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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: 
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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 kWh / m2 , 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. 

 

1.2Objectives 

 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. 
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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 

 

 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. 
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2.Chapter two: Literature Review 
 

Various studies have been completed, which discussed different subjects that are to be 

merged in this project, Developing Practical PV-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] 

 

 González, 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 



   4 

 

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. 
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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.  

 

 

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

 

 

 

Figure 2:SLD of the electricity coming from Israeli side 
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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). 

 

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). 



   8 

 

 

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) 

 

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 
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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: 

 

 

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. 
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3.3.2) Night load problem: 

 

 

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 

price(NIS) 
The cost Total cost 

(NIS) 

Pole 12 m*0.5m 3 1200 3600 3 600 

Main parts of galvanized 

iron (Profila) 
20m*(150*100*3 mm) 5 1 m = 30 

NIS 

3000 6 600 

Galvanized iron straight 

pieces (Profila) 
1m* (100*100*3 mm) 44 1m = 25 

NIS 

1100 7 700 

Straight metal parts 

(stents) 

1m* (100*100*3 mm) 16 1m = 25 

NIS 

400 8 100 

 

 

 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.
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Figure 11:The final shape of the street after placing the structure 

 

 

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 

 

 

 

Type 

Cylindrical Steel filled with  

concrete (p300) 

 

 

Outside diameter 0.5 m  

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).   

 

Figure 12: South East (SE) 3D view of the structure 

 

 

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. 

 

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) . 

 

Figure 15:3D view of the modules on the structure 

 



   17 

 

 

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). 

 

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.  

 

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.  

 

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) 

 

 

 

 

Figure 21:another 3D view of the steel dimensions needed in the structure 
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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 6mm2 DC DC wires and 6 mm2 AC wires. 

 

 

3.6 Questionnaire: 

 

The result was good, I 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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Figure 22:Questionnaire1 

 

 

Figure 23:Questionnaire2 
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Figure 24:Questionnaire3 
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Figure 25:Questionnaire4 

 

 

Figure 26:Questionnaire5 
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Figure 27:Questionnaire6 

 

 

Figure 28:Questionnaire7 
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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. 

 

 

Figure 29: SLD od on -grid system 

 

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. 

 

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 33 700 

Inverter (20 kw) 1 10 000 10 000 43 700 

Circuit Breakers(DC) 6 200 1200 44 900 

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  10 m 4 40 45 585 

Ac Cables 15 m 3 45 45 630 

Earth cable 15 m 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 3 000 3 000 3 000 

Modules(500w) 40 640 25 600 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  10 m 4 40 40 485 

Ac Cables 15 m 3 45 40 530 

Earth cable 15 m 5 75 40 605 

Earth leakage 1 115 115 40 720 

Junction Box 3 160 480 41 200 

Electrode + busbar 3 210 630 41 830 

Anchors and connections 1 50 50 41 880 

Theland 200 m2 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: 
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Figure 32:Nameplate of PV modules[Trina solar, TSM-DE18M-500W] 
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2)  inverter : 

 

 

 



   34 

 

 

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: 

 

 

 

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 : 

 

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: 

 

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: 

 

 

Figure 39:Monthly Average Maximum temperatures in Tulkarm city 

 

d)Max and Average Wind Speed in Tulkarmcity: 

 

 

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 : 
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Figure 41:On-grid report 

 

 

 

 

 

 

  



   45 

 

B) Off-grid report : 
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Figure 42:Off-grid report 
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6) bus line of Tulkarm : 

 

 

 

 

Figure 43: bus line of Tulkarm  

 


