
 

An-Najah National University 

Energy and Environment Engineering Department 

 

 

Evaluation of  22 photovoltaic systems installed in Rujeib, Palestine 

 

 

Prepared by: 

Heba Sawalha 

Supervisor: 

Dr. Tamer Al-Khatib 

 

A Graduation Project Submitted to Energy Engineering and Environment Department 

in Partial Fulfillment of the Requirements for Bachelor Degree in Energy Engineering and 

Environment 

 

May, 2021 



II 
 

Dedication 

I dedicate this work to my fear of stand still. My greatest concern, and only motive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



III 
 

Acknowledgements 

I would like to express the deepest appreciation to my supervisor, who has always 

believed in me when I am in desperate need of such support, For all his accomplishments that 

made me believe in the possibility of my dreams, who has also been an unstinting source of 

wise and advice, and his pertinent guidance has been of great importance. 

To my family and a few friends who bear my mood swings during this semester, even 

when they didn’t know the reason for it as for most of the time I didn’t know it myself, Thank 

you. 

 

 

 

 

 

 

 

 

 

 

 



IV 
 

Disclaimer 

This report was written by Heba Sawalha submitted to the Department of Energy and 

Environmental Engineering of An-Najah National University in partial fulfillment of the 

Bachelor degree in Energy and Environmental Engineering, It has not been altered or 

corrected, other than editorial corrections, as a result of the assessment and it may contain 

language as well as content errors. The views expressed in it together with any outcomes and 

recommendations are solely those of the student. An-Najah National University accepts no 

responsibility or liability for the consequences of this report being used for a purpose other 

than the purpose for which it was commissioned. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 
 

Table of content: 

 

Dedication ................................................................................................................................................ II 

Acknowledgements ................................................................................................................................ III 

Disclaimer ............................................................................................................................................... IV 

Nomenclature: ....................................................................................................................................... VII 

Abstract:................................................................................................................................................ VIII 

Chapter 1     Introduction ......................................................................................................................... 1 

Energy History ...................................................................................................................................... 1 

Electricity  consumption growth in the residential sector in Palestine ............................................... 2 

Objectives: ........................................................................................................................................... 4 

Chapter 2      Literature Review ............................................................................................................... 5 

The performance of various photovoltaic systems .............................................................................. 5 

Climate effect on solar system performance ........................................................................................ 6 

Different technologies effect on solar system performance ................................................................ 8 

Surface inclination and orientation effect on solar system performance ............................................. 9 

Chapter 3     Methodology ..................................................................................................................... 10 

Definitions ......................................................................................................................................... 10 

Case study .......................................................................................................................................... 11 

Calculations ....................................................................................................................................... 14 

Chapter 4  Results and Discussion ......................................................................................................... 16 

1. Performance............................................................................................................................ 16 

2. Safety: ..................................................................................................................................... 19 

Chapter 5    Conclusions and recommendations ................................................................................... 23 

References ............................................................................................................................................. 24 

Appendices     PVsyst reports ................................................................................................................... 1 



VI 
 

 

 

List of Figures: 

Figure 1:Global energy consumption, 1800-2015. .................................................................................. 2 

Figure 2: Population growth in Palestine. ................................................................................................ 2 

Figure 3: Mean annual temperature in Jerusalem (1964-2011) ............................................................... 3 

Figure 4: A satellite Photo of Rujeib Village ........................................................................................... 12 

Figure 5: Manifestations of systems safety ............................................................................................ 20 

Figure 6: Chassis-modules support problem1 ....................................................................................... 20 

Figure 7: Chassis-modules support problem2 ....................................................................................... 21 

Figure 8: Welding support problem ....................................................................................................... 21 

Figure 9: Crossed wires problem ........................................................................................................... 22 

Figure 10:Installing the DB problem ..................................................................................................... 22 

 

List of tables 

Table 1: Photovoltaic Specifications ..................................................................................................... 12 

Table 2: Inverter Specifications ............................................................................................................. 13 

Table 3: Solar radiation in Palestine ...................................................................................................... 15 

Table 4: Performance inductors values .................................................................................................. 16 

Table 5: Comparison between with systems in near countries .............................................................. 18 

Table 6: Comparison with the simulated values .................................................................................... 18 

 

 

 

 

 

 



VII 
 

Nomenclature: 

 

PV Photovoltaic 

Yf Final Yield (Kwh/Kwp) 

PR Performance ratio(%) 

CUF Capacity utilization factor(%) 

STC Standard Test Conditions 

SPV Photovoltaic system 

PC-Si Polycrystalline silicon 

MC-Si Monocrystalline silicon 

CIS Copper indium selenium 

CIGS Copper indium gallium selenide 

a-Si Amorphous silicon 

BAPV Building attached photovoltaic 

EAC Energy generated (Kwh) 

EDC Solar radiation (Kwh) 

Prated Power rated (Kwp) 

DB Distribution  

Eff  Efficiency  

 

 

 

 

 

 

 

 



VIII 
 

Abstract: 

Photovoltaic systems are becoming increasingly popular world wild and that’s reflect 

the current trend in Palestine. A 22 residential Photovoltaic systems located in a Palestinian 

village (Rujeib) have been analyzed in terms of performance and safety, with a total capacity 

equals to 195kWwp, and 28° tilt angle oriented to the south. The study shows that the mean 

values of the final yield, Performance ratio and the Capacity utilization factor of the systems 

are 1507.32 kWh/kWp,  72.87% and 17.79% respectively. The performance results of the 

systems are also compared with the simulation values obtained from PVsyst software with a 

margin of error in the PR equals to 7% from the measured values. Compared to PV plants in 

county near to Palestine, and particularly a PV plants in Jordan and Syria, the analyzed 

systems have an acceptable overall performance. A number of recommendations was 

proposed to improve the safety and the performance of the systems.  
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Chapter 1 

    Introduction 

Energy History 

 If we start back in 1800 we see that nearly all of the world’s energy was produced from 

traditional biomass (essentially burning wood and other organic matter). The world was using a 

small amount of coal. The expansion into oil consumption didn’t begin until around 1870. Two 

decades later it was followed by natural gas and hydroelectricity. By 1900, coal consumption had 

increased significantly, accounting for almost half of global energy (the other half remaining 

biomass, since oil, gas and hydroelectricity remained small). 

By the mid-20 th century, coal overtook traditional biofuels and oil was up to around 20 

percent. By 1960 the world had moved into nuclear electricity production. Finally, today’s 

renewable energy sources such as solar energy, wind energy and bioenergy are relatively new, 

not appearing until the 1980-90s. Other renewable sources, such as geothermal and marine 

technologies, have not been included because levels of production are so small. 

In 2015, the world consumed 146,000 terrawatt-hours (TWh) of primary energy- more 

than 25 times more than in 1800. But it is often today’s energy mix, rather than levels of 

consumption that people find surprising. While the expectations were that the renewable energy 

sources cover a huge amount of global energy consumption, In fact their total contribution 

remains small in the consumption [1]. 

Investment and the production of renewable technology is growing, as the following chart 

shown:  
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Figure 1:Global energy consumption, 1800-2015. 

Electricity  consumption growth in the residential sector in Palestine 

The energy consumption for the residential sector constitutes is the largest part of the 

total electricity consumption in Palestine (61%)[2], and it is showing a steady increase through 

the past years due to three main reasons, one is the dramatic population growth in Palestine as a 

whole (see Figure 2). In the West Bank only, the number of Palestinian inhabitance has reached 

around 2.90 million at the end of 2015 [3]. 

 

Figure 2: Population growth in Palestine. 
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Secondly, is the need to find an alternative to fuel for heating the residential sector, due to 

the increase in its price over the years. For example the price for gasoline in Palestine increased 

from 0.86 US dollars/liter in 1998 to 1.54 US dollars/liter in 2016 growing at an average annual 

rate of 7.58% [4], while the price of electricity remained almost the same, which the cost of 

consumption in kWh is around 0.6 NIS, which made it the alternative to the gas people were 

looking for. Thirdly, global warming that led to an increase in the temperatures in Palestine, that 

clearly shown in figure (3) the calculated trend-line indicates an overall increase in the past 

years[5]. This pushed people to use air conditioners in their homes attempting to reaching a 

comfortable living environment. 

 

Figure 3: Mean annual temperature in Jerusalem (1964-2011) 

The annual electricity consumption per capita (kWh/Capita) increased from 1048.0 in 

year the 2014 to 1148.7 in the year 2018. The increasing demand and scarcity in conventional 

sources have triggered the scientist to pave way for the development of research in the field of 

renewable energy sources especially solar energy.  

Due to the recent promotion of solar energy and an attempt to break free from the Israeli 

occupation’s grip on electricity, the Palestinians have tended to take advantage of the sun’s 

energy, although they were among the pioneers in the use of water solar heaters, Photovoltaics 
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have started to spread recently compared to previous years. However, Its prevalence is still 

limited.  

Even though the annual sunny days in Palestine equal 300 days, with average solar 

radiation equals 5.4 kW per day[6], There are still uncertainties and a lack of control over solar 

resources. Due to this, it always tends to support Photovoltaic systems with stable systems or 

ones which we have partial control on, such as diesel generators, batteries, or connect them 

directly to the grid, and because of the high cost of the first two options, the third option is the 

most widespread in Palestine. 

Objectives: 

As the share of solar electricity continues to grow in the global electricity mix, It 

becomes necessary to study the performance of existing systems and analyze them to improve 

their performance and the performance of new systems. The focus of this project was on: 

 Understand the electricity consumption situation in Palestine. 

 Evaluate the performance of 22 systems installed in Rujeib, Palestine. 

 Comparing them with systems from neighboring countries and with simulated 

values. 

 Study the safety aspects for the 22 systems. 
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Chapter 2  

    Literature Review 

The performance of various photovoltaic systems 

M. Sidrach-de-Cardona and Ll. Mora Lo´pez [7] studied a 2.0 kWp photovoltaic system 

that has been installed at the University of Ma´laga, Spain to examine the grid-connected 

photovoltaic system under the Southern Spain climate. The mean daily output was 7.4 kWh 

while the performance ratio was found to be 64.5%. Then an optimization on the final yield and 

the performance ratio of the system has been done to remove the influence on the system yield of 

losses due to problems in the grid, the optimal PR then was 67.9%. 

Emmanuel Kymakis et al. [8] evaluated the 171.36 kWp grid-connected photovoltaic 

park of C. Rokas SA in Sitia, Crete, by studying it for a year in all respects. During the project 

study period, the average annual energy output was 1336.4 kWh/ kWp, and the annual 

performance ratio (PR) of the system was 67.36%. 

B. Shiva Kumar and K. Sudhakar [9] studied a photovoltaic power plant of 10MW in 

Ramagundam, India. that operating at a seasonal tilt. The different types of losses were 

calculated so as the performance ratio was found to be 83%, and was compared with simulation 

values from the Posit and PV-GIS software. 

Jayanta Deb Mondol et al. [10] performance of 12kWp grid-connected photovoltaic 

system was made during three years, and it has been analyzed on an hourly, daily and monthly 

basis.  The annual average monthly performance ratios for the three years were 0.60, 0.61, and 

0.62, respectively. 

S. Bouacha et al. [11]  monitored a 9.5 kWp photovoltaic grid-connected system for 3 

years in Algeria. And although it was the first photovoltaic grid-connected system in Algeria its 

performance is still considered satisfactory as it was found to be equal to 70%. 

M. Drif, P.J. Pe´rez  et al [12] made a performance analysis of a grid-connected 

photovoltaic system of 200 kWp at Jae´n University, Spain. They obtained unsatisfactory PR 

values due to a consequence of the existing problems with different junction boxes of some 
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modules (failures in 42 modules), and to improve the project performance, the defective part of 

PV generators which was responsible for the reduction of PR was replaced. 

Lutero Carmo de Lima et al. [13] studied the performance analysis of a 2.2 kWp 

photovoltaic system installed at the State University of Ceará, Fortaleza, Brazil, for a year. The 

performance ratio and the annual energy yield were 82.9% and 1685.5 kWh/kWp respectively. 

Priya Yadav et al. [14] simulated a proposed photovoltaic system for Hamirpur, 

Himachal Pradesh, India, by using the predicted climate conditions for the site, and the design of 

the system using the PVsyst program. And the PR was found to be 72.4%. 

F. Fairouz et al. [15] A performance evaluation of the first 85.05 kWp and 21.6 kWp 

copper indium gallium selenide (CIGS) thin-film, grid-connected PV systems on the roof of two 

schools in Kuwait were studied for 12 months. The effect of continuous surface cleaning has also 

been studied. The annual average daily final yields of the PV systems in this study were 4.5 kW 

h/kWp/day, and the performance ratio was maintained between 0.74 and 0.85. 

Mete Cubukcu and Harun Gumus [16] studied a grid-connected photovoltaic (PV) power 

plant of 2130.7 kWp rated power installed in the eastern part of Turkey. A simulation of the 

plant data was also done to compare the results, the PR of the plant was found to be 81.15%. 

Xinfang Wu et al. [17] presented the performance of the first home-based grid-connected 

roof-mounted building attached photovoltaic (BAPV) system in Shanghai, China for three years, 

With a simulation of the plant data was also done to compare the results in the PVsyst software. 

The average annual and average daily outputs are 3189.13 kWh and 8.74 kWh. The predicted 

yearly energy output is 3220.21 kWh by software of PVsyst. 

Climate effect on solar system performance 

Studies have proven that climate affects the performance of solar systems, and this is 

shown in the following studies: 

M. Shravanth Vasisht et al. [18] monitored the effect of seasonal changes on a 20 kWp 

Solar Photovoltaic system was created to conduct this study in Bangalore, India. The average 

Performance Ratio (PR) of the system was around 85%. It was confirmed that the PR depends on 

the climatic changes from one season to another, As it directly depends on the efficiency of the 
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system, and the efficiency of the system directly depends on the temperature of the modules. In 

summer, the SPV modules attain maximum efficiency at Tmod = 45°C , but in winter, it is at 55 

C. The efficiency decreases by 0.08/C while the temperature increases more than 45 °C in 

summer. While the efficiency is not affected much in the winter when the temperature increases 

more than 55 °C, this is due to the automatic cooling due to the wind and the low temperatures in 

winter.  

Sebastijan Seme et al. [19] a performance analysis of 3326 solar systems was made in 

Slovenia under different climate conditions. The performance was found to be 68.84% and it 

mainly depends on the proper inclination and azimuth angle of the photovoltaic modules, 

shadings, and snow barrier. Due to that, the study shows that PR reaches its highest rates in the 

winter and declines to its lowest in the summer because of the negative effect of temperature on 

the efficiency of the system. 

Emilio Ghiani and Fabrizio Pilo [20] worked on comparing two PV power plants in Italy. 

as the results showed, in general, that the highest value of the PR was in the winter season while 

the worst value of it was in the summer, and by comparing the two plants together, the second 

PV Plant had a lower PR value due to the worse azimuth angle and the higher impact of the 

ambient temperature. As the average PR value of the first and the second PV power plants were 

87,3% and 83,2% respectively. 

 L.M. Ayompe et al. [21] monitored a 1.72 kWp photovoltaic system installed in Dublin, 

Ireland for a year. To obtain the following parameters: final yield, reference yield, array yield, 

system losses, array capture losses, cell temperature losses, PV module efficiency, system 

efficiency, inverter efficiency, performance ratio, and capacity factor. Where the system 

efficiency and performance ratio was 12.6% and 81.5% respectively. With a comparison of the 

system’s performance in Ireland with other systems in other cities, it was found that the station’s 

performance in Ireland was higher due to the low insolation levels, high average wind speeds, 

and low ambient temperature. 

Mahmoud Dhimish [22] made a comparison between the performance of photovoltaic 

solar systems in terms of the PR values in Scotland, Ireland, and England. and found that the 

values were more reliable in Ireland and England compared to those located in Scotland. And it 
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found out that the system degradation was highest in relatively cold regions due to cold climate 

conditions, and heavy snow affecting the system. 

Bing Guo et al. [23] monitored a photovoltaic system in Qatar in terms of cleaning the 

dust from the surface of the modules where it was found that on the average over the seven 

months, the PV performance loss due to soiling was 0.0042+/-0.0080 per day for modules 

cleaned every sixth month, and 0.0045+/-0.0091 per day for modules cleaned every second 

month. 

Different technologies effect on solar system performance 

The performance  of the different systems varies according to the material from which the 

cells are made, which has been proven by numerous studies such as  

Ramanan P et al. [24] compared the performance of two technologies (polycrystalline 

silicon (p-Si) and copper indium selenium (CIS) arrays) under hot and humid conditions in Tamil 

Nadu, Southern India. It has been found that the yearly average performance ratio was 78.48% 

for p-Si and 86.73% for CIS. An analysis of the data was also done on the PVsyst software to 

simulate the performance of the system and compare it from actual values.  

Elias Urrejola et al. [25] studied the effect of soiling and sunlight on the performance 

ratio of different photovoltaic technologies (polycrystalline, monocrystalline array, thin-film 

system array), exposed outdoors for two years in Santiago, Chile. The yearly degradation of the 

arrays system due to the high soiling in Santiago was found to be 1.29% for the polycrystalline 

array, 1.74% for the monocrystalline array, and 2.77% for the thin-film system array. And a 

weather correction was made on the PR to be 75% for all technologies. The study showed that 

continuous cleaning contributes effectively to maintaining the effectiveness of the systems, and 

the best methods of cleaning were studied. 

Vikrant Sharma et al. [26] made a performance comparison between different solar 

photovoltaic technologies (p-Si, HIT, a-Si arrays) under similar outdoor conditions were made, 

and the PR rating of HIT and a-Si arrays are found to be about 7% higher as compared to p-Si 

PV array under the almost outdoor conditions.  
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Muhammad Anser Bashir et al. [27] compared the performance of the three most 

common solar photovoltaic technologies used in Taxila, Pakistan (monocrystalline, 

polycrystalline, and single junction amorphous silicon) during the winter months, The study 

showed that the performance of the three types decreased with the increase in the temperature of 

its back surface, but the monocrystalline photovoltaic module showed higher monthly average 

module efficiency among them all.  

Nitin Kumar [28] made a comparison of different Photovoltaic technologies 

(monocrystalline, polycrystalline, amorphous silicon, and CIS)  in terms of effectiveness, each 

with a capacity of 10Kw at Hamirpur Himachal Pradesh, India. A simulation of the data was 

done on the PVsyst software to compare the results. And the results show that CIS technology 

performs considerably better than the other three technologies in terms of energy output, 

performance ratio, capacity factor, and economics.  

Arechkik Ameur et al. [29] compared the performance of different Photovoltaic 

technologies of (amorphous silicon (a-Si), Polycrystalline silicon (pc-Si), and Monocrystalline 

silicon (mc-Si)) grid-connected systems, that generating around 2 kWp each, in Morocco. And 

the obtained results showed that polycrystalline technology is the most cost-effective technology 

for the region of Ifrane. 

Surface inclination and orientation effect on solar system performance 

Jayanta Deb Mondol et al. [30] using validated TRNSYS simulations the effect of surface 

inclination and orientation on its performance was studied. the particular location and system 

studied, the maximum annual PV efficiency, the inverter efficiency, the PR and the system 

efficiency were for a south-facing surface with an inclination of 20°. 



10 
 

Chapter 3 

    Methodology 

Definitions 

1. Performance indicators: 

There are many parameters to indicate the system performance such as array yield, PV 

module efficiency, inverter efficiency, system efficiency, final yield, Performance ratio, 

and the capacity utilization factor. These normalized indicators act as key comparators for 

comparing the performance of the existing grid-connected PV systems. And the last three 

indicators will be used in this project. 

The final yield is the time taken by the PV to generate energy (Eac) with respect to 

its nominal power capacity, and its unit is kWh/kWp. Consequently, it depends on the 

total production, which in turn depends on the composition of the structure, the location of 

the system, and other influences. 

The performance ratio is the ratio of the total energy produced from the system 

(when on-grid) or the useful energy produced (when off-grid), to the energy which would 

be produced if the system was continuously working at its nominal STC conditions. 

Taking into account environmental factors (temperature, irradiation, etc.), and including 

all the losses that might affect the system.  

The capacity utilization factor is the percentage of actual output over the rated 

output that the system can output if the system is running daily without interruption. 

Therefore, it is suitable for continuously operating plants more than renewable energy 

systems, because most of the renewable energy systems work with variable input making 

the system intermittent[31]. 

However, The performance of Photovoltaic modules refers to Standard Test 

Conditions (STC), which does not always represent the real performance of the modules. 

Due to that, a lot of corrections have been created to improve system performance 
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prediction under real weather conditions. As Juwi Inc [32] proved that module 

temperature adjustment provided the closest match between modeled and measured 

performance. 

The rise in the ambient temperature increases the temperature of the cells and thus 

negatively affects the system production. While increasing wind speed positively affects 

system productivity. Therefore, calculating the PR in isolation from climate change does 

not necessarily increase the PR, but rather gives more stable values throughout the year.  

2. PVsyst software:  

It is a software for designing and simulating photovoltaic systems. It is used for 

project development and for giving a predictive view of the system’s functioning. The 

program contains a meteorological database for different regions around the world, with 

the ability to manually enter this data, and some inputs must be provided to the program to 

obtain results in the form of a complete report that contains charts and tables for the 

progress of energy production and losses during the year [14]. The main inputs are:  

1. Location 

2. Tilt angle 

3. Module and Inverter Specification 

4. Solar Radiation Variation 

5. Azimuth Angle 

Case study 

One of the villages that installed a several photovoltaic systems in Palestine is Rujeib. 

It is located southeast of Nablus, with 4,500 residents, according to 2017 statistics. With a 

latitude, longitude and altitude almost the same for all the systems (32.18°, 35.2°, 530 m) 

respectively.  
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Figure 4: A satellite Photo of Rujeib Village 

A 22 system located in a different location in Rujeib has been evaluated, oriented to 

the south with tilt angle equals to 28°, and 195 kWp in total. The smallest system capacity is 

equal to 5 kWp, and the largest one is 40Kwp, located on top of residential buildings. Using a 

varies types of PV array with different power rated, and panels number as defined in Table 

(1). And a varies types of inverters as well, as defined in table (2). 

Table 1: Photovoltaic Specifications 

No. of System  PowerRated No. of Panels  PV type Eff./module area 

1 385 18 JA solar 19.54 

2 365 28 Sunket 19.08 
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3 385 15 JA solar 20.61 

4 375 30 JA solar 20.07 

5 325 20 Q.power 16.74 

6 330 16 Q.power 19.59 

7 330 16 Q.power 17 

8 335 32 Asrtonergy 19.77 

9 410 12 CS3W 18.57 

10 385 30 JA solar 19.54 

11 400 15 Trinasolar 19.49 

12 400 12 Q.power 17 

13 335 30 Asrtonergy 19.36 

14 385 10 JA solar 19.54 

15 400 15 Trinasolar 19.49 

16 390 13 Philadelphia 19.57 

17 330 16 Yingli solar 17.03 

18 410 12 CS3W 18.57 

19 410 12 CS3W 18.57 

20 410 87 Cnadian solar 19.93 

21 410 16 CS3W 18.57 

22 400 12 Trinasolar 19.49 

23 440 14 CS3W 17.49 

 

 

Table 2: Inverter Specifications 

No. of system System Capacity Inverter Capacity No. of inverters Inverter 

1 14 10 1 ABB 

2 12 10 1 ABB 

3 6 5 1 INGECON 

4 10 10 1 
KACO 

plueplant 

5 7 6 1 ABB 

6 5 5 1 
KACO 

plueplant 

7 5 3.7 1 
KACO 

plueplant 
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8 10 10 1 
KACO 

plueplant 

9 5 5 1 ABB 

10 14 10 1 ABB 

11 6 5 1 HUAWEI 

12 5 6 1 ABB 

13 10 10 1 
KACO 

plueplant 

14 5 5 1 INGECON 

15 6 5 1 ABB 

16 5 5 1 Sungrow 

17 5 5 1 HUAWEI 

18 5 5 1 SUNGROW 

19 5 5 1 SUNGROW 

20 40 20 2 
KACO 

plueplant 

21 5 6 1 ABB 

22 5 5 1 HUAWEI 

23 5 5 1 Sungrow 

 

Calculations 

The data for the total energy generated was collected once for the twenty-three 

systems on the same day. Therefore the Final Yield was calculated for each system separately 

taking into consideration the time each system was installed in. 

𝒀𝒇 =
𝑬𝒂𝒄

𝑷𝑷𝒗(𝒓𝒂𝒕𝒆𝒅)
 

  

                                                                      (1) 

Since Eac is the total energy generated by the system in (kWh), and the P is the power 

rating for the panels of the system (kWp).  

The total in-plane incoming solar radiation was also calculated separately for each 

system by summing up the incoming solar radiation for all the months since the system has 

been installed until the total energy generated has been collected depending on the following 

data in table (3) for the total in-plane solar radiation in Palestine. 
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Table 3: Solar radiation in Palestine 

Month Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

Total in-plane Solar 

radiation/month (kWh) 

(EDC) 

99 120.6 172 208.2 240.9 249 257.3 225 213.9 158 120.2 93 

 

The Performance Ratio then has been calculated for each system based on the past calculations, 

using the following equation: 

𝑷𝑹 =
𝒀𝒇

𝑬𝑫𝑪
 

 

 (2) 

Where the EDC is the summation of the solar radiation for each month from the beginning of the 

insallation of the system, until the data collected. 

The Capacity Utilization Factor (CUF) is another common indicator to judge the performance 

of grid-connected PV systems. 

𝑪𝑼𝑭 =
𝒀𝒇

𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒉𝒐𝒖𝒓𝒔
× 𝟏𝟎𝟎% 

 

(3) 

The mean values then were calculated to make the comparing task easier. However, one system 

was excluded from the aggregate calculations due to a major flaw in that system. 

Based on the systems information, data analysis has been made for each system separately using 

the PVsyst, and the reports of the systems are attached in appendices (1). Also, safety measures 

were evaluated at the sites. 
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Chapter 4 

 Results and Discussion 

1. Performance  

Table (4) represents the monitoring period for each system which is varying from 

2-25 month, and the Photovoltaic technologies used for each system which shows that 

only 34.7% from the photovoltaic systems used Monocrystalline-silicon and the rest was 

Polycrystalline-silicon, it also shows the energy produced from each system as well as the 

Yf, the PR, and the CUF. As can be seen from table (4), system number 7 has the lowest 

PR and CUF (11.59%, 2.76%) respectively. This is due to an obvious flaw in the design, it 

has been used as a 3.7 kW inverter with a 5 kWp system capacity. The inverter plays an 

important role in the overall electricity production. Therefore, when an inverter smaller 

than the size of the system is placed, the system will not take advantage of the maximum 

solar energy the photovoltaics can absorb, and it will lead to a lot of losses.  

Excluding system number 7  the mean values of the Yf, PR, and the CUF for the 

remaining 22 systems were (1339.17 kWh/kWp, 65.86%, 15.76%), where three of them 

were under the nominal range of the PR for a new PV system that lays between 60-90% 

[33], and only one system was around 3% greater than 90%, which may be possible when 

the shading minimalized and when using highly efficient components [34].  

Table 4: Performance inductors values 

No. of 

system 

Monitored 

period 

(month) 

PV type 

System 

Capacity 

(kWp) 

Eac 

(kWh) 

Total Yf 

(kWh/kWp) 
PR% CUF% 

1 21 MC-Si 6.93 21783 3143.29 80.11 20.78 

2 21 MC-Si 10.22 33543 3282.09 83.65 21.70 

3 21 MC-Si 5.775 15171 2627.013 66.95 17.37 

4 14 MC-Si 11.25 17334 1540.8 64.97 15.28 

5 16 PC-Si 6.5 13217 2033.38 74.12 17.65 

6 17 MC-Si 5.28 12111 2293.75 77.27 18.73 

7 16 PC-Si 5.28 1680 318.18 11.59 2.76 

8 6 MC-Si 10.72 7357 686.28 64.29 15.88 
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9 7 PC-Si 4.92 3520.9 715.63 54.36 14.19 

10 22 MC-Si 11.55 35132 3041.73 74.26 19.20 

11 3 MC-Si 6 1095.7 182.61 49.18 8.45 

12 25 PC-Si 4.8 19092 3977.5 90.21 22.09 

13 5 MC-Si 10.05 6318 628.65 77.59 17.46 

14 21 MC-Si 3.85 11091 2880.77 73.42 19.05 

15 6 MC-Si 6 5524.4 920.73 86.25 21.31 

16 5 MC-Si 5.07 3717 733.13 90.49 20.36 

17 2 MC-Si 5.28 784.35 148.55 69.66 10.31 

18 6 PC-Si 4.92 4250 863.82 80.92 19.99 

19 6 PC-Si 4.92 4203 854.26 80.02 23.72 

20 7 MC-Si 35.67 34221 959.37 72.87 19.03 

21 4 PC-Si 6.56 2918.4 444.87 76.02 15.44 

22 5 PC-Si 4.8 2125.5 442.8125 54.65 12.3 

23 5 MC-Si 6.16 4682 760.06 93.81 21.11 

Mean - - - - 1507.32 72.87 17.79 

 

In order to compare the quality of the 22 systems in Rujeib, Palestine, it was 

compared with two grid-connected PV plants in two neighboring cities (Syria and Jordan) 

as shown in table (5). The first plant is in Syria that installed in November.2010 

containing 45 modules with a rated power of 90 W each and a fixed tilt angle equals to 

35°. The measured data from the Syrian plant showed that energy produced in the third 

year of operation was  6177 kWh with a Yf and a PR equals to (1525 kWh/kWp and 

88.2%) respectively, which is (1.17% and 15.33) larger than the Yf and the PR in 

Palestine respectively. The CUF was 17.4 in Syria which was almost the same but only 

0.39% lower than the CUF value in Palestine [35]. 

The second plant is in Jordan that is 276kWp and with 10° and 15° tilt angles. It 

has been installed in 2014, and the performance was made for the first year of installation 

and the energy production is found to be 476467 kWh, and the Yf was 1639 kWh/kWp 

which is 8.73% larger than the Yf in Palestine, as well as the PR and the CUF that was 

(87.5% and 18.7%) in Jordan that were (14.63% and 1%) higher than the values in 

Palestine respectively [36]. 
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Table 5: Comparison between with systems in near countries 

Country   Yf (kWh/kWp) PF% CUF% 

Palestine 1507.32 72.87 17.79 

Jordan 1639 87.5 18.7 

Syria 1525 88.2 17.4 

 

Whilst the simulated PR values from the PVsyst ranged between 76%-83% with a 

mean value equal to 81.9% (excluding system number 7 again because the program did 

not accept it due to the small size of the inverter) as shown in details in table (6). The 

mean value of the simulated values was 7.67% larger than the mean measured value 

which is still an acceptable range due to many reasons. Firstly, in the field, the system 

holds many losses that the PVsyst does not take into considerations such as the different 

types of shadows that we cannot anticipate, like clouds and living creatures as birds or 

their droppings and the accumulation of large layers of dust on the surface of the PV 

modules especially with the absence of awareness about the importance of the constant 

cleaning of the PV modules, and although there are some factors that can be predicted, it 

cannot be predicted exactly such as the ambient temperature and the irradiation as there 

are changing from year to year but still have a direct effect on the performance of the 

system. Secondly, the margin of error in the PVsyst itself, as the PVsyst shows 

inaccuracies from 1-2% for the yearly yield and the same inaccuracies percentage for the 

shadow losses [37]. 

Table 6: Comparison with the simulated values 

No. of system PR% (Calc.) PR% (PVsyst) 

1 80.11 80.7 

2 83.65 77.3 

3 66.95 83.5 

4 64.97 82.6 

5 74.12 82.9 

6 77.27 82.5 

7 11.59 - 

8 64.29 83.2 

9 54.36 82.7 

10 74.26 82.1 
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11 49.18 76 

12 90.21 81.3 

13 77.59 83.1 

14 73.42 83 

15 86.25 80.1 

16 90.49 83.4 

17 69.66 83.9 

18 80.92 81.7 

19 80.02 83.3 

20 72.87 83.3 

21 76.02 82.7 

22 54.65 83.39 

23 93.81 81.1 

Means 74.32 81.99 

2. Safety:  

Apart from the productivity and performance of the systems, there are problems 

with most systems in terms of safety, as figure (5) shows the manifestations of systems 

safety. For instance, all systems contain no solar warning signals (on the entrance, panels, 

or chasses), nor lightning rods, which is often placed in the top of the buildings to attract 

lightning bolts to provide a safe path to ground the electricity so that it does not damage 

the building. Also there are obvious problems with grounding in all systems as there are 

14 with no grounding systems at all, and three of the rest do have grounding but with no 

ability to measure it due to a layer of cement that covers the electrode, while the remaining 

five systems have a grounding system, but the electrode resistance is more than five ohms. 

What worth mentioning is that grounding a system limits the voltage potential to the 

ground on the grounded conductor, which may come from contact with higher-voltage 

lines, lightning strikes, and the like. 
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Figure 5: Manifestations of systems safety 

Also, 20 out of 22 of the systems their solar cells attached to the chassis with a 

rusted metal as shown figure (6) and the remaining two systems do not even attach to the 

chassis but with screws as shown in figure (7). 

 

Figure 6: Chassis-modules support problem1 
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Figure 7: Chassis-modules support problem2 

It is noticeable that 19 out of 22 from the systems did not strengthened the welding 

areas in the structures with an extra metal as shown in figure (8). Also, the welding areas 

were very rusty. The last two problems are considered as weak link methods, that produce 

a lean structure can be easily broken in difficult weather conditions (like strong storms) or 

any strong blows on the structure. 

 

Figure 8: Welding support problem 

Access to the system is very important for cleaning and repairing the systems when 

needed, so a safe path leads to the system must be provided. However, 9 out of 22 systems 

have no safe paths leading to the system. In addition, the crossed power lines pose a 

potential danger even if they are covered with an insulating material, as the passage of 

high voltage through them in certain cases causes a rise in the temperature of the wires 
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and may leads to melt the covering material and cause electrical fault and fires. However, 

there are 18 out of 22 systems have crossed power lines as shown in figure (9). 

 

Figure 9: Crossed wires problem 

Distribution boards should be installed in a safe place to reduce the possibility of 

falling and be well-covered in a waterproof board to prevent short circuits. Along with 

potentially melting wires and causing power to go out, a short circuit can also lead to the 

development of an electrical fire. These fires can do extensive damage to the building if 

they are not caught immediately. However, 6 out of 22 systems their distribution boards 

are not water-proofed and four of the remaining 16 systems are installed on the chassis 

itself as shown in figure (10). 

 

Figure 10:Installing the DB problem 



23 
 

Chapter 5 

   Conclusions and recommendations 

The performance analysis of 22 residential grid-connected Photovoltaic systems with a total 

capacity equals to 195 kWp in Rujeib, Palestine, is carried out in terms of main performance 

criteria such as specific final yield (Yf), performance ratio (PR%), and capacity utilization factor 

(CUF%), There values were 1507.32 kWh/kWp, 72.87% and 17.79% respectively. The systems 

were simulated using the PVsyst Version 7.1 software and it showed PR values that only 7% 

greater than the mean measured values. A comparison was also made between the measured 

values and evaluation parameters of reported PV plants in some near countries (Jordan and 

Syria) that shows a good performance of the systems in total, and it gives a good indication of 

installing such systems in the region.  

Although the systems performed well, there are some recommendations: 

1. An exception of system number 7 was made, where the inverter used has smaller in size 

than the system capacity. As for this system, the inverter must be changed to a suitable 

one. This alerts us to the importance of making a professional design for solar systems by 

specialized engineers and not by technicians.  

2. Some problems were encountered in collecting sufficient information throughout the year 

about the production of the system, due to the lack of a monitoring system. Therefore, a 

monitoring and supervision system is very important to provide when installing a new PV 

system to improve the system study process and its accuracy. 

3. It is important to understand the frequency of cleaning the photovoltaic solar systems 

because the performance of the system can vary depending on the yearly degradation of 

the whole system and on monthly decay due to soiling. 

4. Pay more attention to safety means, where should install lightning rods and grounding 

systems where the electrode resistance is less than five ohms for all systems, add warning 

signals, support the structure well by supporting weak areas with an additional piece of 

galvanized metal, paving safe lanes that are needed, re-extending power lines in systems 

that are needed, in a way that shows no crosses between them, and put the inverters and 

the distribution boards in safe, water-proofed placed. 
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Appendices  

   PVsyst reports 

The following appendices are the reports from all the systems that had been simulated using 

the PVsyst software. 

 



2 
 

 



3 
 

 



4 
 



5 
 



6 
 



7 
 

 



8 
 



9 
 

 



10 
 



11 
 



12 
 



13 
 



14 
 



15 
 



16 
 



17 
 



18 
 



19 
 



20 
 



21 
 



22 
 



23 
 



24 
 



25 
 



26 
 



27 
 



28 
 



29 
 



30 
 



31 
 



32 
 



33 
 



34 
 



35 
 



36 
 



37 
 



38 
 



39 
 



40 
 



41 
 



42 
 



43 
 



44 
 



45 
 



46 
 



47 
 



48 
 



49 
 



50 
 



51 
 



52 
 



53 
 



54 
 



55 
 



56 
 



57 
 



58 
 



59 
 



60 
 



61 
 



62 
 



63 
 



64 
 



65 
 



66 
 



67 
 



68 
 



69 
 



70 
 



71 
 



72 
 



73 
 



74 
 



75 
 



76 
 



77 
 



78 
 



79 
 



80 
 



81 
 



82 
 



83 
 



84 
 



85 
 



86 
 



87 
 



88 
 



89 
 



90 
 



91 
 



92 
 



93 
 



94 
 



95 
 



96 
 



97 
 



98 
 



99 
 



100 
 



101 
 



102 
 



103 
 



104 
 



105 
 



106 
 



107 
 



108 
 



109 
 



110 
 



111 
 



112 
 



113 
 



114 
 



115 
 



116 
 



117 
 



118 
 



119 
 



120 
 



121 
 



122 
 



123 
 



124 
 



125 
 



126 
 



127 
 



128 
 



129 
 



130 
 



131 
 



132 
 



133 
 



134 
 



135 
 



136 
 



137 
 



138 
 



139 
 



140 
 



141 
 



142 
 



143 
 



144 
 



145 
 



146 
 



147 
 



148 
 



149 
 



150 
 



151 
 



152 
 



153 
 



154 
 



155 
 



156 
 



157 
 



158 
 



159 
 



160 
 



161 
 



162 
 



163 
 



164 
 



165 
 



166 
 



167 
 



168 
 



169 
 



170 
 



171 
 



172 
 



173 
 



174 
 



175 
 



176 
 



177 
 



178 
 



179 
 

 


