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Abstract

Cities in Palestine in general and Nablus in particular suffer from a shortage of electric
power due to several reasons, the most important of which is the occupation, as the
occupation prevents us from exploiting resources and disconnecting from it and places
strict restrictions to keep the occupation not only limited to the land, but includes all
aspects of life, including energy.

This project was designated to help meet part of the needs of the Nablus city for electric
power by exploiting the Eastern car Complex to design solar energy systems and exploit all
available places within it. As three design cases were assumed to take into account all
options and capabilities available to us, where the best and latest global programs
Specialized in this field were used, such as HelioScope, sketch up and AutoCAD to get the
most accurate results that are: 35.4 kilowatts were obtained, which is equivalent to the
consumption of 11 Palestinian homes in the first case, 44.8 kilowatts were obtained, which
is equivalent to the consumption of 15 Palestinian homes in the second case and 108
kilowatts which is equivalent to the consumption of 36 Palestinian homes in the third case
were obtained.
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1.Chapter one : Introduction

1.1 Overview

Today we all hear about renewable energy and see it everywhere around us with its various
types and applications, and with the passage of time increases research in this area and
increases attempts to search for other sources of energy and also increases experiments in
developing renewable energy means that currently exist, and because of the large and
increasing consumption of oil and fear of depleting The world's reserves of oil in the future,
as it constitutes 90% of our energy consumption through fossil fuels [1].

With the great advancement in technology and with the development of mankind, the
whole world has become more aware of the problems of fossil fuels currently used and
their damages to humans, animals and the surrounding environment, so that the
transformation has become To renewable energy and moving away from fossil fuels is a
matter of time, and in light of global policies calling for a shift to renewable energy as an
alternative and a solution to energy problems in the future and competition between world
countries in this field, we conclude that the coming years will witness a significant and
remarkable development in this field[2].

Among the types of renewable energy used in energy production around the world are solar
energy, wind energy, geothermal energy, hydropower and bioenergy|[3] .

In Palestine, the renewable energy situation differs from the rest of the Middle East
countries due to the political, economic and demographic conditions that the country
suffers from. Palestine relies on obtaining fossil fuels 100% and 87% of its electricity from
foreign countries. On the other hand, Palestine has a high capacity of solar energy, about
3000 hours of brightness per year, with solar radiation ranging between 6 to 8.5 (kilowatt
hours / square meters / day), and these values confirm that investing in solar energy in
Palestine is feasible[4].

The consumption of electrical energy in Nablus is from 75 to 85 MWh daily, and the
largest consumption of electrical energy is 105 MWh daily. The amount of energy supplied
to Nablus by the Israeli occupation is equal to 110 MWh daily[5].

Therefore, our project will focus on the exploitation of solar energy in Palestine by
presenting a design that we have designed during this course to produce electrical energy
through solar panels that depend on solar energy.




1.20Dbjectives
¢+ Designing a solar cell system for the eastern car complex in Nablus and making it
the first car complex producing electric energy using solar energy in Palestine.
¢ Producing electrical energy using solar cells and filling part of the shortage that
Nablus suffers from.
+ Exploiting the solar panels system and using them as umbrellas for cars, drivers
and passengers.

1.3 Statement of the problem
e The difficulty of obtaining aerial photos of the site using international design
programs.
e The tall trees in the complex are one of the important problems that greatly limit the
design and negatively affect the solar cells.

1.4 Methodology
Gather all necessary data about the compound such as charts, aerial photos, and weather
information.
Three cases (three visions) were developed for the complex and were designed according to
them :
%+ The first case: the current state of the complex
% The second case: an amendment to the existing facilities (increasing the height) and
reducing the height of trees
% The third case: modification to existing facilities (increasing the height) and
reducing the height of trees and designing solar cell systems for car parks that do
not have shades.

1.5 Information about the car complex

The eastern car complex of Nablus is located on the eastern side of it, where it is bordered
on the east (residential buildings) and from the west (Al-Jahez Street with a width of 10
meters and the eastern market of Nablus) and from the north (Al-Hurriya Street with a
width of 20 meters) and from the south (residential buildings) and its area is estimated at
about 7 dunams = 7000 square meters[6].

The complex is considered a stopover for the villages and cities east of Nablus, such as
Tubas, Tamoun and .... etc., as it is thus the only connection point between Nablus and the
villages and cities in the east.

The eastern complex has one entrance on the north side (the northern entrance) and two
exits, a taxi exit on the northwestern side and a bus exit on the southwestern side. The
complex contains 300 taxis and 70 buses (19 passengers) distributed over 36 transport
lines. The number of citizens who pass through it is estimated (6,900 passengers, according
to the figures of Nablus municipality for the year 2019), including students, employees and
tourists, and the number of employees in the complex is only 5 employees[6].
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Here, in this project, we will design a station to generate electric energy through solar cells
in the complex, to be the first complex in Palestine to produce electrical energy through
solar cells.

1.6 Weather data for Nablus city
Nablus is located at latitude 32.21° and longitude 35.256°.

Table(1) in bottom shows the weather conditions in Nablus (maximum and minimum
temperature, relative humidity, solar radiation and wind speed) throughout the year.

Table 1:Climate zones average annual weather parameters in Palestine [7].

Cly Teem — Jeiche Wb Jesdbm  Bettbbm  Jmn G Nabhw
Humidty (%) (94 i L8 il A 689 Ik 03
Coolng desin temperatre ()~ 369 44 i il 4l 0 as B
Heaing desomtempertire (€) 42 -04 -1 -4 (9 10 2 -18
Temperatue () 189 5l 4l 184 iy iI7 A7 L
Wind speed (k) b4 i 18! L) i b - 1%
Sl raiton(£Wh/n” By i bl b 35 60 8 6l i

There are several figures showing the weather in Nablus city in more detail.(see
Appendices).




2.Chapter two: Literature Review

Various studies have been completed, which discussed different subjects that are to be
merged in this project, Sizing of a Solar Parking System Connected to the Grid. This section
discusses the reviews and researches based on and builds up this project.

Dahbi A et al installed the solar car park in Adrar region , south west of Algeria. They used
it in order to benefit from the roof area by installing photovoltaic panels, moreover for
obtaining shadow and electrical energy. This latter can be used for different applications
such as charging electrical cars and grid connection which is the used application in that
paper. In that work, the solar car park is studied to be installed in Adrar with a power equals
to 31.5 kWc. They compared between the simulation using PVSYST and the analytical
results, And by matching the numbers with each other, it is obvious that a very good
accuracy is noticed from this comparison [8].

Umer F et al presented a solution to the problem of increasing dependence on fossil fuels
to generate electricity, which leads to many environmental problems, By implementing
solar car parking lots at Bahawalpur. Using HelioScope online software, the detailed work
was done to select the location of solar parking lots, maximum generation of solar electric
power and capacity effects with shading of trees and nearby buildings. They made
improvements to various parking canopies with standard tilt angles, and it was analyzed that
a south-facing monopitch canopy with a 10-degree tilt angle had the highest efficiency for
installing new solar-powered parking lots. The total investment cost of the parking structure
and the photovoltaic (PV) system can be paid back in 6-7 years [9].

Charney et al installed a solar PV “carport” at the University of Southern California football
stadium, the Los Angeles Memorial Coliseum. They used System Advisor Model (SAM) in
their analysis and design modeling, when they studied simulations of two different
modules, the Yingli Energy YL260P-35B module and the Sunpower SPR-305E-WHT-D
module. Then, they compared the energy and financial results. then, as a result, the solar
energy system is financially viable when using both modules. They considered their project
as feasible one because the payback period is shorter than the estimated life of the project
which it is around 12 years, the value for the net savings with system is positive and the net
present value is positive [10].

Krishnan R et al provided a method for determining the technical and economic potential
for converting a national scale retail company’s parking lot area to a solar farm with PV
canopies, enabling sustainable electricity generation while preserving their function to park
automobiles. To demonstrate this method, analysis of Walmart Supercenters, USA is
presented as a case study. They performed a sensitivity analysis on the price per unit power
installed, solar energy production as a proxy for conversion efficiency, electricity rates and
revenue earned per unit area. This study reveals that even at modest rates of electricity and
installation rates, PV profits from solar canopies are high, particularly in locations with high
solar irradiation. The results show solar canopies for parking lot areas are a profitable as




well a responsible step in most locations and there is significant potential for sustainable
energy deployment in cities by other similar retailers using solar PV canopies [11].

Neumann, H et al analyzed the PV potential of different 48 parking lots in Frauenfeld, a
capital of Switzerland. They concluded that solar carports could be feasible and favorable
option for generate electricity from renewable energy which serve the transport purposes, so
that these parking lots can cover approximately between 15% and 40% from energy demand
for private car use. These 48 parking lots are distributed in a certain areas of the city
specially in commercial and industrial areas [12].

Alghamdi, A et al conducted a case study in King Abdulaziz University, Saudi Arabia,
which has 8% of campus parking area. ArcGIS, a geographical information system tool,
and TRNSYS software were used as models to simulate solar radiation and generate power
from a photovoltaic system. Car parks consist of already shaded spaces and open spaces for
cars, and both spaces have been analyzed to obtain the PV energy from the aforementioned
modeling techniques which can generate 36.4 MWp of maximum electrical power and 66.2
GWh of electrical energy. An economic analysis was performed that represents a cost of
US $ 44.5 million with a repayment period(payback period) ranging from 8 to 16 year [13].

Ingersoll, J and Perkins, C designed the 2.1 kW PV vehicle charging station in Santa
Monica, California as an experimental scale, a pioneering unit for installing photovoltaic
(PV) systems in parking shades to enhance the solar parking mechanism [3, 14]. It was
designed for seven car parks, and has a capacity of 2.1 kW. System simulation analysis was
performed at "Sandia National Laboratories Albuquerque, NM™ at 40° degree west of south
and 22.5° tilt [14].

The existing literature gives a very broad overview of modeling approaches, technologies,

and feasibility for solar parking lots canopies . The detailed discussion is highly dependent
on theses researches and builds this project upon it, and its results have to be discussed and
taken into consideration for optimum outputs of this project.




3. Chapter three : Results and Data Analysis

3.1 Solar system information:
The panels were taken from [Trina solar, TSM-DE20-590 (590W)] and kaco type inverters in
different sizes[15].

The tilt angle of the panels in Nablus was considered 32°.
The azimuth angle is taken as 180°.

The design was based on two types of orientation, and it was linked according to the available
space for the panels, commensurate with the attractive design and shape.

3.2 Design cases:

Three cases (three scenarios) were taken for the complex to study all possible opportunities to
design the system and obtain the most energy possible, taking into account the aesthetics of the
design.

And we did this using sketch up, AutoCAD and HelioScope software.

e Casel: Current Situation.
e Case2: Modification of the status of the existing facilities (Good Option).
e (Case3: The Advanced Option (The Best).

3.2.1 Case 1: Current Situation

The current situation of the complex was studied and the necessary measurements and heights
were taken for that, as the complex currently consists of a two-storey administrative building
(a cafeteria on the ground floor and an administrative office on the first floor) with a height
From 5 m to 6 m sloping with an angle and one iron canopy for cars with a height of 3mto 4
m sloping at an angle from the middle and public bathrooms inside the complex with a height
of 4 meters and trees are distributed within the complex and their lengths range from 3 meters
to 11 meters, and Details are shown in figure (1).




Figure 1: Sketch Up image of the car complex (case 1)

Designs:

-Design of the solar energy system for the administration building with a capacity of (30kwy).
Height =5mto 6 m

Surface area = 467 m?

Number of modules = 51 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 2: Design of the solar energy system for the administration building using
HelioScope (casel)




-Design a solar system for the car park covered with an iron canopy with a capacity of (3 kwp)
Height=3mto4 m
Surface area = 226 m?

Number of modules = 5 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 3: Design of the solar energy system for the car park covered with an iron canopy using HelioScope
(casel)

-Design a Solar system for public bathrooms in the complex with a capacity of (2.4 kwy)
Height=4m

Surface area = 75 m’

Number of modules = 4 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)




Figure 4: Design a Solar system for public bathrooms using HelioScope(casel)

the total number of modules = 60 modules [Trina solar , TSM-DE20-590 (590W)]
the total power of modules = 35.4 kw,,

Number of inverters = 1 inverter [KACO, Powador 36.0 TL3 (30 kw)]

Figure 5: Design of the solar energy system for the current situation(casel) of complex




Protection system and distribution of solar panels:

TSM-DE20-590W

Figure 6: Plan of the solar energy system for the current situation(casel) of complex using AutoCAD

Table 2 : quantities and prices (case 1)

quantities Unit Price (NIS) Total cost(NIS)
Solar Modules 60 770 (2209%) 46200
Inverters 1 13000 13000
Circuit Breakers(DC) 6 280 1680
(25A)
Circuit Breakers(AC) 3 200 600
(100A)
Fuses 3 15 45
Surge Arrestors(DC) 6 170 1020
Surge Arrestors(AC) 1 140 140
Dc Cables
5*6 mm? 32m 4 128
Ac Cables
5*16 mm’ 40 m 32 1280
Cable shoes 10 0.8 8
Earth leakage 4 115 460
Earth cable 10 5 50
Junction Box 1 160 160
Structures 60 200 12000
Electrode + busbar 4 210 840

Where the size of the solar system is estimated at (35.4 kwy).

Thus, the system cost is estimated at (77600 NIS).
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3.2.2 Case 2: Modification of the status of existing facilities (good option)

For the administrative building :

Here a study was made to control the height of the administrative building by designing a
structure with a height of 1 m from the western side of the administrative building (with a
height of 5 meters) and making the cells at a height of 6 m so that the shape becomes
horizontal and attractive and to facilitate the installation of panels on it

For the iron canopy :

Also, a structure was designed with a height of 1 m from the east and west side of the iron
canopy (which have a height of 3 meters) and made the cells at a height of 4 meters so that the
shape became horizontal and attractive and to facilitate the installation of panels on it

For public toilets :

The structure is designed with a height of 1 m from the surface of the bathrooms and the cells
are made at a height of 5 meters so that the shape becomes horizontal and attractive and makes
it easy to install the panels on it

For trees :

Reducing the height of trees to 5 meters (maximum tree height) was studied to avoid the effect
of their shade, which negatively affects solar panels and their production.

The goal here in this case is to increase the size of the system and to have an attractive, easy-
to-install shape for the panels.

Figure 7: Sketch Up image of the car complex (case2)

11




Designs:

-Design of the solar energy system for the administration building with a capacity of (30.7
kwp)

Height=6m
Surface area = 467 m?

Number of modules = 52 modules [Trina solar, TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 8: Design of the solar energy system for the administration using HelioScope (case2)

- Designing a solar parking system covered by an iron canopy with a capacity of (11.2 kwp)
Height=4m

Surface area = 226 m’

Number of modules = 19 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Figure 9: Designing a solar parking system covered by an iron canopy using HelioScope(case2)
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- Design a solar system for a public bath with a capacity of (3 kwp)
Height=5m
Surface area = 75 m?

Number of modules = 5 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Figure 10: Design a solar system for a public bath using HelioScope (case2)

the total number of modules =76 modules [Trina solar , TSM-DE20-590 (590W)]
the total power of modules = 44.8 kw;,

Number of inverters = 2 inverter [KACO, Blue planet 20.0 TL3 (20kw)]

Figure 11: Design of the solar energy system for the Modification of the status of existing facilities (case2)
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Protection system and distribution of solar panels :

Figure 12: Plan of the solar energy system for the Modification of the status of existing facilities (case2) using
AutoCAD

Table 3: quantities and prices (case2)

quantities Unit Price (NIS) Total cost(NIS)
Solar Modules 76 770 (220%) 58520
Inverters 2 10000 20000
Circuit Breakers(DC) 8 280 2240
(25A)
Circuit Breakers(AC) 3 200 600
(63A)
Fuses 4 15 60
Surge Arrestors(DC) 8 170 1360
Surge Arrestors(AC) 1 140 140
Dc Cables
5*6 mm? 40 m* 2inverter 4 320
Ac Cables
5*10 mm? 32m 20 640
Cable shoes 12 0.8 9.6
Earth leakage 5 115 575
Earth cable 13 5 65
Junction Box 1 160 160
Structures 76 200 15200
Electrode + busbar 5 210 1050

Where the size of the solar system is estimated at (44.8kw).

Thus, the system cost is estimated at (101000 NIS).
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3.2.3 Case 3: Advanced Option (Best)

In this case, solar energy systems were designed for all car parks in the complex, in addition to
adjusting the height of the administrative building by designing a structure with a height of 1
m from the western side of the administrative building (with a height of 5 meters) and making
the cells at a height of 6 m

For the iron canopy :

Also, a structure was designed with a height of 3 m from the east and west side of the iron
canopy (which have a height of 3 meters) and the cells were made at a height of 6 meters so
that the shape became horizontal and attractive and to facilitate the installation of panels on it

For public toilets :

The structure is designed with a height of 1 m from the surface of the bathrooms and the cells
are made at a height of 5 meters so that the shape becomes horizontal and attractive and makes
it easy to install the panels on it.

For trees :

Reducing tree height to 6 m (maximum tree height) was studied to avoid the resulting shade
adversely affecting solar panels and production.

For car parks (that do not contain shades)

Structures are designed in different heights depending on the location of each site

Figure 13: Sketch Up image of the complex distributed by numbers (case3)
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Designs :

1. Design the solar energy system for the following places (1,6,8,9,10)
-the administration building (30.7 kwp) : [1]

Height =6 m

Surface area = 467 m*

Number of modules = 52 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 14: Design of the solar energy system for the administration using HelioScope (case3)

-Designing a solar car parking system for public bathrooms in the south side with a capacity of
(3 kwy). [6]

Height =6 m
Surface area = 75 m?
Number of modules =5 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)
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Figure 15: Designing a solar car parking system for public bathrooms using HelioScope(case3)

-the solar parking system on the eastern side of the complex(4.7kwy) [8]
Height =9m

Surface area = 143 m*

Number of modules = 8 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Figure 16: Designing the solar parking system on the eastern side of the complex(case3)
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-the parking in the west of the administration building (4.7 kw) [9]
Height=6m
Surface area = 137 m?

Number of modules = 8 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Figure 17:Designing the parking in the west of the administration building(case3)

-the parking in the south of the administration building (1.8 kwp) [10]
Height=5m

Surface area = 60 m?

Number of modules = 3 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 18: Designing the parking in the south of the administration building using HelioScope (case3)
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the total number of modules (for [(1)+(6)+(8)+(9)+(10)]) = 76 modules [Trina solar , TSM-
DE20-590 (590W)]

the total power of modules = 44.8 kw,

Number of inverters = 2 inverter [KACO, Blue planet 20.0 TL3 (20kw)]

Figure 19: image of the solar energy system for the following places (1,6,8,9,10)using HelioScope(case3)

2. Design the solar energy system for the following places (2,3)

-The design of the solar system for the car park with a capacity iron canopy (8.9 kw,)  [2]
Height=6m

Surface area = 226 m?

Number of modules = 15 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)
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Figure 20: The design of the solar system for the car park with an iron canopy using HelioScope (case3)

-Designing a solar parking system on the northern side with a capacity of (8.9kwy). [3]
Height=6m

Surface area = 237 m?

Number of modules = 15 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : landscape (horizontal)

Figure 21: Designing a solar parking system on the northern side using HelioScope (case3)
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the total number of modules(for ([(2)+(3)]) = 30 modules [Trina solar , TSM-DE20-590
(590W)]

the total power of modules = 17.8 kw,

Number of inverters = 1 inverter [KACO, Blue planet 15.0 TL3(15kw)]

Figure 22: image of the solar energy system for the following places (2,3)using HelioScope (case3)

3. Design the solar energy system for the following place (7)

-Designing the solar parking system on the south side of the complex with a capacity of (35.4
kwp). [7]

Height =9m

Surface area = 537 m?

Number of modules(for (7) only) = 60 modules [Trina solar , TSM-DE20-590 (590W)]
Number of inverters = 1 inverter [KACO, Powador 36.0 TL3 (30 kw)]

Orientation of modules : landscape (horizontal)
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Figure 23: Designing the solar parking system on the south side of the complex( case 3)

4) Design the solar energy system for the following places (4,5)

-Designing a solar powered parking system on the western side with a capacity of (5.3 kwp).

[4]

Height =4 m

Surface area = 147.5 m?

Number of modules = 9 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Figure 24: Designing a solar powered parking system on the western side of complex using HelioScope (case3)

22




-Designing a solar system for parking on the southwestern side, with a capacity of (4.7 kwy).

[5]

Height=5m

Surface area = 103 m?

Number of modules = 8 modules [Trina solar , TSM-DE20-590 (590W)]

Orientation of modules : portrait (vertical)

Image of HelioScope

Figure 25: Designing a solar system for parking on the southwestern side of complex using HelioScope (case3)

the total number of modules (for [(4)+(5)]) = 17 modules [Trina solar , TSM-DE20-590
(590W)]

the total power of modules = 10 kw,

Number of inverters = 1 inverter [KACO, Blue planet 10.0 TL3 (10kw)]
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Figure 26: Design the solar energy system for the following places (4,5)using HelioScope (case3)

the total number of modules (for all [from (1) to (10)]) = 183 modules [Trina solar , TSM-
DE20-590 (590W)]

the total power of modules = 108 kw,

Number of inverters = 5 inverter of different sizes

Figure 27: Design the solar energy system for all places (from1 to 10) in case 3
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Protection system and distribution of solar panels

Figure 28: Plan of the solar energy system for the advanced option of complex using AutoCAD (case3)

Table 4:quantities and prices (case3)

guantities Unit Price (NIS) Total cost(NIS)
Solar Modules 183 770 (220%) 140910
Inverters 5 47000
15 kw 1 8500
20 kw 2 10000
30 kw 1 13000
10 kw 1 5500
Circuit Breakers(DC) 18 280 5040
(25A)
Circuit Breakers(AC) 3 450 1350
(315 A)
Fuses 9 15 135
Surge Arrestors(DC) 9 170 1530
Surge Arrestors(AC) 1 140 140
Dc Cables
5*6 mm? 200 m 4 800
Ac Cables
5*50 mm? 70 m 70 4900
Cable shoes 13 0.8 10.4
Earth leakage 5 115 575
Earth cable 13 5 65
Junction Box 6 160 960
Structures 183+ canopies 200 + canopies 36600 + 50000
Electrode + busbar 11 210 2310

Where the size of the solar system is estimated at (108 kw)

Thus, the system cost is estimated at (292000 NIS)
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3.3 the structure of modules:
The structure was designed using AutoCAD software to add more clarification to the report,
and to obtain the most accurate results

Solar Panel Dimensions (1303mm, 2172mm, 35mm)

Figure 29: image of structure using AutoCAD software (SW isometric)

Figure 30: image of structure using AutoCAD software (SE isometric)




4.Chapter four : Discussion

In this project, we have designed a solar energy system connected to the grid in the eastern
taxi complex in the city of Nablus, which serves many villages and surrounding cities and
forms a link between them and Nablus. We studied the site well after we visited it and took
pictures of it. Then we took the plans and all the detailed information from the Nablus
municipality, after we visited it as well. and figure(31) show an aerial photograph of the
site

Figure 31: aerial photograph of the complex

In this chapter we will discuss the results obtained from the previous chapter. We have
studied three different cases of panel installation and compared them to see the best ones
with increased energy and the least loss, whether due to shadows or other factors. We will
review the design results for the three cases and refer to the best of them:
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4.1. Casel: Current Situation

In the first case, we notice that we need 60 solar panels and one inverter with a capacity of
30 kilowatts to obtain a capacity of 35.4 kilowatts , the system cost is estimated at (77600
NIS), so we can use this energy to meet the needs of 11 homes in the city of Nablus or use
this electricity to supply factories with it.

We note in this case that the number of panels is small and not all the space that can be
exploited has been exploited, but the shade resulting from the existing trees and because of
the exploitation of existing buildings only. Thus, the idea of designing a solar system in this
case is not desirable because it is possible to obtain a better design and production if the
height is reduced Trees and design of systems for unused parking lots, as in the next cases.

4.2. Case2: Modification of the status of the existing facilities (Good
Option)

In this case, we notice that we need 76 solar panels and two inverters with a capacity of 20
kilowatts for one inverter to obtain a capacity of 44.8 kilowatts, the system cost is

estimated at (101000 NIS) and thus we can use this energy to meet the needs of 15 homes
in the city of Nablus or use this electricity to supply Factories out.

In this case, we notice that the number of panels increased from the previous case due to
the reduction in the height of the trees and thus the exploitation of the possible area of the
existing buildings, but this also is not sufficient because the solar system was designed only
for the existing buildings and not to exploit the area of the rest of the complex and the
parking spaces in it, which greatly limited the increase Energy output.

4.3. Case3: The Advanced Option (The Best)

Here we need 183 solar panels and 5 inverters of different sizes (10,15,20,30) to obtain a
capacity of 108 kilowatts at an estimated, the system cost is estimated at (292000 NIS), so
we can use this energy to meet the needs of 36 homes in the city of Nablus or use this
electricity to supply Factories out.

Here, in this case, the building area has been fully exploited (due to the reduction in the
height of the trees) and the design of solar systems for all car parks in the complex to
obtain the largest possible amount of energy, and in this case the side of using solar panels
in energy production, the solar panels are used as shades for parking lots. Which has no
umbrellas, so this is the best case for using the collector to produce energy.
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5. Chapter 5. Conclusions

e In this report, three cases were studied for which a solar system could be designed
for the eastern complex of Nablus, so that each case differs from the other in terms
of cost, energy produced and the area that was used.

e A study of the energy situation in Palestine in general and in the city of Nablus in
particular.

e Using the HelioScope program, which is widely used in Europe and not widely
used in the countries of the region (the Middle East), and to show its design
capabilities.

e A presentation of similar cases distributed to countries on different continents
around the world (in the literature review chapter).

e Detailed information about the complex was shown in terms of the number of
transportation lines, the number of passengers, the area, the number of entrances
and exits, etc.

e The problem of shadow resulting from trees and focusing on them was presented,
which is the main reason for reducing the design area in the complex.
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Appendices:

1)PV Panels Selection:

Table 5: Nameplate of PV modules[Trina solar, TSM-DE20-590 (590W)]

ELECTRICAL DATA [STC)

Peak Power Watts- P (W)™ 585 590 595 &0 605
Power Tolerance-Paso (W) 0 = +5

Maximum Power Voltage-Vesre (V) 338 34.0 34.2 34.4 34.6
Maximum Power Current-bee (4] 17.31 17.35 17.40 17.44 17.49
Open Crcuit Violtage-Vor (V) 40.9 411 413 415 41.7
Short Circuit Current-lksc (A) 18.37 18.42 18.47 18.52 1857
Module Efficiency n - (%) 207 20.8 210 212 214
'S-;\I:“Iwm.:r::-;r:;:.rlil:il:ur;rfﬁtill Tamparatars 25°C, AlrMass AMLS.

ELECTRICAL DATA [(MOCT)

Maximum Power-Pres [Wp) 443 447 451 454 458
Maximum Power Vaoltage-Wes (W) 31.5 317 3.9 32.0 322
Maximum Power Cument-lmer (A) 14.05 14.09 14.13 14.18 1422
Open Circuit Waoltage-Woc (V) 385 38.7 38.9 39.1 39,3
Short Circuit Current-lsc (A) 14.81 14.85 l4.88 14.92 14.96

NOLCT: Irradiaros 2t S00WME, Ambient Tempsrature 20°C. Wind Speed Lm's.

2) inverter :

Kaco

figure 32: Solar inverter
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Table 6 :Data sheet of [KACO, Powador 36.0 TL3 (30 kw)]

30.0 TL3 36.0 TL3
DC Input
MPF range@Prom " 280N 800V ZB0W .. BOO W 10V .. BOOY
Operating range 200 . 950 200 .. 950 W 200 ... 950
Min. DC woltage /start voltage 200 W 250V 200 5250 200w 250 W
Mo-load voltags 10004 1000 1000 W
M. it Cument Ix310A 33408 Jx 3404
Mumber of MPF trackers 3 3 3
Max. posvertracker 20 kW 20 kw 20 kW
MNumber of strings 31 (wersion b) £ 3 x4 (version XL)
AC output
Rated output (@230 W) 25000 va, 2T 500 WA S0 000 Wa

Line voltagps acc. to bocal requiremnents acc. to local requirements acc. to local requirerments

Rated cuwrrent Ix36.2A 3x39.9 48 3xd435 A

Rated frequency 50 Hz / 60 Hz 50 Hz / 60 Hz 50 Hz f 60 Hz

cos phi 0.80 inductive .. 0.80 capacitive 0.80 inductive ... 0.80 capacitive 080 inductive ... 0.80 capadcitive

Mumber of grid phasss
General electrical data

Efficiency max f european

3 3

GE D% /97 8%

98.0% /97 8%

3

98.0% /97 8%

Might comsumgtion

1.5W 1.5wW

1.5

Circuitry topology

transformeriess transformerless

transformerless

Table 7 :Data sheet of [KACO, Blue planet 20.0 TL3 (20kw)]

Electrical data

15.0TL3

Input variables

Maxirnum PV generator power 18000 W 24000wW

MPF range@Pnom 420V ... 80OV S15W ... BOOY
Operating range 200 - 8950V 200 - 950V
Min. DC voltage / starting voltage 200/ 250V 200V £ 250V
Mo-load valtage 1000V 1000

Mas. input current 23200 A 2x200A

Max. short circuit current [l .] 25224 A 25224 A
Murnber of MPP trackers 2 2

Max. powerftracker 14.9 KW 15.0 kW

Number of strings 2x2 252

Qutput variables

Rated cutput (@ 230 \) 15000 VA@230 v 20000 WA@R230 W
Line woltage ADD NV F 230V (34N JPE) 400 W/ 230V {3/ N/ PE)
Rated current Ix21BA 3x290A

Rated frequency S0 Hz /60 Hz 50 Hz / 60 Hz

o5 phi 0.30 inductive ... 0.30 capacitive 0.30 inductive ... 0.30 capacitive
MNumber of grid phases 3 3

General electrical data

Max. efficiency 88,0% 98.4 %

Eurap. efficiency 97.7% 981 %

Night consumption 1.5W 15w

Switching plan

transformerless

transformerless

Grid monitaring

acc. ta lacal requirements

acc. 10 bocal requirements
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Table 8:Data sheet of [KACO, Blue planet 15.0 TL3(15kw)]

Electrical data 20.0 TL3

Input variables

Maxirnum PV generator power 18000 W 24000wW

MPE range@Pnom 420V ... 80OV S15W ... BOOY
Operating range 200 - 850V 200 - 950
Min. DC voltage / starting voltage 200/ 250V 200 £ 250V
Mo-load voltage 1000 Vv 1000 v

Max. input current 2x20.0 A 2x200A

Masx. short circuit current [l ..] 2224 A 2x224 A4
Murnber of MPP trackers 2 2

Max. powernitracker 14.9 KW 15.0 kW

MNurmber of strings 252 252

Output variables

Rated output (@ 230 V) 15000 VAG230 v 20000 VAGB230 W
Line woltage 400 W7 230V (37 NJPE) 400 W/ 230V {37 N/ PE)
Rated current Ix218 A 3x290A

Rated frequency 50 Hz /60 Hz 50 Hz / 60 Hz

o5 phi 0.30 inductive ... 0.30 capacitive 0.30 inductive ... 0.30 capacitive
MNumber of grid phases 3 3

General electrical data

Max. efficiency 98,0% 98.4 %

Eurap. efficiency 97.7% 98.1 %

Might consumption 1.5W 1.5W

Switching plan transformerless transfarmeriess

Grid monitoring

acc. to local requirements

acc. 1o bocal requirements

Table 9 : data sheet of [KACO, Blue planet 10.0 TL3 (10kw)]:

Wepr

MR ngelifrom 2V _ B 1V _ 80y o _ sy

Operating rane KO- 50 -y XOv-540

M (O voltige (itaring voltage 200 250 bl KoV

Nricad e ooy 1wy il
ik 1 FIITT

LR

4000w 150

1t 10 ol ety (B o ey

Wl A [k

bl 0 e /0
o 3 rdarst (L0 capactos 130 mducnes .. 03] Cagucited
Namber of grd phates L]
vl el i
M. iy ¢ EL] His wi%
. ffceny s WES %
II.?::'_I".,-:'IJ' I5W 15W ¥
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3) Map of Palestine :

figure 33: Map of whole Palestine
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4) Map of Nablus Governorate and its villages:

figure 34: Map of Nablus Governorate and it s surrounding villages

5) Map of Nablus city:

3516

figure 35: Map of Nablus city
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6) Nablus Monthly Climate Averages

World Weather Online is used to obtain this Figures in the bottom [16].

A) Monthly Average Temperature in Nablus city :

Average Temperature (*c) Graph for Nablus
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Figure 36 : Monthly Average Temperature in Nablus city using World Weather Online

B) Monthly Average Rainfall in Nablus city:

Average Ranfall (mm Graph for Nablus)
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Figure 37: Monthly Average Rainfall in Nablus city using World Weather Online
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¢) Monthly Average Snowfall in Nablus city :

Average Snowfall (cm Graph for Nablus)
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Figure 38 : Monthly Average Snowfall in Nablus city using World Weather Online

d)Max and Average Wind Speed and Wind Gust in Nablus city :

Max and Average Wind Speed and Wind Gust

Nablus

Average and Max Wind Speed and Gust (kmph)

Zoom 6m YTD 1y All
kmph
+ 15kmph
+ 10kmph
+ Skmph
Apr ... May 20 Jun 20 Jul 20 Aug "20 Sep 20 Oct "20 MNow '20 Dec'20 Jan 21 Feb'21 Mar'21  Apr ...
2010 2012 2014 2016 2018 2@20 - m
4 n v
Max Wind (kmph) — Avg Gust (kmph) Avg Wind (kmph)

Figure 39 : Max and Average Wind Speed and Wind Gust in Nablus city using World Weather Online
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E) Cloud and Humidity in nablus city :

Cloud and Humidity

Nablus =
Average Cloud and Humidity (%)
Zoom 6m YTD 1y Al

+ B0%

0%

0%

0%

Apr'20 May 20 Jun'20 Jul 20 Aug "20 Sep '20 Oct "20 Mov '20 Dec 20 Jan '21 Feb'21 Mar '21 Apr 21

F. 2012 4 Z0ha 2848 2.@2-3 m
Cloud (%) @ Humidity (%)
Figure 40 : Cloud and Humidity in nablus city using World Weather Online
F) Monthy Average UV for Nablus city :
Average UV Index Graph for Nablus =
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7 ¥ ’ 7
] &
5 5
W W
A 4 &
i - - L

& Awerage UV

Figure 41 : Monthy Average UV for Nablus city using World Weather Online
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G) Monthly Average Sun Hours and Days for Nablus city :

Average Sun Hours (Graph for Nablus)
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Figure 42 : Monthly Average Sun Hours and Days for Nablus city using World Weather Online
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