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Technical and Economical Impact of using (on-grid) PV System on the 

roof top of Civil Defense Centers in West Bank. 

By 

Eng. Tala Nabhan Abdel-Razaq Jallad 

Supervisor  

Dr. Imad Ibrik 

Abstract 

Palestine is a region that constantly suffers from political and economic 

instability, because of the Israeli occupation and the emergence of 

continuous power cutout problem in all West Bank governorates. 

Considering  the increase of electrical loads on the networks and the 

important and vital role played by the  Civil Defense Service centers in 

providing services to citizens and high consumption of electricity, that 

required an alternative energy system to generate electricity, through using 

solar photovoltaic cells, due to their efficiency and being environmentally 

friendly projects that reduce pollution. 

 This thesis aimed at using solar cell systems for the Palestinian Civil 

Defense Service centers and analyzing the technical and economic impact 

of using solar energy in the centers and its effect on reducing the electricity 

bills of the Palestinian Civil Defense Service centers which range between 

(350-1100)  IL monthly through optimal usage of electricity during the day 

especially at peak time and choosing the best option for electricity supply 

each scenario, by clarifying the potential of solar energy in Palestine and 

the intensity of solar radiation and all relevant solar data in Palestine and to 
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clarify the consumption of Palestinian Civil Defense Service centers and 

description of the curves of the electric load of most of the Palestinian Civil 

Defense Service centers, and some special cases which represented as 

Tubas, Ram and Anabta  required for this study, as well as the analysis of 

the optimal distribution of energy resources in the centers using special 

programs to improve the energy cost in the West Bank centers. 

As a result of the study due to the current high trade tariffs and the quality 

of solar energy in Palestine, as well as the recent Palestinian laws and 

directives governing renewable energy projects, we are instructed to think 

more about using net measurement instructions to cover civil defense 

centers. Civil defense ranges from (19.2 to 38.4) kWp per year, thus saving 

between (22,100 - 43,000) IL per year for invoices and for periods of up to 

4 years, the cost of projects can be recovered. 

In addition to reducing the manifestations of pollution according to civil 

defense centers. The annual generation of solar cells (28.91 MWh / yr - 

57.82 MWh / yr), which will typically save  in carbon dioxide amount of 

(17,346 tons - 57.82 tons) per year. 
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Introduction 

Palestine is totally reliant on importing energy from the neighboring 

countries so the political situation plays the main factor in development any 

sector regarding the energy sector, that making the electricity and fuels 

main problems for Palestinian Authority. Therefore, the need of alternative 

energy sources is an important issue to meet the growth in the energy 

demand and avoid building new power plants with a high cost as well as to 

reduce the sensitivity to political and economic crisis and to reduce the 

negative effects of non-renewable energy. Using the available renewable 

energy sources in Palestine, such as solar, wind and biomass, could replace 

more than 36 % of the current Palestinian electricity demand [1], [2]. 

Most of the electrical generation and distribution companies in Palestine 

would benefit from having no electrical overload especially at peak 

demand during the day, so the electrical distribution companies in Palestine 

may impose different electrical tariffs during the day such as time of use 

tariff system in order to maintain the system stable and to reduce the peak 

demand all times as much as possible by using several conservation 

strategies and managements , for example we can notice some changes in 

tariff value also the electrical bills during the day and varies according to 

the type of the facilities or some small solar power plant to cover good 

values of loads, so that will lead the consumers to try to conserve their 

electrical consumption , as well as the distribution of their use of electricity 

to reduce the peak demand during the day, helping them to reduce their 

electricity bills[3]. As a result; the electrical distribution companies don't 
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need to purchase a large ratings of power to meet the consumers need and 

the outages or shortage of power because of the maximum demand and the  

occurrence of another problems .The lack of knowledge and experiences in  

the methods of energy conservation cause a problems in the high value bills 

and multiple problems. [4] 

Some studies have resolved these problems through the system would be 

called “grid-connected PV system.” Recently, grid-connected PV system 

installation is increasing tremendously in many countries. Around 75% of 

the total PV systems installed in the world are grid-connected [5] in the 

future; this penetration rate will become larger because of the economic 

advantages of these types of renewable energy systems. 

This thesis will analyze the technical and economic impacts of using       

(ON –GRID) PV systems on the roof top of Civil Defense Centers. There 

are  47 civil defense center distributed in the various governorates in the 

West Bank ,The emergence of the problem of constant power outages in all 

governorates of the West Bank, because of the increasing in electrical loads 

on networks and high consumption of electricity in the centers and high 

electricity bill , had to be a search for an alternative energy system to 

generate electricity by using (ON-GRID) PV systems on the roof top of 

centers due to their efficiency and protection aspects. 
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Problem Statement 

1- Lake of supply, in all cities and villages in West Bank in fact Palestine is 

one of the areas which suffer from lack of political and economic stability. 

2-High cost of energy consumption, leading to a rise in electricity bills in 

all different countries. 

Objectives 

The main objectives of this thesis are: 

1. Analyzing the Techno-economic impacts of using solar energy in 

centers. 

2. Reducing the electricity bill for the civil defense centers as much as 

possible through the optimal use of electricity during the day and especially 

at the peak time and choosing the best option for electrical supply in each 

scenario. 

3. Analyzing the results of optimum distribution of energy resources in the 

centers by using special software programs. 

4. Analyzing different options for optimizing the cost of energy in centers 

in West Bank.  
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Thesis Structure 

The thesis work has been summarized in five chapters. 

Chapter One: Potential of Solar Energy in Palestine. 

This chapter illustrates the potential of solar energy in Palestine, the 

intensity of solar radiation, the number of sunshine hours and all related 

solar data in our country. 

Chapter Two: Introduction of Consumption in Civil Defense Centers. 

This chapter illustrates and describes the electrical load curves and the 

electrical behaviors for most of civil defense centers in Palestine and some 

of specified centers needed to our study as special cases. 

Chapter Three: Elements of PV System and Modeling. 

This chapter illustrates and describes how to select the elements of PV 

systems needed to use for the specified centers. 

Chapter Four: Design and Impact of PV System Installations in Civil 

Defense Centers. 

This chapter illustrates the modeling of the PV systems and all economical 

and technical results, effects and impacts of these systems. 
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Chapter Five: Economical and Environmental Impact of PV System 

Installations in Civil Defense Centers. 

This chapter illustrates the economic impact of using the PV systems on the 

COE and the environmental effects and impacts of these systems. 

Chapter Five: Results, Conclusion and Recommendation. 

This chapter describes the research results, conclusion, recommendations 

and the future scope of the work. 
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Chapter One 

Potential of Solar Energy in Palestine 

1.1 Geographical Context of Palestine 

Palestine is a special place located on the Mediterranean basin and it is 

encircled by Jordan and Syria in the east and Lebanon in the north as 

shown in figure (1.1), which the country of Palestine full of Muslims, 

Christians, and Jews as well that make this ideal position a commercial 

transactions between the country and the neighbouring areas. Because 

Palestine is occupied land until now;   the Palestinian territories are located 

in the geographical region between Mediterranean Sea and Jordan River, 

which they comprise the West Bank and Gaza Strip at latitude angle equal 

to 31 and 33degrees and longitude 34 and 36 degrees[6]. The Palestine 

geographical maps indicate the climate conditions and the heterogeneous 

topography of the country. Spread over the total area of 27,000 km
2 

[7] and 

about 6,220km
2 
for the Palestinian Territories [6]. 
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Figure (1.1): Palestinian territories in the region. [6] 

As shown in figure (1.1); there are two separates Palestinian territories 

(West Bank and Gaza) which are divided altogether into 16 governorates. 

Gaza strip is divided into 5 relatively small governorates and the other 

governorates related to the West Bank equal to 11 governorates [6]. Figure 

(1.2) shows the administrative division of the Palestinian territories. 
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Figure (1.2): Administrative division of the Palestinian territories. [6] 

Palestine territories have a Mediterranean climate with hot, long, rainless 

summers and short, cool, rainy winters. The climate is as such due to the 

location between the aridity of the Sahara and the Arabian deserts, and the 

subtropical humidity of the Eastern Mediterranean, in which the climate 

varies from location to another depending on the altitude and the proximity 
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to the Mediterranean, so the coastal areas such as Gaza Strip has  humid 

and hot weather during summer but mild and moderate winter season. In 

the hilly areas of the West Bank the weather is cold during winter season 

but mild at summer season. Figure (1.3) illustrates the terrain of the 

Palestinian territories. [6] 

 

 

 

 

 

 

 

 

 

 

Figure (1.3): Terrain elevation of the Palestinian territories. [6] 
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According to the figure (1.3); the Palestinian territories can be divided     

into 5 terrain regions as following: [6]  

1. Jordan Valley region, stretching in the south from the WB of the river to 

the far north of  the Dead Sea, which the altitude varies between 200-300 m 

below the sea level to about 100-200 m above the sea level. 

2. Eastern hills, stretching along the eastern part of the WB, which the 

altitude varies between 200-800 m above the sea level. 

3. Central Highlands is the highest area in the WB that stretching over 120 

km from Hebron in the South to Tubas in the North. 

4. Western West Bank, that covering the other districts if Jenin and 

Tulkarm. Border region is about 60 km long and 1-3 km wide and the 

altitude is 100-300 m above the sea level. 

5. Gaza Strip is predominantly flat, with dunes near the coast, which the 

highest point has 105 m above the sea level. 

1.2 Solar Resources of Palestine  

This section highlights three basic concepts that show the regional 

differences of basic solar parameters. Firstly, Direct Normal Irradiation 

(DNI) which it is a particular relevance to concentrated solar technologies 

(CST), including concentrating solar thermal plants (CSP) and concentrated 

photovoltaic (CPV) that the direct irradiance received on a plane normal to 

the sun rays also it is the radiant flux collected by a 1-m
2
 surface normal to 

the direction of the Sun, within the extent of the solar disk only [8]. 
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Secondly, Global Horizontal Irradiation (GHI) is the climate reference of 

a site that also known as Global Solar Radiation, which it is the total 

amount of the direct and diffuse solar radiation as calculated using the 

following formula:  

GHI = DNI * Cos (Z) + DIF                                                                    (1.1) 

Where: 

GHI = Global Horizontal Irradiance (kWh/m
2
). 

DNI = Direct Normal Irradiance (kWh/m
2
). 

DIF = Diffuse Horizontal Irradiance (kWh/m
2
). 

(Z) = Zenith Angle (
o
). 

The GHI is measured by the total of direct and scattered radiation being 

received on a commonly horizontal surface as seen in figure (1.4) [9]. 

 

 

 

 

 

 

Figure (1.4): Global horizontal irradiation formula. 
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Thirdly, Global Tilted Irradiation (GTI) represents the sum of the diffuse 

and the direct solar radiation that falling at the surface of the PV modules 

[6], where Direct radiation is also sometimes called "beam radiation" or 

"direct beam radiation that used to describe solar radiation traveling on a 

straight line from the sun down to the surface of the earth. On the other 

hand the Diffused  radiation, describes the sunlight that has been scattered 

by molecules and particles in the atmosphere but that has still made it 

down to the surface of the earth[10]. Notice figure (1.5). 

 

Figure (1.5): Direct and diffused radiation. 

1.2.1 Global Horizontal Irradiation 

The highest GHI is identified in Gaza region and also in the southern and 

central hilly parts of the WB, where the annual  recorded values reached up 

to 2100 kWh/m
2
, where  the sunny season lasts relatively long ( from April 

to September) [6]. Notice figure (1.6). 

The less stable weather is from November to May, where the highest 

variability of GHI between sites, is illustrated from January to April. The 

international variability of GHI for selected representative sites is 
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calculated from the unbiased standard deviation of GHI over 20 years and 

considering the long-term, normal distribution of the annual sums, where 

all locations illustrate similar patterns of GHI changes over recorded 

period, so the most stable GHI values or the smallest interannual variability 

are observed and noticed in Jericho [6]. 

Figure (1.6): Global Horizontal Irradiation – long term yearly average. [6] 
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The variability in the in the yearly averages of GHI is only1.5%, while the 

monthly averages have differences ranging from 1.1% in May to 5.2% in 

February, which the small variability of values caused by similar 

geographical characteristics [6]. 

1.2.2 Ratio of Diffuse and Global Irradiation 

During winter season from October to April all sites show approximately 

stable values, while relatively high DIF / GHI ratio, so this illustrates and 

indicates higher occurrences of clouds, aerosols and water vapour, where 

the best conditions with clear sky and low aerosols typically occur during 

summer season from May to September, when the DIF/GHI ratio is 

reduced approximately to half in this period is shorter and DIF/GHI ratio is 

not constant also this is not very good potential for installation of the CSP 

and CPV. Notice table (1.1) [6]. 

Table (1.1): Monthly Averages Ratio of Diffused to Global Horizontal 

Irradiation. [6] 

Month Gaza Hebron Jericho Nablus Ramallah 

January 40.2 39.9 42.8 43.0 41.2 

February 39.1 39.8 41.6 44.3 42.0 

March 36.9 36.9 39.9 41.0 39.0 

April 36.1 36.0 40.6 39.5 37.5 

May 30.4 27.9 32.8 30.6 28.9 

June 24.2 20.1 25.0 23.3 21.4 

July 26.0 21.3 26.4 24.9 22.7 

August 27.2 22.7 29.1 26.6 24.1 

September 29.4 26.5 32.8 30.2 28.3 

October 36.8 34.6 41.0 38.7 35.9 

November 36.7 34.6 40.8 37.6 35.4 

December 37.2 35.8 40.5 39.2 37.1 

Year 31.7 29.1 34.1 32.6 30.5 
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 According to table (1.1); the best conditions can be at the lowest DIF/GHI 

ratio in Hebron and Ramallah, while the higher ratio is noticed in Jericho. 

Figure (1.9) illustrates the ratio of the long-term averages of Diffused 

Horizontal Irradiation (DIF) to Global Horizontal Irradiation (GHI) for 

each specified location monthly. 

According to the last table (1.1); the higher values of DIF/GHI ratio 

represent the following: 

1. Less stable weather. 

2. Higher occurrence of clouds or higher atmospheric pollution or weather 

vapour. Notice figure (1.7). 

 

 

 

 

 

 

 

 

                               



16 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.7): Ratio of Diffused to Global Horizontal Irradiation – long-term yearly average. [6] 
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1.2.3 Global Tilted Irradiation  

The Global Tilt Irradiation (GTI) shows the global irradiation that falls on a 

specified tilted surface in order to maximize the yearly PV production [11], 

where the highest electricity gains from the tilted PV modules can be 

noticed when these modules are oriented and fixed at optimum angle by 

depending on the orientations and the locations of these sites [6]. Figure 

(1.8) shows the gain of annual GTI relative to GHI. 

Figure (1.8): The gain of annual GTI relative to GHI. [6] 
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For the Palestinian territories; the optimum tilt angle is 27
o 
to 28

o 
in the WB 

but for Gaza strip the optimum angle is 26
o
 to 27

o
. The difference by few 

degrees has usually no effects or impacts on the yearly GTI, so the 

optimum tilt angle for the Palestinian territories is assumed to be 27
o
[6]. 

Figure (1.9) illustrates the annual sum of global irradiation for a surface 

tilted at angle equal to 27
o
.  

Figure (1.9): Global Tilted Irradiation (GTI) at 27
o
. [6] 
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1.2.4 Direct Normal Irradiation  

Direct Normal Irradiation (DNI) parameter is crucial for the concentrated 

solar technologies, where the highest values are concentrated in the 

southern parts of the WB and the lowest values are concentrated in Gaza 

because of the influencing by the presence of the aerosols in the ambient or 

the atmosphere. The comparison of the monthly values of DNI is shown in 

figure (1.10). [6] 

 

Figure (1.10): Monthly averages of DNI at selected areas. [6] 

According to figure (1.10); the less stable DNI conditions are from October 

to April and as noticed the highest value of DNI is reached in Hebron. 

Figure (1.11) shows the international variability of DNI for selected 

representative sites over 20 years and considering the long-term, normal 

distribution of the annual sums. 
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Figure (1.11): DNI- long-term yearly average. [6] 

1.2.5 Average Solar Energy  

In the Palestinian territories, the lowest solar energy average is in January 

which amounts to  about 2.47kWh/m²-day, while the highest value is in 

June, with amounts equal to 6.93kWh/m²-day. Table (1.2) and figure (1.12) 

show the average monthly solar energy on horizontal surface for Salfeet 
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district in 2011, which these data were measured by the ERC of An-Najah 

University. These measures are very suitable for PV system to generate 

electricity [12]. 

Table (1.2): Average Monthly Solar Energy on Horizontal Surface for 

Salfeet District – 2011. [12] 

Month (kWh/m2-day) 

January 2.47 

February 2.82 

March 4.17 

April 4.88 

May 5.85 

June 6.93 

July 6.62 

August 6.04 

September 5.11 

October 4.11 

November 3.41 

December 3.24 

  

 

Figure (1.12): Average monthly solar energy on horizontal surface for Salfeet district – 2011. 

[12] 
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According to the last table the average is equal to 4.64 kWh/m
2
 – day as 

well as this number can get it with approximate value by using HOMER 

program, so the scaled annual average of the daily radiation for the 

Tulkarm city for example with a latitude equal to 32
o 
and longitude equal to 

35
o 
is 5.45 kWh /m

2
 / day. Notice figure (1.13). 

Figure (1.13): Daily radiation curve by HOMER program. 

1.3 Climate of Palestine 

Palestinian territories have Mediterranean climate, with some variations 

given by different topography, the whole area is characterized in general 

with hot, long and dry summer, but with cool, short and rainy winter, where 

the rainfall season begin  from November to February to cover the most of 

the territories. In Gaza Strip typical the weather pattern is characterized 

with hot, dry and sunny summers with virtually no rain, so the annual 

rainfall in Gaza Strip is about 100-400 mm, while for the West Bank; the 

land having a rainfall less than 500 mm per year [6]. 
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The PV technology works the most effectively at mild and cooler air 

temperature and stable sunny weather, but the extremely high air 

temperature and intermittent weather pattern reduces slightly the power 

output (lower performance ratio) [6]. 

1.3.1 Air Temperature  

 In case of PV power plants, air temperature determines energy conversion 

efficiency in the PV modules, and it also influences the other components 

and elements such as inverters, transformers, etc., while increasing the air 

temperature has negative effects and impacts on the performance of PV 

systems [6]. Figure (1.14) illustrates the air temperature of the Palestinian 

territories at 2 meters. 

 

 

 

 

 

 

 

Figure (1.14): Long-term yearly average of air-temperature at 2 m. [6] 
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As mentioned; solar cells vary under temperature changes, where the 

change in temperature will affect the output power from the cells, so the 

voltage is highly dependent on the temperature and an increase in 

temperature will decrease the voltage. Figure (1.15) and figure (1.16) 

illustrate the I-V curve and the P-V curve and the effects of temperature on 

both [13]. 

 

 

 

 

 

 

Figure (1.15): Output I-V characteristics of the PV module with different temperature. 

 

 

 

 

 

 

Figure (1.16): Output P-V characteristics of the PV module with different temperature. 
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For the 1000 W/m
2
 I-V curve, figure (1.15) above shows the effect of cell 

temperature. As the temperature rises above 10 °C, Voc falls while Isc gets 

slightly higher. However, the graph shows that the current decreases 

because of the decrease of Voc. Therefore, to get the maximum current 

output, modules should be mounted so that air can circulate around them 

freely to keep the cell cool. Figure (1.17) shows the monthly characteristics 

of temperature at specified sites in Palestine to represent the statistics 

calculated over 24 hours. 

Figure (1.17): Monthly averages, minima and maxima of air-temperature at 2m. [6] 

1.3.2 Humidity  

Humidity drastically affects the performance of the Solar Panel and proves 

out to decrease the Power produced from the Solar Panels. According to a 

study held in Karachi are) the effects of the humidity on the solar panels  

shown in  figure (1.18), figure (1.19) and figure (1.20 [14]. 
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Figure (1.18): Effects of humidity on PV voltage. [14] 

 

Figure (1.19): Effects of humidity on PV current. [14] 

 

Figure (1.20): Effects of humidity on PV power. [14] 
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Figure (1.21) shows the long-term yearly average of relative humidity in 

the Palestinian territories, while figure (1.22) shows the monthly 

characteristics of humidity foe specified cities. 

 

Figure (1.21): Long-term yearly average of relative humidity. [6] 
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Figure (1.22): Monthly averages, minima and maxima of relative humidity. [6] 

1.3.3 Wind Speed  

The location of PV systems in not too much windy areas or on the hills can 

have positive effect on performance of the PV systems, like it has cooling 

effect on PV modules. However, winds, sometime bringing sand or 

pollution from urbanised and agricultural areas or from deserts have also 

negative effect by increasing dirt on surface of PV modules, especially if 

the region is dry with sparse rainfall. [6] 

1.4 Summary  

Studying the loads in civil defense centres in Palestine as discussed in 

chapter 2, requires a deep consideration of the geographical nature of 

Palestine, its climate ,the intensity of solar radiation and all its 

characteristics, so that it is easy for us to know the extent of the possibility 

of employing renewable energy projects in these areas and any of the best 

sites, which the Palestinian territories have high solar radiation potential in 
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average GHI is higher than 1900kWh/km
2
 and DNI is higher than 2000 

kWh/km
2
, what indicates good conditions for development of solar 

industry, with a tilt angle 27
o 
. 
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Chapter Two 

Energy Consumption of Civil Defense Centers in     

West Bank 

2.1 Civil Defense Centers in West Bank 

According to Planning center in the C.D; the Palestinian Civil Defense 

consists of a number of distributed centers based on a number of studied 

used to distribute these in all governorates of the country as shown in table 

(2.1),  

Table (2.1): Civil Defense Centers in West Bank.  

City Number of centers locations 

Jerusalem 6 3 centers in the territories of Al-Ram, Abu-

Dees, Anata and Bir- Nabala.  

Ramallah 9 3 centers in the territories of Ramallah & Al-

Bireh, Birzeit, Obein, Attaybah, Beit-Lecia and 

Ni'lin.  

Hebron 9 Hebron, Yatta, Dura, Beit Ola, Al Dhahria, Al 

Samoua, Bani Naim, Yasiriya and Halhoul 

Jenin 8 2 centers in the territories of Jenin, Yamun, 

Yabad, Qabatiyeh, Faqu'a, Barta'a and Jaba. 

Salfeet 4 2 centers in the territories of Salfeet, Dierstia, 

Bedia. 

Nablus 5 Nablus, Burin, Northern Asira and Balata. 

Tulkarm 3 2 centers in the territories of Tulkarm, Atil 

"Shaarawia" and Anabta "Wad Al-Shae’er". 

Qalqeliyah  4 2 centers in the territories of Qalqeliyah, 

Azoun and Hajah.  

Bethlehem 3 2 centers in the territories of Bethlehem and 

Obeidiya. 

Tubas 2 2 centers in the territories of Tubas. 

Jericho 2 2 centers in the territories of Jericho. 

According to table (2.1); these  centers are  geographically distributed as 

shown in figure (2.1). 
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Figure (2.1): Civil Defense centers in WB. 

 



32 

The last mentioned centres in table (2.1), cover different population areas 

as illustrated in figure (2.2) and table (2.2).  

Figure (2.2): Civil Defense coverage of the population areas. 
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Table (2.2): Civil Defense Coverage of the Population Areas in 2012. 

[15] 

City Population Area (km
2
) 

Jerusalem 396,710 345 

Ramallah 319,418 855 

Hebron 641,170 997 

Jenin 288,511 583 

Salfeet 66,119 204 

Nablus 356,129 605 

Tulkarm 172,224 246 

Qalqeliyah 102,649 166 

Bethlehem 199,463 659 

Tubas 58,586 402 

Jericho 48,041 593 

Total 2,649,020 5655 

Based on information and data from the planning department of the Civil-

Defense Department; the planning criteria or the methodology used for 

distributing the centres of civil defense is as follows:  

2.1.1 Geographical Standard 

These standards are based on the distribution of civil defense centres using 

the spatial dimension basics and referring to the American standards 

adopted by the National Fire Protection Association (NFPA) to determine 

the requirements of civil defense centres, so these centres shall cover the 

area called the service area which shall not exceed 80 km
2
 and not less than 

40 km
2
, which is a global benchmark shows that the maximum response 

time is 8 min. globally and therefore the physical characteristics and 

infrastructure are what determines the server. 
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2.1.2 Demographic Criteria  

US standards have relied on a maximum of 100,000 people for the service 

unit. NFPA relies on civil protection training for civil society, where the 

highest priority is to integrate volunteer teams with a high percentage. 

According to NFPA; 69% of fire-fighters in the United States are 

volunteers in which the residential communities is less than 10,000 people 

served by volunteer fire-fighters only and this is because the general safety 

requirements for fire prevention are high in the United States. 

There are other requirements must be available in the location of civil 

defense centres, where the geographical location of the Civil Defense 

Centre play an important role in determining the efficiency of that centre to 

carry out the tasks entrusted to him in the required manner. 

The efficiency of the site is determined by a number of factors and 

considerations, including: 

A- Reducing the time of arrival to the accident sites: This requires that the 

locations of the civil defense centres be chosen in a medium area of the 

supposed service area and on major traffic axes with easy access and exit 

from that location. 

B - Coverage of the service area of the required level and quality of 

service: the readiness of the centre must be commensurate with the size and 

nature of uses in the region and human density which are the factors that 

determine the degree of exposure to fire hazards. 



35 

C - Spatial dimension: The spatial dimension is linked to the determination 

of the planning criteria by determining the maximum distance that vehicles 

and fire engines can travel to get to the site at a certain time, which the 

determination of the area according to this criterion is related to a number 

of factors as following: 

1. Area topography. 

2. Roads layer used. 

3. The urban configuration layer of the area served. 

4. Traffic intensity and trends in the region. 

2.2 Energy Analysis of Some Civil Defense Centers 

 According to the Planning Department; all the electrical loads of the civil 

defense centers are somewhat variable in carrying capacity according to the 

area of the building and its employees. The average consumption of all 

loads varies between 350-1150 $/ month. Some Civil Defense centers were 

taken as samples, which were characterized by high electrical load in order 

to analyse their load curves, where the load curve is a graphical 

representation showing the variation in the demand for the energy of 

consumers on a source of supply with respect to time, as well as these loads 

are never constant; but they vary from time to time. This load variation 

during the whole day for example 24 hours is recorded half-hourly or 

hourly and are plotted against time on the graph. The curve obtained is 

known as daily load curve as it represents and illustrates the activity of a 
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population quite accurately with respect to electrical power consumption 

over a given period of time [16]. The full data is attached in the       

appendix (1). 

Three Civil Defense centers were visited and an energy audit was 

conducted at these facilities: Anabta center, Tubas center and Ram center. 

The study was to obtain an overview of existing centres energy 

consumption systems related to different types of loads and using the 

energy analyser meter in order to get several information and data such as 

Energy monetization, load curves, frontline troubleshooting, predictive 

maintenance, long-term analysis and load studies.  

2.2.1 Centers Main Data 

All centers visited have similarities in the following facilities: offices, 

receptions, kitchens, toilets and showers, sleeping areas, parking for fire 

cars, admin manger room, meeting rooms, secretary offices, stair cases and 

roofs. 

2.2.2 Electrical Loads 

The three visited centers have electrical loads summarized with: water 

pumps, diesel generators, lighting systems, office equipment, split unit’s air 

conditioners and others.  

2.2.3 Daily load Curves 

We have installed the Energy Analyser device in summer season on the 

main electrical board for each of the three Civil Defense centres (Anabta, 
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Tubas ,Ram), in order to be able to determine  the daily load curve  of each 

one and to study the behaviour of each centre. The results of Anabta, Tubas 

and Ram were as shown in figure (2.3), figure (2.4) and figure (2.5) 

respectively. 

 

Figure (2.3): The daily load curve of Anabta C.D.C. 

Anabta daily load curve shown in figure (2.3) has a great importance in 

generation and supplying as the curve pesents the following information 

readily: [17] 

1. The daily load curve illustrates the shape of the variation of the load 

during different hours of the day. 

2. The highest point of the curve represents the maximum demand which 

is equal to 11kW.  

3. The area under the curve divided by the total number of hours 

illustrates the average load.  
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  (2.1) 

Average Load = 129,6kWh / 24 hr. = 5.4 kW. 

4. The daily load curve helps also in selecting the size and the number of 

generation units. 

5. Economical Factors: 

A. The demand factor; is the ratio of the maximum demand of a system to 

the total connected load, in which the connected load is the sum of the 

continuous ratings of all the equipment connected to supply system. The 

maximum demand is generally less than the connected load so the values of 

the demand factor are usually less than 1. [17] 

 

                                (2.2) 

The demand factor is constantly changing from time to time or hour to 

hour of use and it will not be constant and the connected load for large 

facilities not easily to be measured. [17] 

B. The load factor is the ratio of the average demand to the maximum 

demand in a specified period it may be a day, a month or a year. If the 

factor measured for a day then it is called a daily load factor and the 

same for the others. Load factor is always less than 1 because the 

maximum demand is always more than the average demand, in which it 
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is used for determining the overall cost per unit generated, as well as, 

load factor is the other terms of   efficiency. The higher load factor is 

GOOD so the power plant may be highly efficient at high load factors. 

[17] 

 

(2.3) 

          

D. The diversity factor is ratio of the sum of the individual maximum 

demands of the various sub circuit of a system to the maximum demand 

of the whole system. Diversity Factor is always more than or equal to 1 

because sum of individual maximum demands more or equal to the 

maximum demand. [17] 

 

(2.4) 

Div. F = 30 kW/ 11 kW = 2.73 >1 
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Figure (2.4): The daily load curve of Tubas C.D.C. 

Tubas daily load curve shown in figure (2.4) has a great importance in 

generation and supplying as the curve presents the following information 

readily: 

1. The highest point of the curve represents the maximum demand which is 

equal to 11.5kW.  

2. According to equation (2.1); the average load is equal to 9 kW. 

3. According to equation (2.3); the load factor is equal to 0.783 <1. 

4. According to equation (2.4); the Div. factor is equal to 2.956 >1. 

 

Figure (2.5): The daily load curve of Ram C.D.C. 
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Ram daily load curve shown in figure (2.5) has a great importance in 

generation and supplying as the curve presents the following information 

readily: 

1. The highest point of the curve represents the maximum demand which is 

equal to 9.9kW.  

2. According to equation (2.1); the average load is equal to 6 kW. 

3. According to equation (2.3); the load factor equal is to 0.55 <1. 

4. According to equation (2.4); the Div. factor equal  is to 3.52 >1. 

2.3 Summary  

The geographical area of the Palestinian areas is small and the population is 

increasing rapidly. Therefore, the number of civil defense centers is 

increasing to cover these numbers and areas. Therefore, the government 

expenditure is very cumbersome. It is necessary to look at their electrical 

loads and know the average consumption of each of them so as to facilitate 

their analysis and to think more about renewable energy-saving alternatives 

that need to be studied in detail as in Chapter 3. 
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Chapter Three 

Elements of PVs System and Modeling 

3.1 Introduction of Solar Power 

Solar power is the energy derived from sunlight, including heating water as 

well as generating electricity, where solar energy is one of the most 

important energy resources in the world. Its actual investment has been 

delayed despite the importance of its advantages as an inexhaustible source.  

Solar power can be converted from the heat from sunlight into electrical 

energy to obtain water vapor to be used in power generation turbines. 

Direct sunlight can also be converted into electricity by using photovoltaic 

cells, as will be explained extensively in this Chapter. Solar energy is 

considered to be one of the most sustainable and abundant energies in the 

Palestinian territories and, more importantly, it is clean, protecting the 

environment from the emission of harmful gases and affecting the ozone 

layer. Thus, solar energy can be converted into electrical energy to be used 

to feed homes, industrial, commercial, agricultural and other facilities. 

3.2 Types of PV Projects 

The energy produced by solar panels depends on several factors, including 

the tendency and direction of the board, so two methods are adopted when 

installing solar panels such as fixed systems and rotated systems (single 

axis and dual axis rotated systems). These types are used in order to obtain 

the highest proportion of solar radiation to produce energy which is  
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protected by several important factors, the most important is the location of 

the sun for the solar cells, which can be identified through three elements 

and explained more in figure (3.1): 

1.Surface azimuth angle (aw); which means the deviation of the projection 

on a horizontal plane of the normal to the surface from the local meridian, 

with zero due south. East negative, and west positive. [18] 

2. Solar azimuth angle (as); which means the angular displacement from 

south of the projection of beam radiation on the horizontal plane, where 

displacement east of south are negative and west of south are positive. [18] 

3. Solar altitude angle (a); which means the angle between the horizontal 

and the line to the sun. [19] 

 

Figure (3.1): Solar angles for PV plane. [20] 
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As mentioned; a number of technical options are available, so in general, 

PV power systems can be distinguished based on the type of mounting the 

PV modules that can be classified as following: 

1. Open Space Free Standing PV Systems 

a. Fixed-mounted PV modules;  are the major type of the large utility 

scale PV systems that mounted at fixed position with optimum tilt angle 

(a), that make these projects simplest and lowest cost choice for 

implementation of PV power plants. Particularly financial convenience and 

ease of installation caused that fixed systems are currently mainstream on 

PV market. Notice figure (3.2). [6] 

 

Figure (3.2): Fixed mounted PV system. 

b. Sun-tracking systems; are the other alternative, where these solar 

trackers adjust the orientation of the PV modules during a day to a more 

favorable position in relation with the sun, so the PV modules will collect 
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the radiation as much as possible for longer period during the day. These 

systems can be classified to two types as following: [21] 

* One axis trackers; with North- South orientation of rotating axis, which 

the positive featured is elongated power generation profile stretching from 

early morning to the late afternoon and this will prevent the lower part of 

the modules to be shaded from the others, while the downside is the limited 

output power at the peak periods in winter. 

* Two axis trackers; where modules are positioned to rotate left- right and 

up-down, so this is makes the system complex for monitoring the structure 

and with higher price. 

 

Figure (3.3): Tracking PV systems. 
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2. Roof Mounted Space Systems 

Roof mounted PV systems are typically small to medium size, such as 

ranging from hundreds of watts to hundreds of kilowatts, where these 

modules can be mounted on flat or tilted roofs as well as can be used as 

shade structure, or can be directly integrated as a part of building cover. 

The main characteristics of these systems is the high dispersion and 

connection into low voltage distribution grid , so the direct connection into 

the grid means that the inverter must provide all protections required by 

regulations such as voltage, frequency, isolation check, etc. Notice figure 

(3.4). [22] 

 

Figure (3.4): Roof mounted PV system. 
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3.3 Types of Installed PV Systems 

Solar projects differ in terms of installation in two respects, where the first 

section are Off-Grid projects that separated from the network itself and the 

other are On-grid projects that connected to the network, which vary 

somewhat in some things inherently the first of several aspects as well as 

the laws in force in Palestine to organize these projects, Which will be 

detailed as follows: 

1. Off-Grid Systems [23] 

These systems allow storing the solar power in batteries for use when the 

power grid goes down or if you are not on the grid. The positive side of 

these systems that they provide power for the critical loads when the power 

grid is down. Notice figure (3.5). 

 

Figure (3.5): Off-grid PV system. 
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2. On-grid Systems [23] 

These systems generate power when the utility power grid is available. 

 They must connect to the grid to function, in which they can send excess 

power generated back to the grid when you are overproducing so you credit 

it for later use. The positive side of these are simplest systems and the most 

cost effective to install and these systems will pay for themselves by 

offsetting utility bills in 3-8 yrs., while the downside of these  that they do 

not provide power during a grid outage. Notice figure (3.6). 

 

Figure (3.6): On-grid PV system. 

In order to reduce consumption, especially in the civil defense centres and 

according to the regulations governing the projects of solar energy in 

Palestine, it is all oriented towards On-grid projects because of its 

advantages, where these laws are divided as following: 
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A. Feed in Tariff [24] 

In this case, any citizen can install a system of solar cells and sell the 

electricity generated at a preferential price (i.e, a price higher than the 

normal electricity price of the grid), which guarantees the owner of the 

solar system to recover the capital in a specified time period 

(approximately 8 years). After the capital is recovered, this project 

represents a fixed monthly income for the owner. One of the systems 

implemented in Palestine is the Palestinian National Solar Initiative (PSI) 

for the domestic sector up to 5kwp, as a catalytic step by the government to 

encourage citizens to install these systems in their homes and obtain a 

special electrical tariff for productive energy. The Palestinian Electricity 

Regulatory Council (PERC); is the organizer during the implementation of 

this initiative. As well as, the 2015 Renewable Energy and Natural 

Resources Law came to promote the exploitation and development of 

renewable sources, and to increase the proportion of its contribution to total 

energy mix, and regulates the power purchase agreements with carriers; 

recently the Palestinian Council of Ministers approved a unique renewable 

energy incentive package that leap Palestine towards Green Energy or 

Sustainable Energies within the Palestinian Investment Encouragement law 

over regional legislations, and gives a competitive advantage form 

investors to invest in Palestine, as this contract can be granted to support 

strategic projects, geographic location or named sector to generate jobs, 

technology transfer or implement international standards to protect the 
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environment or generate energy from alternative resources. [25]These 

incentives are follows:  

Utility scale projects, more than (1) Megawatt/h power generation: 

Stage 1: 0% income tax for seven years starts from operations 

Stage 2: 5% income tax following stage one for five years 

Stage 3: 10% income tax following stage 2 for three years 

Feed in projects with less than (1) Megawatt/h power generation: 

A.  Current projects that enjoys incentives receive additional extinction if 

they generates power as follows 

i. 20 KW power generation receives extension for one  

ii. 40 KW power generation receives extension for two years 

iii. 60 KW power generation receives extension for three years 

B.  Projects never received incentives or their incentives period 

expired and generates 40 KW subject to 5% income tax for two years. 

B. Net Metering [26] 

This system differs from the previous system in that not all electrical 

energy produced is purchased, but exchanged with the network. During the 

day, the system feeds the network, and at night the consumer feeded from 

the network. As a result of using this type of system, it is possible to get a 
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monthly electricity bill of zero shekels, so there are general notes about 

Net-Metering (NM) regulation summarized as follows: 

-      NM policy: 

 The Customer can cover only their consumption from the production 

from RE project. 

 The distribution company will install bidirectional meters (or two meters 

as available) that measure: consumed energy from network and exported 

energy from RE to the network.  

 In the end of each month the distribution company make clearance 

between these two measures (consumption & exported);  

 If consumed energy less than exported energy, the DISCO will carry 

over the exceeded kWh of exported energy to the next month with 

deduction fees 25%” 

 In the end of production year the credits must be reset. 

 In this policy we also make a permit to build RE project away from 

consumption location (for example the consumption location in Ramallah 

and production in Jericho; the fees will be 10% of total production). For 

full data notice appendix (2). 
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- The limitations of NM regulation are as follows: 

 Annual Consumption ≥ annual production of RE 

 Production ratio = 1 kW solar PV  1500 kWh/year 

 Year of production from 1st of April to end of March 

3.4 Selecting of PV Elements [27] 

Solar photovoltaic system is one of renewable energy system that uses PV 

modules to convert sunlight into electricity, in which the electricity 

generated can be used directly or stored, fed back into grid line or 

combined with one or more other electricity generators or more renewable 

energy source.  

The major components for solar PV system are the PV module, solar 

charge controller, inverter, battery bank, auxiliary energy sources and loads 

(appliances). 

1. PV module – converts sunlight into DC electricity. 

2. Solar charge controller – regulates the voltage and current coming    

from the PV panels going to battery and prevents battery overcharging and 

prolongs the battery life. 

3. Inverter – converts DC output of PV panels into AC current for 

AC appliances or fed back into grid line. 

http://www.leonics.com/product/renewable/pv_module/pv_module_en.php
http://www.leonics.com/product/renewable/solar_charge_controller/solar_charge_en.php
http://www.leonics.com/product/renewable/inverter/inverter_en.php
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4. Battery – stores energy for supplying to electrical appliances when there 

is a demand.                

5. Load – is electrical appliances that connected to solar PV system such as 

lights, radio, TV, computer, refrigerator, etc. 

6.  Auxiliary energy sources - is diesel generator or other renewable 

energy sources.                   

The most important steps should be considered to make a PV designing for 

are as following: 

Firstly, is to find out the total power and energy consumption of all loads in 

the facilities that need to be supplied by the solar PV system by calculating 

the total Watt-hours per day for each appliance used, and calculating total 

Watt-hours per day needed from the PV modules. 

Secondly, select PV module, where different size of PV modules will 

produce different amount of power, so the peak watt (Wp) produced 

depends on the size of the PV module, facility orientation and climate of 

site location, then Calculating the number of PV modules  for the system 

by dividing the answer obtained in equation (3.1) by the rated output Watt-

peak of the available PV modules.  
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                                (3.1) 

CRYSTALLINE MODULELY CRYSTALLINE MODULE 

                                                                             (3.2) 

The number 5.45 kWh /m
2
 / day, is the  approximate scaled annual average 

of the daily radiation of  Palestine with a latitude equal to 32
o 
and longitude 

equal to 35
o
.HOMER program can give us the daily radiation curve for 

these specified orientations as shown in figure (3.7). 

Figure (3.7): Daily radiation curve by HOMER program. 

Thirdly, inverter is used in the system where AC power output is needed. 

The input rating of the inverter should never be lower than the total watt of 

loads. The inverter must have the same input nominal voltage as the 

battery. 
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For stand-alone systems, the inverter must be large enough to cover the 

total amount of watts you will be using at one time. The inverter size 

should be 25-30% bigger than total Watts of appliances. 

Finally, is to size the batteries needed for the system, in which batteries 

used are specifically designed to be discharged to low energy level and 

rapid recharged or cycle charged and discharged day after day for years. 

The batteries size should be large enough to store sufficient energy to 

operate the Loads at night and cloudy days. The size of battery can be 

calculated as following: 

(3.3) 

 

Where, 0.85 is  the ampere hour efficiency of battery and 0.6 is  the depth 

of discharge. 

3.5 Solar Energy Losses [6] 

PV modules are often installed in suboptimal positions, it may sometimes 

as a different deviation from the optimum altitude angle or another causes 

in different aspects concluded in the following steps: 

1. Losses due to terrain shading; An intensive analysis should be 

undertaken to consider all data about the surface of the model and the 

surrounded area such as sometimes there is a shading because of the local 

features, buildings, structures, vegetation nearby the system that not 

considered . 
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2. Losses due to the angular reflectivity; the losses depends on the surface 

type and cleanness where the cleaner surfaces give the lower reflectance 

losses. 

3. Losses due to dirt and soiling; these losses depend on the environmental 

factors and the cleaning of PV modules surface during the lifetime of the 

project. 

4. Losses due to the performance of PV modules outside of STC 

conditions; these losses depend on the module technology and mounting 

type, where these losses are higher for crystalline silicon modules mounted 

at tracker than fixed position ones.  

5. Losses by inter-row shading; these losses depend on the row spacing, so 

these losses can be avoided by optimizing the distance between rows of the 

module table. 

6. Power tolerance of modules; from the module power tolerance result 

bigger or smaller mismatch losses of the modules connected in strings. 

7. Mismatch and DC cabling losses. 

8. Inverter losses from conversion of DC to AC. 

9. AC and transformer losses; the inverter output is connected to the grid 

through the transformer. The additional AC losses reduce the final system 

output by a combination of cabling and transformer losses. 
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3.6 Solar PV Systems Descriptions  

1. Solar PV systems advantages: 

 There is no harmful greenhouse gas (GHG) emission thus solar PV is 

environmentally friendly. 

 Solar energy is supplied by nature, so it is free and abundant. 

 Solar energy can be made available almost anywhere there is sunlight. 

 Solar energy is especially appropriate for smart energy networks with 

distributed power generation (DPG). 

 Solar Panels cost is currently on a fast reducing track and is expected to 

continue reducing for the next years. 

 Operating and maintenance costs for PV panels are considered to be low, 

almost negligible, compared to costs of other renewable energy systems. 

 PV panels have no mechanically moving parts, except in cases of –sun-

tracking mechanical bases. 

 PV panels are totally silent, producing no noise at all; consequently, they 

are a perfect solution for urban areas and for residential applications. 

 Residential solar panels are easy to install on rooftops or on the ground 

without any interference to residential lifestyle. 
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1. Solar PV systems disadvantages: 

 Solar energy has intermittency issues; not shining at night but also 

during daytime there may be cloudy or rainy weather. Consequently, 

intermittency and unpredictability of solar energy makes solar energy 

panels less reliable a solution. 

 Solar energy panels require additional equipment (inverters) to convert 

direct electricity (DC) to alternating electricity (AC) in order to be used on 

the power network. 

 For a continuous supply of electric power, especially for on-grid 

connections, Photovoltaic panels require not only inverters but also storage 

batteries; thus increasing the investment cost for PV panels considerably 

 In case of land-mounted PV panel installations, they require relatively 

large areas for deployment; usually the land space is committed for this 

purpose for a period of 15-20 years – or even longer. 

 Solar panels efficiency levels are relatively low compared to the 

efficiency levels of other renewable energy systems. 

 Though PV panels have no considerable maintenance or operating costs, 

they are fragile and can be damaged relatively easily; additional insurance 

costs are therefore of ultimate importance to safeguard a PV investment. 
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3.7 Summary  

Palestine oriented towards On-grid PV projects because of its advantages, 

which the organizing laws are divided to feed in tariff or Net metering 

instructions, so it is necessary to know the methodologies of connecting 

PVs to grid and the needed apparatus for designing as shown on chapter 4. 
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Chapter Four 

Design and Impact of PV System Installations in Civil 

Defense Centers 

4.1 Introduction 

The quality of solar energy in Palestine, as well as the recent Palestinian 

laws and instructions governing the renewable energy projects have helped 

to open a competitive market among the competitors and investors in the 

Palestinian market, prompting consumers to turn to such projects such as 

net metering instructions, which was explained previously as On-grid 

projects linked to the network. In this chapter, emphasis was placed on the 

three centers mentioned previously, entitled with the Anabta, Tubas and Al 

Ram centers, and carried out field visits to these centers and taking all the 

AutoCAD plans for these centers. This is accomplished by several 

important issues: how to distribute these systems to these establishments, 

the financial impact of such projects and the period of recovery of the 

invested amounts and then the work of several scenarios to ensure the best 

systems and the appropriate size to achieve this. 

4.2 Technical Analysis of installation PV systems in Civil Defense 

Centers 

After studying the chosen centers in terms of economic feasibility, it is 

necessary to think seriously and study these projects and how much these 

projects can be applied to these centers, so all the engineering plans were 
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collected for these centers to define where these centers are located and 

their location in terms of directions and to study the possible or available 

space to implement these net-metering systems. Based on what is available 

in the Palestinian market; has been taken into account the polycrystalline 

modules with capacity up to 320wp  with dimensions about 2m X 1m  for 

the technical design, where the distance among the modules selected to be 

approximately about 2.54m. Notice figure (4.1). 

 

 

Figure (4.1): The distance between modules. 

4.2.1 Technical Analysis of installation PV systems in the desired 

Centers 

According to the average consumption of Anabta center in figure (2.3); it 

was about 5.4kW, so through using the equation (3.1); the peak power 

needed it will be about 26 kWp, so that need two inverters with capacity 

equal to 10 kVA to cover and give a power equal to 19.2 kWp, Thus the 
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design is assumed to be as shown in figures (4.2), and (4.4), also as 

discussed in table (4.1). 

 

Figure (4.2): The technical connection diagram for Anabta center. 

Table (4.1): The Technical Analysis for Anabta Center.  

No. of strings 4 

No. of modules in series 15 

Total number of modules 60 

Peak Power 19200 Wp 

Power of each string 4800 

Number of strings per single inverter 

input 

1 

Number of inverter inputs 2 MPPT 

Number of strings per inverter 2 string 

Power input for every single input 4800 Wp 

Total module area 155 m² including spacing 

Pnom each group 9600 kWp 

Inverter nominal power 12kVA 

Total inverters power 24 kVA 

Pnom Ratio 0.96 =  (19.2kW/ 20 kVA) 

PV module type Q- Cell / Hanwha (320 wp) .Full 

data in appendix (3) 

Protection devices in the box to 

inverters 

4 surge arrestors 

4 DC circuit breakers 

Cables cross sectional are between 

PV modules 

6 mm
2 

Inverter type ABB .Full data in appendix(4) 
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According to the average consumption of Ram center in figure (2.5); it was 

about 6 kW, so through using the equation (3.1); the peak power needed it 

will be about 19.2 kWp thus the design is assumed will be as Anabta 

center, but according to the average consumption of Tubas center in figure 

(2.4); it was about 9 kW, so through using the equation (3.1); the peak 

power needed it will be about 43 kWp, so that need two inverters with 

capacity equal to 20 kVA to cover and give a power equal to 38.4 kWp, 

thus the design is assumed to be as shown in figure (4.3) ), and (4.4), also 

as discussed in table (4.2). 

 

Figure (4.3): The technical connection diagram for Tubas center. 
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Table (4.2): The Technical Analysis for Tubas Center. 

Strings 8 

modules in series 15 

Total number of modules 120 

Peak Power 38400 Wp 

Power of each string 9600 = (4800*2) 

Number of strings per single 

inverter input 

1 

Number of inverter inputs 2 MPPT 

Number of strings per inverter 2 string 

Power input for every single input  9600 Wp 

Total module area 407 m² = ( 120*2.54m
2
 / 0.75) 

Pnom each group 19200 kWp 

Inverter nominal power 10kVA 

Total inverters power 40 kVA 

Pnom Ratio 0.96 

PV module type Q- Cell / Hanwha (320 wp) 

Protection devices in the box to 

inverters 

8 surge arrestors 

8 DC circuit breakers 

Cables cross sectional are between 

PV modules 

6 mm
2 

Inverter type ABB .Full data in appendix(5) 

According to figures (4.2) and (4.3) and tables (4.1) and (4.2); the 

connecting process for the net metering system will be as in figure (4.4). 

 

Figure (4.4): Net-metering system connection. 
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After these technical analysis and after the knowledge of the possible solar 

modules needed to cover the average consumption of these centers, it is 

necessary to think carefully how to distribute these systems to these centers 

and whether there is sufficient space for the distribution of the solar 

modules, so that these schemes were obtained from the Planning 

Department in the Civil Defense and beyond it was studied by the 

AutoCAD program, taking into account the coefficient of surface works, 

space, ventilation, spaces among these modules and the distance of the 

shadow among the modules, the location of the centers and the direction of 

the south for them. Through these schemes was applied to the center of 

Ram and Anabta so that the center of Tubas has the same scheme for the 

building of Anabta. Notice figure (4.5) and figure (4.6). 
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Figure (4.5): Solar modules distribution for Anabta C.D.C. 
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Figure (4.6): Solar modules distribution for Ram C.D.C. 



68 

According to figure (4.5) and figure (4.6); the design of these centers are 

almost similar and there is an enough space to distribute the solar modules 

freely whether were on the rooftops or outside. 

4.3 Impacts of PV systems installation in Civil Defense Centers 

After studying the previous centers in terms of the nature of the load and 

space available for the implementation of solar energy, and after the 

positive results found ; it is necessary to examine the feasibility of these 

projects financially as well as the savings and the payback period (PBP) for 

these projects. The instructions in the manual for net metering instructions 

as mentioned previously were implemented and an Excel file was used to 

help in the feasibility study and the payback period for any wanted project. 

In the table (4.3), the following data were taken into account for studying 

the financial feasibility and calculating the project payback period as fixed 

values for all projects. 

Table (4.3): The Essential Values for Calculating the PBP by using the 

Net Metering Instructions.  

Term  Value 

Commercial Tariff 0.6248 

VAT (%) 16% 

1$= (IL) 3.5 

% Transfer of energy 75% 

Cost of 1kWp ($) 1100$ 

O&M (IL) 308$ 

According to these data in table (4.3), the results were as following in 

tables (4.4), (4.5) and (4.6) for Anabta, Ram and Tubas centers 

respectively: 
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Table (4.4): Payback Period Study for Anabta Center. 

 Consumption 

(kWh) 

Cost 

(IL) 

Practical 

(kWh/kWp) 

Production 

(kWh) 

Surplus 

(kWh) 

Apr 3,100 2,246.78 143 2,850 -250 

May 4,480 3,246.96 180 3,600 -880 

Jun 3,280 2,377.24 186 3,720 +440 

Jul 
3,200 2,319.26 189 3,780 +580 

Aug 2,920 2,116.32 189 3,780 +860 

Sep 3,580 2,594.67 143 2,850 -730 

Oct 4,900 3,551.36 109 2,175 -2,725 

Nov 3,400 2,464.21 79 1,575 -1,825 

Dec 4,900 3,551.36 68 1,350 -3,550 

Jan 4,900 3,551.36 68 1,350 -3,550 

Feb 4,600 3,333.93 68 1,350 -3,250 

Mar 3,400 2,464.21 105 2,100 -1,300 

Total 46,660 33,817.67 1,524 30,480 -16,200 

According to these results the PBP is the time at which the initial cash 

outflow of an investment is expected to be recovered from the cash inflows 

generated by the investment, so the formula needed to calculate PBP of a 

project really depends on whether the cash flow per period from the project 

is even or uneven. In case they are even, the formula to calculate payback 

period is: [28] 

                        (4.1) 

When cash inflows are uneven, we need to calculate the cumulative net 

cash flow for each period and then use the following formula for payback 

period: 

 

                Payback Period = 

Initial Investment 

Cash Inflow per Period 
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                                                      (4.2)  

the constants in the above formula represents: 

    A is the last period with a negative cumulative cash flow; 

B is the absolute value of cumulative cash flow at the end of the period A; 

C is the total cash flow during the period after A. 

So the PBP for Anabta centre equal to 3.68 years. For full data notice 

appendix (6). 

Table (4.5): Payback Period Study for Ram Center. 

 Consumption 

(kWh) 

Cost 

(IL) 

Practical 

(kWh/kWp) 

Production 

(kWh) 

Surplus 

(kWh) 

Apr 4,100 2,971.55 143 2,850 -1,250 

May 4,200 3,044.03 180 3,600 -600 

Jun 4,000 2,899.07 186 3,720 -280 

Jul 2,500 1,811.92 189 3,780 +1,280 

Aug 2,700 1,956.87 189 3,780 +1,080 

Sep 3,700 2,681.64 143 2,850 -850 

Oct 3,500 2,536.69 109 2,175 -1,325 

Nov 6,600 4,783.47 79 1,575 -5,025 

Dec 6,000 4,348.61 68 1,350 -4,650 

Jan 5,400 3,913.75 68 1,350 -4,050 

Feb 5,200 3,768.79 68 1,350 -3,850 

Mar 4, 800 3,478.89 105 2,100 -2,700 

Total 52,700 38,195.27 1,524 30,480 -22,220 

The PBP for Ram centre also equal to 2.03 years. For full data notice 

appendix (6). 

 

 

                Payback Period = A + 

B 

C 
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Table (4.6): Payback period study for Tubas Center. 

 Consumption 

(kWh) 

Cost 

(IL) 

Practical 

(kWh/kWp) 

Production 

(kWh) 

Surplus 

(kWh) 

Apr 6,964 5,034.24 143 5,415 -1,531 

May 5,403 3,915.92 180 6,840 +1,437 

Jun 6,523 4,727.66 186 7,068 +545 

Jul 5,723 4,147.85 189 7,182 +1,459 

Aug 7,003 5,075.55 189 7,182 +179 

Sep 8,124 5,888.02 143 5,415 -2,709 

Oct 7,964 5,772.05 109 4,132 -3,381.5 

Nov 8,404 6,090.95 79 2,992 -5,411.5 

Dec 7,964 5,772.05 68 2,565 -5,399 

Jan 7,804 5,656.09 68 2,565 -5,239 

Feb 8,203 5,945.27 68 2,565 -5,638 

Mar 6,203 4,495.74 105 3,990 -2,213 

Total 86,264 62,521.39 1,524 57,912 -28,352 

The PBP for Tubas centre also equal to 3.57 years. For full data notice 

appendix (6). 

4.4 Summery  

The high commercial tariff nowadays and the quality of solar energy in 

Palestine, as well as the recent Palestinian laws and instructions that 

governing the renewable energy projects, oriented us to think more about 

using the net-metering instructions to cover civil defense centers, which  

the values of peak power needed from the photovoltaic systems for civil 

defense centres in ranges from 19.2 – 38.4 kWp, so these achieve a saving 

approximately between 22,100 – 43,000 IL per year for invoices, with a 

payback periods  not exceeding 4 years, but the COE of these projects and 

the economic and environmental impact are very important issue to discuss 

as in chapter 5.                                      
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Chapter Five 

Economical and Environmental Impact of PV System 

Installations in Civil Defense Centers 

5.1 Economical Analysis of installation of PV systems in Civil Defense 

Centers 

The economic analysis of any solar energy projects requires consideration 

of the concept of the life cycle cost (LCC) of the project, which is defined 

as the sum of present worth (P) for all components that the project required 

including the initial costs, operational and maintenance costs and the 

salvage values.    

5.1.1 PV Systems Initial Costs  

The initial costs of the on-grid PV system depends on the capacity of the 

project and consist of the price of PV-modules, inverters, transformers, 

wires, labors, technician’s wages and any other components needed.  

The PV- modules are available in different capacities and types, in which 

the capacity of these determined by the Peak watt at STC. The price of 

mono-crystalline and for the poly-crystalline modules are the same, but the 

installation costs for these are different depending on establishing these 

projects. 

The grid-tie inverters are also the same, which available with different 

capacities, where the price of these depends on their capacities, efficiency, 

protection, MPPT controller and others. 
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Other initial costs can be considered in our calculation for any project, such 

as shipping costs, wires costs, room’s costs, protection components costs, 

accessories costs, land use costs and others, which also varies according to 

the size of the project.  

5.1.2 PV Systems Operation and Maintenance Costs 

The operation and maintenance costs come after establishing the project in 

order to let the system run for a specified number of years called the life 

cycle of the project where these costs can be fixed or variable. 

5.1.3 PV Systems Salvage Value  

Salvage value (S) is the estimated resale value of an asset at the end of 

its useful life. Salvage value is subtracted from the cost of a fixed 

asset to determine the amount of the asset cost that will be depreciated. 

Thus, salvage value is used as a component of 

the depreciation calculation. Notice formula (5.1) that shows how to 

calculate this value. 

S = P (1- i) 
y  

                                      (5.1) 

Where; P = the original price  

             i = Depreciation rate 

                                 y = age of project 

Figure (5.1), represents and illustrates the cash flow for all costs where will 

be during the life cycle of the PV project. 

https://www.accountingtools.com/articles/2017/5/11/useful-life
https://www.accountingtools.com/articles/2017/5/10/fixed-asset
https://www.accountingtools.com/articles/2017/5/10/fixed-asset
https://www.accountingtools.com/articles/2017/5/15/overview-of-depreciation-depreciation-accounting
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Figure (5.1): The cash flow of PV project represents the initial, O&M and salvage 

revenue. 

To calculate the energy unit price generated from the PV system projects, it 

is necessary to calculate the annual worth (Aw) value, which to do it, it is 

important to change all values to the present value which these can be 

calculated according to the following formulas: 

P = F (1/ 1+i)
 n
                                                                                    (5.2) 

Aw = P (i (1+i) 
n
 / (1+i) 

n 
- 1)                                          (5.3) 

 ($/kWh) = Aw / Total kWh produced annually                 (5.4) 

Where; P = Present worth, value or amount. 

         Aw = Annual worth or uniform amount per specified period. 

            F = Future worth, value or amount. 

            i = Discount rate. 

            n = no. of the expected life of the project. 
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All projects according to the net –metering instructions are viable projects 

and the recovery period is good even if the tariff for the net-metering or the 

tariff from the supplier increased. Figures (5.2), (5.3) and (5.4) show the 

cash flow for the last three centers respectively. 

 

Figure (5.2): Cash flow diagram for Anabta Center. 

 

Figure (5.3): Cash flow diagram for Ram Center. 
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Figure (5.4): Cash flow diagram for Tubas Center. 

As a result of this analysis and referring to appendix (5); Applying Net- 

metering instructions on the civil defense centres will achieves a saving 

approximately between 22,100 – 42,000 IL per year for invoices. 

According to these formulas it is necessary to use the tables of the discount 

rate so to make the simulation more easy it is better to think about using the 

HOMER program as used in this following section (5.2). 

5.2 Economic Impact of PV installations in Civil Defense Centers 

 It is known that the electrical tariff of government institutions is the 

commercial tariff, which is characterized by being the highest electrical 

tariff among all categories applied, which amounts to 0.1785 $ / kWh for 

the post-paid electrical meters, as well as 0.1704 $ / kWh of pre-paid 

electrical meters without the value added tax of 16%, that according to the 

system issued by the Council of Ministers for the tariff of electricity in 
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2017 [29], which causes fatigue to government institutions and high 

financial burdens, so therefore it was worth thinking about other solutions 

and exploitation of renewable energy projects, this is due to its availability 

and the existence of laws and regulations regulating the work mechanisms 

to support the exploitation of such projects in order to reduce consumption 

and dependence on others in electric power and reduce their operating costs 

and to obtain competitive electricity tariffs. 

The energy produced from the PV systems for whole life cycle can be 

calculated as the following formula considering the irradiation 

characteristics in Palestine as mentioned in chapter 1:   

(kWh / year) = Peak Power (kWp) x Peak hour (PH/day) 

                         x356 x PR (%).                                                        (5.5) 

Where, the performance ratio (PR): 75% (for whole system), and peak 

irradiation hour per day equal to 5.5hr, as well as the Global Horizontal 

Irradiation (GHI) approximately between 5.2- 5.5 peak hour per day. 

To get the lowest COE for the last three civil defense centers that have 

been taken in consideration as a case study of a commercial loads, 

according to the daily load curves in figures (2.3), (2.4) and (2.5), and the 

previous laws in the previous chapter by using HOMER program, all of the 

available options should be considered and then making a comparison 

among them, where the COE can be defined as the average cost per kWh of 

useful electrical energy produced by the proposed system. In other words, 
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there is a term called the Levelized Cost of Energy (LCOE), which is 

known as the price at which electricity must be generated from a specific 

source to break even over the lifetime of the project. It can be calculated in 

a single formula as: [30] 

 

(5.6) 

 

Where, It = Investment expenditures in year t. 

Mt = operations and maintenance expenditures in year t. 

Ft= fuel expenditures in year t, which is zero for photovoltaic electricity. 

Et = electricity generation in the year t. 

r= discount rate. 

n = investment period considered in years. 

5.2.1 Centers Load Feeding by Grid and PV system  

In this case, it has been proposed to feed the center loads from the electrical 

networks and solar cell systems with 20%, 40%, 80% and 100% from the 

PV system to show the impact of net metering projects that allow the 

installing of projects with capacities up to 100% of the average 

consumption rate. Tables (5.1), (5.2) and (5.3) show the results of these 

assumptions. 
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Table (5.1): Comparison Table of Load Feeding by Grid and PV 

System for Anabta Center. 

Case No. Option COE  ($/kWh) 

1 20% PV  0.157 

2 40% PV  0.122 

3 80% PV  0.0693 

4 100% PV  0.015 

Table (5.2): Comparison Table of Load Feeding by Grid and PV 

System for Tubas Center. 

Case No. Option COE  ($/kWh) 

1 20% PV  0.150 

2 40% PV  0.122 

3 80% PV  0.066 

4 100% PV  0.039 

Table (5.3): Comparison Table of Load Feeding by Grid and PV 

System for Al-Ram Center. 

Case No. Option COE  ($/kWh) 

1 20% PV  0.154 

2 40% PV  0.128 

3 80% PV  0.0651 

4 100% PV  0.0366 

According to the last tables; all COE came less than the commercial tariffs 

applied to these centers regardless of the percentage of contribution by the 

solar cell projects. This gives a good impression on the use of renewable 

energy projects connected to the grid and the application of net metering 

instructions.  Notice figure (5.5). 
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Figure (5.5): COE vs. percent of PV system used to cover the load. 

As a result of the variation of COE because of the variation of PV system 

installed can be represented by the following formula: 

Y = -0.1524x+0.1852                                                                               (5.7) 

Where; Y = COE. 

X = the percent between the load and the PV system installed. 

5.3 Environmental Impact of PV installations in Civil Defense Centers 

Every energy generation and transmission method affects the environment, 

which it is obvious conventional generating options can damage air, 

climate, water, land and wildlife, landscape, as well as raise the levels of 

harmful radiation, while the sustainable technologies are substantially safer 

offering a solution to many environmental and social problems. 

Generally; solar energy technologies provide obvious advantages in 

comparison with conventional technologies, thus contributing to the 

sustainable development of human activities, which it is not continuing the 
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depletion of the exhausted natural resources, so their main positive side is 

related to reduced CO2 emissions, because these kinds of technologies 

don’t have any emissions or waste product during the life cycle of the 

project, as well as there is no noise during the generating procedure or no 

chemical pollutant during use. It is one of the most viable renewable energy 

technologies for use in an urban environment, replacing existing building 

cladding materials.  

The amount of CO2 emission savings from the photovoltaic power 

generation approximately  is between 0.6 – 1.0 kg/kWh, as it is for the 

distributed photovoltaic power generation. According to appendix (1); 

Table (5.4) illustrates important information as a result for this thesis for 

the most important C.D.C that varies with their loads. [31] 

Table (5.4): The most Important C.D.C. that varies with their Loads 

and their Results. 

C.D.C PV 

Capacity 

kWp 

Cost of 

project (IL) 

Expected output 

(E/yr) 

Expected 

Saving (IL) 

Saving 

(Co2) 

ton /year 

Anabta 19.2  73,920 28,908 21,258 17.346 

Tubas 38.4  146,300 57,214 43,161 57.82 

Ram 19.2  73,920 28,908 21,258 17.346 

Jenin 19.2  73,920 28,908 21,258 17.346 

Tulkarm 35  134,750 52,697 38,700 31.62 

Dura 10   38,500 15,056 11,358 9.06 

According to the civil defense centers; the energy generated yearly from 

the PV systems is between (28.91 MWh/yr. – 57.82 MWh/yr.) which the 

savings in CO2 will be usually between (17.346 tons - 57.82 tons). 
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5.4 Summary 

This chapter discussed the economic impact of using PV systems according 

to determining the capital costs of these projects during the life cycle and 

how they affects the COE, as well as discussed the environmental impacts 

of using these projects on the emissions such as CO2. 
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Chapter Six 

Results, Conclusion and Recommendation 

6.1 Results and conclusion 

1. The Palestinian territories have high solar radiation potential in average 

GHI is higher than 1900kWh/km
2
 and DNI is higher than 2000 kWh/km

2
, 

what indicates good conditions for development of solar industry.  

2. The most stable GHI values in the Palestinian territories are observed in 

Jericho. 

3. The best solar potential conditions can be at the lowest DIF/GHI ratio in 

Hebron and Ramallah, while the higher ratio noticed in Jericho. 

4. The optimum tilt angle for the Palestinian territories is assumed to         

be 27
o
. 

5. The less stable DNI conditions are from October to April and the highest 

value of DNI is reached in Hebron.  

6. In the Palestinian territories, the lowest solar energy average is in 

January with amounts about 2.47kWh/m²-day, while the highest value is in 

June, with amounts equal to 6.93kWh/m²-day. 

7. Every civil defense centre in the Palestinian territories covers a 

population between 48,041 to 641,170 as minimum and maximum values 

respectively and covers areas also between 166 to 997 km
2 
for everyone. 
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8. The efficiency of the civil defense site is determined by reducing the 

time of arrival, coverage of the service area and spatial dimension. 

9. The current consumption of the civil defense centres varies between 350-

1150 $/ month, where the average load varies between 5.4 to 11.5 kW, so 

the centers are increasing rapidly that will make expenditure is very 

cumbersome. 

10. The projects of solar energy in Palestine oriented towards On-grid 

projects because of its advantages, where the organizing laws are divided to 

feed in tariff or Net metering instructions 

11. In feed in tariff any citizen can install a system of solar cells and sell 

the electricity generated at a preferential price, while for net-metering 

instructions not all electrical energy produced is purchased, but exchanged 

with the network. 

12. The values of peak power needed from the photovoltaic systems for 

civil defense centres range from 19.2 – 38.4 kWp, which most these centres 

have the same shape and space, as well as there is an enough spaces for 

establishing PV systems in these centres. 

13. Applying Net- metering instructions on the civil defense centres will 

achieves a saving approximately between 22,100 – 42,000 IL per year for 

invoices. 
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14. Depending on the electrical behaviour of the civil defence centres, and 

the applying of the net-metering instructions, we found that all payback 

periods were in a suitable period not exceeding 4 years. 

15. The COE at using PV system that covering 100% of the average 

consumption is the best case, which the COE was between 0.015 – 0.039 

$/KWh less than the commercial tariff. 

16. The energy generated yearly from the PV systems for civil defense 

centers was between (28.91 MWh/yr. – 57.82 MWh/yr.), which the savings 

in CO2 will be between (17.346 tons - 57.82 tons). 

6.2 Recommendations  

1. Taking in our consideration the provision of sufficient space on the 

surfaces or near the centers to be able to install the PV system on almost 

the area. 

2. Working on the conservation strategies in the centers and in the newest 

ones before starting to design the PV systems. 

3. Designing the staircase in new centers to be in the northern side to avoid 

the shadows on of this and the effects of PV systems. 

4. Designing the roofs of the new centers to be able to establish the PV 

systems and equipped with all installations needed and grounding system. 

5. Selecting small standalone generators, so that helps to reduce the amount 

of diesel consumed and the GHG. 
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6. The responsible ministries should strengthen the relations with the 

national and international donors to support these kinds of projects. 

7. It is important to expedite the process of drafting legislation that 

governing the renewable energy projects and finding new mechanisms to 

encourage the investors.  
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Appendix (1) 

Load Curves for most of Civil Defense Centers 

 

Average of electrical consumption for Civil Defense Centers 

Hint : the valuse in the X-axis represents the number of month and the Y-axis represents 

the cost of cosumption in NIS. 

 

- The center  of Marj Ben Amer / Jenin 

 

- Tulkarm Civil Defense Center  
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- Al-Taybah Center / Ramallah 

 

 

 

-Bethlehem Center 

 

 

 

-Qalqiliya Civil Defense Center 
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-Bedia center/ Salfit  

 

 
 

-Al-Daheriah center/ Hebron  

 

 

 

-Dura center/ Hebron  
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-Yatta center/ Hebron 

 

 
 

-Balatah center/ Nablus 

 

 

 

-Northern Asira Center/ Nablus 
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Appendix (2) 

Net Metering Instructions 
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Appendix (3) 

Q- Cell / Hanwha (320 wp) datasheet 
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Appendix (4) 

10 kVA – ABB inverters datasheet 
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Appendix (5) 

Net Metering & PBP for C.D.C 

Net-metering & PBP for Anabta C.D.C 
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Net-metering & PBP for Ram C.D.C 
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Net-metering & PBP for Tubas C.D.C 

 

 



 

 جامعة النجاح الوطنية 
 كمية الدارسات العميا 

 

 

 

 

التأثير الفني والاقرتصادي من استخدام أنظمة الخلايا الشمسية المربوطة 
 عمى الشبكات الكهربائية في مراكز جهاز الدفاع المدني

 

 

 

 إعداد 

 تالة نبهان عبد الرزاق جلاد

 

 إشراف 

 د. عماد بريك 

 

 
تطمبات الحصول عمى درجة الماجستير في هندسة الطاقرة قردمت هذه الاطروحة استكمالا لم

 فمسطين. -نابمس ،في جامعة النجاح الوطنية ،بكمية الدراسات العميا ،النظيفة وترشيد الاستهلاك
9102 



 ب 

التأثير الفني والاقرتصادي من استخدام أنظمة الخلايا الشمسية المربوطة عمى الشبكات 
 مدنيالكهربائية في مراكز جهاز الدفاع ال

 إعداد
 تالة نبهان عبد الرزاق جلاد

 إشراف
 د. عماد بريك
 الممخص

التي تعاني من عدم الاستقرار السياسي والاقتصادي واستمرار  ىي إحدى المناطق فمسطين
الاحتلال، وبسبب ظيور مشكمة الانقطاع المستمر لمكيرباء في كافة محافظات الضفة ونظراً لزيادة 

لمدور الميم والحيوي الذي تقوم بو مراكز جياز الدفاع  لشبكات ونظراً الاحمال الكيربائية عمى ا
المدني في تقديم الخدمات لممواطنين والاستيلاك العالي لمتيار الكيربائي  في المراكز كان  لابد 
من البحث عن نظام طاقة بديل في توليد الكيرباء وىو استخدام الخلايا الشمسية الكيروضوئية 

 باعتبارىا مشاريع صديقة لمبيئة وتحافظ عمييا من التموث.نظرا لكفاءتيا و 

جاءت ىذه الرسالة لتتناول موضوع استخدام انظمة الخلايا الشمسية في مراكز الدفاع المدني  
الفمسطيني وتحميل الاثر التقني والاقتصادي من استخدام الطاقة الشمسية في المراكز ومدى تأثيرىا 

    بين راكز الدفاع المدني الفمسطيني التي تتراوح قيمة فواتيرىا ماعمى خفض فواتير الكيرباء لم
IL (350-1100  ًشيريا )  وتوضيح استيلاك مراكز الدفاع المدني الفمسطيني ووصف لمنحنيات

 الحمل الكيربائي لمعظم مراكز الدفاع المدني الفمسطيني.

ت وذلك من خلال توضيح إمكانات واختيار أفضل خيار للإمداد الكيربائي في كل من السيناريوىا 
الطاقة الشمسية في فمسطين وشدة الاشعاع الشمسي وجميع البيانات الشمسية ذات الصمة في 
فمسطين وبعض المراكز المحددة اللازمة لدراستنا كحالات خاصة والتي تمثمت بمركز طوباس والرام 

ز باستخدام برامج خاصة  لتحسين تكمفة وعنبتا وتحميل نتائج التوزيع الأمثل لموارد الطاقة في المراك
 الطاقة في مراكز الضفة الغربية.



 ج 

كنتيجة لمدارسة نظرا لمتعريفة التجارية المرتفعة في الوقت الحاضر ونوعية الطاقة الشمسية في 
فمسطين، كذلك القوانين والتوجييات الفمسطينية الأخيرة التي تحكم مشاريع الطاقة المتجددة، ترشدنا 

كير أكثر في استخدام تعميمات صافي القياس لتغطية مراكز الدفاع المدني،  حيث ان قيم إلى التف
القدرة القصوى المطموبة من الأنظمة الكيروضوئية لمراكز الدفاع المدني في مدى يتراوح بين 

(19.2 – 38.4) kWp  (43,000 – 22,100)وبالتالي تحقق ىذه الوفورات ما بين IL  في السنة
 سنوات يمكن استرداد تكمفة المشاريع. 4وخلال فترات زمنية لا تتجاوز لمفواتير 

اضافة الى الحد من مظاىر التموث وفقا لمراكز الدفاع المدني الطاقة المولدة سنوياً من أنظمة 
والتي ستكون عادةً وفورات في ثاني  (.MWh/yr. – 57.82 MWh/yr 28.91) الخلايا الشمسية

  .سنوياً  (tons - 57.82 tons 17.346)اوح أكسيد الكربون  بما يتر 
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