model VBHN230SES1 Pnom 230 Wp
PV Array Mb. of modules 1521 Pnom total 350 kWp
Inverter Model Solarmax 50TS Pnom 50.0 kW ac
Inverter pack Nb. of units 6.0 Pnom ftotal 300 kW ac
User's neads Unlimited load (grid)

Loss diagram over the whole year

1348 KWhim?

-1.79%
1853 K\Wh/m? * 1918 m® coll

efficiency at STC = 18 33%

581 MWh

518 MWh

403 MWh
483 MWh

Horizontal global irradiation

+38.0% Global incident in coll. plane

«0.03% Globsl incident balow thrashold

+8.73% Mear Shadings: iradiance loss

1AM factor on global
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loas due to irradiance level

PV loss due to lemperatune
Module quality loss
Mismalch loss, modulas and skrings

Ohhmic wiring loss
Array wirtual energy at MPP

Invarter Loss during operation (efficlancy)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input curmant
Inveriar Loss over nominal inv. voltage
Invarter Loss due to power threshold
Inverter Loss due to voltage threshaold
Night consumpition

Available Energy at Inverter Output
Energy injected into grid




Bibliography

1]

9]

Fixed and track systems available at. URL https://www.researchgate.net/
publication/331532305_A_Study_on_Implementation_of_PV_Tracking_for_

Sites_Proximate_and_Away_from_the_Equator/figures?lo=1.

Experimental performance comparison of a 2-axis sun tracking system with fixed
system under the climatic conditions of diizce, turkey. Turk J Elec Eng & Comp
Sci, 24:4383-4390, 2016.

All  earth solar. Solar comparison: Dual-axis tracker vs. fixed roof
mount, 2016. URL https://cdn2.hubspot.net/hubfs/415283/Documents/Case

20Studies/Case_Study_Fixed_vs_Tracking_Comparison.pdf.

S. Stephen and MJ. Shiao. Solar pv balance of system (bos) markets: Technolo-
gies, costs and leading companies, 2013-2016. Solar Market Research, GTM Re-
search, 01 November 2012. URL https://www.greentechmedia.com/articles/

read/solar-balance-of-system-to-track-or-not-to-track-part-i.

Real time array output available at. URL https://www.builditsolar.com/

Projects/PV/EnphasePV/Shading.htm.

Proposed grid location available at. URL https://forum.donanimhaber.com/

istanbul-sehir-universitesi-ogrenci-birligi-2017-girisliler--78510721.

Surroundings elevations available at. URL https://www.google.com/maps/@40.

9073139,29.1518747,1399m/data=!3m1!1e3.

Islands elevations available at. URL https://www.google.com/maps/@40.
8622151,29.1117786,8510m/data=!3m1!1e3.

Central inverter available at. URL https://ourenergyfuture.org.au/
choosing-the-right-solar-system/.

139


https://www.researchgate.net/publication/331532305_A_Study_on_Implementation_of_PV_Tracking_for_Sites_Proximate_and_Away_from_the_Equator/figures?lo=1
https://www.researchgate.net/publication/331532305_A_Study_on_Implementation_of_PV_Tracking_for_Sites_Proximate_and_Away_from_the_Equator/figures?lo=1
https://www.researchgate.net/publication/331532305_A_Study_on_Implementation_of_PV_Tracking_for_Sites_Proximate_and_Away_from_the_Equator/figures?lo=1
https://cdn2.hubspot.net/hubfs/415283/Documents/Case%20Studies/Case_Study_Fixed_vs_Tracking_Comparison.pdf
https://cdn2.hubspot.net/hubfs/415283/Documents/Case%20Studies/Case_Study_Fixed_vs_Tracking_Comparison.pdf
https://www.greentechmedia.com/articles/read/solar-balance-of-system-to-track-or-not-to-track-part-i
https://www.greentechmedia.com/articles/read/solar-balance-of-system-to-track-or-not-to-track-part-i
https://www.builditsolar.com/Projects/PV/EnphasePV/Shading.htm
https://www.builditsolar.com/Projects/PV/EnphasePV/Shading.htm
https://forum.donanimhaber.com/istanbul-sehir-universitesi-ogrenci-birligi-2017-girisliler--78510721
https://forum.donanimhaber.com/istanbul-sehir-universitesi-ogrenci-birligi-2017-girisliler--78510721
https://www.google.com/maps/@40.9073139,29.1518747,1399m/data=!3m1!1e3
https://www.google.com/maps/@40.9073139,29.1518747,1399m/data=!3m1!1e3
https://www.google.com/maps/@40.8622151,29.1117786,8510m/data=!3m1!1e3
https://www.google.com/maps/@40.8622151,29.1117786,8510m/data=!3m1!1e3
https://ourenergyfuture.org.au/choosing-the-right-solar-system/
https://ourenergyfuture.org.au/choosing-the-right-solar-system/

Bibliography 140

[10]

[11]

[12]

[13]

[14]

[15]

[20]

Solar panel row spacing available at. URL https://www.slideserve.com/fineen/

pv-mounting-systems.
lam factor available at. URL http://files.pvsyst.com/help/iam_loss.htm.

UNFCCC and V. Adoption of the paris agreement. i: Proposal by the president
(draft decision). United Nations Office, Geneva (Switzerland), 2015.

H. Le Treut, R. Somerville, U. Cubasch, Y. Ding, C. Mauritzen, A. Mokssit, T. Pe-
terson, and M. Prather. Historical overview of climate change. Climate Change
2007: The Physical Science Basis. Contribution of Working Group I to the Fourth

Assessment Report of the Intergovernmental Panel on Climate Change, 2007.

T. Gopal Nath and M. Rajeev Kumar. Advanced renewable energy sources. Royal
Society of Chemistry, 2012.

B. John and S. Michael. Introduction to photovoltaic system design. Jones & Bartlett
Publishers, 2011.

Redding and Kurtis. The photoelectric effect.

H. Harald and B. Frank. Integrating global energy and climate governance: The

changing role of the international energy agency. Energy Policy, 87:229-239, 2015.

B. Raul, M. Francisco, FG. Montoya, G. Consolacion, A. Alfredo, and G. Julio.
Optimization methods applied to renewable and sustainable energy: A review. Re-

newable and sustainable energy reviews, 15(4):1753-1766, 2011.

Solar FlexRack. Single-axis and dual-axis tracking: Advantages and
disadvantages, November 21, 2013. URL http://solarflexrack.com/

single-axis-and-dual-axis-tracking-advantages-and-disadvantages/.

Y. Yingxue, H. Yeguang, G. Shengdong, and D. Jinguang. A multipurpose dual-axis
solar tracker with two tracking strategies. Renewable Energy, 72:88-98, 2014.

H. Jason and S. Kailyn. Photovoltaic effect. Energy education, August 26, 2015.

Solar cell cross section available at. URL https://www.valuewalk.com/2017/02/

solar-panels-explained/.

Bee Bee Jump. How is solar energy used today, 2019, October 15. URL http:
//www.beebeejump.com/2018/10/15/1339/.


https://www.slideserve.com/fineen/pv-mounting-systems
https://www.slideserve.com/fineen/pv-mounting-systems
http://files.pvsyst.com/help/iam_loss.htm
http://solarflexrack.com/single-axis-and-dual-axis-tracking-advantages-and-disadvantages/
http://solarflexrack.com/single-axis-and-dual-axis-tracking-advantages-and-disadvantages/
https://www.valuewalk.com/2017/02/solar-panels-explained/
https://www.valuewalk.com/2017/02/solar-panels-explained/
http://www.beebeejump.com/2018/10/15/1339/
http://www.beebeejump.com/2018/10/15/1339/

Bibliography 141

[24]

[25]

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Free Map Tools. Elevation finder map tool, 9th April 2019. URL https://www.

freemaptools.com/elevation-finder.htm.

Yingli pv model specification available at. URL http://sepbatteries.com/media/
add_info/YGE_72_Cell_Series_EN.pdf.

Panasonic pv model specification available at. URL https://www.manualslib.com/

manual/1070164/Panasonic-Vbhn240se10.html#manual.

Sma inverter model specification available at. URL https://www.sma.de/en/

products/solarinverters/sunny-tripower-60.html.

Hyundai inverter model specification available at. URL http://wuw.

solarwholesale.co.za/8P_SolarInverter_ENG_201212.pdf.

Solarmax inverter model specification available at. URL http://www.sonel.si/

UserFiles/File/TS_Product_BR.pdf.

Mangan, D. Suzi, and O. Giil. Energy and cost analyses of solar photovoltaic (pv)
microgeneration systems for different climate zones of turkey. Energy and Power

Engineering, 8:117-129, 2016.

Keisan. Azimuth & altitude finder, 2009. URL https://keisan.casio.com/exec/

system/1224682331.
Clean energy council. Techinfo pv array row spacing, March,
2010. URL http://www.solaraccreditation.com.au/dam/

cec-solar-accreditation-shared/technical-information/fact-sheets/

TechInfo-PV-Array-Row-Spacing-Mar-2010.pdf.

PVsyst 6 Help Content. Iso-shading diagram, 1994-2018. URL http://files.

pvsyst.com/help/near_shadings_isoshadings.htm.

PVsyst 6 Help Content. Performance ratio, 1994-2018. URL http://files.

pvsyst.com/help/performance_ratio.htm.

C. Subhash, A. Purohit, S. Anshu, SP. Nehra, MS. Dhaka, Dhaka, and et al. A

study on photovoltaic parameters of mono-crystalline silicon solar cell with cell

temperature. Energy Reports, 1:104-109, 2015.


https://www.freemaptools.com/elevation-finder.htm
https://www.freemaptools.com/elevation-finder.htm
http://sepbatteries.com/media/add_info/YGE_72_Cell_Series_EN.pdf
http://sepbatteries.com/media/add_info/YGE_72_Cell_Series_EN.pdf
https://www.manualslib.com/manual/1070164/Panasonic-Vbhn240se10.html#manual
https://www.manualslib.com/manual/1070164/Panasonic-Vbhn240se10.html#manual
https://www.sma.de/en/products/solarinverters/sunny-tripower-60.html
https://www.sma.de/en/products/solarinverters/sunny-tripower-60.html
http://www.solarwholesale.co.za/8P_SolarInverter_ENG_201212.pdf
http://www.solarwholesale.co.za/8P_SolarInverter_ENG_201212.pdf
http://www.sonel.si/UserFiles/File/TS_Product_BR.pdf
http://www.sonel.si/UserFiles/File/TS_Product_BR.pdf
https://keisan.casio.com/exec/system/1224682331
https://keisan.casio.com/exec/system/1224682331
http://www.solaraccreditation.com.au/dam/cec-solar-accreditation-shared/technical-information/fact-sheets/TechInfo-PV-Array-Row-Spacing-Mar-2010.pdf
http://www.solaraccreditation.com.au/dam/cec-solar-accreditation-shared/technical-information/fact-sheets/TechInfo-PV-Array-Row-Spacing-Mar-2010.pdf
http://www.solaraccreditation.com.au/dam/cec-solar-accreditation-shared/technical-information/fact-sheets/TechInfo-PV-Array-Row-Spacing-Mar-2010.pdf
http://files.pvsyst.com/help/near_shadings_isoshadings.htm
http://files.pvsyst.com/help/near_shadings_isoshadings.htm
http://files.pvsyst.com/help/performance_ratio.htm
http://files.pvsyst.com/help/performance_ratio.htm

Bibliography 142

[36] M. Khalis, R. Masrour, G. Khrypunov, M. Kirichenko, D. Kudiy, and M. Zazoui.
Effects of temperature and concentration mono and polycrystalline silicon solar cells:

extraction parameters. In Journal of Physics: Conference Series, volume 758, page

012001. IOP Publishing, 2016.

[37] PVsyst 6 Help Content. Array mismatch losses, 1994-2018. URL http://files.

pvsyst.com/help/mismatch_loss.htm.

[38] PVsyst 6 Help Content. How to define the "module quality loss" and the "lid"
parameter 7, 1994-2018. URL https://forum.pvsyst.com/viewtopic.php?t=46.

[39] PVsyst 6 Help Content. Array incidence loss (iam), 1994-2018. URL http://files.

pvsyst.com/help/iam_loss.htm.

[40] Andrew Marsh. Pd: 3d sun-path, 2019. URL http://andrewmarsh.com/apps/

staging/sunpath3d.html.

[41] Solar Edge. Inverter dc oversizing guide, July, 2016. URL https://www.solaredge.

com/sites/default/files/inverter_dc_oversizing_guide.pdf.
[42] K. Onur. Panels, inverters and operation expenses prices. unpublished, 2019.
[43] A. Bora. Asst.prof. of civil engineering. Istanbul Sehir University.

[44] D. Selcuk. Steel design pricing. unpublished, May, 2019. URL https://www.

erbayaluminyum.com.tr.

[45] Electricity price in turkey available at. URL https://www.globalpetrolprices.

com/Turkey/electricity_prices/.
[46] L. Dan. Solar grid parity-[power solar|. Engineering € Technology, 4(9):50-53, 2009.

[47] Degradation rate for yingli pv model available at. URL https://wuw.

renewableenergyhub.co.uk/main/solar-panels/yingli-solar-panels/.

[48] Hit solar panels available at. URL https://www.azocleantech.com/article.

aspx7ArticleID=603.

[49] M. Hadis, A. Amir, and M. Roger. Annual performance comparison between tracking

and fixed photovoltaic arrays. 06 2016.


http://files.pvsyst.com/help/mismatch_loss.htm
http://files.pvsyst.com/help/mismatch_loss.htm
https://forum.pvsyst.com/viewtopic.php?t=46
http://files.pvsyst.com/help/iam_loss.htm
http://files.pvsyst.com/help/iam_loss.htm
http://andrewmarsh.com/apps/staging/sunpath3d.html
http://andrewmarsh.com/apps/staging/sunpath3d.html
https://www.solaredge.com/sites/default/files/inverter_dc_oversizing_guide.pdf
https://www.solaredge.com/sites/default/files/inverter_dc_oversizing_guide.pdf
https://www.erbayaluminyum.com.tr
https://www.erbayaluminyum.com.tr
https://www.globalpetrolprices.com/Turkey/electricity_prices/
https://www.globalpetrolprices.com/Turkey/electricity_prices/
https://www.renewableenergyhub.co.uk/main/solar-panels/yingli-solar-panels/
https://www.renewableenergyhub.co.uk/main/solar-panels/yingli-solar-panels/
https://www.azocleantech.com/article.aspx?ArticleID=603
https://www.azocleantech.com/article.aspx?ArticleID=603

Bibliography 143

[50]

[51]

[52]

[53]

A. Tallal, K. Waqgas, and S. Imran. Comparison of single and dual axis tracker
controlled with fixed tilt solar pv system in pakistan. International Journal on

Power Engineering and Energy, 9(9):832-837, April, 2009.

R. Amelia, YM. Irwan, WZ. Leow, M. Irwanto, [. Safwati, and M. Zhafarina. Inves-
tigation of the effect temperature on photovoltaic (pv) panel output performance.
International Journal on Advanced Science, Engineering and Information Technol-

ogy, 6(5):682-688, 2016.

Z. Xingxing, S. Jingchun, X. Peng, Z. Xudong, and X. Ying. Socio-economic perfor-
mance of a novel solar photovoltaic/loop-heat-pipe heat pump water heating system

in three different climatic regions. Applied energy, 135:20-34, 2014.

N. Sendhil, M. Tapas, K. Matty, and W. Simon. Numerical investigations of solar cell
temperature for photovoltaic concentrator system with and without passive cooling

arrangements. International journal of thermal sciences, 50(12):2514-2521, 2011.



