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Abstract

In this report, the problem of the electricity sector in Tulkarm city and the ways to solve it
in a new and effective way was presented, as Tulkarm city suffers from the problem of
power outages for two main reasons:

1) Existence of an over load on the transformers as the transformers are loaded with very
large loads (loads up to 115% of the transformer)

2) The decrease in the amount of electricity coming from the Israeli occupation, which does
not cover the needs of citizens, especially during peak times.

Therefore, a new solution was presented to summarize these two problems by studying the
case of transformers in Tulkarm city. The loads on the transformers were divided into six
types (large morning loads, normal morning loads, medical morning loads, evening large
loads, normal evening loads and evening medical loads),where each type was studied
separately and appropriate solutions were proposed using solar panels to contribute to
solving the two main problems that the city suffers from. A new structure was designed to
put solar panels on it so that it has an economical, attractive and cheaper price compared to
the normal chassis.

Al-Murabba transformer was taken as a case and an example for the rest of the city
transformers, where the transformer was checked and the loads were known, divided and a
load profile was made for them.

Where it was found that the maximum value of the loads are as follows:
High morning loads (20%) equal 142 kW.

Normal morning loads (70%) equal 496 kW.

Medical morning loads (10%) equal to 70 KW.

High evening loads (35%) equal to 244 kW.

Normal evening loads (50%) equal 349 kW.

Medical evening loads (15%) equal to 104 kW.

In this report, solutions have been developed for each problem that may exist in any of the
loads depending on the type in which they are placed. A solar energy system with net
metering system was proposed to solve the problem of high and normal morning loads, and
a hybrid system (solar panels and municipal electricity) was also proposed. The
municipality and batteries will be the solution in case there is a problem with the
transformer due to the morning medical loads. For high evening loads, solar batteries have
been proposed as a solution by designing an off-grid system, storing solar energy in the
batteries during the day and supplying it to the evening loads in two ways:




1) Converting all night loads (for example, a commercial store) to solar electricity by
(converting the electric energy in the batteries into alternating electricity by the inverter)
and this solution is expensive.

2) Converting the lighting in the shops to direct dependence on the batteries, as the
percentage of lighting consumption in most residential buildings is about 30% of the total
energy consumed and reaches more than 30% in the shops, which is the least expensive
solution.

For evening medical loads, a hybrid system (diesel generator, municipal electricity,
batteries) was proposed.

In this report, the cost of the new structure was calculated, then a comparison was made
between the new structure and the traditional structure, and the result was that the cost of
designing a complete system using the new structure equals 47,000 NIS, while the cost of
designing the complete traditional system with the same capacity is 142,000 NIS, which
means that the system which is designed with the new structure is less expensive, better and
greatly saves space, which helps people who do not have enough space to install solar
panels on their rooftops.

An electronic survey was conducted for the people of Tulkarm and their opinions about
solar energy, the extent of their knowledge and belief in it, and the problems that prevent
them from installing it. The following was found: that a small percentage of people have
solar energy systems (about 10%), about 95% of people believe in solar energy as a solution
to the problem of the current shortage in the city, about 100% of people support the use of
solar energy in the residential area in which they live, the population's knowledge of solar
energy is almost average and one of the most important problems that prevent them from
installing it is its high price and the lack of sufficient space.

In the end, the overload on the transformer was eliminated, the transformer was returned to
its normal state, and the electricity coming from the Israeli occupation was reduced through
the use of solar panels. The streets were used to install solar panels, thus saving a lot of
land. Thus, the problem of the electricity sector in Tulkarm city is solved.

The following software was used in the design process: pvsyst, Sketchup, AutoCAD,
ETABS. The following sites were also used: mstkshf dot com, Global Solar Atlas,
meteoblue.
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1.Chapter one : Introduction

1.1 Overview

Tulkarm city is located in the northwest of the West Bank at longitude and latitude
(32.31325°,035.033966°) and is considered an area with high humidity due to its proximity
to the Mediterranean Sea, and as for the radiation intensity in the city, it is equal to about
2090 kwWh / m?, and for the best tilt angle of inclination for solar panels, angle 28 is the
ideal tilt angle for the solar panels. For information on humidity, wind, temperature, rain,
and number of cloudy days, the diagrams are found in the appendices.

The lands of Tulkarm form a divider between the Palestinian National Authority and the
Palestinian territories occupied by Israel since 1948. It is 15 kilometers from the
Mediterranean coast and at an altitude of 65-125 meters above sea level. Tulkarm includes
several neighborhoods within its plan, such as Al-Shweika neighborhood, Ektba
neighborhood, Al-Thanbeh neighborhood, Rashid neighborhood, Azab neighborhood, Al-
Kafa neighborhood, Ertah neighborhood, New Mohandessin neighborhood, Staff housing
neighborhood, and others in addition to camps such as Tulkarm camp and Nour Shams
camp. The population of the city is estimated at 44 thousand people, and the capacity of the
electric power needed by the city is 45 MVA, while the electrical capacity of the occupying
authority is 32 MVA distributed over two lines distributed on 134 transformers.

Tulkarm city suffers from the problem of electricity shortage, which has become the
leading news of all the newspapers and local media, so that the city suffers greatly from a
large interruption, especially in the summer months (the month of 7, 8 and 9) in most days
and over large hours.

1.20Dbjectives

%+ Studying the situation of electrical energy in Tulkarm city and identifying the
electricity problem that the city suffers from, its causes and ways to solve it.

%+ Develop a plan to help solve the electricity problem through the (hybrid system),
which contributes to alleviating electrical loads during the peak period.

% Studying the design of a new type of structures for solar panels and using the streets
to place panels on them instead of land (which may not be available, especially in
city centers) or rooftops (which may not be sufficient to design a cell system to
meet all the needs of residential apartments in the building) with Pay attention to
cost and aesthetics.




1.3Statement of the problem

There is an overload on the transformer, which makes it difficult to choose
solutions.

Designing a new shape to put panels on it, which needs to take into account the
height of buildings and trees in the streets to avoid the shadows.

1.4 Methodology

R/
L X4

K/
L X4

The official authority responsible for Tulkarm city (Tulkarm municipality) was
approached and the necessary information was collected, such as the load profile,
electrical transformers, etc.

The information and plans were studied and the reports related to the problem were
reviewed. The files related to the electricity sector in Tulkarm city were studied.
Radiation intensity, number of rainy and cloudy days for the city and average
temperature are studied to help in the solar panel design process, as solar panels are
affected by all the combined factors.

New ways have been found to solve the problem, as reliance on traditional methods
has become an old and expensive solution, and the trend to solve new problems
must be based on new ideas and methods to solve the problem, as the idea of
designing a solar energy system in a new way has been directed to solve the
problem of energy shortage.

Contacts have been made with the relevant responsible authorities to obtain
information and inquiries when all developments occur. Several times have been
contacted with the engineers of Tulkarm Municipality to verify several important
matters.

Contacts have been made with companies, institutions and people related to the
Palestinian market (Local Market) to get the real prices of all materials, tools and
devices needed to get the final price and compare the new solution with the
traditional solution.




2.Chapter two: Literature Review

Various studies have been completed, which discussed different subjects that are to be
merged in this project, Developing Practical PVV-Energy Storage Solutions For Tulkarm
City. This section discusses the reviews and researches based on and builds up this project.

Salah, W.A. and Abuhelwa, M discussed the main energy problem in Tulkarm city due to
its rapid population growth and the problem of interruptions in electricity, especially in the
summer. They presented the reality of energy consumption, climate and weather in
Palestine and the reasons that make Tulkarm a large area for energy resources. They have
suggested several solutions to address this problem. The first solution, i.e. scheduling the
delivery of energy to neighborhoods on the basis of relevance, has already been adopted.
As a second solution, they suggested the use of diesel generators. The last solution was the
use of renewable energy, especially solar energy, which is the most effective one. They
have done a survey to study people's awareness of the daily use of electricity. It turns out
that people's awareness of the use of electricity may be the best possible way to overcome
frequent blackouts.[1]

Nassar, Y. and Alsadi, S demonstrated the importance of achieving energy security in light
of the electricity crisis in Gaza. Energy security includes maintaining energy supply and
reliability to meet demand at all times and at good prices, while avoiding impacts on
human health and the environment. They analyzed the current energy situation in the Gaza
Stripand suggested four scenarios to get out of this impasse. They carried out an economic
and environmental assessment in order to find out which scenario would generate higher
revenues. This competition was won by renewable energy plants. The study set a timetable
for the complete transition of the electricity industry from conventional energy to
renewable energy. Unfortunately, however, providing a sustainable and renewable energy
source to the Gaza Strip has not been a priority for any of the donors or successive
Palestinian governments. The duty of international communities and national bodies
remains to defend the property of the Palestinian people, especially at the level of
infrastructure, against the repeated attacks of the Israeli army on the Gaza Strip, otherwise
there is no value for any attempt to advance the Palestinian people.[2]

Gonzélez, P et al implemented the measures on the grid, which showed the effect of the
photovoltaic system on the power quality of the distribution network, the insertion of the
photovoltaic power plant causes changes in the measured quality parameters and
operational characteristics that do not seriously affect the operation of the grid due to the
power limit of twenty of the power grid short-circuit For the generating stations specified
in the report. They summarized measurements of power quality (PQ) parameters made in a
radial distribution network at two time periods, before and after the PV power plant was
connected to the grid.It also presents the same parameters measured at the PCC (point of
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common coupling) of the grid and the PV plant to discuss how the grid impedance and the
ratio between the injected power and the power required by the load affect changes in the
power quality of the distribution system. They evaluates the impact of photovoltaic power
generation on the distribution system and important issues such as reverse power flow and
harmonic distortion are analyzed. [3]

Canova, A et al presented the problem of energy penetration for PV systems in urban
networks. After describing the qualitative problem, two different environments for PV
systems were analyzed: rural and urban networks. For the rural grid, a single line was
simulated in order to evaluate the relationship between the number of PV systems installed
along the line and the maximum installable PV capacity.In the second part of the paper,
potential problems due to energy penetration were examined regarding the cluster PV
system to be installed in Turin (Italy) during the EU project.[4]

DEMIDOV, I et al studied and designed an off-grid solar system connected to batteries in
Namibia in Africa, and the focus was on the technical and economic analysis of the
configuration of a low voltage (LV) distribution network based on off-grid solutions based
on photovoltaic energy and energy storage in rural African areas.The components of off-
grid solar energy have been studied and costs compared with the system connected to the
grid, and the advantages of the off-grid system and the disadvantages of the system
connected to the grid have been shown.[5]

El-houar, H et al studied the energy situation in the village of Tazota in Morocco, where a
rural house was targeted to design an off-grid solar energy system and real monthly
electrical requirements and hourly climatic conditions were used. In addition to making the
economic feasibility of the system and studying the prices in real terms.[6]

Said , Z et al explained the vision of solar systems in the United Arab Emirates , as the
UAE seeks to reach 44% of its energy by solar energy by 2050, and here in this paper a
comprehensive technical, economic and environmental assessment of the solar photovoltaic
system is presented. So that 6 different locations were selected in the Emirates and the
installation of solar systems in them and a comparison between the six regions. In addition,
different cell technologies (single-crystal, polycrystalline and thin-film) were analyzed to
conclude the optimal selection, in addition to studying the atmospheric factors affecting the
solar system. The effect of reducing the battery bank size from 24 hours to 12 hours
standby has also been demonstrated.[7]

The existing literature gives a very broad overview of modeling approaches, technologies,
and feasibility for Developing Practical PV-Energy Storage Solutions For Tulkarm City.
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 Electricity problems in Tulkarm city:

3.1.1) Over load on transformers

Many transformers in the city of Tulkarm suffer from overloads, as the percentage in the
summer reaches about 115%, which causes many problems in the transformers, but in
normal months the loads on the transformers are approximately 95%[8], which is also
considered a large load on the transformer. The suitable load for the transformer is
approximately 70%.[9]

Electricity is cut off for several hours in Tulkarm city, due to the overloading on the
transformer rating value , and the figures below show this.

Figure(1) below shows the hourly load and the percentage of loads on Al-Murabba
transformer during only one day in 03/08/2021. And figure(2) below shows the hourly load
on Murabba transformer in five different days in August(8) with respect to the transformer
rating, which is 630 kVA.

el 2 Jadd date time Power(p) reactive (0 (p)'2 |(Qp2 S (iUA) |rated powd situation [s percent

KVA 630 1l 8/32021 0 704.32|117 44kvar 117.44 496067) 13792.2) 714.044] 630 |not Ok 84044 11334
05 692.8)114.88kvar 114.88 479972 13197.4| 702.26) 630 |not Ok 722601 11147
1 583.52|113.28kvar 113.28 467200) 12832.4) 692.843) 630 |not Ok 62.8434 109.975
15 672(112.00kvar 112.00 451584) 12544| 681.269) 630 |not Ok 512694 103.138
2 645.44|111.68kvar 111.68 416593) 12472.4| 655.031] 630 |not Ok 25.0307 103.973
25 541.28|113.60kvar 113.60 411240) 12905) 651.264] 630 |not Ok 21.2642 103.375
3 624.64|113.60kvar 113.60 390175 12905 634886 630 |not Ok 488589 100.776
35 511.84|111.04kvar 111.04 374348) 12329.9) 621.834] 630 |0k -8.1656 | 98.7039
4 606.72|113.92kvar 113.92 368109) 12977.8| 617.322] 630 |Ok -12.678| 97.9877
45 607.68|116.48kvar 116.48 369275) 13567.6) 618743 630 |0k -11.257] 88.2131
5 602.88|119.36kvar 119.36 363464 14246.8| 614.582] 630 |Ok -15.418| 97.5527
55 580.8|118.40kvar 118.40 337329| 14018.6| 592.745) 630 |Ok -37.255 94.0866
i 563.84|118.72kvar 118.72 317916) 14094.4) 576.203| 630 |0k -53.797| 91.4608
6.5 557.76|122 88kvar 12288 311096) 15099.5| 571.135| 630 |Ok -58.865 90.6564
7 553.6|121.28kvar 121.28 306473 14708.8) 566.729] 630 |0k -63.271| 89.957
7.5 566.72|119.68kvar 119.68 321172) 14323.3| 579.219] 630 |Ok -50.781| 91.9396
g 566.4|116.48kvar 116.48 320809) 13567.6) 578.253] 630 |0k -51.747| 91.7862
85 576.32|117.12kvar 17.12 332145) 137171 588.1] 630 |0k -41.9 93.3492
9 586.56)|121.60kvar 121.60 344053| 14786.6| 599.032) 630 |Ok -30.968 95.0844
9.5 591.68|120.64kvar 120.64 350085) 14554) 603.854] 630 |0k -26.146| 958408
10 607.04|121.92kvar 121.92 368498) 14864.5) 619.162] 630 |Ok -10.838| 98.2797
10.5 514.08|122.24kvar 122.24 377094) 14942.6) 626.128| 630 |0k -3.8715/°09.3855
11 630.08|125.12kvar 125.12 397001) 15655) 642.383) 630 |not Ok 12.3829 101.966
11.5 627.2|127.36kvar 127.36 393380| 16220.6 640[ 630 |not Ok 10.0003 101.587
12 635.52|127.04kvar 127.04 403886) 16139.2) 648.093) 630 |not Ok 18.0932 102.872
125 652.16|126.40kvar 126.40 425313 15977| 664296 630 |not Ok 342963 105444
13 658.88|127.04kvar 127.04 434123) 16139.2) 671.016) 630 |not Ok 41.0157  106.51
135 658.88)|125.4dkvar 125.44 434123| 15735.2| 670715 630 |not Ok 40.7146 106.463
14 662.72|122.24kvar 122.24 430198) 14942.6) 673.899) 630 |not Ok 438994 106.968
14.5 676.48|125.12kvar 125.12 457625) 15655) 687.954] 630 |not Ok 57.9536 109.199
15 698.86)|126.40kvar 126.40 488433) 15977) 710218 630 |not Ok 80.2184 112733
15.5 T17.12|124.80kvar 124.80 514261) 15575| 727.898)| 630 |not Ok 07.8984 115.539
18 704{123.20kvar 123.20 495616 15178.2) 714699 630 |not Ok 846987 113444
16.5 728.96|127.04kvar 127.04 531383) 16139.2) 739.947) 630 |not Ok 109.947 117.452
17 722.56|126.72kvar 126.72 522003) 416058) 733.588| 630 |not Ok 103.588 116.442
17.5 T03.36|124.80kvar 124.80 404715) 15575) 714.346) 630 |not Ok 843461 113.388
18 704.96|127.36kvar 127.36 496969 16220.6) 716.372] 630 |not Ok 863722 11371
185 692.48|128.64kvar 128.64 479529) 16548.2| 704.327) 630 |not Ok 743272 111798
19 673.6|126.40kvar 126.40 453737) 15077) 685.357) 630 |not Ok 55.3568 108.787
19.5 697.92|131.52kvar 131.52 487092 172975) 710.204] 630 |not Ok 80.2041 112731
20 595.36|126.08kvar 126.08 483526) 15896.2) 706.698) 630 |not Ok 76.68977 112174
20.5 710.72|126.08kvar 126.08 505123 15896.2) 721.817) 630 |not Ok 91.8165 114.574
21 706.56|124.16kvar 124.16 499227) 15415.7) 717.386) 630 |not Ok 87386 113.87
215 699.2|122.56kvar 122.56 488881) 15021) 709.86) 630 |not Ok 79.8603 112.676
22 716.48|125.12kvar 12512 513344| 15655| 727.323] 630 |not Ok 97.3229 115448
225 T04[122 24kvar 122.24 495616) 14942.6) 714.534) 630 |not Ok 845338 113.418
23 710.72|117 7 6kvar 1776 505123 13867.4| 72041) 630 |not Ok 904098 114.351
235 711.36|116.80kvar 116.80 506033) 13642.2) 720.885) 630 |not Ok 00.8851 114.426

Figure 1:The hourly load on Murabba transformer in 03/08/2021




3.1.2:) Electricity coming from the occupation side:

Tulkarm city obtains its own electricity from the Israeli occupation, which supplies the city
with a limited amount of electricity with a capacity of (32 MVA), divided into two lines
and distributed among 134 transformers in the city, while the amount of electricity that
Tulkarm needs is currently estimated at (45 MVA), which causes a power outage in many
areas, especially in the summer.

Figure(2) below shows the single lines of electricity coming from the occupation side and
their distribution to the city's transformers.
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Figure 2:SLD of the electricity coming from Israeli side




3.2 The loads on the transformers
In this report, only one transformer load (Murabba transformer) was taken, which will be
considered as a general case and an example for the rest of the transformers in the city.

The loads on the transformer were classified into two types (day loads and night loads).
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Figure 3:The load profile on Murabba transformer in five different days in August(8) With respect to the
transformer rating

3.2.1) Daytime loads: These loads are divided into three types:

- High daytime loads: such as schools, government institutions and factories (20% of the
transformer).

- Normal daytime loads: homes and shops with normal consumption (70% of the
transformer).

- Medical day loads: such as hospitals, health centers and clinics (10% of the transformer).




The transformer (100%)

Medical day loads
10%
x: medical centers

igh daytime loads
20%
Ex: schools

Normal daytime loads
70%

Ex: houses

Figure 4:Imposed daily electrical loads in Tulkarm city

3.2.2) Night loads: These loads are divided into three types:

- High night loads: such as street lighting, commercial malls, large cafes and wedding halls
(35% of the transformer)

- Normal night loads: homes and shops with normal consumption (50% of the transformer)

- Medical night loads: such as hospitals, health centers and clinics (15% of the transformer)

The transformer (100%)

Normal night loads

High night loads
35%
Ex: wedding halls

50%
Ex: houses

Figure 5:: Imposed night electrical loads in Tulkarm city

As these ratios were assumed because there are no real ratios and detailed readings clarify
this by the municipality




3.3) The Solutions to the electricity problem of Tulkarm city
Appropriate solutions to the problem are arrived at in terms of understanding the problem
and finding solutions by thinking outside the box.

The problem of over loads on the transformer and the shortage of electricity in the city has
been solved as follows, as the solution was adopted based on the classifications that were
set in the previous part (3.2), where:

3.3.1) Daytime load problem:

The transformer (100%)

Normal daytime loads
70%
Ex: houses

Medical day loads
10%
x: medical centers

igh daytime loads
20%
Ex: schools

Hybrid system (solar
panels + municipal on grid-self consumption
electricity + batteries)

Figure 6:Suggested solution for daytime electrical loads

-Normal and High daytime loads: the work of a solar cell system connected to the network,
but with a net-measuring system (self consumption), whereby this solution will be supplied
to the loads by electricity coming from the solar panels directly. In the event of excess
energy, it is pumped to the network, and thus these loads are disposed of and removed from
the transformer, thus returning the transformer to its normal ratio. While in the event of a
shortage, this shortage is taken from the municipality (the design is based on the absence of
a shortage of electricity) .

- Medical day loads: in the event that the ratio of these loads is large and the solution stops
there, a hybrid system is made (solar panels + municipal electricity + batteries), but in most
cases this part is not important because the largest percentage in most transformers is on the
previous two types.




3.3.2) Night load problem:

The transformer (100%)

Normal nightloads
50%
Ex: houses

High night loads
35%
Ex: wedding halls

edical night loads
15%
X: medical center.

Hybrid system (diesel
generator + municipal Off grid system —batteries
electricity + batteries)

Figure 7:Suggested solution for night electrical loads

- Normal and high night loads: This problem is solved by designing an (off-grid) system so
that the necessary energy is stored in batteries and supplied to the night loads.

Here, two plans of action have been developed, which are as follows:

1) Converting all night loads (e.g. commercial store) to solar electricity by converting the
electrical energy in the batteries into alternating electricity by an inverter, which is an
expensive solution.

2) Converting lighting in shops to direct dependence on batteries, where the percentage of
lighting consumption in most residential buildings is approximately 30% of the total energy
consumed and reaches more than 30% in shops, which is the least expensive solution.[9]

- Medical night loads: In the event that the percentage of these loads is large and the
solution stops there, a hybrid system is made (diesel generator + municipal electricity +
batteries), but often this part is not important because the largest percentage in most
transformers is on the previous two types.
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3.4) The structure design :

Several software have been used in designing the structure of the solar cells, which are the
SketchUp and ETABS software.

SketchUp Software :

Here in this report, a structure has been designed in a new way, figure(8) below shows the
structure, which will be presented for the first time, and it is considered a major and
essential part of solving this problem, not just an ordinary structure on which solar panels
are placed.

Figure 8:The shape of the structure
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«+ Installation and details:

The new structure consists of 3 poles with a diameter of 0.5 m for each pole and a distance
of 10 m (20 m in total distance) between each pole. The street solar system is designed with
a height of 12 meters (the height of each column) to avoid shading.

As described in the ETABS design, in the next section, an approved engineering study plan
for winds with a wind speed of 120 km/h has been developed. The chassis is also designed
to withstand the weight produced by 40 units of approximately 1 ton (1,000 kg).

Figure 9:Aesthetic illustration shape of the structure

Figure 10:Dimensions of the structure
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% The Components:

Table 1 : the components of structure with economic value

Dimensions Quantity | Unit The cost Total cost

price(NIS) (NIS)

Pole 12 m*0.5m 3 1200 3600 3600

Main parts of galvanized | 20m*(150*100*3 mm) |5 1m=30 3000 6 600

iron (Profila) NIS

Galvanized iron straight | 1m* (100*100*3 mm) 44 Im=25 1100 7700

pieces (Profila) NIS

Straight metal parts 1m* (100*100*3 mm) 16 Im=25 400 8 100

(stents) NIS

% Features (Pros) of the new structure:

1) This new structure has been designed to exploit the islands located in the streets or in the
middle of the streets in the absence of an island.

2) Through this structure, the problem of using agricultural lands to put solar panels on
them can be eliminated (especially in the case of large stations).

3) An aesthetic view that indicates the progress of the city.
4) It can be used as rain umbrellas that people passing in the streets can hide under.

5) In residential buildings, the roof of the building is not enough to install a solar system on
it that covers all the apartments inside, so the new structure will solve this problem by
installing solar panels on the new structure in the same street or area that contains the
residential architecture.

6) Savings in the price of land, as one structure is designed to produce a capacity of 20
kilowatts, which is equivalent to an area of 200 square meters of land.[10]

7) The possibility of placing the new structure within the cities (Areas A) saves the
citizens, investors, municipalities and Palestinian electricity companies from building high-
capacity stations in the outskirts of the city or in the villages, thus reducing the amount of
loss during the period of the energy transfer process.

8) The possibility of designing the structure at different heights according to the heights of
the influential buildings located on that street to avoid shadows.

9) The possibility of using the new structure in the place of the existing lighting poles,
where the structure can be designed with the possibility of placing street lighting on it.

13




ETABS software :

This program was used to determine the dimensions of length, width, height and thickness
necessary for the structure to bear the weight produced by the 40 modules, which is
approximately 1 ton (1000 kilograms ) .

After examining on the ETABS program, it was found that three Poles were needed, and
their characteristics were monitored in table (1) below :

Table 2:The Characteristics of Poles hold the modules

Characteristics of Poles

Cylindrical Steel filled with

concrete (p300)

Type
Outside diameter 0.5m
Thickness 20mm (2cm)
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The two figures below show the 3D view of the structure from two sides: the first side is
the southeast side shown in figure(12), and the second is the southwest side shown in figure
(13).
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Figure 12: South East (SE) 3D view of the structure
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Figure 13:South West (SW) 3D view of the structure
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The figure(14) below shows the elevation view from the front side and the necessary struts
of the structure.
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Figure 14:the Elevation view with struts of the structure

The number of cells on the structure listed in the pictures below is 40 cells distributed on
two sides, each side contains 20 cells as shown in figure (15) and figure (16) .
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Figure 15:3D view of the modules on the structure
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Figure 16:3D close-up view of the modules on the structure

The following figure (17) shows the acceptable deflection resulting from the dead load
(Dead loads are structural loads of a constant magnitude over time. They include the self-
weight of structural members. Dead loads also include the loads of fixtures that are
permanently attached to the structure).
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Figure 17:: 3D view of the deflection resulting from the dead load
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The following figure (18) shows the acceptable deflection resulting from the wind load
after applying a speed of 120 km/h, which is equivalent to a force of 0.77 kN.
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Figure18:3D view of the deflection resulting from the wind load

The steel dimensions needed to be placed under the modules was determined in numbers
shown in the figures (19), (20), (21) below.
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Figure 19:3D view of the steel dimensions needed in the structure
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Figure 20:: 3D front view of the steel dimensions needed in the structure (struts)
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Figure 21:another 3D view of the steel dimensions needed in the structure

19

8
O 70075, T
"




3.5) Calculations:

The structure is designed to produce 20 kW, and when calculating the maximum power that
must be supplied to Al-Murabba transformer, it is 91.4 kW AC during the day and 80 kW
AC at night.

It equates to 164.52 kW DC during the day and 239.37 kW DC for batteries to supply high
night loads. This means we need 403.89 kW DC, which means we need about 20 new
chassis to cover this load.

But if we assume that the construction will be designed on a plot of land using the
traditional structure, it will require 4000 square meters (where one kilo needs 10 square
meters).

As for the wires, we need 6mm?2 DC DC wires and 6 mm? AC wires.

3.6 Questionnaire:

The result was good, | made a copy of the performance of the business, and to see what
people think of that activity and the results were as follows:

- 95.2% support the use of solar cells in their homes.

- 9.5% have solar energy in their homes.

- 95.2% believe in solar energy as a solution to the problem of lack of current in the city.
- 100% support the use of solar energy in the residential area in which they live.

- 95.2% prefer solar cells over diesel generators.

- 100% prefer to use solar energy in their shops.

- 90.5% support using batteries in their stores at night.

- As for the reasons that prevent citizens from installing solar energy, most of the answers
centered around the high price of solar systems, the lack of adequate money to install solar
systems, the absence of a law regulating the relationship between citizens and
municipalities, in addition to the high costs, lack of experience in the market, Lack of
knowledge about costs, the location of the shop and the lack of a good space for installing
solar cells.
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3.7) Single line diagram(SLD) of the systems after design :

The figures (22), (23) below show SLD for each of the two systems, connected to the grid
and off-grid, respectively.
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Figure 30: SLD of off-grid system
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4.Chapter four : Discussion

In this project, the electrical situation of the city of Tulkarm was studied, and according to the
results that appeared in the previous chapter, it was concluded that there is a shortage of
electric current in the city, in addition to the presence of excessive loads on the transformers.

Accordingly, a plan was developed to solve the problem, taking into account the square
transformer as a case and example for the rest of the city’s transformers, and the loads on the
transformers were divided and classified into daytime loads (high, normal, medical) and night
loads (high, normal, medical). The condition of the transformer was then studied and the
amount of overloads per hour throughout the year, as well as the amount of electrical current
needed by the transformer.

The morning period (9 hours) was considered from 8 am to 5 pm, and the evening period (15
hours) from 5 pm to 8 am.

Accordingly, a plan was developed as follows:

Converting high and normal morning loads to a solar energy system that depends on the net
metering system (self-consumption), and proposing the work of a hybrid system (solar cells,
batteries and municipal electricity) for morning medical loads, Thus, the loads on the
transformer were reduced, in addition to self-reliance in producing electricity from the sun, and
not resorting to Israeli electricity.

In the case of high night loads, a storage system consisting of solar panels feeding the batteries
and supplying high and normal night loads was undertaken, and a hybrid system (generator,
municipal electricity and batteries) was proposed to supply medical loads.

127,952

Figure 31: Detailed solution of the problem

In addition, the case of the solar panels and their installation method was studied, as a new
structure was proposed to install the solar panels in a way that takes advantage of the islands in
the streets and undeveloped areas to install the panels on them, to generate electric power and
save large areas. Where the new structure takes into account all the heights of the buildings,
which can cause and avoid shadows on the panels, in addition to the fact that the system in its
new form is less expensive than the existing system in the traditional form, where the price of
the new system is estimated at (47000NIS) and the price of the traditional system (142000

NIS). Table (3),(4) below show the comparison between the two systems.
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A Canadian solar inverter with a capacity of 20 kilowatts and a Trina solar panel with a
capacity of 500 watts has been selected, where the panels can be used with a greater capacity
to compensate the shortage that results from directing the panels to the east, west or north
according to the direction of the structure, which depends on the direction of the street. In
addition to the use of 12-volt and 200 Ah batteries.

Weather maps and global locations were used to determine the amount of solar radiation, the
number of sunny, rainy and cloudy days, and wind speed, which affects the design, it is

included in the appendix.

Table 3: Calculation of the cost of the new structure

Quantity Unit price(NIS) The cost(NIS) | Total cost (NIS)

The new structure 1 8 100 8 100 8 100

Modules(500w) 40 640 25 600 33700
Inverter (20 kw) 1 10 000 10 000 43700
Circuit Breakers(DC) 6 200 1200 44900
Circuit Breakers(AC) 3 50 150 45 050
Fuses 1 15 15 45 065
Surge Arrestors(DC) 2 170 340 45 405
Surge Arrestors(AC) 1 140 140 45 545
Dc Cables 10m 4 40 45 585
Ac Cables 15m 3 45 45 630
Earth cable 15m 5 75 45 705
Earth leakage 1 115 115 45 820
Junction Box 2 160 320 46 140
Electrode + busbar 3 210 630 46 770
Anchors and connections | 1 50 50 46 820

Table 4: Calculation of the cost of the traditional structure

Quantity Unit price(NIS) The cost(NIS) | Total cost (NIS)

traditional structure 1 3000 3 000 3000
Modules(500w) 40 640 25600 28 600
Inverter (20 kw) 1 10 000 10 000 38 600
Circuit Breakers(DC) 6 200 1200 39 800
Circuit Breakers(AC) 3 50 150 39 950
Fuses 1 15 15 39 965
Surge Arrestors(DC) 2 170 340 40 305
Surge Arrestors(AC) 1 140 140 40 445
Dc Cables 10m 4 40 40 485
Ac Cables 15m 3 45 40530
Earth cable 15m 5 75 40 605
Earth leakage 1 115 115 40720
Junction Box 3 160 480 41 200
Electrode + busbar 3 210 630 41830
Anchors and connections | 1 50 50 41 880
Theland 200 m? 500 100 000 141 880
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The total cost of the system by the new structure = 46 820 nis = 47 000 nis

The total cost of the system by the traditional structure = 141 880 nis = 142 000 nis

Here, the price difference between the two systems (the new and the traditional) was
noticed, as the price of the new system (20 kilowatts) is only 47,000 NIS, while the
traditional system costs 142,000 NIS. This means that designing a solar energy system
using the new structure is better in terms of price than designing a solar energy system
Solar energy using the traditional structure.

In addition, a questionnaire (opinion poll) was conducted to determine the extent to which the
residents of Tulkarm are aware of solar energy and their opinion of solar energy and whether
they consider it a solution and believe in it or not. They were asked to mention the reasons that
prevent them from installing it, as the results showed that the majority support solar energy,
but a large percentage did not install these systems because of their high cost, but with that it
was concluded that many believe that it is the solution to get rid of the electricity problems that
the city suffers from.
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5. Chapter five: Conclusions

*

The problem of Tulkarm city in the electricity sector has been explained, which suffers
from two main problems, namely the lack of current reaching the city and the overload
of transformers.

The climatic conditions in Tulkarm city and the conditions related to the climate in the
city have been established.

One transformer (the square transformer) was taken as a case and example for the rest
of the city transformers, where the transformer needs a DC 165 kW system to cover the
shortfall in the morning loads and a 240 kW DC system to supply the batteries to cover
the shortfall in the night loads.

The loads on the transformer were divided and a solution was proposed for each load
problem that might fall within the existing loads.

A new structure has been proposed in a new shape and style that takes advantage of the
islands and the middle of the streets to install solar panels.

A questionnaire was conducted to find out the opinion of people in Tulkarm city with

solar energy and how much they believe in it as a solution to save them from the
electricity problem that Tulkarm city suffers from.
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Appendices:

1)PV Panels Selection:

Mono  Multi  Solutions

Vertex

BACKSHEET MONOCRYSTALLINE

500w+

MAXIMUM POWER OUTPUT

21.1%

MAXIMUM EFFICIENCY

0~+5W

POSITIVE POWER TOLERANCE

Comprehensive Products
and System Certificates

Trinasolar

MODULE

PRODUCTS POWER RANGE
TSM-DE18M(I1) 480-505w

High customer value
evelized Cost Of Energy), reduced BOS (Balance Of System) cost

e Lower LCOE(
shorter payback time

*Low year and annual degradation

guaranteed f

» Designed far compatibility with existing mainstream system components

= Higher retum on inv ment

High power up to 505w

210mm silicon wafers and 1/3-cut cell technology

* Large areacells based on

ty inte

= Up to 21.1% module efficiency with high dens connect technology

= Multi- busbar technology for better light trapping effect, lower series resistance

and improved current collection

High reliability

* Minimized micro-cracks with innovative non-destructi

finology

2 cutting

» Ensured PID resistance through cell process and module matenal control

» Resistant to harsh environments such as salt, ammonia, sand, high temperature

and high humic

* Mechanical perfo

High energy yield
* Excellent 1AM (Incident Angle Modifier) and low irradiation performance,
validated by 3rd part

* The unique design

certifications

shading conditions

* Lower temperature coefficient (-0.36%) and operating temperature

Trina Solar's VERTEX Backsheet Performance Warranty
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vertex BACKSHEET MONOCRYSTALLINE MODULE

DIMENSIONS OF PY MODULE{mm)
— ELECTRICAL DATA (STC)

Pk Power WattsPus [Wa}* aso | ags | 430 485 500 | 505
Power Tolerance-Fus [W) 0=+5
Maximum Power Vol tage-Vees (V) 420 422 az4 426 428 430
Maximum Power Cment-bes [A) 1142 1149 1158 1153 | 1185 11.75
- Open Circuit Valage- e [V) 508 511 13 515 817 519
J Short it Curmant-e [4) e | 1207 1218 | 1221 | 1228 | 12
HDdLhEﬁ'IClQI’K)I nw (%) 201 20.3 205 207 209 211
- adiance 1000W. ", el Temperatuse 257 Ar Maw AN 5
Rpanrreg izberanze 1 TR
ELECTRICAL DATA (NMOT)
Frant View Mawimm Power-Pus (W) EE 387 m Er 374 382
1 Maxmuum Power Voltage-Ahes (V) | 366 88 00 anz | a4 408
Maximum Power Crent-bos (A) | 818 820 az am axr a4
F}:F Open Cirouit Wioltage-Yea: (W) 48.0 48.2 484 48k | 48.8 4917
N ;wﬂ Shart Crouit Cumant-ba [A) BT a7z urr ag3 ags 58q
P NPT laciare s st BOOWLfrr!, Arbient Terz eratuns 27T, Wind Tpsed Bty
£lg
B i &’F_ - MECHANICAL DATA
Solar Cels Monocrystalline
Cell Orientation 150 cells
R Madule Dimensicrs 2176 * 1086 35 mm (ES67 = 43.23 = 1.38 inches)
e weight 26.3kg(SE01)
_& Glass 3.2 mm {0112 inches), High Transmission, AR Coated Heat Strengthened Class
Back i Encagsulant Matesial EVA
= = Eacksheat white
. . Frame 36 mm {1.38 inchves) Anodized Aluminium Alloy
fam e |Bax P68 rated
- W T Catiles Photovaltaic Technology Cable 4. 0mm# | 0LODE inches®),
. - Partrait:H Z80mm{11.02711

Landscape: N 1400 mm /P 1400 mm (55.12/55.12 inches)

Connechor MC4 EVDE F TS4

“Piams retar {0 regicnal detahest for vy fed comnec oy

% TEMPERATURE RATINGS MARIMUMRATINGS

3 MO T mamiraniodus Ooerrng Temanrasy | 410 {230) Operational Temperature: A0~+85C
Temperature Coefficient of Puws D3RGS Maximuen Sysiem Vicltage 1500V DCYIEC)
Temperature Coefficient of Ve - D28 T Max Series Fuse Rating 204
Temperature Coefficient of ke 0.0a8% ©

P-¥ CURVES OF PV MODULE{430W)

¥ et =rrmec Fuunsmim Corbirves o with fwa armons wirisge in passllel mesection]

WARRANTY PRCKAGING CONFIGUREATION

12 year Product Werleranship Wasranty Modules per box: 30 pieces

25 year Power Wasranty Modules per 40 containe: 600 pieces
2% first year degradation

0.55% Annual Power Atftenuation

[Pha e b pretoe warnary b ot

CAUTION: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE USING THE FRODULT.

Irlnasolar © 2020 Trina Solar Ca.,Lid. Allrights reserved. Specfications induded in this datashest are subject to changewithout natios.
Varsion numbar: TSM_EN_2020_A wwen trinasolar com

Figure 32:Nameplate of PV modules[Trina solar, TSM-DE18M-500W]
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2) inverter :

e

CanadianSolar

THREE PHASE STRING
INVERTER 20-30 KW

CSI-20KTL-GI-FL | CSI-25KTL-GI-FL
CSI-30KTL-GI-FL

Canadian Solar’s grid-tied, transformer-less string inverters
help to accelerate the use of three-phase string architecture for
commercial rooftop and small ground-mount applications. An
NRTL approved, cost-effective alternative to central inverters,
these inverters are modular design building blocks that provide
high yield and enable significant BoS cost savings. They provide
up to 98.6% conversion efficiency, a wide operating range of Standard warranty, ion up to 20 years
200-800 Vdc, and four MPPTs for maximum energy harvest.

KEY FEATURES HIGH RELIABILITY
+  Maximum efficiency up to 98.6%, Maximum CEC *  Advanced thermal design and convection cooling
efficiency up to 98.3%

*  Builtin over-voltage and over-current protection

* 4 MPPTs to achieve higher system efficiency +  DCreverse polarity and AC short circuit protection

+  Transformerless design
*  High switching frequency and ultra fast MPPT (<5 sec.)
for maximum efficiency over a wide load range

EFFICIENCY CURVE BROAD ADAPTIBILITY
CSI-30KTL-GI-FL@380 Vac «  IP65 rated for outdoor application
«  Utility interactive controls: Active power derating,
Efficiency OV 700V —— GOOV reactive power control and over frequency derating
s [T i g = R 2 +  Integrated DC load rated disconnect
580 i ” o
i *  Wide MPPT range for flexible string sizing
970 +
b *  90degree installation angle
= +  Supports up to 8 DC string inputs (2 per MPPT)
95.0
9.5
95.0

CANADIAN SOLAR INC. is committed to providing high quality
0% 5% 10% 20% 30% 40% 50% 60% 70% BO% 90% 100% solar products, solar system solutions and services to customers
% of Rated Output Power around the world. As a leading PV project developer and manu-
facturer of solar modules with over 33 GW deployed around the
world since 2001, Canadian Solar Inc. is one of the most bankable

*For detailed information, piease refer to the installation Manual solar companies worldwide.

CANADIAN SOLARINC.
545 Speedvale Avenue West, Guelph, Ontario N1K 1E6, Canada | www.canadiansolar.com
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SYSTEM/TECHMICAL D

MODEL NAME
Ln(m]pur ........................
-Hl--n':-Fl-J'-P;I;' ---------------------- 23 KW (135 kW MFFT) ZB kW {13.5 kW/MIPFT) [ 34 KW (13.5 KWIMPPT)
Max_ OC Input Voltage 1000V,
Operating DC Inpaut Valtage Range 200-800V,,
Start-up DC Input Voltage/Power L
Mumber of MPP Trackers 4
MPPT Full Power Voltage Range 27E-BOOV,, | 247200V, A17-200V,,
Operating Current {Img) 72418 & per MFFT]
Max Input Cunrent (Isc) 53,5 4(23.4 A per MFPT) |
‘umberafocimpars | " T sapermer - 1
‘oCDiconnectontype | T LedmmdpCowmch S |
acoutPur - ) |
Rated AC Output Fower 20kH sian 2w i
acacoupuiFawer |z | e = I
Output Valtage Range® 304-450V,,
Grid Connaction Type IWFE
Moménal AC Output Current @450 Vac 30.3ZETA { IIWEIA 45.5/43.3A
Rated Output Frequency S0/60 Hr
Output Frequency Range* 47.52/57-62 Hz
P Factar 1 defaule {+0.2 adjustable)
Current THD <3% {
svstem - S S |
mw .......................................................... e n.",rmn.._—,, .......... . A -
'Hn_Etﬂ:uru.-,‘ ’ SE6% ’ -
s |
ENVIRONMENT -
Protection Degree 1PES
Cooling Matural Canvectian Cooling
Diperating Temperature Range 25" Cto=&0"C
Storage Temperature Range A0Fto+158%Fi 40" Cta=70"C
Oiperating Humidity 0-100%

4000 mi

LCD = LEDY

Standard: R!

Dimensicns W/ H /D] - 530x 700 x 356 5mm

Wight 582 kg

Installation Anghe ‘A0 degrees from horzontal

O Inputs MC4

SAFETY

safety IECE2108-1/.2

Grid Standard ASATTT, NREDIT

Smart. Grid Featur woltage-Ride Thru, Frequency-Aide Thru, SoftStart, VolsVar, Frequency-watt, Valt-wart |

“The "Output Voltage Range” and *Output Frequency Range™ may differ acoarding to spedfic grid standard.

* The specifications and key features comainad |

from cwr aciual products due ta the on-going innovation and product enhancement.
Canadian Solar bnc. reserves the right to make necessary adjustmsnt to the infarmats.
on desoribed hensin at any tme without further notice.

CANADIAN SOLARINC.

April 2019 | All rights reserved | Inverter Product Datasheet V3.4_GL

n this datasheet may deviate skghtly
Caution: For professkonal use andy. The installation and handling of FV equipment

requires professional skils and shiould only be perfarmed by qualified professionals.
Please read the safety and installation instructions before using the product.

Figure 33: Solar inverter datasheet
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3) Map of Palestine :

Figure 34:Map of whole Palestine
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4) A map showing the amount of radiation in the city of Tulkarm:

aslgh

32.303965°,035.036415° ~
unnamed road, » < s, Palestinian Territory
Time zone: UTC+02, Asia/Hebron [EET] , Daylight saving time not considered

L o < B
Open detail Bookmark Share Reports
SITE INFO ~
Map data Per year ~
Specific photovoltaic powe PVOUT
o Specific photovoltaic power U 17401
output fi
) Direct normal irradiation DNI 2090.0 Kwn
BEGUSHTE i
Global horizontal irradiation GHI 1991.9
Diffuse horizontal irradiation DIF 656.9 W
Global tilted irradiation at GTlopta 22059
optimum angle
Optimum tilt of PV modules OPTA 28/ 180
Air temperature TEMP 21.0
Terrain elevation ELE 105

Figure 35: A map showing the amount of radiation in the city of Tulkarm

Figure 36:Map of Tulkarm Governorate and it s surrounding villages
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5)Tulkarm Monthly Climate Averages

World Weather Online is used to obtain this Figures in the bottom.[11]

A)Monthly Average Temperature and Rainfall in Tulkarm city :

I_)Ua.Ai}” djja&}'é_)\‘);jl\«_\‘lé__).jh‘;u

50°C 100 mm
40 °C
75 mm
30°C
50 mm
20°C
25 mm
10 °C
0-°C 0 mm
351 # o *3 . 17 7” e L ?1) .}( JV
5} 4 = 5/ x
Akt gk — gl ) ) e sl Al —_— gl A A B g — = 3l ALdh

metecblue =

Lall) " el Y1 aa e g i (Jallig o Sl et JS1 g el 8l pal) e o da gt s (el pen¥) Jaall) Y el o) sal) lan il
Ol 3 gag Al Juedl jelus (ki) ol 0l 5 el peall daghaall) 52 i MUl all QU818 ) et el jal oY) aall da gt s (bieall 55531
ol ) S 2l e e e aal AL g an Al bt 0S5 8l e s e g a8 5 G Jaal) daadd] Haalli e 30 J s S
A el Sl em e S S

Figure 37:Monthly Average Temperature and Rainfall in Tulkarm city using World Weather Online

B) The number of cloudy and sunny days in the city of Tulkarm:

Jshael) Al 5 ¢ uadia caile

30
25
20
15 4
10 4
—
) . .
0 - I I -
AV S s e et i EET S < A A s g S oss

i Linait @ asdlat. B

meteoblue =

Figure 38: The number of cloudy and sunny days in the city of Tulkarm
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c)Monthly Average Maximum temperatures in Tulkarm city:

S [P I P
) >

30 4

25 4

20 &

15 4

10 4

5

RS Lz S0 st S EETES s o BE Aol gl W ga o osiE

0

@ >35C @ >30C > 25°C > 20°C >15C @ >10C > 5°C  — gl i _
meteoblue =

Figure 39:Monthly Average Maximum temperatures in Tulkarm city

d)Max and Average Wind Speed in Tulkarmcity:

bl de

0.4 _—--— ——-

s o IRt Aot eppmn AW pgan g gl

25 A
204
154
104

5

0 >1 >5 ©@>12 @®>19 @>28 @ >38 >50 @ >61km/h —
meteoblue =

Figure 40:Max and Average Wind Speed in Tulkarm city
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6) PVSYST software reports for the two systems (on-grid and off- grid)

A) On-grid report :

Project: graduation project 2 one inverter

Wariant: New simulation variant

PVsyst V7.2.8
VCO0, Simulation date:
17112/21 00:18

with v7 2.8
Project summary

Geographical Site Situation Project settings
Talkarm Latitude 3231°N Albedo 0.20
Palestine, State Of Longitude 35.03 *E

Altitude 97 m

Time zone UTC+2
Meteo data
Talkarm

Meteonom 8.0 (1991-2010), Sat=100% - Synthetic

System summary

Grid-Connected System Tables on a building
PV Field Orientation Near Shadings User's needs
Fixed planes 2 orientations Linear shadings Unlimited load (grid)
Tilts/azimuths 26/0°7
26 /-180 "
System information
PV Array Inverters
Nb. of modules 40 units Nb. of units 1 Unit
Pnom total 20.00 kWp Pnom total 20.00 kWac
Fnom ratio 1.000
Results summary
Produced Energy 29.10 MWh/year Specific production 1455 kWh/kWplyear Perf. Ratio PR B41T7 %
Table of contents
Project and results summary 2
General par . PV Array Characteristics, System losses 3
Near shading definition - Iso-shadings diagram 4
Main results 5
Loss di 5]
Special graphs 7
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Project: graduation project 2 one inverter

udll
-‘lIII . ) . .
:H Variant: New simulation variant
PVsyst V7.2.8
V0, Simulation date:
1TMZ21 00:18
with viZB
Genaral parameatars
Grid-Connected System Tables on a building
PV Field Orientation
Orientation Sheds configuration Models used
Fixed planes 2 orientations Mb. of shads 40 units Transposition Perez
Tilta/azimuths 26/D" Sizes Diffuse Perez, Meteonormm
26/-180 * Sheds spacing 1.03 m Clncumsolar separate
Collector width 140 m
Ground Cov. Ratio (GCR) 106.4 %
Shading limit angle
Limit profile angle 847"
Horizon Mear Shadings User's neads
Free Honzon Linear shadings Unilirnited kead {grid)
PV Array Characteristics
PV module Inverter
Manutachirer Trina Sclar Manufacturer Canadian Solar Inc.
Maosdel TSM-DE 18M-{1l 500 Moded CS1-20KTL-GI-FL
{Original Fyayst database) (Orignal PVeyst database)
Uit Nom. Power 500 Wp Unit Nom. Power 20.0 kK¥Wac
Mummber of Py modules 40 units Murnber of inverters 4* MPPT 25% 1 unit
Mominal (STC) 20,00 kWp Total power 20.0 kiWac
Madules 4 Strings x 10 In series Operating voltage 200-800 W
At operating cond. {50°C) P ratio (DC:AC) 1.00
Prgp 1821 KWp
U mgp 300 W
I mpp AT A
Total PV power Total inverter power
Mominal (STC) 20 kWp Total power 20 k¥Wac
Total 40 modules Mb. of inverters 1 Unit
Medule area 95.6 m* Pnoan ratio 1.00
Array lossas
Thermal Loss factor DC wiring losses Module Quality Loss
Madule temperature according to radiance Global array res. 1338 m1 Loss Fraction -08 %
LU {comst) 20.0 Wim*K Loss Fraction 1.5 % at 5TC
v (wind) 0.0 Wilm*K/mu's
Maodule mismatch losses Strings Mismatch loss
Loas Fraction 2.0 % at MPP Loss Frachon 041 %
1AM loss factor
Incidence effect (LAM): Fresnel AR coating, njglass)=1.528, niAR)=1.290
g 30 a0° 60" TO* 7a" i a5* foig
1.000 0.989 D.967 D.962 0.892 0.816 0.681 0.440 0.000
17Nz Pyayst Licensed o Page 37
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Project: graduation project 2 one inverter

L
AT X . . .
“I Variant: Mew simulation variant
PVayst V728
WO, Simulation date:
172721 00:18
with v7 28
Near shadings paramater
Perspective of the PV-fleld and surrounding shading scena
East
South
West
Iso-shadings diagram
graduation project 2 one inverter - Legal Time
Fined plane, Tilts!azimuths: 26°7 0"
0 T T T T T | — T
—— Ghading loas: 1% Attenuation for diffuse: gunn 2. Jung
== Shading loas: 5% and-aibeds: 0,000 20 23 Mary and 25 July
|, 3 20 Apr and 23 Aug
B[ meme- Ghading loas: 20 130 4 20 Mar s 23 Seg |
hadingOneg
6o
a5
an
15
=]
-120 an €0 - [ =} Bl ol 120
Agimaih [
17Nz PWsyst Licensed 1o Page 47
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Project: graduation project 2 one inverter

Variant: New simulation variant

PVsyst V7.2.8
WCD, Simulation date:

1TM221 00,
with 728

18

Main results
System Production
Produced Enesgy 29,10 MWhiyear Spedific production 1455 KWWhiWindyear
Performance Ratio PR BT %
Normalized productions {per Installed kWp) Performance Ratlo PR
T T T T T T T 12 T T T T T T T
l 85 FRR sy Bld Bt L
a Wdap
i VI Procuced uselsl By FrWenter SUlpa 3 09 KWHEWGRES 7
z .
i g
= 4 §
2
Cn P Mm Am umpoam el mg Sap O kv Oec Jen Fesh MWar Ap Map An Jel Mg S8 O kv Oec
Balances and maln results

GlobHor DiffHor T_Amib Globlnc GlobEff EAurray E_Grid PR

KWhim? KWhim? *C kWi KWhin? Mih Mih ratio
January -2k 3303 1278 848 A04 1.499 1458 0,859
February a1 47.48 1387 a9z BEE 1.650 1.609 0,868
March 1478 .05 16.74 138.3 1332 2448 2389 0.864
April 747 B1.97 19.38 163.7 188.1 2,580 2814 0.859
May 2120 80.33 205 188.3 1835 i.439 3362 0.848
June 2332 T0.58 25.57 2178 2127 ianz g9 0834
July 218 7445 28.00 2066 206 3494 344 0838
August 007 T 28.58 187.8 1828 a7z iose 0,825
Seplember 167.0 B0.47 26.61 156.0 180.5 2601 2.580 0.837
October 127.8 5452 2380 118.9 114.4 2.038 1.888 0829
Hovember 228 38.27 1810 a7 825 1.436 1456 0,838
Diecemibar 4.6 37.05 14.82 755 71.8 1.336 1.300 0,860
Yoar 1B46.0 TIEHD 2110 1728.5 18713 200804 20007 0842
Legends
GlobHar  Global horzontal imadiation EAmay Effective energy at the culpul of the array
DiffHar Harizontal difuse iradialion E_Grid Energy injected into grid
T_Amb Amiient Temperature PR Perarmancs Ratio
Globlne  Global incident in coll. plane
GlobER Effeclive Global, coer. far LAM and shadings

1wz PWsyst Licensed lo Page 87
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Project: graduation project 2 one inverter

Variant: Mew simulation variant

PVayst V7.2.8
WCD, Simulation date:
1R 0018
with w728
Loss diagram
Global horizontal irradiation
Global incident in coll. plane
MNear Shadings: irradiance loss
1AM Faclor an global
1671 KWhim® * 86 m® coll. Effective irradiation on collectors
efficiency al STC = 20.84% P cormversion
33.45 MWh Array nominal energy (2t STC effic.)
0.73% PY loss due lo iradiance level
A.11% PY lass due lo lemperature
+0.75% Madule quality loss
2100 Mismaich loss, modules and strings
0.87% Ohmic wiring |oss
000 Mixed orentalion mismalch loss
20080 MWh Array wirtual energy at MPP
I3 -2 36% Inwerier Lass during operation (efficiency)
M 0003 Inwerier Loss over nominal inv. pawer
[ 0.00% Inwerter Loss due 1o max. ingul curent
% 0L.00% Inverter Lass over naminal inv. voltages
[ -0.01% Inverter Loss due 1o power threshold
4 0007 Inverter Loss due 1o voltage threshold
Available Energy at Inverter Output
Energy injected into grid
17Nz PWsyst Licensed 1o Page &7
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Project: graduation project 2 one inverter

| ]
a . ; . .
H:I Variant: Mew simulation variant
PVayst VT.2.8
WD, Simulation date:
T2 0018
with v7.2.8
Special graphs
Dally Input/Output diagram
140 T T T r T T T T T r
a Walsas Trom 01901 to 3142
b
L owr
E
= ap
o] od
o 1 ] I 1 1 I
(] 1 2 a 4 5 [
Qo incidant i ooll, plars [KWhimeday]
System Output Power Distribution
BOO v T T T T T T T T T T T
— s Trom 001 o 3192
oo
E
¥
]
a0 -
100 -
0 1 I ] ] ] ] ]
] z 4 ] ] 1 12 14 16
Prower injachad inka grid [Kw]
T2z PWsyst Licensed in Page 77

Figure 41:0n-grid report
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B) Off-grid report :

PWSYST Wa.81 I |21.I'1 221 I Page 1/5

Stand alone system: Simulation parameters

Project Mew Project
Gaographical Site Tuslicarm Country  Palesting, State Of
Situation Latitude 3231°M Longihmde  35.03" E
Time defined as Legal Time Time zone UT+2 Alttude 125 m
Albedo 0220
Blertoen. dlarba: Tuwlkarm Meisonoem 72 (19902004, Sat="10{1"% - Symbhebc
Simulation variant : wvarient 1

Simulabon date 21120521 Fah&a

Hamul I Eystem tyoe  Stand alone system with batiories

Collector Plane Oriemtation Tt 267 Snmuth 0°

Models used Transpomtion Perez Oiffus= Perez, Meteonomm
Usor's nesods : Daily household consumers  Constant owver e year

PV Array Characterstics
PV module uCSi-aSicH Mods=l EST-500
Oinginal Fy'syst database Manufacturer ERNN Soclar Energy
Humber of P modules In sevies 21 modulss Im paralel 24 sirings
Total nummbsr of PV modules Mb. modulss S04 Unit Mom. Poser  S00'Wp
Mmay global power Morminal (STC) 282 kWp A3 operating cond. 234 ihp [BOYC)
Mumay operating characienstics (50°C) Umpp 4173% Impp 558
Tosal ansa Module arsa 2883 m?
System Paramerter Eystem type  Stand alone system
Battery Mlodesl  Acmes 12 200
Manufacturer Marada
Batiery FPack Charactenstos Mo of weks 30 N sevies x 20 paraliel
Wolage 240 Mominal Capacity 8000 Ah
Discharging min. S5 35000 % Eaored enengy 18832 kEWH

Temperature Foed (20°C)
Controdier Model  Universal controler with MPPT correerier

Tedwmology MEPT ocoreerier Temp coeff. =50 mé ™ Clelem.
Corvrerter Baxi and ELIRD efficiences. 97 .0/ 95.0 %
Batiery Management control Threshold commands as  S0C caloulaSon

Charging SO0C =0.80/0.75 L= approm. 289 2 7 P51 4 W

Discharging S0 =020/ 0045 L= approm. 205 D ) AR TN
PV Array loss factors
Tharmal Loss fachor Uc joonst) 2000 $WmfEd e feand) 0.0 WK § mi's
Wiring Ohmic Loss Global amray res. 1305 mihm Loss Fraction 1.5 % at STC
Lerie Dode Loss Volage Drop DU W Loss Frecton 0.0 % at STC
Etodule Chuadity Loss Loss Fraction 2.5 %
Bodule Mismaich Losses Loss Fraction 0.2 % ot MPP
Earings Mismaich loss Loss Fracton .10 %
Inodence effect, ASHRAE paramsstrization 1AM = 1 -«bo{licosi-1}) bo Param. 0.8
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PYSYST V.81

211221 Page 2/5

Stand alone system:

Detailed User's needs

Project : Mew Project

Simulation variant : varient 1

Main system parameters Systemn type  Stand alone system with batteries

PY Field Ovientation tin 28 azimuth  §*

PV modules Modael EST-500 Prnom 500 Wp

PY Asray Mb, of medules 504 Prom fofal 2562 kWp

Battery Model AcmeG 12V 200 Technolegy Lead-acid, sealed, Gel
Battery Pack Nb. of units 800 Valtage | Capacity 240 V / B000 Ah
User's needs Daily household consumers

Constant over the year Global 301 MWhi'year

Daily household consumers, Constant over the year, average = 825 kWhiday

Annual values

Number Poweer Use Energy
Shopping mall 1 27000 W/app 15 hjday| 405000 Whjday
rarket 3 7000 W/ app 15 hfday| 315000 Wh/day
cafe 1 7000 W tot 15 hfday| 105000 Whjday
Stand-by consumers 24 h/day 24 Whyday
Tatal daily energy B25024 Wh/day

NI
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Stand alone system: Main results

Project : New Project

Simulation variant : varient 1

Main system parameters System type Stand alone system with batteries

PV Field Orientation tilt  26° azimuth  0°

PV modules Model EST-500 Pnom 500 Wp

PV Array Nb. of modules 504 Pnom total 252 kWp

Battery Model AcmeG 12V 200 Technology Lead-acid, sealed, Gel

Battery Pack Nb. of units 800 Voltage / Capacity 240V /8000 Ah

User's needs Daily household consumers Constant over the year Global 301 MWh/year

Main simulation results
System Production

Available Energy
Used Energy

440763 kWhl/year Specific prod.
297464 kWh/yearExcess (unused)

1749 KWh/KWp/year
129641 kWhlyear

Performance Ratio PR 53.54 % Solar Fraction SF 98.78 %
Loss of Load Time Fraction 1.4 % Missing Energy 3670 kWh/year
Battery ageing (State of Wear) Cycles SOW 87.1% Static SOW  91.7%
Battery lifetime 7.8 years

Normalized p

(per i kWp): power 252 kWp Performance Ratio PR and Solar Fraction SF

PR : Performance Ratio (Yf/ Yr) 0.535
SF : Solar Fraction (ESol / ELoad)

Unused energy (battery full)
Collection Loss (PV-array losses)

1.41 KWhkWp/day
1.03 kWh/kWpiday
0.37 KWh/kWpiday
3.23 KWh/kWpiday

System losses and batlery charging
Energy supplied to the user

Energy  [KWhAWpiday]

Performance Ralio PR

Normalized

varient 1
Balances and main results

GlobHor | GlobEff E_Avail | EUnused E_Miss E_User E_Load SolFrac
kWh/m2 kWh/m2 kwh kWh kWh kWh kwh
January 89.0 1235 25685 450 1282 24294 25576 0.950
February 106.2 1333 28116 3802 445 22655 23101 0.981
March 154.9 176.4 37112 10313 0 25576 25576 1.000
April 186.4 191.0 40009 14066 0 24751 24751 1.000
May 229.7 214.6 44512 17719 0 25576 25576 1.000
June 239.3 2138 43884 17960 0 24751 24751 1.000
July 242.7 221.4 44913 18123 0 25576 25576 1.000
August 224.6 223.0 44951 18146 0 25576 25576 1.000
September 184.5 204.5 41346 15402 0 24751 24751 1.000
October 146.9 183.3 37060 10260 0 25576 25576 1.000
November 102.6 140.6 28663 2821 0 24751 24751 1.000
December 83.4 119.0 24514 578 1943 23633 25576 0.924
Year 1990.3 2144.4 440763 129641 3670 297464 301134 0.988
Legends:  GlobHor Horizontal global irradiation E_Miss Missing energy
GlobEff Effective Global, corr. for IAM and shadings E_User Energy supplied to the user
E_Avail Available Solar Energy E_Load Energy need of the user (Load)
EUnused Unused energy (battery full) SolFrac Solar fraction (EUsed / ELoad)
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Project :
Simulation variant :

Stand alone system: Special graphs

New Project
varient 1

Main system parameters
PV Field Orientation

PV modules

PV Array

Battery

Battery Pack

User's needs

System type
tilt

Model

Nb. of modules
Model

Nb. of units

Daily household consumers

Stand alone system with batteries

26° azimuth 0°

EST-500 Pnom 500 Wp

504 Pnom total 252 kWp

AcmeG 12V 200 Technology Lead-acid, sealed, Gel
800 Voltage / Capacity 240V /8000 Ah

Constant over the year Global 301 MWh/year

Daily Input/Output diagram
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Stand alone system: Loss diagram

Project : New Project

Simulation variant : varient 1

Main system parameters System type Stand alone system with batteries

PV Field Orientation tilt  26° azimuth 0°

PV modules Model EST-500 Pnom 500 Wp

PV Array Nb. of modules 504 Pnom total 252 kWp

Battery Model AcmeG 12V 200 Technology Lead-acid, sealed, Gel

Battery Pack Nb. of units 800 Voltage / Capacity 240V /8000 Ah

User's needs Daily household consumers  Constant over the year Global 301 MWh/year

1990 kWh/m?

2144 kWh/m? * 2883 m? coll.

Loss diagram over the whole year

+10.8%

-2.74%

efficiency a

t STC = 8.81%

331498 kWh

311122 kWh

ctuse  Stored
30 91.7%

Missirgrd
energy8

1.22%
3669.8 kWh )\

297464 kWh

301134 kWh

544771 kWh

-1.48%
-9.52%

-0.39%

-2.50%
-0.90%
-1.33%

-28.11%

-6.12%
-0.03%
0.00%
0.00%

-0.12%
-3.59%
-2.60%

-0.17%
-0.23%

Horizontal global irradiation

Global incident in coll. plane

IAM factor on global

Effective irradiation on collectors
PV conversion

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

PV loss due to temperature

Spectral correction for amorphous
Module quality loss

Mismatch loss, modules and strings
Ohmic wiring loss

Unused energy (battery full)

Effective energy at the output of the array

Converter Loss during operation (efficiency)
Converter Loss due to power threshold
Converter Loss over nominal conv. voltage
Converter Loss due to voltage threshold
Converter losses (effic, overload)
Battery Storage

Battery Stored Energy balance

Battery efficiency loss

Charge/Disch. Current Efficiency Loss
Gassing Current (electrolyte dissociation)
Battery Self-discharge Current

Energy supplied to the user

Energy need of the user (Load)

Figure 42:Off-grid report
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Figure 43: bus line of Tulkarm
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