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لسُ إٌٙذســـح اٌّذ١ٔـــح 

ٕ٘ذســح ِظادر ا١ٌّــاٖ 

 

Islamic University – Gaza 

Higher Education Deanship 

Faculty of Engineering 

Civil Engineering Department 

Water Resources Engineering 



حِيم حْمَنِ الرَّ ِ"بسم الله الرَّ " 
 
 
 
 
 
 

  لْ  إِ نَّ  قُ 
 صَلَتإِي وَنقُسقُكإِي
يَ ايَ وَمَمَاتإِي  وَمَحلْ
 اإِ نَّ إِ َ  بّ  الَْ ااَمإِييَ 

 
 
 
 
 
 
 
 
 
 

(162)سٛرج الأٔؼاَ   
 
 
 
 
 
 
 



 إقرار
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ABSTRACT 
 

           Seawater desalination by reverse osmosis (SWRO) is currently considered as one of the 
most widely used and reliable technology in providing  additional water supply for areas 
suffering from water scarcity. High energy consumption of the Reverse Osmosis plants is one of 
the biggest challenges, particularly in developing countries such as Palestine. The future demand 
for fresh water and thus, energy, triggers researchers to find methods to integrate the use of 
renewable energy for the desalination process.     

Palestine has a high solar energy potential, where average solar energy varies between 2.63 
kWh/m2 per day in December to 8.5 kWh/m2 per day in June, and the daily average of solar 
radiation intensity on horizontal surface is 5.31 kWh/m2 per day while the total annual sunshine 
hours amounts to about 3000 [28]. 

In this research, the possibilities of using solar energy to optimize the cost of desalination 
process in Gaza have been studied. 

The research focused on the optimal use of solar energy and selection of the most economically 
feasible configuration of utilizing this source either fully or partially in the SWRO process. 
Internal Rate of Return (IRR) was used as an economic indicator to analyze the feasibility of 
establishing a SWRO desalination plant with a capacity of 600 m3/d in Deir El-Balah based on 
the optimal energy sources. The available options of energy sources for the proposed 
desalination plant were as follows: 

1- Electricity Energy System (EES) 
2- Solar Energy System (Off Grid System) 
3- Combined Energy System (On Grid System) 

The results for the economic study found that the IRR was 6.6%, 3.80%, and 7.64% for the first, 
second, and third options respectively. The higher the IRR, the more attractive is the option for 
the investment. For any project to be feasible or attractive, the IRR should be more than the 
market interest rate by a comfortable margin. During the analysis period for this study, the average 
market interest rate in Palestine was 6.43%, hence the third option was found to be the most feasible. 

Based on the results, the On Grid Solar System has the ability to balance the system production and 
Plant power requirements, which is about 105 kwh. The energy cost for the On-Grid System was 
calculated as 0.13 $/KWh comported to 0.17$/kwh and  0.27$/KWh for the first and second systems 
respectively. 

Considering the On-Grid system, the unit cost for desalinated water was reduced from 1.08 $/m3 to 
0.89 $/m3 which is about 17% saving.  

Keywords: Optimization, Desalination, Solar Energy, IRR and Gaza. 
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ملخص الدراسة 

 
ح١س , ٚاحذج ِٓ أوثز اٌرم١ٕاخ اٌّسرخذِح ػٍٝ ٔطاق ٚاسغ  (SWRO)ذؼرثز ذح١ٍح ١ِاٖ اٌثحز ػٓ طز٠ك اٌرٕاضح اٌؼىسٟ 

 اخ اسرٙلان الارذفاع اٌٛاضح فٟٚإْ.  ٚشحّٙا٠ّىٓ الاػرّاد ػ١ٍٙا فٟ ذٛف١ز إِذاداخ ا١ٌّاٖ ٌٍّٕاطك اٌرٟ ذؼأٟ ِٓ ٔذرج ا١ٌّاٖ

اٌطالح ِٓ ِحطاخ اٌرٕاضح اٌؼىسٟ ٟ٘ ٚاحذج ِٓ أوثز اٌرحذ٠اخ اٌحا١ٌح, ٚلاس١ّا فٟ اٌثٍذاْ إٌا١ِح ِثً فٍسط١ٓ , ػٍّا أْ 

 اسرخذاَ اٌطالح اٌّردذدج  ِثا١ٌح فٟاٌطٍة اٌّسرمثٍٟ ػٍٝ ا١ٌّاٖ ِٚا ١ٍ٠ٗ ِٓ حاخح ٌٍطالح س١ذفغ اٌثاحثْٛ لإ٠داد طزق دِح

. ٌؼ١ٍّح ذح١ٍح ا١ٌّاٖ

و١ٍٛ ٚاخ  2.63 ت١ٓ ذرثا٠ٓ حذّذٙا ِا, ح١س ٟ٘ أوثز اٌطالاخ اٌّردذدج ٚفزج ٌلاسرغلاي فٍسط١ٓ ٔدذ أْ اٌطالح اٌشّس١ح فٟ 

شذج ي, ٚتّؼذي ٠ِٟٛ ١ٔٛ٠ٛ ١ِٛ٠ا فٟ كيلو وات ساعة على المتر المربع  8.5ٌٝ إ١ِٛ٠ا فٟ د٠سّثز ساػح ػٍٝ اٌّرز اٌّزتغ 

فٟ ح١ٓ أْ ِدّٛع ,  ٌىً ٠َٛ كيلو وات في الساعة على المتر المربع 5.31  ذظً إٌٝفمٟالأسطح ايالإشؼاع اٌشّسٟ ػٍٝ 

 . ساػح3000ساػاخ سطٛع اٌشّس اٌسٕٛٞ ٠ظً إٌٝ حٛاٌٟ 

 ذُ اٌثحس خلاي ٘ذٖ اٌذراسح ػٓ إِىا١ٔح اسرخذاَ اٌطالح اٌشّس١ح ٌرحس١ٓ ذىٍفح ِحطح ٌرح١ٍح ا١ٌّاٖ ٚتٕاءا ػٍٝ ِا سثك لٌٛٗ فمذ

. فٟ لطاع غشج

 ٌلاسرفادج ِٕٗ وّظذر وٍٟ أٚ خشئٟ  الرظاد٠اإٌظاَ الأخذٜروشخ اٌذراسح ػٍٝ الاسرخذاَ الأِثً ٌٍطالح اٌشّس١ح ٚاخر١ار خ

 IRR (ِؼذي اٌؼائذ اٌذاخٍٟ)  ذُ اسرخذاَ طز٠محٚتذٌه, فمذ. ٌٍطالح فٟ ِحطاخ ذح١ٍح ١ِاٖ اٌثحز اٌمائّح ػٍٝ اٌرٕاضح اٌؼىسٟ
 600وّؤشز الرظادٞ ٌّمارٔح خذٜٚ أشاء ِحطح ذح١ٍح ١ٌّاٖ اٌثحز ذمَٛ ػٍٝ ذم١ٕح اٌرٕاضح اٌؼىسٟ تمذرج إٔراخ١ح ذظً إٌٝ 

: اٌراٌٟن ِظادر اٌطالح اٌّرٛفزج ٟٚ٘ أفضًوٛب ١ِٛ٠ا فٟ لطاع غشج اػرّادا ػٍٝ 

 ٔظاَ اٌطالح اٌىٙزت١ح -1
 (ِٕفظً ػٓ شثىح اٌىٙزتاء)ٔظاَ اٌطالح اٌشّس١ح  -2
 (ِرظً تشثىح اٌىٙزتاء)إٌظاَ اٌّذِح  -3

ح١س أْ . ٪  ٌٍخ١اراخ اٌساتمح ػٍٝ اٌرٛا7.64ٌٟ٪, 3.80٪, 6.6 وأد IRRٔرائح اٌذراسح الالرظاد٠ح أشارخ إٌٝ أْ ل١ّح 

فحرٝ ٠ىْٛ اٌّشزٚع ِدذ٠ا ِّٚىٕا, .  أوثز اٌخ١اراخ الالرظاد٠ح فزطح ٌلاسرثّاروْٛاٌم١ّح الأػٍٝ ٌّؼذي اٌؼائذ اٌذاخٍٟ سد

خلاي فرزج اٌرح١ًٍ ٌٙذٖ  ٚ.فٟ اٌسٛق تٙاِش تس١ظ ِٚز٠ح(  ( r اٌّح١ٍح  أػٍٝ ِٓ ِؼذي اٌفائذج٠IRRٕثغٟ أْ ذىْٛ ل١ّح 

 ت١ٓ  اٌخ١ار اٌثاٌس ١ٌىْٛ الأوثز خذٜٚاػرّاد٪, ٚتاٌراٌٟ ذُ 6.43 فٍسط١ٓ سٛقواْ ِرٛسظ ِؼذي اٌفائذج فٟ  اٌذراسح

. اٌخ١اراخ اٌثلاز

 ٌذ٠ٗ اٌمذرج ػٍٝ ذحم١ك اٌرٛاسْ فٟ ٔظاَ الإٔراج (ِرظً تشثىح اٌىٙزتاء)ٌّذِح  إٌظاَ اتٕاءا ػٍٝ إٌرائح الالرظاد٠ح فئْ

ٌٙذا إٌظاَ  ذىٍفح اٌطالح ٚلذ ذُ حساب .ساػحاي خ فٟٚا  و105ٍٛ١ ٌرشغ١ً اٌّحطح ٚاٌرٟ ذظً إٌٝاٌطالح اسرٙلان ِٚرطٍثاخ 

 0.27و١ٍٛٚاخ فٟ اٌساػح,  /  أِز٠ىٟ دٚلار0.17ِمارٔح تثالٟ الأٔظّح ساػح اي  فٟٚاخكيلو / دولار أمريكي  0.13فىأد 

 .الأٚي ٚاٌثأٟ ػٍٝ اٌرٛاٌٌٟٕظاَ ساػح يفٟ ايو١ٍٛٚاخ  /  أِز٠ىٟدٚلار

ٚ٘ٛ ِا  دٚلار أِز٠ىٟ 0.89إٌٝ دٚلار أِز٠ىٟ  1.08ا١ٌّاٖ اٌّحلاجّ ِٓ وٛب ٚحذج إٔراج خفض ذىٍفح سٟ, ٌّذِح إٌظاَ ا

 .(اٌىٙزتاء) ِٓ اٌرىٍفح الأساس١ح تٕظاَ اٌرشغ١ً اٌرم١ٍذٞ ٪17 ٠ؼادي ل١ّح ِٛفزٖ ذظً إٌٝ

 

 .معدل العائد الداخلي وقطاع غزة, الطاقة الشمسية, التحلية,  التحسين:كلمات مفتاحيه
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Aquifer a subsurface feature comprised of permeable soil and rock that 
contains water. 

Brine waters is a concentrated salt solution with more than 35,000 mg/l TDS 
according to WHO standards. 

Capital Cost capital cost includes the indirect costs associated with the owner's 
costs of studies, engineering, licenses, interest on working capital, 
insurance during the construction period as well as the direct 
capital costs. 

Concentrate generally liquid substances that may contain up to 20% of the 
water that is treated, and in desalination process it defines as the 
byproduct, this byproduct contains the contaminants removed 
from impaired waters during desalination and water purification 
processes. 

Drinking 
water 

contains between 400 and 800 mg/l TDS. 

Fouling the reduction in performance of process equipment that occurs as a 
result of scale buildup, biological growth, or the deposition of 
materials. 

Ground 
water 

water normally found underground and obtained from wells. Not 
to be confused with surface water such as rivers, ponds, lakes, or waters 
above the water table. 

Indirect 
capital cost 

the owner’s costs associated with such items as studies, planning, 
engineering, construction supervision, licensing, startup, public 
relations, and training. These costs are a part of the cost of placing 
the plant in operation and are in addition to the direct capital costs 
associated with equipment and contracts for construction. 

Membrane a semi-permeable film. Membranes used in electro-dialysis are 
permeable to ions of either positive or negative charge. Reverse 
osmosis membranes ideally allow the passage of pure water and 
block the passage of salts. 

Operating 
cost 

includes labors, energy, chemicals, spare parts and miscellaneous. 

Pretreatment the processes such as chlorination, clarification, coagulation, scale 
inhibition, acidification, and deaeration that may be employed on 
the feed water to a water supply purification or desalination plant 
to minimize algae growth, scaling, and corrosion. 

Saline water water with dissolved solids exceeding the limits of potable water, 
Saline water may include seawater, brackish water, mineralized 
ground and surface water and irrigation return flows. 

Salinity is a term used to describe the amount of salt in a given water 
sample. Salinity is usually referred to in terms of total dissolved 
solids (TDS), and is measured in milligrams of solids per liter 
(mg/l). Seawater has a worldwide average of 35,000 mg/l TDS. 

Salt is a catch-all term that incorporates a variety of substances found 
in source waters, including: calcium, sodium, magnesium, 

GLOSSARY 



IX 
 

carbonate, bicarbonate, sulfate, chloride, potassium, selenium, 
boron, manganese, fluoride, nitrate, iron, and arsenic. 

Seawater is that water found in the oceans. Seawater has a worldwide 
average concentration of 35,000 mg/l TDS, 3/4 of which is NaCl. 

Surface water are those waters contained in flowing sources (rivers, streams, 
etc.) and in still sources (oceans, seas, lakes, man-made reservoirs, 
etc.) 

Land Use the way in which humans use and modify the land". Usual land uses 
contain built up, agriculture, urban and infrastructure development 
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1INTRODUCTION 

1.1 Background 

The problem of scarcity of fresh water has been faced by most countries because of 

increasing consumption and population growth. Gaza Strip, in particular, has a problem in 

terms of water quantity and quality due to depletion of ground water aquifer and intensive 

land use exploitation.  

The demand for water in Gaza Strip is growing rapidly due to population growth that 

reached about 1.64 million people, 2012 [1] living in an area of about 365 km2. 

In Gaza  Strip,  the main  source  of  fresh water  comes  from  the  coastal  aquifer 

(shallow aquifer). Where Gaza Strip lies on the seashore with Coastal length of 

approximately 42 km it forms a long narrow rectangle as illustrated in figure (1.1), so most 

of the water pumped from water wells has high salinity due to seawater intrusion and does 

not meet the World Health Organization (WHO) drinking water standards. Therefore, the 

Palestinian Water Authority (PWA) believes that desalination is a strategic option for Gaza 

Strip [2]. 

From an environmental point of view, desalination has less negative impact compared to 

other solutions. In desalination by RO, the energy used in the system is the most 

dominating factor. Therefore, economic view for Gaza taken the energy cost of 

desalination using RO is optimum [3]. 

Under the current energy crisis in Gaza Strip, it is recommended to utilize the renewable 

energy sources for desalination purposes. More studies show that solar energy is more 

feasible among all types of renewable energy for the region climate (Middle East) [4]. 

By the optimization process, there are many factors that play a rule when a reverse osmosis 

system is powered by Electricity / solar / combined. The most important challenges of the 
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study are the usage of solar energy with seawater desalination plants that need a high-

energy. 

At present, Gaza Strip has one seawater desalination plant in Deir El-Balah City that is 

illustrated in figure (1-1). The plant consists of two-pass RO systems as shown in figure 

(1-2) with design capacity of 600 m3/day [5]. The source of seawater comes from two 

existing beach wells close to the shore and the brine is discharged to the sea. 

 
Figure (1-1): Location of SWRO desalination plant 

 

Case Study: 
SWRO Desalination 

Plant 
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Figure (1-2) Deir El-Balah Plant 

 
 

1.2 Statement of the Problem 

Energy cost in desalination plants comprises about 30% to 50% of the total cost [6] of the 

produced water based on the type of energy used. Therefore, the total cost of desalination 

can be reduced significantly by reducing the energy consumption; figure (1-3) has an 

approximate vision about the cost details for any RO plant [6]. 

 
Figure (1-.3) Cost of RO desalination Plant 
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Reducing the energy consumption by turning partially to renewable energy sources is a 

challenging problem. 

 

1.3 Justification of the Study 

The Gaza strip's energy resources are controlled by Israel, which employs policies to 

restrict the electrical production capacity of the Palestinian territories. 

Relying on Israel for desalination energy is not a secure alternative for water desalination 

plants in Gaza Strip, especially with the high demand and water shortage in Gaza Strip. 

Figure (1-4) urges to look for independent sources of energy that are cost competitive. A 

good alternative can be to investigate the optimal use of renewable energy. 

 

Figure (1-4) Presentation of Increasing Problem 
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1.4 Aim and Objectives 

The aim of this research is to optimize the cost of desalination using the solar energy as a 

complementary source of energy. 

Studying the best configuration to introduce the following specific objectives was pursued 

in order to achieve the aim above: 

 System modeling of energy consumption processes in Deir El-Balah desalination 

plant. 

 Economic feasibility analysis of energy alternatives 

 Sizing optimal solar system for optimal energy cost. 

 

1.5 Research Methodology 

The complete methodology of the research towards the optimization process for the cost of 

desalination in Gaza Strip is illustrated in Figure (1-5). 

Figure (1-5) Research Methodology 

 

Current Problem: 
Fresh Water Shortage 
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Operational Power 
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Water Desalination 
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System           
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View and Discussion 
of Results 

Conclusion and 
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     Research Concept                              Methods and Processes                            Research Outcomes 
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Methodology consists of three main stages. The first stage is the research concept, where 
several topics were analyzed considering the current water situation and shortage as well as 
the future energy crises to run and operate the water desalination plants in order to reach an 
optimal option to face energy and costs problems by solar energy PV systems.   

In the second stage, It consists of three main steps. There can be selection of optimal 

system, which depends on two processes, modeling and optimization respectively for 

power sources of SWRO Desalination Plant. 

Figure (1-6) presents the three main cases of modeling of energy, which depends on the 

different energy sources powered by Electricity Energy System (EES), Solar Energy 

System (SES), and Combined Energy System (CES). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1-6): Methods and Processes 
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View and discussion of results are illustrated in the final stage while obtaining results and 

performing analysis of these results are completed in stage two. 

 

1.6 Research Structure 

This research consists of seven chapters, as follows: 

Chapter One:  Introduction  

Chapter Two:  Literature Review 

Chapter Three: Background and Case Study  

Chapter Four: Economic Feasibility Model  

Chapter Five: Optimal Energy System 

Chapter Six: Discussion and Analysis 

Chapter Seven: Conclusions and Recommendations 
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2LITERATURE REVIEW 

2.1 General Definition 

2.1.1 Reverse Osmosis (RO) 
 Description: 

Reverse osmosis is the most widespread type of membrane based on desalination 

process. It is a process used to separate water from colloidal and dissolved matter 

using pressure-driven transport through a membrane. In this process, the osmotic 

pressure is used by applying external pressure higher than the osmotic pressure on the 

seawater. Thus, water flows in the reverse direction to the natural flow across the 

membrane, leaving the dissolved salts to retain by the membrane with an increase in 

salt concentration. No heating or phase separation change is necessary [7]. 

 
Figure (2-1) Principle of RO membrane filter 
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 Major Components of RO System  

Following processes are followed in reverse osmosis system:  

a) Pretreatment  

The feed water before introduction to membrane is pretreated for adjusting the pH, 

removing suspended solids, and to control scaling which is the caused by constituents 

such as calcium sulphate. 

b) Pressurization  

The pressure of the pretreated feed water is raised by the pump to make it suitable for 

the membrane and the salinity of the feedwater. 

c) Separation  

The dissolved salt is obstructed by the permeable membranes whereas desalinated 

water is allowed to pass through. Thus the membrane separates the product feed water 

into freshwater product stream and a concentrated brine reject stream. However, small 

amount of salt passes through the membrane and remains in the product water no 

membrane is as perfect as to filtrate all the salts present in the water. The popular 

membrane that are used for reverse osmosis process (RO) are spiral wound and hollow 

fine fiber membranes. These membranes are mainly used for brackish water and 

seawater desalination.  

d) Stabilization  

The pH adjustment and degasification of the product water is necessary before it is made 

fit for consumption. The pH value of the water is raised from the level of 5 to 7 by 

passing the water through an aeration column [8]. 

Table (2.1): The advantages and disadvantages of RO filtration system [10]: 

Advantages Disadvantages 

  The system is simple which is easy to  

operate and install, cost of installation is  

low.  

  The membranes have sensitivity to  

misuse,  

  It requires purification pretreatment,  
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  It requires lower energy than distillation  

  Its problems with corrosion lower than  

distillation.  

  The water recovery rates higher than  

distillation.  

  RO technologies can remove organic and  

inorganic contaminants such as bacteria  

and pesticides. 

  operation of RO plant requires materials  

and equipment with high quality  

standards,  

  Brine must be disposed carefully to  

avoid negative environmental impacts.  

  There is possibility of existence of  

bacterial growth on the membranes, so  

it can occur odor and taste to the water.  

  RO plants require a reliable energy  

source. 

 

The following figure show comparison between membrane types for removal efficiency [10]: 

Figure (2-2): MF, UF, NF and RO membrane process characteristics 
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2.1.2 Photovoltaic (PV) System  

PV cells are  the direct conversion of  sunlight  into electricity,  highly reliable and is often 

chosen because it offers the lowest life-cycle cost, where grid electricity is not available 

and where internal-combustion engines are expensive to maintain. PV is a rapidly 

developing technology with costs falling year on year, and this will soon lead to its broad 

application in systems requiring larger powers [9]. 

 
Figure (2-3): Photovoltaic cell 

 

 Structure of a Solar Cell  

The PV cells are  made from semiconductor  material  mainly from silicon,  for practical 

operation, solar cells are usually assembled into modules which have long lifetime by the 

range of 20 years or more [9]. 
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Figure (2-4): Schematic diagram shows PV system components 

 

A typical multi-layered solar cell is consisted of the following layers[10]:   

- Cover glass:  this is a clear glass layer that provides outer protection from the 

elements.   

- Transparent adhesive: this holds the glass to the rest of the solar cell.   

- Anti-reflective  coating:  this substance is designed to prevent the light that strikes 

the cell from bouncing off so that the maximum energy is absorbed into the cell.   

- Front contact: transmits the electric current.   

- N-type semiconductor layer:  this is a thin layer of silicon which has been doped 

with phosphorous.  

- P-type semiconductor layer: this is a thin layer of silicon which has been doped with 

boron.   

- Back contact: transmits the electric current.   

- The module:  a number of solar cells electrically connected to each other and 

mounted in a support frame, they are designed to supply electricity at a certain 

voltage, such as a common 12 volts system. The current produced is directly 

dependent on how much light strikes the module. 

Multiple modules can be wired together to form an array. Photovoltaic modules and 

arrays produce DC  electricity. They can be connected in both series and parallel 

electrical arrangements to produce any required voltage and  current combination.  



13 
 

- Cell junction:  it's  limited to the portion of the sun's spectrum whose energy is 

above the band gap of the absorbing material, and lower-energy photons are  

not used.  

   PV working Principle:  

Sunrays holds a huge number of photons which composed of packets of energy, 

each photon carries energy with an amount that is corresponding to the wavelength 

of the light, when photons hit PV panel they cause three reactions; they may be 

reflected or absorbed, or they may pass right through, only the absorbed photons 

generate electricity.   

To induce the electric field,  the absorbed photons should flow through two  

sandwiched separate semiconductor layers. The "P" and "N" layers which 

correspond to "positive" and "negative" because of their abundance of holes or 

electrons  (the extra electrons make an "N" type because an electron actually has a 

negative charge).  

Although both materials are electrically neutral, N-type silicon has excess electrons 

and P-type silicon has excess holes. Sandwiching these together creates a P-N  

junction at their interface, thereby creating an electric field. 

The two semiconductors act as a battery, creating an electric field at the surface 

where they meet (known as the "junction"). It's this field that causes the electrons to 

jump from the semiconductor out toward the surface and make them available for 

the electrical circuit. At the same time, the holes move in the opposite direction, 

toward the positive surface, where they await incoming electrons[10]. 

  Solar cells types   

The three most common approaches are summarized below:   

- Monocrystalline Silicon - This type of solar cell uses a single layer of silicon for the 

semi-conductor. In order to produce this type of silicon it must be extremely pure 

which means it is the most expensive type of solar cell to produce.   

- Polycrystalline Silicon  -  To make polycrystalline silicon cells liquid silicon is 

poured into blocks that are subsequently sawed into plates. This type of approach 

produces some degree of degradation of the silicon crystals which makes them less 

efficient. However, this type of approach is easier and cheaper to manufacture.   
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- Amorphous Thin Film Silicon  -  This type of solar cell uses layers of 

semiconductor that are only a few micrometers thick (about 1/100th the thickness of 

a human hair). This lower the material cost but makes it even less efficient than the 

other types of silicon. However, because it is so thin this type of cell has the 

advantage that it can be placed on a wide variety of flexible materials in order to 

make things like solar shingles or roof tiles [10]. 

   Advantages of PV:  

The photovoltaic systems exhibit the advantageous features of being silent and 

nonpolluting, and of having no detectable visual or audible emissions. Photovoltaic 

systems  are inherently stand-alone systems; they require no connection to an 

existing power source  nor any supply of fuel. Photovoltaic systems have 

advantages over conventional power sources particularly where:  

- generates free energy from the sun,  

- has no moving parts to break down thus requiring minimal maintenance,  

- non-polluting energy reduces emissions: has no direct impact on the environment,  

- photovoltaic cells (PV) are modular, you can start with a small system and  

expand as your needs increase,  

- systems have a long life & durability since the PV cells last for (25-30) years.  

- increases public safety and aids in providing a safe working environment in  

areas where mains power is difficult to access,  

- PV cells make no noise and give off no exhaust,  

- allow the use of electricity in remote areas where it would be expensive or  

impossible to run power lines, and  

- high quality construction and components. 

 Types of PV System 

There are two major types connection of the system if it's connected to the main grid or it 

stands alone without any connection, these types are [11]: 

- Off Grid Systems.                                                   

- On Grid Systems. 
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1- Off-Grid Systems 

They are also called stand-alone systems. Although they are most common in 

remote locations without utility grid service, off grid solar- electric systems can 

work anywhere. These systems operate independently from the grid to provide loads 

with electricity, and there are many types of this system. 

 
Figure (2-5): Off Grid Solar System 

 

2- On-Grid Systems 

They are also called Grid-tied system or utility interactive. Grid-tied systems are 

designed to operate in parallel with and interconnected with the electric utility grid. 
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Figure (2-6): On Grid Solar System 

 

 

2.1.3 Internal Rate of Return (IRR)  

 Definition: 

The internal rate of return on an investment or project is the "annualized effective 

compounded return rate" or discount rate that makes the net present value of all cash 

flows (both positive and negative) from a particular investment equal to zero [12]. 

In more specific terms, the IRR of an investment is the interest rate at which the net 

present value of costs (negative cash flows) of the investment equals the net present 

value of the benefits (positive cash flows) of the investment. 

Internal rates of return are commonly used to evaluate the desirability of investments 

or projects. The higher a project's internal rate of return, the more desirable it is to 

undertake the project. Assuming all other factors are equal among the various projects, 

the project with the highest IRR would probably be considered the best and 

undertaken first. 

http://www.wikipedia.org/wiki/Interest_rate
http://www.wikipedia.org/wiki/Net_present_value
http://www.wikipedia.org/wiki/Net_present_value
http://www.wikipedia.org/wiki/Net_present_value
http://www.wikipedia.org/wiki/Net_present_value
http://www.wikipedia.org/wiki/Net_present_value
http://www.wikipedia.org/wiki/Net_present_value
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A firm (or individual) should, in theory, undertake all projects or investments 

available with IRRs that exceed the cost of capital. Investment may be limited by 

availability of funds to the firm and/or by the firm's capacity or ability to manage 

numerous projects. 

 Uses of IRR: 

Important: Because the internal rate of return is a rate quantity, it is an indicator of the 

efficiency, quality, or yield of an investment. This is in contrast with the net present 

value, which is an indicator of the value or magnitude of an investment. 

An investment is considered acceptable if its internal rate of return is greater than an 

established minimum acceptable rate of return or cost of capital. In a scenario where 

an investment is considered by a firm that has equity holders, this minimum rate is 

the cost of capital of the investment (which may be determined by the risk-adjusted 

cost of capital of alternative investments). This ensures that the investment is 

supported by equity holders since, in general, an investment whose IRR exceeds its 

cost of capital adds value for the company (i.e., it is economically profitable). 

 

 

2.1.4 Net Present Value (NPV) 

Net present value is the present value of net cash inflows generated by a project 
including salvage value, if any, less the initial investment on the project. It is one of 
the most reliable measures used in capital budgeting because it accounts for time 
value of money by using discounted cash inflows. 
Before calculating NPV, a target rate of return is set which is used to discount the net 
cash inflows from a project. Net cash inflow equals total cash inflow during a period 
less the expenses directly incurred on generating the cash inflow [13]. 

 Advantage and Disadvantage of NPV 

- Advantage: Net present value accounts for time value of money. Thus it is more 
reliable than other investment appraisal techniques which do not discount future 
cash flows such payback period and accounting rate of return. 

- Disadvantage: It is based on estimated future cash flows of the project and 
estimates may be far from actual results. 

http://www.wikipedia.org/wiki/Rate_(mathematics)
http://www.wikipedia.org/wiki/Yield_(finance)
http://www.wikipedia.org/wiki/Magnitude_(mathematics)
http://www.wikipedia.org/wiki/Minimum_acceptable_rate_of_return
http://www.wikipedia.org/wiki/Cost_of_capital
http://www.wikipedia.org/wiki/Equity_investment
http://www.wikipedia.org/wiki/Cost_of_capital
http://www.wikipedia.org/wiki/Value_(economics)
http://accountingexplained.com/related/tvm/
http://accountingexplained.com/related/tvm/
http://accountingexplained.com/related/tvm/
http://accountingexplained.com/related/tvm/
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2.1.5 Optimization Process 

 Engineering project design and optimization can be effectively approached using 

concepts of systems analysis.  A system can be defined as a set of components or 

processes that transform resource inputs into product (goods and services) outputs [14]. 

 

2.2 Previous Studies 

2.2.1 Integrating the solar distiller with the air-conditioning system 

K. Ghali , N. Ghaddar, and A. Alsaidi (2010) Integrating the solar distiller with the air-

conditioning system can increase the condensate output from the solar stiller while meeting 

the cooling load needs. The operation of the combined solar distillation and air conditioning 

system has been modeled and simulated to predict distillate output from the cooling coil for 

the combined system for a residential space application in the suburbs of Beirut. An 

optimization problem is formulated to optimize the  integrated system operation for 

minimum energy consumption while meeting the hourly cooling load and the daily fresh 

water need of 100 liters. The design variable in the optimization study is the fresh air flow 

rate that passes through the distiller and mixes with return air for the constant volume space 

supply fan.  The optimization problem is solved for a 10-hour of operation of the combined 

system for the summer months: June, August and October. It is found that the cost of fresh 

water production of the combined system is 0.108 kWh/ liter for the month of August and 

0.12 kWh/liter of fresh water in October [15]. 

2.2.2 Solar-Driven Reverse Osmosis (RO) 

Andrea Ghermandi and Rami Messalem (2009) Reduce operational costs, and improve 

environmental sustainability by solar-driven reverse osmosis desalination. The experience 

with solar desalination is investigated based on the analysis of 79 experimental and design 

systems worldwide. Our results show that photovoltaic-powered reverse osmosis is 

technically mature and — at unit costs as low as US$ 2–3 per m3 — economically cost-

competitive with other water supply sources for small-scale systems in remote areas. Under 
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favourable conditions, hybrid systems with additional renewable or conventional power 

sources perform as good as or beter than photovoltaic-powered reverse osmosis. Have been 

suggested that in the short-term, solar RO desalination will gain shares in the market of 

small-scale desalination in remote areas. Concentrating solar power technologies have the 

highest potential in the medium-term for breakthrough developments in large-scale solar 

desalination [16]. 

 

2.2.3 Designing Cost-Effective Sea Water Reverse Osmosis System under Optimal 

Energy Options for Developing Countries. 

Asmerom M. Gilau and Mitchell J. Small (2006) analyzes the cost-effectiveness of a 

stand alone small-scale renewable energy powered sea water reverse-osmosis (SWRO) 

system for developing countries. Have been introduced a new methodology; an energy 

optimization model which simulates hourly power production from renewable energy 

sources. Using the results of the model, have been computed hourly water production for a 

two stage SWRO system with a capacity of 35m3/day. According to our results, specific 

energy consumption is about 2.33kWh/m3, which is a lower value than that achieved in 

most of  the previous designs. Using a booster pump, energy recovery turbine and 

appropriate membrane, specific energy consumption could be decreased by about 70%. 

Furthermore, the energy recovery turbine could reduce water cost by about 41%. Still, 

power cost is the major component of the total investment constituting about 80% of the 

total cost of the SWRO system. Our results show that, wind powered system is the cheapest 

and a PV powered system, the most expensive, with about 0.50$/m3 and 1.00$/m3, 

respectively. By international standards, for example, in China, these values are considered 

economically feasible. Detailed simulations of RO system design, energy options, power 

and water costs, and life cycle analysis are discussed [17]. 

2.2.4 Optimizing Lower Energy Seawater Desalination, The Affordable 

Desalination Collaboration 

Stephen Dundorf, John MacHarg, Thomas F. Seacord (2006) Using a combination of 

energy efficient, commercially available reverse osmosis (RO) technologies including 
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pumps, membranes and energy recovery equipment, the ADC has demonstrated that 

seawater reverse osmosis can be used to produce water at an affordable cost and energy 

consumption rate comparable to other supply alternatives.  The ADC’s demonstration scale 

seawater reverse osmosis (SWRO) treatment system uses pressure exchanger technology 

(ERI) for energy recovery.  The RO array consists of 3 each x 7 element 8‖ DIA pressure 

vessel. The flux and recovery can be varied from 6-9 gfd and 35-60% respectively.   The 

overall capacity of the system can be varied from approximately 200-300 m3/day (50,000-

80,000 gpd)  The research and demonstration work being conducted by the ADC is divided 

into two phases.  The first phase of testing was completed in March 2006 and took place at 

the US Navy’s Seawater Desalination Test Facility in Port Hueneme, California.  It 

included testing three membrane sets and arying flux and recovery to seek the most 

affordable operating point.  The most affordable operating point was estimated by 

calculating the net present value for each tested condition, accounting for both capital and 

operating costs. The second phase, scheduled to start in spring 2007, includes testing and 

demonstrating additional manufacturers’ membranes through a similar protocol as Phase I, 

which involved DOW membranes exclusively.  Demonstrating additional membranes 

(DOW, Hydranautics, Toray, Koch), will validate the results from Phase I and show that 

they can be achieved with several manufacturers’ membranes.  DOW's ―next generation‖ 

hybrid-membrane system, involving internally staging membranes of different performance 

down a single 7-elemenet pressure vessel, will be tested.  In Phase II the ADC will also test 

and demonstrate advanced prefiltration technologies, such as ultrafiltration membranes, 

which have seen only limited use in seawater desalination.  Finally the ADC will develop 

and test new process designs that are possible as a result of the isobaric energy recovery 

technologies.  As a natural result of pressure exchanger (PX) technology in particular, there 

are new kinds of flow schemes that may improve the performance of higher recovery 

seawater and brackish water systems [18]. 

2.2.5 Optimization Of Seawater RO Systems Design 

Mark Wilf Ph. D. and Kenneth Klinko,2006 Has trend of investment and water cost in 

RO seawater systems is being evaluated. The cost data used for this  evaluation are based 

on published information from operation of actual RO seawater installations and recent 
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studies. The effect on process  economics of major design  parameters: recovery rate and  

feed water salinity based on three representative seawater water sources: Mediterranean, 

Atlantic  and Pacific Ocean on energy  consumption is analyzed. The  objective of  this  

evaluation is to determine economic  feasibility of operating of seawater  systems at  

higher  recovery rates versus process optimization  based a prevailing  economic  

parameters. The optimized  system design was  compared with the  design of  recent  large  

seawater installations: 10,000 m3/day plant at Eilat, Israel, 40,000 m3/day seawater plants 

at Larnaca, Cyprus and the design proposed for the 95,000 m3/day RO plant at Tampa, 

Florida [19]. 
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3BACKGROUND AND CASE STUDY 

3.1 Energy Source in Gaza Strip 

3.1.1 Electricity History in Gaza Strip 

- The Gaza strip has seen the beginning of the  electricity generation plant in 1935, 

under the privilege of a foreign private company.  

- During the forties, the British mandate had contributed in the expansion of the 

electricity network to serve the army camps.  

- Air network system was employed to distribute power with 3.3 kV for high pressure, 

and 380V for the internal distribution network (low pressure).  

- In 1969, great parts of electricity network were joined to Israeli network through 

three main transformers with overall capacity of 1200 kV.   

- On May 1994, the Palestinian authority received its responsibilities, and despite 

many obstacles, work has begun to set up new generation electricity in 1999.  

- the plant started operation on June 2002, and the commercial operation began in 

April, 2004.  

- The station did  not operate with full capacity because the fuel required for 

operation was not always available.  

- The Gaza Strip is supplied with electricity from main sources, shown in the next 

figure: 
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Figure (3-1) Gaza's total supply of power 

 

The three main sources are :   

a)  The  Israel Electric Cooperation IEC  provides 120 MW to north and central Gaza 

(about  60% of the electrical supply to Gaza), 

b)  The Gaza Power Plant GPP provides 65 MW to the southern area (but relies on 

fuel supplied by Israeli firms), and  

c)  Egypt provides 17 MW to Rafah area. However, the total 202 MW consumed 

does not meet the increased demand which amount in 2007 at 240 MW, but now is 

360 MW.  

 -   Following the bombardment of the power station the Gaza strip has complained 

of periodical suspension of electric current for 8-12 hours a day, in accordance with 

emergency daily time table prepared by Electricity Company.  

-  Now the power station supplies Gaza city with about 80% of its demand, and the 

Middle Area with 90% of electricity needs, which equivalent to the needs of 500,000 

people, and the productive capacity of the power station is approximately 140 MW. 

 

3.1.2   Electrical Catastrophe in the Gaza Strip  

It is known that  the Gaza strip has a high population growth rate, where it has a high 

electricity demand. Since the Gaza strip's energy resources are controlled by Israel, 
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which employed policies to restrict the electrical production capacity of the Palestinian  

territories. As a result, the Palestinian economy and the infrastructure had suffered from 

major distortions and underdevelopment. The lack of an adequate infrastructure in the 

Palestinian territories for nearly four decades  has impeded any real growth of energy 

and caused chronic energy problems.  

The situation has worsened after Israel's bombing of the power plant in June 2006, this 

result in the loss of about 90 MW of electrical power required to supply the Gaza strip 

daily needs, this has led to stop the power plant for about four months causing a 

remarkable deficiency in electricity generation.  

3.1.3   Energy for desalination  

Energy cost in desalination plants is about 30% to 50% of the total cost of the produced 

water based on the type of energy used. Therefore, the total cost of desalination can be 

reduced a lot by reducing the energy consumption which is about 50% of the total 

desalination cost.   

On the other hand, if the desalination plants are dependent on Israel, that would be a 

risky alternative since if Israel stops providing energy, these desalination plants could 

not operate. It is of great importance to look for independent sources of energy that 

might be as low as Israeli pricing. A good alternative can be the use of renewable 

energy.   

That means, if the desalination plants are fully based on the Gaza power plant, the cost 

of the desalination process will be potential for adversely affecting the environment. 

3.2 Water Desalination in Gaza Strip 

3.2.1 History of BW & SW RO Desalination in The Gaza Strip:  

-  The first RO plant in the Gaza Strip was built in 1991 in Deir al Balah town by EMS a 

subsidiary of Mekkorot Company. This plant is constructed to desalinate brackish water.  
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-  In 1997-1998 and through an Italian development cooperation program two RO plants 

were constructed in Khan Younis to desalinate two brackish water wells.   

-  In 1998, USAID financed a BWRO plant built in Gaza Industrial Zone designed to 

supply water to the surrounded industrial complexes and adjacent part of Gaza city.  

-  In 1999 the private  sector  -local companies-  began  to  invest in the desalination 

market. They installed small scale BWRO plants with different capacities to desalinate 

low brackish water wells in various areas in the Gaza strip [20].  

Small desalination plants in the Gaza strip are owned privately, which try to maintain 

adequate amounts of fresh water for the population. The vast majority of these plants were 

established since  1998. The  companies use the RO desalination system to produce 

desalinated water. They distribute this water by tankers . The small private desalination 

plants have a production capacity of about 20 m3/day to 120 m3/day, and brine water 

rejection ranges from 30 m3/day to 240 m3/day depending on the inlet characteristics 

(Table 3-2). Brine from these commercial desalination plants is disposed of in the sewer 

system, irrigation and Wadi Gaza. The quality of produced water is in the range of the 

WHO standard guidelines. After the chemical and bacteriological examination, the water 

was observed to have the following characteristics [21]. 
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Table (3-1): Comparison of physico-chemical properties of inlet and product (RO) water 

samples with drinking water standards [21]. 

 

3.2.2 Public plants in the Gaza strip  

Table (3.2): The current status of the BWRO desalination projects in the Gaza Strip [22]. 

Plant name  Date establisher  
Quality,  

TDS  
(mg/l)  

Capacity  
(m3/hr) 

Desalination  
productivity  

(m3/hr) 
Usage 

Deir El Balah  
Desalination  

1991, Israel  3100 78 45 
Municipal  
Demands  

Khan Younis,  
Al-Sharqi  

1997, Italian  
development  
cooperation  

program  

2500 60 50 
Municipal  
Demands  

Khan Younis,  
Al-Sa'ada  

1998, Italian  
development  
cooperation  

program 

2000 80 65 
Municipal  
Demands  

Aqua  
Company 

1999, private  
investor  

1500 70 50 
Sold in  
water  
trucks  
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Al-Braij  
Company 

1999, private  
investor  

1600 60 40 
Sold in  
water  
trucks  

Gaza  
industrial  

zone 
2000, USAID  1400 95 75 

Industrial  
Demands  

Middle area  
plant 

1998, Austrian  
Government  

35000 (Seawater) 30 25 

Pumped  
through 

13  
water 
shops  

 

 
Figure (3-2): Desalination plants in the Gaza strip 
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3.3 Case Study (Deir El-Balah SWRO Desalination Plant):  

By 1998, Palestinian National Authority has received a fund from Austrian Government for 

design and construction of seawater desalination plant to serve people in Middle area in 

general and Deir El Balah and Zwaydah in particular. The design capacity is to produce 600 

m3/day for phase (I) and to be increased up to 1200 m3/day in phase II. The function of the 

project is to pump the produced water from the plant to about 13 water shops covering two 

intensive residential areas through a separate water network.  In addition, extend the service 

to other far areas that are in bad need for potable water. The source of seawater comes from 

two existing beach wells close to the shore. The brine is discharged to the sea. The 

construction of the plant had been launched in July 2000, and the elementary handover was 

in December 2002 (Site visit, December 2012). 

3.3.1 General information and design criteria 

Because of the capability of the private sector to operate the water distribution by tankers, a 

Reverse Osmosis Water Treatment Plant (RO-WTP) will be erected in two steps (current 

step covers a capacity of 600 m³/d) [23]. 

A future extension shall be possible at the plant site, therefore the contractor shall make his 

arrangement layout in a way, that the second stage maybe easily implemented within the 

same hall as for stage # 1, whereby most probably a 1 x 600m3/d extension should be 

considered.  

At the first stage two beach wells and basic infrastructure will be proposed and constructed 

for the desalination of seawater for a total capacity of appr. 1.200 m³/d potable water.  

The operation of the wells will be switched according to the operation time of the pumps. 

So the wells will be constructed for the delivery of 65 m³/h raw water each (max. quantity 

1.500 m³/d each), and the pumps and the electromechanical equipment was also be 

designed for 75 m³/h raw water per well. According to this, the infrastructure of the well 

and the feed line was designed for a maximum capacity of 1.200 m³/d potable water (130 

m³/h resp. 3.000 m³/d raw water).  
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The mechanical and electromechanical equipment of the reversed osmosis unit itself was 

designed for a max. capacity of 600 m³/d potable water at a first stage.  

If the private sector will be able to organize a water distribution of another 600 m³/d by 

tankers and this way of water distribution is confirmed as an acceptable and save way to 

supply people with desalinated water, an extension of the desalination unit with a capacity 

of 600 m³/d can be easily added to the proposed plant. 

So the capacity of the projected water treatment plant can be easily increased to a capacity 

of 1.200 m³/d drinking water. If enough area remains available at the proposed location an 

extension of the plant capacity up to 2.400 m³/d is possible.  

3.3.2 Process Description  

The Seawater Desalination Plant consists in general of following process units:  

- Seawater intake (beach wells),  
- Seawater pretreatment plant,  
- Reverse Osmosis Desalination Plant,  
- Post treatment Plant, and  
- Potable water storage and distribution. 

The following figure show RO schematic Diagram: 

 

 
Figure (3-3): Schematic diagram shows RO system components 
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3.3.3 Reverse Osmosis Desalination plant 

 Cartridge filter 

Before entering the RO units the water is filtered by a 5 micron cartridge filter F-20A to 

protect the RO element from particles.  The cartridge filter is equipped with a difference 

pressure transmitter if this reaches max. 1.5 bar the cartridge has to be changed to new 

cartridges.  

 High pressure pump & Reverse Osmosis unit 

After the water has passed the cartridge filters, the high-pressure pump pressurizes the 

pretreated seawater to a the required operation pressure of 65 to 70 bar and feeds the 

seawater into the RO unit [23]. 

The Reverse Osmosis consists of one unit  X-20A with a design capacity of 600 m3/day. 

The RO unit are equipped with spiral wound Thin Film Composite RO membrane elements 

of 8 inch diameter and 40 inch length.  Six pieces of this RO membrane elements may be 

installed in the pressure vessels. 

In total  9  pcs of this pressure vessels are  arranged in parallel RO block to achieve the 

required output.  

About 40 % of the feed water is recovered as permeate (desalted water) and the remaining 

60 % brine stream is discharged.  

The high pressure feed pump system consist of the pumps connected in series. The first 

pump is connected with a pelton turbine to recover the energy form the high pressure brine 

stream. The second pump is equipped with a speed controlled electric motor to increase the 

pressure to the above mentioned operation pressure. With this system an energy saving of 

30 % are achieved. 

The feed booster pump is equipped with speed controlled motor to increase slowly the 

pressure and adjust the required feed pressure. 
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In order to adjust the recovery ratio and to handle pressure differences due to temperature 

changes the speed controlled motor and a flow adjustment valve before the turbine is 

provided.  

An automatic flushing of the pressure vessel, the RO elements, high-pressure pump and 

pipe work is performed at every plant stop with permeate with flushing pump P-26A. By 

displacing the brine solution inside the RO modules as well in the high pressure pump and 

turbine pump with permeate scaling and corrosion shall be prevented during stop period.  

 RO Membrane Elements 

In the RO desalination process the salts are retained by a semi-permeable membrane which 
holds back the salt molecules and let pure water pass. 

 Operating Pressure 

To force the water through the membrane a certain pressure is required, which results  
from the osmotic pressure of the water and the  required net driving pressure (NDP) of the 
membrane. In our case we operate with a pressure of 65 to 25 bars. The water temperature 
has also a big impact on the operating pressure. 

 Water Recovery 

From water flow rate to RO unit (Feed water) a certain amount which passes the 
membrane is recovered as desalted water (Permeate) while the other stream which contains 
the retains salts is discharged as concentrated solution (Brine). 

The ratio of the Permeate flow to the Feed water flow rate is called the Water recovery (Y) 
and multiplied by 100 expressed in percent. 

In our case the feed water flow rate to the RO unit is 65 m3/hr, the permeate flow rate is 26 
m3/h and the brine flow rate is 39 m3/h, the water recovery is therefore 40 % [23]. 

 Technical terms in a Reverse Osmosis Plant 

Table (3-3) Technical terms in RO Plant 

RO membrane element 

 
 

Defines the commercial available RO 
membrane Spiral wound membrane element 

with 

8 inch diameter and 40 inch length 

Pressure vessel  Holds the above mentioned membrane 
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 elements. 

Made of Fiberglass FRP  with 8 inch 
diameter and length to hold max. 6 elements. 

Feed water flow Qf    [m3/h] 
Raw water inlet flow rate to  RO unit 

~ 65 m3/h 

Brine flow Qb   [m3/h] 
Concentrated flow rate from the RO unit 

~ 39 m3/h 

Permeate flow Qp   [m3/h] 
Flow rate of the desalted water 

= 26 m3/h 

Water recovery: 

 

Y= (Qp/Qf)x100 

Y      [%] 

The percentage amount (yield) of water 

Recovered from the feed water 

Y =(26/65) x100 = 40 % 

Salt concentration factor CF: 

a) Theoretic concentration 

CF = 100/(100-Y) 

b) Practical concentration 

CF=  (Cb/Cf) 

Cf = Conc. Feed (TDS mg/l) 

Cb= Conc. Brine (TDS mg/l) 

 

 

 

Number of times of the brine is concen-trated 
in relation to the feed water 

CF = 100/(100-40) =  1.67  times 

 

 

 

Salt passage 

 

Sp= (Cp/Cf) x 100 

Cp.. Conc. Permeate (TDS or 
conductivity ) 

Cf .. Conc. feed water (TDS 

Or onductivity) 

Sp    [%] 

The percentage of salts which pass into the 
permeate in relation to the feed water 

Cp = 495 uS/cm 

Cp = 52 000 uS/cm 

Sp =(495 uS/cm/52 000 uS/cm) x100 = 0,95  
 % 

Salt rejection: Sp    [%] The percentage of salts which are  rejected by 
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Sr= 100 – [(Cp/Cf) x 100] 

Cp.. Conc. Permeate (TDS) 

Cf .. Conc. feed water (TDS) 

the membrane  in relation to the feed water 

 

Sp =100-[ (495/52 000) x100] 

=   99,05 % 

Net driving pressure: 

NDPave 

= Pf – Po – (dp/2)- Bp 

Pf .. Feed pressure (bar) 

Po.. Osmotic pressure (bar) 

Dp.. Differential pressure 

Bp ..Permeate back pressure 

 

NDP [ bar] 

Effective available pressure to force the 
water through the membrane. 

The NDP is reduced from the 1st stage front 
membrane elements to the 2nd stage end 

elements. 

 

 

Flux rate 

F= (Q/A) x 24 

 

Qp.. Permeate flow rate (l/h) 

A ..  Membrane area (m2) 

F= 

[l/m2.h] 

Permeate flow rate per m2 membrane area 
and day 

 

 

 

 Required Feed Water Quality to the RO Plant 

The feed water (entering the RO unit) should be within the following limits as indicated in 

the following table (3-4) [23]: 

Analysis  
Normal 

range 

Min/ Max. 

Values 

Water temperature 

during operation 
 18 - 28 15 – 30 
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Water temperature 

during cleaning 
 40 Max. 45 

pH  value operation  6,7 –  7,0 6,5 – 7,3 

pH  value for cleaning  -- 3 – 11 

Langlier Saturation 

Index 
S&DI 

< + 1,0 

with antiscalant 

Max. + 1,5 

with antiscalant 

TDS, max mg/l 41 000 42 000 

Turbidity NTU < 0,5 < 1 

Silt Density Index SDI < 3,0 4 , peaks max. 5 

Free chlorine mg/l 0 0 

Total chlorine mg/l 0 0 

Sulfite content mg/l 2 – 3  

Oxidation- Reduction Potential  
ORP 

mV < + 250 Max.  + 350 

Manganese mg/l < 0,02 < 0,05 

Silica as SiO2 Mg/l < 15 Max. 20 

Total Organic Carbon TOC mg/l as C < 3 Max. 5 

Total bacteria count CFU/ml 

preferable 

<  100 

 

< 1000 

depends on site 

 

 Power Consumption 

The below expected power consumption is based on seawater with a feed TDS of 
40.000 ppm and a plant recovery of 40 %,  as the following table (3-5) [23]: 
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Description 
Required unit 

operation power 
Specific power 
Consumption 

Well pumps for 
water supply 

14,0 kWh/h 
0,65 kWh/m3 

Desalted water 

Pretreatment 
and RO Plant 

105 kWh/h 
4,00  kWh/m3 
Desalted water 

Water filling 
and distribution station 

27  kWh/h max. 
0,50 kWh/m3 

Desalted water 
 

3.3.4  Membrane cleaning system 

In case of fouling and scaling on the membranes this residuals can be removed with certain 
chemicals. The membrane cleaning system serves for the cleaning of the RO membranes in 
the pressure vessels. The cleaning system maybe also used for the desinfection of the 
membranes.  

In the cleaning tank T-25A the required amount and concentration of the  cleaning solution 
is prepared. The cleaning pumps P-25A/B are required for the circulation of the cleaning 
solution over the tank and over the RO-block.  

The cleaning solution can be heated up to 40 deg C with the cleaning solution heater W-
25A to improve the cleaning efficiency of the solution.  

The cleaning solution is filtered in  cartridge filter F-25A before the  cleaning solution 
enters the pressure vessels [23]. 
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4ECONOMIC FEASIBILITY MODEL 

4.1 Introduction 

Proposed capital projects can be evaluated by economic feasibility study that may also 
include an economic analysis of the project. The purpose of economic analysis is to 
determine whether there is an economic case for the investment decision. This assessment 
goes beyond the items typically included in a financial analysis. Economic feasibility is 
interested in: 

- The economic benefits from the project 
- The economic costs of the project 
- The balance of these expressed in present value terms (the net economic 

benefit) 

Economic costs and benefits are not always the same as financial cost and benefits. 
Economic analysis includes project impacts. Therefore, it is in this way that economic 
analysis casts a broader net than a financial assessment. 

When look at the outcome of a feasibility analysis we look at the key metrics to judge the 
project’s merit. What should be included in the key metrics depends on the type of project, 
funding strategy and legal structure. The most common metrics include Net Present Value 
(NPV), Internal Rate of Return (IRR), Developer’s Margin and Return on Equity (RoE). 

In this Study, IRR Method was used as an economical indicator to compare the feasibility 
of establishing a SWRO desalination plant with a capacity of 600 m3/d in Deir El-Balah 
based on the best energy sources. The available options of energy sources for the proposed 
desalination Plant are follows: 

1- Electricity Energy System (EES) 
2- Solar Energy System (Off Grid System) 
3- Combined Energy System (On Grid System) 

 
4.2 Using Internal Rate of Return (IRR) Method 

The internal rate of return (IRR) is the rate of return promised by an investment project 

over its useful life. It is some time referred to simply as yield on project. The internal 

rate of return is computed by finding the discount rate that equates the present value of 

a project's cash out flow with the present value of its cash inflow. In other words, the 
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internal rate of return is that discount rate that will cause the net present value of a 

project to be equal to zero. 

 

4.2.1 Internal Rate of Return Calculation 

This method refers to the percentage rate of return implicit in the flows of benefits and 

costs of projects A. Margin defines the internal rate of return IRR ―as the discount rate 

at which the present value of return minus costs is zero‖. In other words, the discount 

rate which equates the present value of project with zero, is known as IRR. 

Thus, IRR is the discounted rate which equates the present value of cash inflows with 

the present value of cash outflows. IRR is also based on discount technique like Net 

Present Value NPV method. Under this technique, the future cash inflows are 

discounted in such a way that their total present value is just equal to the present value 

of total cash outflows. It is assumed that the management has knowledge of the time 

schedule of occurrence of future cash flows but not of the rate of discount. IRR can be 

measured as [24]: 

IRR    =        A1        +          A2        ……  +          An        - C    = 0 

 (1+r)^1        (1+r)^2                     (1+r)^n 

Where, A1, A2 are the cash inflows at the end of the first and second years respectively. 
And the rate of return is computed as follows. 

C =           A1           

        (1 + r)^n 

Where, 1 is the cash outflow or initial capital investment, A1 is the cash inflow at the 
end of first year, r is the rate of return from investment. 

4.2.2 Interest Rate in Palestine 

In the absence of a national currency, the calculated of the debit and credit interest rates 

on major currencies in circulation in Palestine: Jordanian dinar, the U.S. dollar and  the 

Israeli shekel, periodically depending on data supplied by banks to the Palestine 

Monetary Authority PMA on the basis of the mean weighted average. 

 PMA does not issue a national currency, consequently: 
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- Main currencies that circulate in Palestine are US Dollar, Jordanian Dinar, New 

Israeli Shekel (NIS); 

- Interest rates on deposits and loans are affected by the policies of the central 

banks issuing the mentioned currencies; 

- The debtor and creditor rates on foreign currencies are those of the international 

market majored by few basis points based on the conditions in the local market 

(competition between banks, risk exposure, etc.). 

The weighted average lending and deposit rates applied by banks are calculated 

quarterly by currency, on the basis of information provided by banks on the rates and 

volumes of various types of deposits and loans. Show table (4-1) from PMA. 

Average Interest Rates on Deposits and Loans for Banks Operating in Palestine % 

Period 
Deposits Loans 

JD $ US NIS  JD $ US NIS  
2001 3.62 1.48 2.78 9.82 8.36 16.37 

2002 2.74 2.74 5.55 9.41 7.97 15.47 

2003 2.53 0.78 4.25 8.74 7.56 13.66 

2004 1.61 1.12 2.59 8.47 6.92 13.46 

2005 1.84 2.24 2.01 8.94 7.34 13.50 

2006 2.72 2.98 2.48 9.08 7.81 13.23 

2007 3.51 3.02 2.51 9.18 7.98 12.72 

2008 1.98 0.80 1.04 9.04 7.47 12.04 

2009 1.91 0.41 0.24 7.45 6.19 10.99 

2010 1.15 0.29 0.30 7.54 6.33 10.93 

2011 1.22 0.33 1.01 7.59 6.79 11.72 

Mean 2.26 1.47 2.25 8.66 6.43 13.10 
Table (4-1) Average Interest Rates in Palestine % 

 
For economic analysis of project has taken interest rate 6.43 % as mean value of last three 
years for US dollars. 

4.3 SWRO Desalination Plant Investment Cost 

Cost is a major factor in implementing desalination technologies.  This section provides 
elements of desalination cost which are components of direct, indirect and operating costs. 
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4.3.1 Factors Affecting desalination Costs  

Unit product cost is affected by several design, operational and maintenance factors, 

which includes the following:  

1- Quality and salinity of feed water: The quality of feed water is a critical design 
factor. Lower feed salinity allows for higher production rates. As a result, the plant 
operates with lower specific power consumption and dosing of antiscalant 
chemicals. Also, downtime related to chemical scaling is reduced.  

2- Plant capacity: Large capacity plants require high capital cost compared with low 
capacity plants. However, the unit production cost for large capacity plants can be 
lower.  

3- Site conditions: Installation new units to existing site, would eliminate cost 
associated with facilities for feed water intake, brine disposal, and feed water 
pretreatment.  

4- Qualified manpower: Availability of qualified operators and engineers would result 
in higher plant production capacity.  

5- Energy cost: The energy type used at the plant site have strong impact on the unit 
product cost.  

6- Plant life: Increasing plant life reduces the capital product cost [25]. 
7- Regulatory Requirements: These costs are associated with local permits and 

regulatory requirements [26]. 
 

4.3.2 Elements of Economic Calculations  

Unit product cost calculations depend on the plant capacity, site characteristics, and 

design features. Plant capacity specifies sizes for various process equipment, pumping 

units, and membrane area. Site characteristics have a strong effect on the type of 

pretreatment and post-treatment equipment, and consumption rates of chemicals. In 

addition, design features of the process affect consumption of electric power and 

chemicals.   

Desalination plant implementation costs can be categorized as capital costs (starting 

costs) and operation and maintenance costs. 

1- Capital  Costs  

Capital costs include direct and indirect costs. The indirect capital cost is usually 

estimated as percentage of the total direct capital cost. Indirect costs may include 

insurance, construction overhead, owner’s costs, and emergency costs. Below  is a 
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description of various direct and indirect costs associated with constructing a 

desalination plant.   

 Direct Capital Cost  

The direct capital cost covers purchasing cost of various types of equipment, auxiliary  

equipment, land cost, construction, and buildings. Brief description for various cost 

items is shown below:   

1- Land Cost  
2- Well Supply  
3- Process Equipment. 
4- Energy System 
This is one of the most cost items and it depends on the process type and capacity. Item 

included under this category are listed below:  

- Instrumentation and controls  
- Pipelines and valves  
- Electric wiring  
- Pumps  
- Process cleaning systems  
- Pre and post-treatment equipment  
- Seawater intake and brine discharge line  
- Chlorination equipment.  

5- Auxiliary Equipment 
The following auxiliary equipment is included:  

- Transmission piping,  
- Storage tanks,  
- Generators and transformers,  
- Pumps, and  
- Pipelines and valves.  

6- Building Cost  
Building cost depends on the building type. Buildings include the following:  

- Control room,  
- Laboratory, and  
- Offices.  

7- Membrane Cost  
Cost of membrane modules depends on its size. Cost of SWRO Desalination Plant 

membranes 8 inch diameter and 40 inch length is $800/module. 
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   Indirect Capital Cost  

Indirect cost items are expressed as percentage of the direct capital cost as follow:  

1- Insurance: This cost is equal to 5% of total direct costs.  
2- Construction Overhead: This cost is equal to 15% of direct material and  
3- labor cost.  
4- Owner's Costs.  
5- Emergency cost 

2- Operating Cost  

Operating cost items include labor, energy, chemical, spare parts, and miscellaneous.  

The following gives brief description of each item and current cost estimates:  

1- Energy: The average consumption is 105 kW/hr.   
2- Labor: SWRO Desalination Plant staff and their salaries are:  

- Plant Manager:$1800  
- Electrician:$800  
- Mechanic:$800  
- Two workers: $600 for each  
- Three guards:$350 for each  

3- Membrane Replacement: Replacement rate may vary between 5%-20% per year. 
4- Maintenance and Spares: This cost item can be assigned a value lower than 3% of 

the total capital cost yearly.  
5- Chemicals  

The chemicals used in feed treatment and cleaning include hydrochloric acid, 
caustic soda, antiscalant,  Sodiumbisulfite, Ferric chloride  and chlorine. Cost of 
these items may be affected by political situation in the Gaza Strip.   

Table (4.2): Estimates of chemical cost and dosing rates 

Unit Cost  Chemical 
600 $/ton Hydrochloric acid (33% Conc.) 
700 $/ton Caustic soda (50% conc.) 

2,800 $/ton Antiscalant  
550 $/ton Chlorine (10% conc.)  
500 $/ton Sodiumbisulfite 
600 $/ton Ferric chloride  

Table (4.3): Cost estimate of SWDP [23]. 

Cost  item 
52.00% power  
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8.60% operation 
8.10% chemical 

10.30% Staff 
3.00% maintenance 

18.00% Fuel 

For SWRO Desalination Plant 26m3/hr with pressurizing system with energy saving 

system 4 NIS/m3.  Total Cost = 801,703 NIS/Year 

 

4.4 Modeling Economic Feasibility By IRR Method 

The IRR function, which is available as a financial function within Excel tool, can be 

used to build the economic feasibility model for three scenarios. Figure (4-1) shows an 

example of the application. In Microsoft Excel, the IRR function returns the internal 

rate of return for a series of cash flows  

The cash flows must occur at regular intervals, but do not have to be the same amounts 

for each interval. In other words, IRR is a function that takes a series of cash flows and 

works out the effective rate of return if they were to be annually invested. 

 
Figure (4-1) IRR function in Excel Tool 
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The annual cash flow of SWRO plant with series time (lifespan) that is 22 years is as 

the same age as any Solar System age. The investment costs was calculated as 

presented in figure (4-2). Some costs are the same in different scenarios such as the 

costs of the plant establishment and land costs. But the profits of the project was 

estimated based on the sale price and production unit of the plant ( $ per one Cubic 

meter of desalted water ), that is 1.7 $/m3. 

 

 

 

 

 

 

 

 

Figure (4-2) Costs of Plant with time 

4.4.1 Desalination Plant Using EES (Electric Utility) 

Figure (4-3), represents the first scenario of the proposed plant, which depends on local 

electricity network. The required energy of desalination plant is 105 kwh, while the 

commercial price of one kilowatt of electricity is estimated at 0.172 $/kwh. Estimating 

the other costs has been done by referring to the experts at the Coastal Municipalities 

Water Utility (CMWU), Palestinian Energy and Natural Resources Authority 

(PENRA), Palestinian Land Authority (PLA). Table (4-4) shows these estimations.  In 

meanwhile the profits of the project were estimated based on the sale price and 

production unit of the plant ( $ per one Cubic meter of desalted water ) as following: 

1.7 $/m3 * 600 m3/d * 365 d = 372,300 $/y. 
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Figure (4-3) SWRO Plant depend on Electricity Source 

 
Table (4-4) Costs Elements for SWRO Plant 

Can be representing income and expenses over a time interval of 22 year by Cash flow 

diagrams (CFD) that are illustrated in chart (4-1). 

Details Cost $ Unit Cost Element Cost Type 
Intake, RO, Storage,  

Distribution and Facilities 1,000,000 Unit SWRO Desalination Plant 
Fixed 

Industrial Land 7000 m2 1,000,000 m2 Land 
Demand fee 158,410 kw/Y Energy System 

Variables 
Electricity, Labors, 

Maintenance, Spares and 
Chemical 

222,000 LS Operation & Maintenance 
(annual) 

High Pressure and 
Membranes 204,000 Unit Replacement 
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Chart (4-1) CFD for SWRO Plant depend on Electricity Source 

 

  
Finally, to estimate the  IRR value of project, the appropriate discount rate should be 
determined by Net Present Value (NPV) to properly valuing future cash flows, whether 
they will be earnings or obligations. Show table (4-5). 

 
Table (4-5) NPV for SWRO Plant depend on Electricity Source 

Year 1 2 --- 22 
Total 
US $ 

Investment 
Cost 2,000,000   ---   

O&M Cost 200,000 200,000 --- 200,000 
Cost 2,200,000 200,000 --- 200,000 6,604,000 
NPVc 2,200,000 187,619 --- 52,267 4,539,786 

Revenues 372,300 372,300 --- 372,300 8,190,600 
NPVr 372,300 349,253 --- 97,296 4,539,786 

Net Cash 
Flow 1,827,700 172,300 --- 172,300 1,586,600 

 

The internal rate of return is 6.6 %, When the discount rate that will cause the net present 
value of the project to be equal to zero. Show table (4-6) and chart (4-2). 
 

Table (4-6) IRR for SWRO Plant depend on Electricity Source 

IRR 3.00% 4.00% 5.00% 6.60% 7.00% 8.00% 9.00% 
NPVc 5,430,379 5,138,346 4,883,505 4,539,786 4,464,024 4,290,853 4,137,505 
NPVr 6,111,313 5,595,356 5,145,615 4,539,786 4,406,367 4,101,556 3,831,802 
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Chart (4-2) IRR for SWRO Plant depend on Electricity Source 

 
 
From the previous analysis, we can note that the IRR value of project equals to 6.60 %. 
The IRR value of project is higher than the interest rate in Palestine that equals 6.43 %. So 
the value is feasible from the standpoint of investors. 

4.4.2 Desalination Plant Using SES (Off Grid) 

Figure (4-4), representing of Second scenario of the proposed plant, that depend on 

Solar energy System only that know as (Off Grid System). 

 

 

 

 

 

 

 

 
 
 
 

Figure (4-4) SWRO Plant depend on Off Grid System 
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Off-grid systems are not connected to the electricity grid. The output of the off-grid system 
is entirely dependent upon the intensity of the sun. The more intense the sun exposure, the 
greater the output., show figure (4-5). 
 

 
Figure (4-5) Off Grid Solar System 

 

 
Table (4-7) shows the estimated investment costs which was computed based on the  
experts in the CMWU, PENRA, PLA and other company. The profits of the project were 
estimated based on the sale price and the production unit of the plant ( $ per one Cubic 
meter of desalted water ), The annual profits as following:  
1.7 $/m3 * 600 m3/d * 365 d = 372,300 $/year. 
 

 Table (4-7) Costs Elements for SWRO Plant 

 
 

 
Can be representing income and expenses over a time interval of 22 year by Cash flow 
diagrams (CFD) that are illustrated in chart (4-3). 

Details Cost $ Unit Cost Element Cost Type 

Intake, RO, Storage,  
Distribution and Facilities 1,000,000 Unit SWRO Desalination Plant 

Fixed 
Industrial Land 7000 m2 1,000,000 m2 Land 
PV Panels and Batteries 2,416,490 Kw Energy System 

Variables 

Labors, Maintenance, 
Spares and Chemical 25,000 LS Operation & Maintenance 

(annual) 
High Pressure, 

Membranes and 
Batteries 

1,160,119 Unit Replacement 
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Chart (4-3) CFD for SWRO Plant depend on Off Grid System 

 
Finally, to know the IRR value of the project, we should determine the appropriate 
discount rate by Net Present Value (NPV) to properly valuing future cash flows, whether 
they will be earnings or obligations. Show table (4-8). 

 
Table (4-8) NPV for SWRO Plant depend on Off Grid System 

Year 1 2 3 --- 22 

Total 
US $ 

Investment Cost 2,000,000     ---   

O&M Cost 25,000 25,000 25,000 --- 25,000 

Solar System Cost 2,416,490     ---   

Cost 4,441,490 25,000 25,000 --- 25,000 6,330,405 

NPVc 4441489.92 24,092 23,216 --- 11,492 5,707,519 

Revenues 372,300 372300 372,300 --- 372,300 8,190,600 

NPVr 372,300 358,773 345,737 --- 171,136 5,707,519 

Net Cash Flow 4,069,190 347,300 347,300 --- 347,300 1,860,195 

 

The internal rate of return is 3.8 %, When the discount rate that will cause the net present 
value of the project to be equal to zero. Show table (4-9) and chart (4-4). 
 

Table (4-9) IRR for SWRO Plant depend on Off Grid System 

IRR 1.0% 2.0% 3.0% 3.8% 5.0% 6.0% 7.0% 
NPVc 6,135,424 5,963,717 5,812,187 5,707,519 5,559,472 5,454,085 5,360,364 
NPVr 7,392,755 6,705,573 6,111,313 5,707,519 5,145,615 4,752,066 4,406,367 
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Chart (4-4) IRR for SWRO Plant depend on Off Grid System 

 

From the  previous  analysis, we can note that the IRR value of project equals 3.80 %. The 
IRR value of project is lower than the interest rate in Palestine that equals 6.43 %. So the 
value is not feasible from the standpoint of investors. 

4.4.3 Desalination Plant Using CED (On Grid) 

Figure (4-6), represents the third scenario of the proposed plant, that depend on solar 
energy system only (ON Grid System). 
 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure (4-6) SWRO Plant depend on ON Grid System 
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The prime advantage of this type of system is the ability to balance the system 
production and plant power requirements. When a grid inter-tied system is producing 
more power than the Plant is consuming, the excess can be sold back to the utility in a 
practice known as net metering. When the system is not producing sufficient power, 
the Plant can draw power from the utility grid, show figure (4-7). 
 

 
Figure (4-7) ON Grid Solar System 

 
Table (4-10) shows the estimated investment costs. These costs have been prepared by 
referring to the experts in the CMWU, PENRA, PLA and other company. The profits of 
the project were estimated based on the sale price and production unit of the plant ( $ per 
one Cubic meter of desalted water ), The annual profits are as follows: 
1.7 $/m3 * 600 m3/d * 365 d = 372,300 $/year. 
 

Table (4-10) Costs Elements for SWRO Plant 

Can be representing income and expenses over a time interval of 22 year by Cash flow 

diagrams (CFD) that are illustrated in chart (4-5). 

Details Cost $ Unit Cost Element Cost Type 
Intake, RO, Storage,  

Distribution and 
Facilities 

1,000,000 Unit SWRO Desalination 
Plant Fixed 

Industrial Land 7000 m2 1,000,000 m2 Land 
All Units 1,256,575 KW Energy System 

Variables 

Electricity, Labors, 
Maintenance, Spares 

and Chemical 
76,090 LS 

Operation & 
Maintenance 

(annual) 
High Pressure and 

Membranes 204,000 Unit Replacement 
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Chart (4-5) CFD for SWRO Plant depend on ON Grid System 

 
Finally, to know the IRR value of the project, we should determine the appropriate 
discount rate by Net Present Value (NPV) to properly valuing future cash flows, whether 
they will be earnings or obligations. Show table (4-9). 
 

Table (4-11) NPV for SWRO Plant depend on ON Grid System 

Year 1 2 --- 22 

Total 
US $ 

Investment 
Cost 2,000,000   ---   

O&M Cost 76,090 76,090 --- 76,090 
Solar System 

Cost 1,256,575   ---   

Cost 3,332,664 76,090 --- 76,090 5,134,548 
NPVc 3,332,664 70,690 --- 16,216 4,207,205 

Revenues 372,300 372,300 --- 372,300 8,190,600 
NPVr 372,300 345,878 --- 79,344 4,207,205 

Net Cash Flow 2,960,364 296,210 --- 296,210 3,056,052 

 

The internal rate of return is 7.64 %, When the discount rate that will cause the net present 
value of the project to be equal to zero. Show table (4-10) and chart (4-4). 
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Table (4-12) IRR for SWRO Plant depend on ON Grid System 

IRR 4.00% 5.00% 6.00% 7.64% 8.00% 9.00% 10.00% 
NPVc 4,532,654 4,427,497 4,335,254 4,207,205 4,182,332 4,118,765 4,062,242 
NPVr 5,595,356 5,145,615 4,752,066 4,207,205 4,101,556 3,831,802 3,592,209 

 

 
Chart (4-6) IRR for SWRO Plant depend on ON Grid System 

From the previous analysis, we can note the IRR value of project equals 7.64 %. The 

IRR value of project is higher than the interest rate in Palestine that equals 6.43 %. So 

the value is feasible from the standpoint of investors. 
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4.5 Comparison of the Scenarios by IRR value as Economic Indicator 

The cost of SWRO Desalination Plant (600m3/d) that depends on  the Combined System ( 
On Grid Solar System) as energy source is the lowest cost between other scenarios. This is 
reflected positively according to the  economic indicator (IRR value). Show table (4-10) 
and chart (4-7). 
 
 

Table (4-13) Three Scenarios Cost with IRR value 

Energy System IRR 4% 5% 6% 8% 9% 

NPVc of 
System US 

$ 

C.S (On 
Grid) 7.64% 5,595,356 5,145,615 4,752,066 4,101,556 3,831,802 

E.S 
(Electric 
Utility) 

6.60% 5,595,356 5,145,615 4,623,585 4,101,556 3,831,802 

S.S (Off 
Grid) 3.80% 5,539,165 5,145,615 4,752,066 5,145,615 5,539,164 

 
 

 
Chart (4-7) Three Scenarios Cost with IRR value 

 

 
The third scenario was selected as the best economic option to optimize the cost of the 
desalination plant in Deir El-Balah desalination plant. The next chapter will discuss the 
selected system. 
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5OPTIMAL ENERGY SYSTEM 

5.1 Introduction 

The third scenario was selected as the best economic option to optimize the cost of the 
desalination plant in Gaza. It depends on solar energy System and Electricity Energy that is 
known as (ON Grid Solar System) show following figure (5-1). 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (5-1) On Grid Solar System 

 

The On Grid Solar System has the ability to balance the system production and Plant 
power requirements. When a grid inter-tied system is producing more power than the Plant 
is consuming, the excess can be sold back to the utility in a practice known as net 
metering. When the system is not producing sufficient power, the Plant can draw power 
from the utility grid. The net metering is a special metering and billing agreement between 
utilities and their customers, which facilitates the connection of solar systems to the power 
grid. These programs encourage small-scale renewable energy systems to provide 
substantial benefits to the electric power-generating system, the economy, and the 
environment. 

Supporting legislations to the implementation this system based on Palestine energy law of 
No.13, 2009, which states that Articles of Palestine Energy and Natural Resources 
Authority (PENRA) laws. 
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5.2 Major System Components 

Figure (5-2), representing of main components for solar energy system (ON Grid 

System), that are PV Module, Inverter and Net Meter. 

 
Figure (5-2) Solar Energy Components 

 

5.2.1 PV module 
The main function of PV panels is converting the sunlight into DC electricity. So, 
the conversion efficiency is the percentage of power converted from sunlight to 
electrical energy under "standard test conditions" (STC) that is selection criteria of 
PV module from following figure (5-3) [11].   
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Figure (5-3) PV Module Selection 

5.2.2 Inverter 
Converts DC output of PV panels into AC current for AC appliances or fed back in 
to grid line. 
 

5.2.3 Net Metering 
Is a special metering and billing agreement between utilities and their customers, 
which facilitates the connection of solar systems to the power grid. 
 

5.2.4 Load  
Is  electrical  appliances  that  connected  to  solar  PV  system  that up to 105 kWh 
in SWRO Desalination Plant that consist of high pressure unit, pretreatment unit 
and facilities plant. 
 

5.3  Modeling Energy System 

To model the solar energy system we have used a solar photovoltaic calculator which 

originally developed by Abualtayef, 2012 and modified by the researcher 

and can be found in following link [27]. 

http://site.iugaza.edu.ps/mabualtayef/files/PV-calculator.xls 

The model was built using Microsoft Excel as analysis tool to determine Sizing the 

photovoltaic generator and system costs that are depended on some of energy and 

economic parameters in Gaza strip show figure (5-4). 

http://site.iugaza.edu.ps/mabualtayef/files/PV-calculator.xls
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Figure (5-4) Modeling Energy System using Microsoft Excel 
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5.3.1 Calculation of Solar Energy System Sizing 

System sizing is the process of evaluating the adequate voltage and current ratings 

for each component of the photovoltaic system to meet the electric demand at the 

facility and at the same time calculating the total price of the entire system from the 

design phase to the fully functional system including, shipment, and labor. 

The more factors Affecting System Sizing are geographical location that dictates 

the tilt angel, panel orientation, and the average sun hours per day 

 

 Environmental Data 

Palestine has a high solar energy potential, where average solar energy is between 

2.63 kWh/m2 per day in December to 8.5 kWh/m2 per day in June, and the daily 

average of solar radiation intensity on horizontal surface, peak sunshine hour 

PSSH (5.31 kWh/m2 per day) while the total annual sun shine hours amounts to 

about 3000. The annual average temperature amounts to 22 Co while it exceeds 30 

Co during summer months [28], these figures are very encouraging to use 

Photovoltaic generators for SWRO desalination plant. 

The solar radiation data has a great effect on the performance of  photovoltaic 

(PV) systems. Table (5-1) shows the monthly values of solar energy [28]. 

Table (5-1) Average of PSSH in Palestine 

Month 
Mean of PSSH 
KWh/m2/day 
(1989-2002) 

Jan 3.36 
Feb 3.97 
Mar 4.33 
Apr 5.19 
May 6.46 
Jun 7.78 
Jul 7.40 
Aug 6.76 
Sep 5.88 
Oct 4.73 
Nov 4.31 
Dec 3.53 

Mean 5.31 
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Chart (5-1) shows the average monthly solar energy on horizontal surface plotted 

from data of table (5-1). 

 
Chart (5-1) Average monthly solar energy on horizontal surface 

 Power Consumption Data 

The expected power consumption based on seawater with a feed TDS of 40.000 

ppm and a plant recovery of 40 %. 

The total power load required to operate the RO during 24 hours is 2520 KW/day, 

90 KWh/day for High-pressure unit and 15 KWh/day for Other Units in 

desalination plant. Show the second description at following the table (5-2) [23]. 

Table (5-2) Power Consumption of SWRO Plant 

Description 
Required unit 

operation power 

Specific power 

Consumption 

Well pumps for 

water supply 
14,0 kWh/h 

0,65 kWh/m3 

Desalted water 

Pretreatment 

and RO Plant 
105 kWh/h 

4  kWh/m3 

Desalted water 

Water filling 

and distribution station 
27  kWh/h max. 

0,50 kWh/m3 

Desalted water 
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 Sizing the photovoltaic generator.  

To design the PV module it is important to take into consideration not only the RO 

unit power load but also other parameters such as inverter losses and the PV 

thermal losses [29].The peak power of the PV generator (Ppv) is obtained as: [30] 

 

where PSSH is the peak sunshine hours and it was found for the Palestinian 

territories to be 5.31 hours [30] . rjtm,= Inverter losses, rj,= 15%, and S.F = 

Safety factor, for PV thermal losses for Palestinian environment =1.15% Using 

above values in following equation, we obtain the peak power of PV array should 

produce 654 W and to install this power. 

A high-power module using multi-crystalline silicon cells with 14.3% module 

conversion efficiency and a gross area of 120cm x 90 cm rated at open circuit 

voltage 29 volts, and a short circuit current of 8.15 A is necessary. A peak power of 

Pmpp = 150Wp was selected. Then the necessary number of PV modules[30]  

(Npv) is 4361 that need 4710 m2 of land. 

 

 

 Inverter sizing 

Total KiloWatt of all appliances = 105 KWh,for safety, the inverter should be consi

dered 25to30% bigger size. The inverter size should be about 818 KW or greater. 
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5.3.2 Calculation of System Cost 

From the economical point of view, photovoltaic energy system differ from 

conventional energy systems in that they have high initial cost and low operating 

costs[31]. The price of the  PV system and its installation are important factors in 

the economics of PV systems. These include the prices of PV modules, storage 

batteries, the control unit, the inverter, and all other auxiliaries. The cost of 

installation must be taken into consideration. 

For the present PV system, the life cycle cost will be estimated as follows:  

1-  The lifecycle of the system components will be considered as 22 years 

2-  The interest rate is about 6.43%. based on PMA. 

The initial cost of the PV system = PV  with all requirements it + inverter cost The 

initial cost of the PV system = 1,248,409 + 8166 = 1,256,575 US $. 

The life cycle cost of PV system is obtained by drawing cash flow as in  figure (5-

5): 

Figure (5-5) Cash Flow Diagram (CFD) of PV System 

 

The term P ( A / P i ,n ), is called the capital-recovery factor, or A/P factor, yields 

the equivalent uniform annual worth A over n years of a given investment P when 

the interest rate is i ,and (A/P) factor solved by using following equation [32]: 

 

 

 

The cost of 1 kWh from the PV generator = 0.13 US $/kWh, and The number of 

years to payback your investment is 9 Years. 
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5.3.3 Net Metering of System 

Combined system is able to balance the system production and plant power 

requirements. In June, The grid inter-tied system is producing more power than the 

Plant is consuming which is up to 23,637 KWh, the excess can be sold back to the 

utility. When the system is not producing sufficient power, the Plant can draw 

power from the utility grid which is up to 28,394 KWh in January. So it will be 

reading of net meter up to 12,500 $/year of plant. Shown in table (5-1). 

Table (5-3) Net of Energy and Cost from Electric Utility 
Mon

. 
PSSH 

AC  
Energy 

Electricity 
Cost 

Energy 
Value 

Req. 
Energy 

Net 
Energy 

Net 
Cost 

 
(kWh/m2/da

y) 
(kWh) (US$) (US$) (kWh)/m (kWh) (US$) 

1 3.36 47,206 

0.17 

8,119 

75600 

-28,394 -4,884 

2 3.97 50,688 8,718 -24,912 -4,285 

3 4.33 60,033 10,326 -15,567 -2,677 

4 5.19 66,200 11,386 -9,400 -1,617 

5 6.46 83,594 14,378 7,994 1,375 

6 7.78 99,237 17,069 23,637 4,065 

7 7.40 94,390 16,235 18,790 3,232 

8 6.76 86,226 14,831 10,626 1,828 

9 5.88 75,001 12,900 -599 -103 

10 4.73 64,705 11,129 -10,895 -1,874 

11 4.31 58,959 10,141 -16,641 -2,862 

12 3.53 48,289 8,306 -27,311 -4,697 

 
5.31 834,527 0.17 143,539 75600 -72,673 -12,500 

The produced power by On Grid Solar System can be presented at the following chart (5-

2). For each month that illustrates the variation in the monthly daily average in total 

insolation on horizontal surface that depend on PSSH for each month, which is up to 

higher value during summer season. 
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Chart (5-2) Produced Monthly Energy 
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6DISCUSSION AND ANALYSIS 

6.1  Energy Systems Cost 

Investment cost of SWRO Desalination Plant (600m3/d) that depends on Combined System 

(On Grid Solar System) as energy source is the lowest cost between other scenarios which 

is up to 0.13 $/KWh. This is reflected positively to economic indicator (IRR value). Show 

table (6-1). 

Table (6-1) Comparison of Energy Systems Cost 

Energy System IRR $/KWh 

Solar Energy System 
(Off Grid) 

3.77% 0.27 

Electricity Energy 
System (Electric 

Utility) 
6.6% 0.17 

Combined Energy 
System (On Grid) 

7.64% 0.13 

 

Can be note the difference of IRR values of the project, shown in chart (6-1). The Interest 

rate in Palestine is 6.43 % so the IRR value should be higher than the local interest rate to 

consider the project as a cost effective project from the standpoint of investors. 
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6.2 Combined System Costs 

On Grid solar system it is able to balance the system production and plant power 

requirements. In May, June, July and August, the grid inter-tied system is producing more 

power than the Plant is consuming, the excess can be sold back to the utility which up to 

61046 $/year from plant. When the system is not producing sufficient power, the Plant can 

draw power from the utility grid which is estimated 133719 $/year for plant, shown in table 

(6-2). So will be reading of net meter with each year which up to 12500 $/year of plant. 

Show chart (6-2). 

Table (6-2) Saving Cost of Combined System 

Energy AC  Energy Electricity Cost Req. Energy Net Energy Net Cost 

Mon. (kWh) (US$) (kWh)/month (kWh) (US$) 

1 47,206 

0.17 75,600 

-28,394 -4,884 

2 50,688 -24,912 -4,285 

3 60,033 -15,567 -2,677 

4 66,200 -9,400 -1,617 

5 83,594 7,994 1,375 

6 99,237 23,637 4,065 

7 94,390 18,790 3,232 

8 86,226 10,626 1,828 

9 75,001 -599 -103 

10 64,705 -10,895 -1,874 

11 58,959 -16,641 -2,862 

12 48,289 -27,311 -4,697 

SUM 83,4527 0.17 75,600 -72,673 -12,500 
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Chart (6-2) Net Cost of On Grid Solar System 

6.3  Saving Values Of Optimal System 

To estimate saving value, we should be take traditional power as baseline value. The cost of 

Electricity system during lifespan of the project is higher than the investment cost of On 

Grid Solar System; this reduction costs 25 % of conventional System, Shown in table (6-3). 

The Net Metering process increases the Solar System Efficiency and can be saving more 

values, which is up to 17 % as saving value by On Grid Solar System. 

Table (6-3) Saving Value of Optimal System 

Element 
Baseline 

(Elec. System) 
Solar 

System 
Net 

Meter 
Combined 

System 
Net 

Saving 

NPV of Cost 
($/22Year) 

3,432,845 2,589,780 274,993 2,849,261 568,071 

% 100% 75% 8% 83% 17% 
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Chart (6-3) Saving Value of Combined System 

 

 

6.4   Cost Reduction of Desalinated Water 

When the reduction of operation and maintenance cost in the plant happens, that will 

decrease the production cost of desalinated water unit m3. See following table (6-4). 

Table (6-4): Cost Reduction 

Energy System NIS/m3 Reduction 

Electricity 
System 

4 0.0% 

Combined 
System 

3.3 17% 

 
 

Cost of O&M in the plant using electricity system only is 200,000 $/year, but using On 

Grid Solar System it will be 76,090 $/year. Hence, reflected on the cost of produced water 

per cubic meter. See chart (6-4) 
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Chart (6-4) Cost of Desalinated Water m3 

 
 
 

6.5  Cost Reduction of PV Modules 
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7CONCLUSION AND RECOMMENDATION 

7.1 Conclusion 

The study focused on the optimal use of solar energy and selection of the most 
economically feasible configuration of utilizing this source either fully or partially in the 
SWRO process. Internal Rate of Return (IRR) has been used as an economic indicator to 
analyze the feasibility of establishing a SWRO desalination plant with a capacity of 600 
m3/d in Gaza based on the optimal energy sources. The available options of energy sources 
for the proposed desalination Plant were the following: 

1- Electricity Energy System (Electric Utility) or EES 
2- Solar Energy System (Off Grid System) or SES 
3- Combined Energy System (On Grid System) or CES 

Results differ between the three plants scenarios according to the source of energy used 
and the economic analysis for the project throughout its assumed period of 22 years, results 
are presented in more details as follows: 

1- SWRO Desalination Plant Using EES 

This source depends completely on the local power company, it is the traditional system 
present, and that will be the baseline to calculate the quantities of savings in any other 
system. The following is the overall results for its economic analysis: 

- Net Cost Value: 4,539,786 US $ 
- IRR Value: 6.60% 
- Cost of Energy source: 0.17 $/KWh 
- Cost of Desalinated Water: 1.05 $/m3 
- Saving Value: 0.00 % 

 

2- SWRO Desalination Plant Using SES 

Off-grid systems are not connected to the electricity grid. The output of an off-grid system 
is entirely dependent upon the intensity of the sun. The more intense the sun exposure, the 
greater the output. And after doing economic analysis for the assumed period of this 
scenario, results were as follows: 

- Net Cost Value: 5,707,519 US $ 
- IRR Value: 3.8% 
- Cost of Energy source: 0.27 $/KWh 
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- Cost of Desalinated Water: 1.5 $/m3 
- Saving Value: -30% 

 
3- SWRO Desalination Plant Using CES 

Combined system is able to balance the system production and plant power requirements. 
In June, The grid inter-tied system is producing more power than the Plant is consuming 
which is up to 23637 KWh, the excess can be sold back to the utility. When the system is 
not producing sufficient power, the Plant can draw power from the utility grid which is up 
to 28394 KWh in January. So it will be reading of net meter up to 12500 $/year of plant. 
And after doing economic analysis for the assumed period of this scenario, results were as 
follows: 

- Net Cost Value: 4,207,205 US $ 
- IRR Value: 7.64% 
- Cost of Energy source: 0.13 $/KWh 
- Cost of Desalinated Water: 0.89 $/m3 
- Saving Value: 17% 

The third scenario will be selected as the best economic option to optimize the cost of the 
desalination plant in Gaza. Considering the On-Grid system, the unit cost for desalinated 
water will be reduced from 1.08 $/m3 to 0.89 $/m3 which is about 17% saving. and an 
estimated U.S. $ 568071 that is enough for the operating cost during 7.5 years for SWRO 
Desalination Plant. 

7.2  Recommendations 

 

- There is a big potential for further reductions of PV system costs, hence can be 
fully reliable in the future. 
 

- ON Grid Solar System is most feasible between other solar systems in Gaza at now. 
 

- Awareness campaign regarding the crises of energy situation and why we should 
look for alternatives energy sources. 
 

- Promote the solar industry of all types. 
 

-   Donors must be encouraged to allocate funds for power generation projects in 
locations where they are found feasible.  
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-   This study must be followed up for further research and investigation of possible 
technologies and sectors that are not studied here.  

 
- Regulations and legislations for using the renewable energy sources, especially 

solar energy. 
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