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ABSTRACT 

The Gaza Strip is considered one of the poorest and most limited water resources in the 

region. Water scarcity in the Gaza Strip that classified a semi-arid region have been a 

well-pronounced, significant water shortage due to the limited water resources that is 

mostly presented by saline groundwater led to limiting population options to brackish 

desalination. It is highly recommended to use Reverse Osmosis desalination technology 

as a strategic alternative to meet the future water needs for Gaza Strip. Reverse Osmosis 

(RO) desalination technology is the only used one to produce and provide potable water. 

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

electricity demand, which the shortage of energy source becomes a big constraint  facing 

desalination plants. This research aims to study the relations between energy 

consumption and quality parameters, namely, TDS, nitrate and chloride of feed water in 

medium and small RO desalination plants in the Gaza Strip as well as recovery rate. 

Also, to map the feed and permeate water quality in RO private desalination plants in the 

Gaza Strip. In addition, studying the feasibility of using solar energy as a source of 

power and to study the desalinated water production cost in the Gaza Strip. The results 

show that the relation between energy consumption and feed quality parameters, namely, 

TDS, nitrate and chloride in medium and small RO desalination plants is positively 

significant. In contrast the relation between specific energy consumption and recovery 

rate is negatively significant. The results indicate the using of solar energy as source of 

power is economically and environmentally feasible and practical in small and medium 

RO desalination plants where the cost of a kilowatt of electricity from a solar system is 

0.127 USD. Results showed the mean of desalinated water production cost is 0.7 

USD/m3 in small and medium RO desalination plants, the portion of power cost from 

generator to the production cost of cubic meter of desalinated water ranging from 24.5% 

to 89.9% with average 67% and the portion of power cost from the electrical network to 

the production cost of cubic meter of desalinated water ranging from 12.3% to 43% with 

average 25%. The cost of power from generator approximately 2.8 higher than the cost 

of a kilowatt from electrical network which using to desalinate cubic meter of brackish 

water in the Gaza Strip. 

Keywords: Desalination; Energy consumption; solar energy; Production cost; Recovery 

rate 
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لخصالم  

 غزة قطاع في المیاه ندرة. في مصادر المیاه ومحدودیة فقرا األكثر من المناطق غزة قطاع یعتبر

 لمحدودیة نظرا الحاد المیاه نقص جلي، بشكل ھي واضحة قاحلة شبھ منطقة أنھا على تصنف والتي

 السكان والتوجھ خیارات من الحد إلى أدى مالحة جوفیة میاه الغالب في یقدم والذي المائیة  الموارد

 وتعتبر بشدةبالتناضح العكسي  المیاه تحلیة تكنولوجیا المالحة. ینصح ویوصى استخدام المیاه لتحلیة

 غزة قطاع أن المعروف ومن. لقطاع غزة المیاه من المستقبلیة االحتیاجات لتلبیة استراتیجي كبدیل

 الطاقة مصادر في النقص یث أنح علي الكھرباء مرتفع الطلب كذلك مرتفع، سكاني نمو معدل لدیھ

 بین معدل العالقات دراسة إلى البحث ھذا یھدف. المیاه تحلیة محطات یواجھ كبیر قید أصبح

للمیاه المغذیة وھي االمالح الذائبة الكلیة ، الكلوراید والنترات  في   الجودة ومعاییر الطاقة استھالك

 كما .االسترداد معدل وكذلك غزة محطات التحلیة بالتناضح العكسي المتوسطة والصغیرة في قطاع

 المیاه تحلیة من محطات لمعاییر الجودة للمیاه المغذیة والناتجة واخراج خریطة رسم إلى یھدف

 كمصدر الشمسیة الطاقة استخدام باإلضافة الي دراسة جدوى .في قطاع غزة  بالتناضح العكسي

 معدل بین العالقة أن النتائج أظھرت. غزة قطاع في المحالة المیاه إنتاج تكلفة ودراسة للطاقة،

 في والكلورید النترات ،غذیة وھي االمالح الكلیة الذائبةومعاییر جودة المیاه الم الطاقة استھالك

 المقابل في. إیجابي بشكل كبیرة ھي المیاه لتحلیة العكسي المتوسطة والصغیرة لتناضحا محطات

 استخدام أن إلى النتائج وتشیر. سلبا كبیرة ھي االسترداد ومعدل الطاقة معدل استھالك بین العالقة

 التحلیة بالتناضح العكسي محطات في وبیئیا اقتصادیا ھو مجدي للطاقة كمصدر الشمسیة الطاقة

والمتوسطة حیث أن سعر الكیلو واط من الكھرباء باستخدام نظام الطاقة الشمسیة یساوي  الصغیرة

في  3/م$ 0.7 ھو المحالة المیاه إنتاج متوسط تكلفة أن أیضا النتائج دوالر. وأظھرت 0.127

 ولدالم من الطاقة حیث أن نسبة تكلفة   محطات التحلیة بالتناضح العكسي الصغیرة والمتوسطة ،

 %،67 متوسط مع %89.9 ىلإ %24.5من   تتراوح المحالة المیاه من مكعب متر إنتاج تكلفة إلى

 المحالة المیاه من المكعب المتر تكلفة الي تكلفة إنتاج الكھربائیة الشبكة من الطاقة نسبة تكلفة

تقریبا  المولدالكیلوواط من  تكلفة فإن وبالتالي. %25 متوسط مع % 43 ىلإ %12.3تتراوح من

 المالحة في الكھربائیة لتحلیة ا كوب من  المیاه الشبكة الكیلوواط من تكلفة مرة من 2.8 أعلي ب

 غزة.  قطاع

 كلمات البحث: التحلیة، الطاقة المستھلكة، الطاقة الشمسیة، تكلفة االنتاج، معدل االسترداد
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CHAPTER 1:  INTRODUCTION 

 

1.1 Background 
(Jaber et al., 2004) described the water scarcity stands as a serious challenge for a 

population in many areas around the world. As a Middle Eastern country, a part of 

semi-arid region, Palestine (mainly Gaza Strip) severely suffers from water scarcity 

and limited water resources. The surface water is barely available and rainfall 

averages are considerably low, limiting the population options to groundwater of 

which salinity levels are reasonably high.  This is due to the fact that most of the 

aquifer is a coastal aquifer affected in many areas by sea water intrusion because of 

over extraction and pumping. Despite water resources scarcity in the Gaza Strip, 

groundwater is still the major water resource for drinking water. However, 15% of 

the groundwater meets World Health Organization (WHO) water quality guidelines. 

(Baalousha, 2006) reported the Gaza Strip is a narrow area lying along the 

southwestern portion of the Palestinian coastal with an area of about 365 km2. The 

length is about 45 km on the western Mediterranean coast and the width varies from 

6 km to 12km. In Gaza Strip, there is a large gap between water resources and 

demand. The groundwater aquifer is deteriorated because of over extraction to meet 

increasing demands. Since Gaza is very small with the one of the highest population 

density in the world, urgent action is needed to meet the increasing demand for 

water. Such as seawater desalination as an alternative source of water supply. (Dach, 

2008) defined desalination process represents the appropriate solution for this crisis 

which is the process of removing dissolved solids from brackish water and seawater 

to produce potable water. The amount of salt in water is usually described by the 

concentration of total dissolved solids (TDS) in the water. TDS refers to the sum of 

all minerals, metals, cations and anions dissolved in water. Water that contains 

significant amounts of dissolved salts is called saline water, and is expressed as the 

amount of TDS in water in ppm. (Hilal et al., 2005) characterized seawater by having 

high degree of hardness, varying turbidity and bacterial contents and high TDS and 

has a salt concentration in the order of 35000 ppm. More than seventy elements are 

dissolved in seawater, but only two elements (Chloride and Sodium) make up greater 

than 85% by weight of all the dissolved water. Brackish water contains less TDS 

than seawater but more than freshwater. The TDS concentrations in brackish water 
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can range between 1000 ppm to 15000 ppm. Hence, the high pressures traditionally 

used in Reverse Osmosis resulted in a considerable energy cost was first dedicated to 

seawater. (PWA, December 2014) investigated and evaluated the water situation in 

Gaza is very bad in terms of quantity and quality, where the Coastal Aquifer in the 

Gaza Strip receives an annual average recharge of 55 -60 MCM/y mainly from 

rainfall, while the annual extraction rates from the aquifer is about 200 MCM. This 

unsustainable high rates of extraction has led to lowering the groundwater level, the 

gradual intrusion of seawater and up conning of the underneath saline groundwater. 

Gaza Aquifer needs to be regenerated before it can be sustainably used again. 

Assuming the network efficiency of 54% (according to CMWU), the total water 

consumption is about 56 MCM/y resulting in water per capita consumption of 90.2 

L/c/d. As a result of continuing intensive groundwater abstraction, two cones of 

depression have occurred in the northern and southern areas of the Gaza Strip, with 

water level of 6m and 19m below sea level respectively. (CMWU, 2011) provided 

the groundwater quality in Gaza Strip varies from place to another and from depth to 

another; the chloride ion concentration varies from less than 250 mg/L in the sand 

dune areas as the northern and south-western area of the Gaza Strip to about more 

than 10,000 mg/L where the seawater intrusion has occurred. Also, The nitrate ion 

concentration reaches a very high range in different areas of the Gaza Strip, while the 

WHO standard recommended nitrate concentration less than 50 mg/L. (Mogheir et 

al., 2013) disclosed the history of membrane demineralization using reverse osmosis 

(RO) dates from the 1960s. The history of desalination in Gaza Strip of which 

population is 1.6 million dates back to 1991 when the first brackish desalination 

plant was established and operated at Deir Al – Balah district with a capacity of 45 

m3/h and high recovery rate of 75%. Since then, many public and private RO plants 

were established and operated all over the Strip. (Jaber & Ahmed, 2004) reported 

there are more than 100 Brackish Water Reverse Osmosis BWRO plants until now. 

These could be reasonably satisfying some of Gaza's drinking water needs. BWRO 

plants have a lower energy consumption than Sea Water Reverse Osmosis SWRO 

plants making this option attractive in high energy cost conditions, Energy 

consumption forms about 25 to 50% of the total cost required to produce desalinated 

water by BWRO plants. Although many brackish water desalination plants are 

operating, their performance and operating conditions need to be improved to 

increase recovery rate and production without increasing the process. Resent 
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researches focused on study energy consumption which increasing demand for more 

fresh water is pushing the industry to improve the operational efficiency of the 

brackish water RO desalination plants and increase the lifetime of the membranes. 

1.2 Problem Statement  
(Aish, 2011) showed the coastal aquifer, which is considered as the main water 

resource in the Gaza Strip, is intensively exploited through more than four thousands 

of pumping wells, as a result of this intensive exploitation, the aquifer has been 

experiencing seawater intrusion in many locations in the Gaza Strip.(Mogheir & 

Albahnasawi, 2016) evaluated the groundwater quality during the last few decades, 

which ground water quality  has been deteriorated to a limit that the municipal tap 

water became brackish and unsuitable for human drinking consumption in most parts 

of the Strip. Due to excessive usage of nitrate  fertilizer in agriculture and 

discharging of  wastewater  from treatment  plants,  and  leakage of  wastewater  

form cesspools, nitrate  level  in  the  groundwater  has  increased. Contamination of 

this water will cause many effect on health, babies below the age of six months who 

drink water containing nitrate in excess of the Max-Contamination Level (MCL) 

could become seriously ill and, if untreated, may die. (El Sheikh et al., 2003) 

disclosed  the desalination became a strategic option in Palestine, its cost competes 

with the costs of other non-conventional water resources such as wastewater reuse 

and groundwater recharge. (Mogheir&Albahnasawi, 2016) stated the desalination 

can participate in a significant role in the sustainability of the water resources; the 

cost of desalination is still relatively expensive for our case in the Gaza Strip. 

Reverse osmosis desalination is strongly recommended and considered as a strategic 

alternative in order to overcome the water deficit and meet the future needs of water 

for the Strip, the shortage of energy source become a big constrain facing 

desalination plants of which these plants are operating at limited operational hours. 

(Mogheir, 2004) described the need to provide potable and sustainable water for 

areas where water resources are limited to groundwater is essential. Such need could 

be met by purifying ground water to meet WHO standards of drinking water which 

would be linked to the nature and quality of the ground water available. For areas 

like Gaza Strip, which is a coastal area, ground water is highly saline. Therefore, 

brackish as well as seawater desalination is the option to overcome such problem. 

However, the performance of RO desalination plants that are widely operating all 
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over the area needs to be improved. (Fath et al., 2013) found the desalination 

industry in Gaza Strip considerably rely on RO technology due to their low energy 

consumption compared to other desalination technologies like Multi-stage flush 

(MSF) and Multi Effect Distillation (MED).                                                    

However, lack of knowledge and limited research funding had negatively affected 

the desalination sector. The need to assist desalination plants operators and suppliers 

is essential. The assistance could be presented by assisting in studying the 

relationship between energy consumption and quality water parameters. The problem 

statement of this research can be summarized by the followings: 

i. The need to assess and improve brackish water desalinations as well as 

overall desalination industry in general and in Gaza Strip by studying energy 

consumption 

ii. The need to improve and optimize operation processes in public and private 

brackish desalination plants. 

iii. The need to study the water production cost by BWRO in Gaza Strip and the 

percentage of power cost of water production cost. 

iv. The water and power shortage problems in Gaza Strip require improved the 

public and private brackish water desalination plants, including the study of 

the impact of energy consumption on the quality parameters. 

1.3 Goal and Objectives 
This research aims to study the relationships between energy consumption and 

quality parameters mainly TDS, nitrate and chloride of feed water in small and 

medium plants in the Gaza Strip as well as recovery ratio.    

Objectives 
This research focuses on achieving the following objectives: 

• To study the effect of the change of feed water quality parameters 

concentration namely, TDS, nitrate and chloride on desalination 

plants energy consumption for medium and small scale plants. 

• To investigate the effect of the variation of the recovery ratio on 

energy consumption for medium and small scale desalination plants. 
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• To map the feed and permeate water quality (TDS, Cl-, NO3
-) using 

Geographic Information Systems GIS in small and medium RO 

desalination plants in Gaza Strip. 

• To study the feasibility and effectiveness of adding solar panels to 

operate plants as electricity source in the continuing disruption of 

electricity in the Gaza Strip. 

• To study the desalinated water production cost in Gaza Strip. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Introduction 
     (WHO, 2016) provided improving access to safe drinking water can result in tangible 

benefits to health. Every effort should be made to achieve a drinking-water quality as 

safe as practicable. Safe drinking water, as defined by the World Health Organization 

(WHO) standard, does not represent any significant risk to health over a lifetime of 

consumption, including different sensitivities that may occur between life stages. The 

ever-increasing population creates an increased pressure on water demand that affects 

directly the socioeconomic development. Globally, at least 1.8 billion people use a 

drinking-water source contaminated with feces. By 2025, half of the world’s population 

will be living in water-stressed areas. 

(Dach, 2008) defined the desalination process separates sea or brackish water into two 

streams: a fresh water stream containing, a low concentration of dissolved salts and a 

concentrated brine stream. The desalination of water has been practiced since ancient 

times but was not widely used due to technological limitations, the prohibitive high 

capital costs, high energy consumption and finally very high unit cost when compared to 

conventional water. Although the desalination technologies are mature enough to be a 

reliable source for fresh water from the saline water, a significant amount of research 

and development has been carried out in order to constantly improve the technologies 

and reduce the cost of desalination. However, desalination projects are still not very 

cheap to be easily accommodated by the economics of many countries, energy 

consumption is still comparatively high. 

This chapter will cover the desalination technologies, membrane technologies, 

membrane classification, RO desalination technology global trends, RO membrane, 

parameter affecting membrane performance, energy consumption in desalination plants, 

fouling and cleaning, parameters affecting energy consumption, energy conservation, 

renewable energy sources  in  desalination, production cost of desalted water by RO in 

the world, Performance evaluation, Health concerns and GIS application to water 

quality. 
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2.2 Water Resources in Gaza Strip 

(PWA, 2000) reported the coastal aquifer of the Gaza Strip is part of the regional ground 

water system that stretches from the coastal areas of the Sinai in the south of Haifa in the 

north. There is no other surface water or springs existed in the strip and could be used as 

reliable source. 

(Al-Yaqubi et al., 2007) investigated the  main  source of water  is groundwater, the  

main  source of groundwater  comes  from  the  coastal aquifer (shallow aquifer). The 

coastal aquifer holds approximately 5000 MCM of groundwater of different quality. 

However, only 1400 MCM of this is fresh water, with chloride content of less than 500 

mg/L. This fresh groundwater typically occurs in the form of lenses that float on the top 

of the brackish and/or saline groundwater. That means that approximately 70% of the 

aquifer is brackish or saline water and only 30% is fresh water. CMWU in one of reports 

in 2015 said that the total annual recharge of the aquifer is estimated about 80 MCM. A 

deficit with an average of 100 MCM/Year is observed in the water balance due to over 

pumping. Therefore, the aquifer is replenished from brackish or seawater, which results 

in a deterioration of quality.  

2.3 Ground Water Quality in Gaza Strip 

Gaza Strip has a big water problem in terms of water quantity and water quality. The 

main water source in Gaza strip is the groundwater extracted from the coastal aquifer. 

This aquifer is considerably saline and needed to be desalinated to provide potable water 

to the population. Salinity levels represented by TDS in the Gaza groundwater are 

considerably high and above both WHO and Palestinian Water standards (PS) drinking 

water standards. 

** WHO drinking water standards: TDS below 1000 mg/L and Chloride below 250 

mg/L.  

** PS drinking water standards: TDS below 1500 mg/L and Chloride below 500 mg/L 

(Palestinian quality Standards,2004). 

(Ahmed, 2007) disclosed the main quality problem is the increase in salinity and nitrate 

content. The nitrate concentration reaches more than 200 ppm in the northern part of the 

Gaza Strip and salinity reaches more than 1600 ppm in the middle and southern parts of 

the Strip. In addition to seawater intrusion in the case of Gaza, this deterioration in the 

water quality could be related to the unregulated disposal of various forms of waste, 
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including domestic industrial solid waste as well as liquid and agricultural waste 

"fertilizers and pesticides". (Al-Agha & Mortaja, 2005) showed more than 90% of the 

population of the Gaza Strip depends on desalinated water for drinking purposes. (Maila 

et al., 2004; Shomar et al., 2006) reported about 90% of the groundwater is unacceptable 

for drinking as a result of contamination by nitrate and chloride. Several studies in Gaza 

reported high nitrate (NO3
−) levels in groundwater as one of the major concerns among 

the public and governmental decision makers. (Shomar et al., 2008) observed a high 

positive correlation between the concentrations of NO3
− (N80 ppm) in groundwater of 

the Gaza Strip and the occurrence of methemoglobinemia in babies younger than six 

months of age. Among 640 babies tested in Gaza, 50% showed signs of 

methemoglobinemia in their blood samples. The groundwater quality changes in both 

horizontal and vertical directions. (ESCWA, 2009) reported the fresh groundwater is not 

distributed evenly throughout the whole of the Strip. Salinity of the groundwater 

increases over time due to seawater intrusion and mobilization of incident deep brackish 

water caused by over abstraction of the groundwater. In most parts of the Gaza  Strip,  

the  chloride  and  nitrate  content  of  domestic  water  exceeds  the  WHO guidelines. 

Freshwater availability in Gaza strip indicates that eight out of 14 countries have an 

annual per capita supply of less than 500 m3 of renewable water resources. In addition, 

seven of these countries have less than 200 m3 per capita per year, placing them among 

the world’s 15 poorest countries in terms of water resources availability. 

2.4 Desalination Experience and Trends in Gaza Strip 

(Mogheir et al., 2013) reported the history of desalination in Gaza Strip of which 

population is 1.6 million dates back to 1991 when the first brackish desalination plant 

was established and operated at Deir Al – Balah district with a capacity of 45 m3/h and 

high recovery rate of 75%. Since then, many public and private RO plants were 

established and operated all over Gaza Strip. (Al-Agha & Mortaja, 2005) found due to 

the sharp shortage of water and the bad quality of groundwater, desalination plants were 

set up in the Gaza Strip area in Palestine. Eight large brackish water desalination plants 

(BWDPs) and one seawater desalination plant are operating and providing drinking 

water with small private plants operated by Coastal Municipal Water Utilities (CMWU). 

The desalinated water produced from these plants represents nearly 4% of the total water 

consumption by the population, with more than 90% of this population depending on 

desalinated water for drinking purposes. (Mogheir et al., 2013) pointed all these plants 
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are reverse osmosis plants and their operational conditions are similar in terms of 

production, recovery rate, and energy consumption. The quality of the plants feed was 

found not to comply with WHO and Palestinian Standards in most cases, unlike the 

permeate from all plants. (El Sheikh et al., 2003) showed the operational and 

maintenance costs occupy almost half of 47 to 50% of the total cost whereas spare parts 

and salaries occupy the rest of the cost. (Al-Agha & Mortaja, 2005; El Sheikh et al., 

2003; Ismail, 2003; PWA, 2012) reported desalinated water produced by both small and 

large scale plants is around 4 MCM per year, representing 4–5% of the domestic water 

needs for population in Gaza. Government and water bodies in Gaza Strip tend to give 

considerable interest on seawater desalination and establishing new brackish water 

plants is no longer the option. This is due to the fact that aquifer is exhausted and sea 

intrusion is badly affecting the ground water because of the water wells over pumping 

and random wells digging. However, seawater desalination poses serious challenge for 

government and water bodies in Gaza, as operational and maintenance cost are 

extremely higher than brackish desalination which puts serious pressure on water sector 

in general.  In addition, the cost of 1 cubic meter of desalinated seawater that is up to 1.6 

USD is not affordable by the population compared to approximately 0.72 USD of 

brackish desalinated water (50% of desalinated seawater cost) especially when most of 

owners of desalination plants using generators as source of energy with the continuous 

power outages. On the other hand, brackish desalination plants are in need for some 

performance improvement to improve the operational condition and reduce maintenance 

costs.  

2.5 Electricity Problem in Gaza Strip 

(Rabah & Mogheir, 2014) reported 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, which employed policies to restrict the electrical production 

capacity of the Palestinian territories 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 in 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: 
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• The Israel Electric Corporation IEC  provides  120  MW  to  north  and  

central  Gaza  (about  60%  of  the electrical supply to Gaza). 

• The Gaza Power Plant GPP provides 65 MW to the southern area (but relies 

on fuel supplied by Israeli firms). 

• 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. 

(WASH, 2012) showed in its report during the month of January 2012, the electricity 

power supply in the Gaza Strip remained unreliable, including the supply to water and 

wastewater facilities connected via grid lines. Power cuts of around eight hours per day 

continued throughout the Gaza Strip. With the drop in  seasonal  temperatures,  a  

reduction  in  the  demand for  water  was  registered. 

2.6 Desalination Technologies 
(Ahmad & Schmid, 2002) described the desalination of water is the process that 

separates seawater into fresh water with low concentration of salts and impurities, and 

concentrated brine water. Fresh water desalinated from the process has a good quality 

for drinking and suitable for irrigation. The water desalination processes require 

significant quantities of energy to achieve the salt separation and get fresh water. The  

amount  and  type  of  the  required energy differs according to the used technique.  

(Dach, 2008) showed many  different  desalination  technologies  exist  to  separate  

dissolved  salts  from  water. Water desalination can be accomplished by different 

techniques that can be classified into two categories: thermal and membrane processes. 

The thermal processes can be subdivided into the  following  processes:(i)  Multistage  

flash  evaporation,  (ii)  Multiple  effect  distillation  and (iii) Vapor compression. The 

membrane processes are subdivided into: (i) Reverse Osmosis (ii)  Electrodialysis  and  

(iii)  Nano Filtration. (Sadhwani & Veza, 2008) showed the desalination systems have a 

high power demand with a strong dependency on the non-renewable energies, basically 

of oil products. The world’s desalination capacity is expected to double in size over the 

next twenty years.                                                                                                        

(Kim, 2011) addressed there are several basic techniques that can remove dissolved 

solids from water; distillation (evaporation and cooling), membrane separation, electro 

dialysis, ion exchange and eutectic freezing. Membrane separation and electro dialysis 
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use membranes to remove minerals and dissolved solids from water. Distillation 

separates pure water from brackish or seawater via evaporation and condensation. Ion 

exchange involves the exchange of dissolved mineral ions in the water for more 

desirable ions by passing the water through cation and anion exchange columns. 

Eutectic freezing crystallization separates inorganic aqueous solutions into pure ice and 

solidified solutes by freezing at the eutectic point. Chemical reactions can be used by 

adding other chemical solutions to retentive, while calcinations can be used for the 

recovery of target salts. Several factors have influenced the selection of suitable salt 

recovery technologies, such as the composition of the feed water, target recovered salts, 

and other site-specific factors, such as weather and transportation. (Al-Subaie, 2007) 

pointed the choice of technology used for water desalination depends on a number of 

site specific factors, including source water quality, the intended use of the water 

produced, plant size, capital costs, energy costs and the potential for energy reuse. 

2.7 Membrane Technologies 
(Blank et al.,2007) provided membranes have the ability to differentiate and selectively 

separate salts and water. Using this ability but differently in each case, three membrane 

desalination processes have been developed for desalting water: Electrodialysis (ED), 

reverse osmosis (RO) and Nano Filtration (NF). The RO represents the fastest growing 

segment of the desalination market. 

(Khawaji et al., 2008) investigated membrane technologies can be used for desalination 

of both seawater and brackish water but they are more commonly used to desalinate 

brackish water because energy consumption is proportional to the salt content in the 

source water. Although thermal technologies dominated from the 1950s until recently, 

membrane processes now approximately equal thermal processes in global desalination 

capacity. Compared to thermal distillation processes, membrane technologies generally 

have lower capital costs and require less energy, contributing to lower operating costs. 

In fact, the most important progress in the area of membrane systems is the reduction of 

membrane cost by factor of approximately 10 over the last 30 years making the 

pretreatment and the seawater intake as the most expensive items of a membrane 

system. (MAUREL, 1993) studied the main advantages of membrane technology as 

compared with other unit operations are related to this unique separation principle, i.e. 

the transport selectivity of the membrane. Separations with membranes do not require 

additives, and they can be performed isothermally at low temperatures and compared to 
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other thermal separation processes at low energy consumption. Also, up scaling and 

downscaling of membrane processes as well as their integration into other separation or 

reaction processes are easy. (Dach, 2008) showed membrane technology is used in a 

wide range of applications and the number of applications is increasing regularly. 

2.7.1 Electrodialysis 
(Allison, 1995) described the electrodialysis consists of a large number of cells 

alternately contained within anion exchange and cation exchange membranes and 

arranged between an anode and a cathode. Under the influence of the applied electric 

field, the ions migrate towards the electrodes. Because alternate membranes are 

permeable only to cations or anions, the water cells between the membranes are 

alternately depleted and enriched with salt ions. The cation membranes allow only 

positively charged ions to diffuse through them. Electro Dialysis has been used to desalt 

surface and ground water since the 1950s. 

2.7.2 Reverse Osmosis 
       (Dach, 2008) explained in the RO process, the osmotic pressure is overcome by 

applying external pressure higher than the osmotic pressure on the feed water. Thus, 

water flows in the reverse direction to the natural flow across the membrane, leaving the 

dissolved salts behind with an increase in salt concentration. No heating or phase 

change is necessary. The major energy required for desalting is for pressurizing the 

seawater feed. A typical large seawater RO plant consists of four major components: 

feed water pre-treatment, high pressure pumping, membrane separation, and permeate 

post-treatment. (Gude, 2011) addressed the major components of RO process that 

involve energy consumption are shown in Fig (2.1). These include: (1) feed water 

intake; (2) pretreatment; (3) high pressure pumps (with and without energy recovery); 

(4) membrane type and module; (5) post treatment; and (6) product supply. 
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Figure (2.1) Major Components of Reverse Osmosis Process (Gude 2011) 

(Frenkel, 2011) showed the major differences between SWRO and BWRO may be: 

1. More intensive pretreatment  required by SWRO compared to BWRO in the 

case of an open intake, 

2. Lower energy requirements by BWRO due to lower salinity and lower 

osmotic pressure compared to SWRO, 

3. Different construction materials due to more aggressive conditions faced by 

SWRO. 

2.7.3 Nano Filtration 
   (Dach, 2008) showed Nano Filtration works similar to reverse osmosis expect NF needs 

less pressure. This process can remove some total dissolved solids but is often used to 

partially soften water and is successful at removing solids and dissolved organic carbon. 

For low TDS brackish waters, NF may be used as a stand-alone treatment for removing 

salts. (Timmer, 2001) investigated the term ‘Nano Filtration’ signifies that particles of 

Nano metric dimensions are separated through the NF membranes. The rejection 

characteristic of a specific NF membrane is often quantified by the MWCO.NF 

membranes have low Molecular Weight Cut-Off (MWCO) (200 - 1000 Da) and smaller 

pore size (1 nm). Therefore, the separation of components with these molecular weights 
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from higher molecular weight components can be accomplished. (Bowen & Welfoot, 

2002) disclosed NF membranes have  a  surface  electrostatic  charge  which gives  

them  great selectivity towards ions or charged molecules.  More specifically, NF 

membrane can be used to  remove  small  neutral  organic  molecules  while  surface  

electrostatic  properties  allowed monovalent ions to be reasonably well transmitted with 

multivalent ions mostly retained. (Mogheir et al., 2013) showed recent research's  using 

Nano Filtration  membranes  for  desalting  water  are  potentially suitable  for brackish 

desalination in Gaza Strip  due  to:  reasonable  salt  rejection,  (up  to  51%)  for  NF1  

membrane  at relatively  low  operating  pressure  of  12 bar attributing to energy 

consumption  reduction as well as cost effective compared  to the current used 

technology of RO membranes. (Eriksson, 1988; Hilal et al., 2005) provided the 

advantages provided by NF membranes including: high water flux at low operating 

pressure (compared to RO), high rejection of salts (especially monovalent) and organic 

matter, simple operation, good reliability, and low energy consumption. 

  (Younos & Tulou, 2005) investigated Nano Filtration (NF) membrane works similar to 

reverse osmosis except that with NF, less pressure is needed (70 and 140 psi) because of 

larger membrane pore size (0.05 μm to 0.005 μm). For low TDS brackish waters, NF 

may be used as a standalone treatment for removing salts. 

2.8 Principle of Membrane Process 
(Dach, 2008) described  in membrane processes, a membrane separates two phases. The 

membrane allows transport of one or few components more readily than that of other 

components. The driving force for transport can be either pressure gradient, temperature 

gradient, concentration gradient or an electrical potential gradient. A schematic 

representation of a membrane process is given in figure (2.2). A feed stream is divided 

into two streams, the concentrate stream and the permeate stream. Either the concentrate 

or the permeate can contain or be the desired product depending on the application. 
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Figure (2.2)Simplified Concept Schematic of A membrane Separation Operation (Mixa and 

Staudt 2009) 

 

2.9 Membranes Classification 
(Munir, 2006) found membrane filtration can be a very efficient and economical way 

of separating components that are suspended or dissolved in a liquid. The membrane 

is a physical barrier that allows certain compounds to pass through, depending on 

their physical and/or chemical properties. Membranes commonly consist of a porous 

support layer with a thin dense layer on top that forms the actual membrane. 

(Frenkel, 2011) studied membranes can be classified according to: membrane 

material, membrane shape and module designs, nominal size of membrane, and 

membrane structure, as described in the following section. Membranes are becoming 

a common commodity in water treatment, with four major membrane categories that 

depend on the membrane pore sizes in commercial use at the present time: All four 

membrane categories are commonly used in water treatment to achieve the goals of 

Drinking Water Guidelines and Standards, as well as to produce desalted and/or 

Ultra-Pure Water (UPW) for different industrial and other needs, such as power 

plants make-up water, electronic ships manufacturing, food industry, pharmaceutical, 

medical, and others. Figure (2.3) shows the ranges of membrane based separation. 
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Figure (2.3) Ranges of Membrane Based Separation  

 

2.10 RO Desalination Technology Global Trends 
(Pankratz, 2004) reported RO uses a semipermeable membrane with pumping 

pressure as the driving force to separate saline feed water into two streams; a high-

quality product stream, and a highly concentrated “reject” stream. Every RO systems 

consists of four major components: an intake to provide a consistent supply of feed 

water; a pretreatment system to properly condition the feed water; a high-pressure 

pumping system to provide the energy necessary for fresh water; and a membrane 

module which performs the desalination process by reject the passage of salt. 

(Sadhwani & Veza, 2008) disclosed starting from the 1960s, many desalination 

plants have been built to provide fresh water from non-conventional sources; making 

it necessary to search from other sources of supply, like seawater or brackish 

groundwater. (Frenkel, 2011) found both brackish water desalination and seawater 

desalination processes for previous and future generations are reliable and are in 

common use around the globe to create new water supply sources. (Spiritos & 

Lipchin, 2013) reported desalination was first developed in Israel in 1965, when 
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Mekorot looked for an alternative, energy-saving process, which it found in the RO 

technology developed in the United States. In the early 1970s  after the energy crisis 

of the Yom Kippur War, Mekorot began installing small scale brackish water RO-

desalination. (Frenkel & Pankratz, 2004) showed currently desalination by RO 

dominates the current and future desalination markets, the number of membrane 

desalination installations accounts for   close to 80% of all desalination facilities.  

2.11 Types of Fouling 
(Al-Amoudi & Lovitt, 2007) showed fouling is the common name for all types of 

blocking of the membrane surface. Fouling of membranes is typically caused by 

inorganic and organic materials present in water that adhere to the surface and pores 

of the membrane and results in deterioration of performance (reduced membrane 

flux) with a consequent increase in costs of energy and membrane replacement, 

Inorganic fouling due to scale formation of sparingly soluble inorganic salts occurs 

whenever the ionic salt concentration stream exceeds the equilibrium solubility scale 

formation takes place by homogenous or heterogeneous crystallization mechanisms. 

Biofilm formation also becomes an issue when its thickness and surface coverage 

reduces permeability. (Franken, 2009) showed fouling is categorized into Colloidal, 

Organic, Scaling or precipitation and Biological. The main difference between the 

types of fouling (colloidal fouling, organic fouling, scaling and bio fouling) is the 

nature of the particles that cause the fouling.  In  addition,  fouling  can  be  divided  

into  reversible and  irreversible  fouling  based  on  the  attachment  strength  of  

particles  to  the  membrane  surface. Reversible fouling can be removed by means of 

strong shear force or backwashing.  Formation  of  a  strong  matrix  of  fouling  layer  

with  the  solute  during  continuous  filtration  process  will  result  in  reversible  

fouling  being  transformed  into  irreversible  fouling layer. Irreversible  fouling  is  

normally  caused  by  strong  attachment  of  particles,  which  is  impossible  to  be 

removed by physical cleaning method. 

2.12 Types of Cleaning 
(Al-Amoudi & Lovitt, 2007) defined cleaning of membrane as “a process where 

material is relieved of a substance, which is not an integral part of the material” there 

are two types of cleaning physical and chemical. Physical cleaning methods include 

for example: hydrodynamic forward or reverse flushing, permeate  back  pressure,  

air  spurge  and  automatic  sponge  ball  cleaning. These  methods depend  on  a  
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mechanical  treatment  to  dislodge  and  remove  foulants  from  the  membrane 

surface. (Alegret et al., 2003) investigated chemical  cleaning, there are several 

factors that can affect the chemical cleaning process which include temperature, pH, 

concentration of the cleaning chemicals, contact time between the chemical solution 

and the membrane and the operation conditions such as cross-flow velocity and 

pressure. (Al-Amoudi & Lovitt, 2007) disclosed the role of temperature and pH in 

cleaning are membrane dependent. These factors play very important role in flux 

recovery. 

2.13 Parameter Affecting Membrane Performance 
(Kasper, 1993) showed various  physical  and  chemical  parameters  that  affect  the  

crystallization  process  within  a membrane  system  and  include  temperature,  pH,  

flow  velocity,  permeation  rate, types of pretreatment, salt concentration and 

concentration polarization, membrane type, materials and metal ions.                 

(Habboub) found many  factors  like water pressure and temperature,  membrane 

selection, and proper  maintenance  influence  performance. 

2.14 Specific Energy Consumption 
(Gude, 2011) defined specific energy consumption (SEC) is defined as the energy 

consumed per unit freshwater (kJ/kg) produced and the term recovery ratio (%) is 

defined as the volume of the freshwater produced per unit volume of the seawater. 

(Dach, 2008) provided SEC is proportional to the trans- membrane pressure. It is 

calculated by the following equation (2-1), 

E = ∆P
η.r

. 100
36

 …………………………………..…………………. (2-1)  

Where:  ∆ P: the trans membrane pressure in bar, η: the global pumping system 

efficiency, r: the conversion rate. 

(Dach, 2008) reported energy  requirement  increase  linearly  with  increasing  

permeate  flow  which  is  a  result  of  increasing  pressure.  The  electricity  

consumed  for  membrane  filtration  is  proportional  to trans membrane pressure. 

(Buros & Hadwen, 1988) found energy consumption in RO technology is usually 

some 70% less than for comparable evaporation technologies. 

21 
 



 

(Ibáñez-Mengual et al., 2009) showed SEC is very significant in RO operation due to 

the high pressure requirement around 6,800 kPa (up to about 1,000 psi or 80–100 

bar) for seawater and in the range of 1,379–4,137 kPa (200–600 psi or 15–40 bar) for 

brackish water desalination. (Semiat, 2008) found energy consumption constitutes 

approximately 30–44% of the total cost  of water produced by an optimized RO-

desalination plant. (Becker, 2013) disclosed at the Ashkelon plant with capacity 119 

MCM in 2012 and 130 MCM in 2020,that  it takes 3.85 kWh to purify 1 m3 of water 

and the total energy in 2010 about (454) million kWh and predict the total energy in 

2020 still 454 million kWh, (Zetland, 2011) provided energy amounts $0.21 of the 

$0.53 total cost (40%) and power costs $0.06/kWh. (Farooque et al., 2004) assessed 

typically 50–75% of the energy consumed by seawater RO (SWRO) plant is used to 

drive the motors of high-pressure feed pumps of the first pass which is at least 35% 

of the total operating cost. (MacHarg, 2011) showed membrane desalination is an 

energy intensive process, whereby energy is a major contribution to facility operation 

and maintenance cost. (Dashtpour & Al-Zubaidy, 2012) pointed operating pressure 

depends on the degree of feed water salinity and varies between 15 to 30 bars for 

brackish water and 55 to 70 bars for seawater desalination. Majority of desalination 

plants still operate at SEC of around 4kWhr/m3. (Pankratz, 2004) found the energy 

costs are directly related to the salt content of the water source, and may represent up 

to 50% of a system’s operational costs. 

2.14.1 Factors Affecting Energy Consumption 
Economic and Social Commission for Western Asia(ESCWA) in water development 

report 3showed typical electricity consumption of SWRO plants is in the range of 4 

to 7 kWh/m3, depending on seawater salinity, recovery ratio, required permeate 

quality, plant configuration, and energy recovery in the brine(Al-Karaghouli & 

Kazmerski, 2012). (Avlonitis et al. 2003) pointed the seawater desalination energy 

consumption depends on several factors such as: The concentration of feed water, 

Method of desalination, Physical and chemical characteristics of feed water, 

Existence and the type of the energy recovery system, Operating conditions, 

Location of the desalination plant and capacity of the plant. (Pankratz, 2004) 

provided desalination energy costs are directly related to feed water salinities and can 

represent more than one third of a seawater desalination system’s operating cost. 

(Busch & Mickols, 2004) found salinity plays a large role in the final cost. 
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(MacHarg, 2011) observed when the salinity level of the groundwater increases, the 

feed pressure required to desalt this water also increases in the reverse osmosis 

process. (Frenkel & Kempa-Teper, 2007) assessed when the TDS of the BWRO feed 

water increases, the pumps will eventually lose the pressure capacity to operate at 

design conditions. Unlike SWRO operations, the BWRO water temperature may be 

more stable, with insignificant fluctuations year around. Finally there is a common 

perception that BWRO is a more cost effective solution than SWRO. (Committee, 

2011) investigated as with any seawater desalination project, the feed water 

temperature, source water “cleanliness” (such as suspended biomass or turbidity), 

and ambient salinity fluctuations also affect project costs. For example, if a SWRO 

facility planned along the Northern California coast treats seawater that is on average 

10 degrees colder than a SWRO facility located in Southern California, the necessary 

feed pressure would increase 10 to 15% over the warmer water to achieve the 

equivalent production value, thereby increasing energy consumption and associated 

operating costs. 

2.14.2 Energy Recovery Devices 
(Semiat, 2008) reported until the year 2000, the technological improvements planned 

to reduce the energy consumption have been very beneficial. A first goal of 

5kWh/m3 has been reached due to the use of some new hydraulic designs (with 

higher efficiencies both in pumps and turbines). From 2000 on, a second challenge 

was proposed: to reach a further reduction in the energy consumption to values closer 

to 3.5kWh/m3. Thus, in the medium and long term, one might think that to obtain an 

even higher reduction in the energy consumption. In RO technique the specific 

energy has decreased significantly over the past decade and is approaching the 

theoretical thermodynamic minimum. This was achieved through the development of 

large pumps having an efficiency of approximating 90% using modern efficient 

turbines and other energy recovery devices. The newer devices, known as 

“turbochargers,” “pressure exchangers”, or “work exchangers” names adopted by 

different manufacturers represent efficient ways of recovering the energy content of 

the high-pressure concentrate leaving the membrane module. (Sánchez & Sanchez, 

2006) showed there are new energy recovery devices able to recover increasing 

amounts of energy from the concentrated and still pressurized  brine in seawater RO 

systems. Moreover, this Energy Recovery Devices ERD must be able to adapt to the 
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varied and wide production capacity of the plants. The energy saving obtained using 

either Pelton turbines or the pressure exchange ones depends on the plant conversion; 

the higher its operating conversion the lower its difference. (Avlonitis et al., 2003) 

disclosed there has been a growing trend to reduce energy costs through 

improvements in membrane performance and by employing modern, mechanical 

energy recovery devices that reduce energy requirements by 10-50%.Pelton wheel 

turbines, work exchangers, pressure exchangers and hydraulic turbochargers are 

available that can reduce energy requirements by 10-50%. In the early days of the 

desalination industry the energy recovery system in use for the SWRO was the 

Pelton wheel, converting the hydraulic energy of the rejected brine into rotational 

energy. The recommended energy saving is about 40%. (Pankratz, 2004) evaluated 

membranes themselves have become more “energy efficient” in their improved 

ability to reject salts and operate at higher flux rates, and units can be arranged, or 

“staged”, to maximize product water recovery. (Semiat, 2008) showed turbines 

convert the concentrate pressure into the velocity of a jet that spins a wheel. This is 

used either to reduce the power consumption of the motor driving the pump or to 

boost the pressure of the feed to a second stage. Pressure exchangers can reduce 

energy consumption even further to 2.2 kWh/m3. (Charcosset, 2009) investigated the 

amount of freshwater that can be recovered is limited to as low as 25% to 45% for 

seawater and as high as 90% for brackish water. 

2.14.3 Energy Conservation 

(Fritzmann et al., 2007) explored two ways to reduce the energy consumption in RO 

technology are: (1) to develop high permeability membranes or low energy 

membranes and (2) to incorporate Energy Recovery Devices (ERDs). In the late 

1970s, the SEC for the SWRO system was as high as 20 kWh/m3. (Jiaxi et al., 2008; 

Shannon et al., 2008) showed with continuous improvements in RO membrane water 

recovery ability, increased pump efficiency and the energy recovery system, the SEC 

was reduced to 8 kWh/m3 by the mid1980s. Although these improvements were 

dramatic, the energy consumption still accounted for 75% of the total operating cost 

of the SWRO system. As a result of new technologies, the SEC dropped to as low as 

2 kWh/m3. (Dreizin, Tenne, & Hoffman, 2008) found the cost, quantity, and source 

of energy consumed at each desalination facility are paramount in the design process, 

as the combined energy demand for all of Israel’s desalination facilities places a non-
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negligible burden on the energy sector. To reduce the impact, Israel’s Desalination 

Master Plan stipulates  that all plants utilize “advanced energy-recovery devices to 

reduce specific energy  consumptions to below 4 kWh/m3. (Spiritos & Lipchin, 

2013) reported the use of NF membranes can provide a rate of 25-60% of the energy 

compared with the RO membranes according to the water quality to be analyzed. By 

improving the RO membranes, it will be possible to further reduce energy 

consumption by 10–30% or roughly15% for the overall desalination process. (Gude, 

2011) disclosed energy recovery and reuse options have already been very well 

explored in the current desalination industry. Achieving minimum theoretical 

specific energy consumption for water recovery is not feasible due to effects of 

concentration polarization, membrane fouling and hydraulic resistance to permeate 

flow. Due to these limitations, energy recovery along with water recovery can be a 

better alternative to improve energy consumption and economics of the RO process 

both in small and large scale applications. (Mathioulakis et al., 2007) suggested to 

reduce the traditional energy consumption, renewable energies such as solar energy 

and wind power are under research to drive desalination process. (MacHarg, 2011) 

described two key areas of focus in Texas Water Development Board are minimizing 

energy consumption for brackish groundwater desalination through energy recovery 

and optimizing the achievable reverse osmosis recoveries of inland brackish water 

systems. Galvanized by Affordable Desalination Collaboration’s successful 

demonstration of incorporating isobaric energy devices in seawater reverse osmosis 

to reduce the energy consumption of the membrane desalination process, it is 

anticipated that the energy recovery technology can also be applicable to the brackish 

groundwater desalination market. The isobaric energy recovery device can be 

incorporated in brackish groundwater desalination plants and still save energy. 

(Semiat, 2008) pointed savings are possible by using better membranes having a high 

permeability without losing rejection capabilities. This would enable a reduction in 

operating pressure and lead to energy savings. In addition, improved pretreatment 

and fouling control measures would facilitate operation under more optimal 

conditions. However, membranes play the most important role in possible cost 

reductions. RO membranes cost about 8% of the overall investment. Membranes may 

still be improved significantly. 
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2.14.4 Renewable Energy Sources for Desalination 
(Dach, 2008) showed desalination is an energy intensive process and energy 

requirements are huge since desalination plants are high tonnage plants. Presently, 

these energy requirements are met with very expensive fossil fuels which continue to 

increase in price and greatly contribute to global warming. It is thus an essential 

obligation in the future to look for alternative energy sources to meet the growing 

demand for desalination. The development of a sustainable desalination method 

requires the minimization of energy consumption, but also the use of renewable 

energy sources. This could enable less developed countries to have access to 

sufficient quantities of fresh (desalted) water. (Garcia-Rodriguez, 2002) reported the 

most common renewable energy sources are solar and wind. At present, uses of 

renewable energy sources for desalination are very limited. The world’s share of total 

renewable energy sources used for desalination is only about 0.02% of the total 

energy used. (Mahmoudi et al., 2009) assessed large part of the (MENA) region 

faces severe water shortage and in some countries have bad water management 

issues. Renewable energy is the most obvious choice especially solar energy in the 

Middle East and North Africa (MENA) region which is characterized by arid and 

semiarid environments. (Semiat, 2008) concerned  renewable energy needs to be 

developed to reduce its limitation since it is presently at least four times more 

expensive than fossil fuel. The cost of water produced by solar collectors will be 

much higher compared to that of water produced with the use of a regular energy 

source. (Dashtpour & Al-Zubaidy, 2012) pointed the cost of renewable energy is 

generally independent of fossil fuel prices, the cost fluctuations due to energy cost 

instabilities can be avoided if the system is operated with renewable energy 

technologies. 

2.14.4.1 Solar Energy 
(El-Nashar, 2001; Hrayshat & Al-Rawajfeh, 2008) showed many coastal and inland 

areas around the world have plenty of sunshine and lack fresh water supply. The 

logical answer to the problem is solar desalination using available seawater or 

brackish water. Solar energy can be used as an improved combination of solar 

distillation and MED. ( Bruggen et al., 2003) found among the different systems, salt 

gradient solar ponds and the parabolic trough are the most common. Possible uses 

are to be found in the preheating of the seawater and stream generation. To this date , 
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solar energy for MED is still not able to compete with fossil energy at current crude 

oil market prices, except for (sunny) remote areas where solar energy can be an 

attractive alternative. 

Currently, the most promising solar energy technology is photovoltaic (PV) arrays. 

Photovoltaic arrays convert solar energy into electricity through the transfer of 

electrons Hundreds of small photovoltaic power plants has been developed. Reverse 

osmosis systems connected to photovoltaic plants are already commercialized and 

considered the most promising combination of solar energy with desalination. Many 

examples of photovoltaic powered reverse osmosis (PV–RO) treatment systems can 

be found in the literature (Herold et al., 1998);(Richards et al., 2004); (Côté et al., 

2001; Thomson, Mira et al., 2003); (Gotor et al., 2003); (Bouchekima, 2003).The 

successful adaption of such systems to remote locations, where maintenance facilities 

are generally not available, is largely a question of robust system design and socio-

economic integration. 

2.14.5 Feasibility of Solar Panels to operate RODPs 
Palestine of the countries that have sunny weather most of the year about 345 days 

per a year where can exploit solar power as an alternative source of electricity 

especially in the continuing disruption of electricity in Gaza Strip, as well as to 

encourage the use of clean renewable energy that reduce global warming, the solar 

radiation in Gaza Strip more than 1900 kWh/m2/year. 

2.14.5.1 Solar Photo Voltaic PV System Components 

A. Inverter 

Converts Direct Current (DC) power from solar array to Alternating Current (AC) 

for use with conventional utility powered appliances. It varies in utility 

interaction, power ratings, efficiency and performance.  

B. Wiring 

Connects the system components. 

C. Batteries 

Used to store solar-produced electricity for nighttime or emergency use, 

Mainly used for remote sites that aren’t tied into the electrical grid. 
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D. Charge controller 

Prevents batteries from being over charged. 

E. Disconnect switches 

Allows power from a PV system to be turned off. 

F. Electrical meter 

Measures electrical production and use, Often runs backward if system is attached 

to the electrical grid (Messenger & Abtahi, 2010). 

 

There are two types of PV systems: 

• Stand Alone Solar PV System, the following chart (2.4 ) shows the system 

(Messenger & Abtahi, 2010), 

 

 

 

 
 

 

 

Figure(2.4) Stand Alone Solar PV System  

 

• Grid Connected Solar PV System, the following chart (2.5) shows the system, 
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Figure(2.5) Grid Connected Solar PV System  
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2.15 Production Cost of Desalted Water by RO in the World 
(Al-Karaghouli & Kazmerski, 2012) showed there are many factors which has 

an effect on the water production cost of a desalination plant include the fixed 

capital cost, the equipment cost, installation cost; and the variable operation and 

maintenance cost, which include the fuel ( electricity) cost, membrane and other 

devices replacement cost, and the labor cost. To calculate the unit production 

cost (UPC) of desalinated water as follows: 

Unit Production Cost Equation (2-2)(Al-Karaghouli & Kazmerski, 2012), 

Volume Production
M& O

Factor  OperatingPlant ×CapacityDesign Plant 
ServiceDebt  AnnualUPC +=

………………………………………………………………………………………………………………………(2-2) 

This is equation function of cost of capital or debt service and operation and 

maintenance costs. The operation and maintenance costs are a function of chemical, 

power, equipment replacement, and labor costs. (Arroyo & Shirazi, 2012) reported 

the desalination costs vary based on a number of issues including feed water source, 

feed water quality, plant size, process type and design, intake type, pre- and post-

treatment processes, concentrate disposal method, regulatory issues, land costs, and 

conveyance of water to and from the plant. water production cost of brackish ground 

water desalination in Texas ranges from $1.09 to $2.40 per thousand gallons 

(0.29$/m3 to 0.63$/m3). (Avlonitis et al., 2003) pointed two main factors of the water 

production cost in SWRO plants are the energy cost and the membranes replacement 

cost, contributing almost 50% of the total water production cost, especially for small 

size SWRO. (AMTA, 2007) showed in general the amount of salt to be removed 

greatly affects the cost of desalting plant operation. The more salts to be removed, 

the more expensive the desalting process. (Al-Karaghouli & Kazmerski, 2012) 

showed that increasing the electricity price from $0.06 to$0.10 per kWh will increase 

the cost of water by about 12%. This increase seems reasonable since electricity is 

the only prime mover to the system, also higher water salinity increases the power 

consumption when using a salinity of 45,000 ppm instead of 35,000 ppm increases 

the water production cost, power consumption, and feed pump pressure by 

5.3%,18.4%, and 9.9%, respectively. Also when changing the water temperature 

from 33o to 20oC increases the water production cost by only 2.5%. Finally the 

analysis showed that the best performance of plant with total water production cost is 
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$0.986/m3. (Spiritos & Lipchin, 2013) found the cost of energy is dynamic, and this 

volatility will surely affect the cost of desalination in the future, the price of 

desalinated water is site-specific, depending on total capacity, labor costs, energy 

sources, land availability, water salinity, and perhaps most significantly today 

technological innovation. ( Frenkel, 2011; Pankratz, 2004) noted that the cost of 

desalination is directly proportional to feed water salt concentration, thus BWRO is 

inherently less expensive than SWRO. ( Frenkel, 2011) showed because of the lower 

the salinity (TDS) of brackish water resulting lower the osmotic so this is one of the 

major reasons that brackish desalination is often considered less costly than seawater 

desalination. (AMTA, 2007) reported the energy and recovery of capital are the main 

ingredients of the total cost of water, amounting to about 75% of the total, The 

energy cost portion of the total cost greatly depends on the power/fuel pricing. Since 

energy cost is the single largest factor in the cost of a seawater system (usually 20-

30% of the total cost of water). (Busch & Mickols, 2004) found over the past 15 

years the pressure required to produce fresh water from brackish water has dropped 

by almost a factor of 10. This tremendous cost reduction has spurred the rapid 

expansion of reverse osmosis in brackish water separation. Historically the cost of 

seawater separations has been a factor of four or five higher than that of brackish 

water separations. (Wilf & Klinko, 2001) reported in the late 1990s' the cost of water 

had been estimated to drop to $ 0.73-0.83/m 3.Recent cost proposals such as for the 

Ashkelon project have included numbers as low as $ 0.47- 0.53/m 3with production 

amount around 300000m3/day. (Dashtpour & Al-Zubaidy, 2012) also  reported 25% 

increase in energy cost would increase the cost of produced water by 11%. (Semiat, 

2008) showed the energy cost of an optimized desalination plant is approximately 

30-44% of the total cost of water produced. 

2.16 Performance Evaluation 
(Al-Subaie, 2007) described early RO plants were developed for the treatment of 

brackish water and the membranes were not suitable for seawater desalination.  Since  

the  early  days,  the  membranes  have  been improved  in  terms  of  salt  rejection,  

productivity,  resistance  to  higher  pressure  as  well  as higher temperature. They 

are presently used for seawater desalination (SWRO). (Dach, 2008) pointed the main 

performance indicators of a pilot scale desalination system are productivity in the 

form of flux and recovery, desalination efficiency in the form of retention with 
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regards to total dissolved solids, individual elements, and energy requirements in the 

form of specific energy consumption. 

2.16.1 Water Productivity and Recovery Rate 
(Dach, 2008) defined permeate  flux  is  an  important  parameter  in  design  and  

economic  feasibility  analysis  of membrane separation processes. When the level of 

solute rejection is met, the permeate flux becomes a fundamental factor in 

optimization of the process. The higher the permeate flux, the lower the filtration 

area necessary for a certain amount of solution to be processed.Each membrane has a 

specific permeability for a given values of temperature and feed water salinity. 

Recovery also can be called productivity. According to mass balance, the feed flow 

equal to the sum of concentrate flow and permeate flow. Recovery can be calculated 

using the following equation (2-3), 

γ =
Qp
Qf

× 100% =
Qp

Qp + Qc
× 100% … … . (2 − 3 ) 

Where: 

γ: Recovery Rate 

QP: permeated flow m3/h 

Qf: feed flow m3/h 

 

2.16.2 Water Quality and Rejection Rate 
(Dach, 2008) studied the second indicator of a pilot scale desalination system is the 

water quality or rejection rate which should correspond with WHO guideline 

.Rejection rate represent the ability of membrane to reject salts and impurities from 

feed water. This is one of the most important characteristics of membrane; that‘s 

depended on the feed water characteristics, membrane characteristics and applied 

pressure. The ability of membrane to reject TDS & NO3
-was measured using 

equation (2-4), 

R =
1 − Cp

Cf
× 100 … … … … … … … … … … ..   (2 − 4) 

Where; 

R: rejection rate % 
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Cp: salt concentration in permeate (ppm). 

Cf: salt concentration in feed water (ppm). 

 

2.16.3 Specific Energy Consumption 
(Schäfer et al., 2007) explained the Specific Energy Consumption (SEC) is what 

ultimately determines the cost of the system as energy requirements, this factor 

explained previously. 

2.16.4 Nitrate Removal 
(Mogheir & Albahnasawi, 2016) reported nitrates are very soluble, therefore, they 

have a high potential to migrate to groundwater sources. When these ground waters 

are purposed for potable drinking water sources, the presence of nitrates can pose 

serious health risks, especially for infants and pregnant women. Nitrate is a chemical 

compound of one part nitrogen and three parts oxygen that is designated the symbol 

“NO3
-” It is the most common form of nitrogen found in water. Other forms of 

nitrogen include nitrite (one part nitrogen and two parts oxygen – NO2). Due  to  

excessive  usage  of  nitrate  fertilizer  in  agriculture  and  discharging  of  

wastewater  from treatment  plants,  and  leakage  of  wastewater  form  cesspools,  

nitrate  level  in  the  groundwater  has  increased. Nitrates have no detectable color, 

taste or smell at the concentrations involved in drinking water supplies, and can 

occur both naturally and from man-made sources. Because they do not evaporate, 

nitrates/nitrites are likely to remain in water until consumed by plants or other 

organisms. Nitrate contamination originates mainly from agricultural operations 

including farm runoff and fertilizer usage, septic system failure and improper 

discharge of industrial and food processing waste and wastewater. The primary 

inorganic nitrates which may contaminate drinking water are potassium nitrate and 

ammonium nitrate both of which are widely used as fertilizers. 

2.17 Health Concern 
(Ayyasamy et al., 2007) concerned several health problems may be caused by excess 

nitrate in water sources, The removal of nitrate is essential for water contaminated 

with nitrate before being utilized since a large amount of nitrate in drinking water 

often causes a disease called methemoglobinemia and other health disorders such as 

hypertension, increased infant mortality, goiter, stomach cancer, thyroid disorder, 
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cytogenetic defects and birth defects. (Santafé-Moros et al., 2005) described the 

nitrate rejection decreased when increasing nitrate feed concentration with single salt 

solutions showed that the charge effect plays an important role in the rejection 

mechanism, This conclusion is in agreement with the results obtained when treating 

groundwater, for which the electro-static interactions are decreased due to the high 

concentration of the solution, and the rejection is mainly the result of size effect, 

therefore nitrate rejection strongly decrease sand salt rejection is higher because of 

the high divalent ion content of the groundwater. 

2.18 Geographic Information Systems (GIS) 

(Flynn, 1999) reported GIS hydrological modeling is analyzed by Jenson and 

Domingue. 1988, while Eli Robert, 2000, gives a detail analysis of the current state 

of the art and proposes a new algorithm based on relaxation processes. Geographical 

space with specific geometric accuracy together with information i. e. in tabular form 

which is related to geographic location. Geographic Information Systems (GIS) is a 

computer tool now used to address new and existing water quality problems. A GIS 

uses a computer database to store large quantities of spatial and temporal data. This 

allows the integration of diverse types of information into a form that makes it 

possible to consider different approaches to land management and environmental 

problems before making management decisions. Spatial data is information that 

describes how a specific feature is located or distributed in space. The use of GIS 

allows people to process and evaluate these data. Without this type of computer tool, 

such large amounts of data would overwhelm us. Information stored in a GIS will 

come from a variety of sources. The greater the quantity and quality of the 

information, the more complete the GIS database will be. (Hatzopoulos, 2002) 

described GIS is associated by a set of tools, which do data management, processing, 

analysis and presentation of results for information and related geographic locations. 

(Locher, 2004) showed while this aspect of GIS has yet to reach maturity it shows 

great potential in the efficiency of data analysis and reduction in both manpower and 

cost when compared to current methods. The potential benefits are substantial, 

particularly for applications that require repetitive data over a large spatial scope. 

The use of GIS to collect and analyze data and articulate research findings makes it a 

tremendous tool in the water quality management toolbox. The integration modeling 
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water quality and GIS to assess non-point sources of pollution was insightful and 

showed great potential for further use. 

(Flynn, 1999) showed data is entered in the GIS database and the software builds a 

map of the area. Actually, the computer builds what are called layers—separate maps 

of the same area, each of which contains different sets of information or themes. 

These maps are built by providing the computer with geographic coordinates 

identifying the location of various features (spatial data). 

2.18.1 GIS Applications to Water Quality and Management 

(Hatzopoulos, 2002) investigated water management requires a good understanding 

of the geographical space and related spatial information such as water sources, 

terrain surface, watershed, land cover, land use, rainfall, temperature, humidity, soil 

condition and composition, geology, conditions on the atmosphere, human activities, 

environmental data, etc. The accurate knowledge of the terrain surface helps to 

understand and model most hydrological processes (DEM)or Digital elevation 

model. (Locher, 2004) showed the development and use of GIS as a tool for 

assessing the trophic level and quality of inland waters has had a tremendous impact 

on water quality management. The data required for an effective water quality 

management program requires a large amount of repetitive data. Traditional methods 

of data collection, while accurate, can be costly, time consuming and requires 

considerable laboratory and logistical support. GIS has the potential to allow 

managers to more effectively assess water quality, predict pollutant loadings and 

appropriately administer preventative or corrective water quality measures. The most 

important aspect for water quality management is for scientists to be able to lucidly 

convey their findings to the stakeholders and the decision makers. If effectively used 

for water quality management, GIS can reduce the cost of data acquisition, improve 

the data collected and reduce management costs. (Flynn, 1999) concerned water 

quality has increased dramatically over the last 30 years. In that time, a number of 

water quality parameters (characteristics) have been found to be useful indicators of 

“good” or “bad” water quality. The labels “good” or “bad” are usually assigned 

relative to a defined use such as drinking water, swimming, or fishing. The 

Environmental Protection Agency (EPA) has established limits for specific water 

quality parameters that are used to determine how clean or dirty (degraded) a body of 

water is. Some commonly measured water quality parameters include the pH 
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(acidity/alkalinity) of the water, the amount of total dissolved solids (TDS), and the 

amount of total suspended solids (TSS). The total organic carbon (TOC) content of 

the water and the concentration of nutrients such as potassium, phosphorus, and 

nitrogen are also important variables. Each of these parameters can be used to 

evaluate the status of water quality. Even though our knowledge and understanding 

of water quality has increased over the last 30 years we still have a lot to learn. It is 

for this reason that researchers continue to examine water quality and to look for new 

tools with which to acquire a greater understanding of water quality. These efforts 

will allow us to deal with existing water quality problems and to grapple with new 

problems that continue to emerge. Information on water quality can be entered into 

the database, and, if the location of sample sites is known, these data can be linked to 

specific locations. This allows the GIS user to make connections between the type of 

land use and various physical properties and the quality of water within the area of 

interest. The Global Positioning System (GPS) is another technological advance 

making it easier for land managers to develop a GIS database. GPS units allow 

people to determine the geographic coordinates of landscape features. GPS 

coordinates can also be taken at the site where water quality samples are collected. 

These coordinates can then be entered into the GIS database allowing these features 

to be positioned on the watershed. (Khan et al., 2015) reported in recent years, the 

use of the Geographic Information System (GIS) has grown rapidly in groundwater 

management and research. GIS is now widely used to create digital geographic 

databases, to manipulate and prepare data as input for various model parameters and 

to display model output. With the advent of powerful personal computers and the 

advances in space technology, efficient techniques for land and water management 

have evolved of which RS (remote sensing) and GIS (geographic information 

system) are of great significance. These techniques have fundamentally changed our 

thoughts and ways to manage natural resources in general and water resources in 

particular.(Khan et.al,2015)studied spatial variations in groundwater quality of Agra 

rural areas have been studied using Geographic Information System (GIS) technique. 

For this study, water samples were collected from various bore wells. The ground 

water quality information maps of the entire study area have been prepared using 

Inverse Distance Weighted (IDW) interpolation technique approach in GIS. The 

results obtained in this study and the spatial database established in GIS would be 

helpful for monitoring and managing ground water pollution in the study area. 

35 
 



 

Groundwater is one of the most valuable natural resources, which supports human 

health, economic development and ecological diversity. (Todd & Mays, 2005) 

showed the groundwater resources play a very significant role  in meeting the ever 

increasing demands of the  agriculture, industry and domestic sectors. (Amadi & 

Olasehinde, 2008) found in recent years, it has been recognized that the quality of 

ground water is of nearly equal importance to quantity. Water quality monitoring has 

one of the eminent priorities in environmental protection policy. (Association et al., 

1915; Khan et al., 2015) showed understanding the quality of groundwater with its 

temporal and seasonal variation is important because it is the factor that determines 

the suitability for drinking, domestic, agricultural and industrial purposes. (Khan et 

al., 2015) disclosed the spatial analysis and interpretations of the groundwater quality 

of the study area successfully demonstrate that the applied GIS methodology is a 

powerful tool in evaluation and describing the spatial analysis and mapping of the 

groundwater characteristics. This study can offer the requisite information for the 

authority to pursue the sustainable approaches on groundwater management and 

contamination prevention. The results obtained gave the necessity of making the 

public, local administrator and the government to be aware of the crisis of poor 

groundwater quality prevailing in these rural areas. The government needs to make a 

scientific and feasible planning such as providing centralized water supply scheme. 

For this, public awareness of the present quality crisis and their involvement and 

cooperation in the actions of local administrators are very important. Since, in the 

future the groundwater will have the major share of water supply schemes, plans for 

the protection of groundwater quality is needed. Present status of groundwater 

necessitates for the continuous monitoring and necessary groundwater quality 

improvement methodologies implementation.  
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CHAPTER 3: METHODOLOGY 

3.1 General 
As shown in figure (3.1) the research methodology and objectives which started with 

collection of needed data from all available sources such as documents, reports, 

PWA and small and medium RO desalination plants in the Gaza Strip. The required 

data include chemical analysis, SEC and recovery rate, etc.…. 

The key data will be obtained from PWA in the study area, which is the feed and 

permeate water quality, SEC and recovery rate. 

After preparation and processing, the data were analyzed using Excel. Feed and 

permeate water quality of small and medium RO desalination plants were analyzed 

by GIS and spatial distribution. Relations between SEC and feed water quality 

parameters, namely TDS, Cl- and NO3
- in target RO desalination plants were 

analyzed by Excel program as well as the relation between SEC and recovery rate. 

The feasibility of using solar panels as a source of power was calculated through 

many calculations of the solar system and economics that the comparative cost of 

kWh of solar system with the cost of kWh from a grid or generator. 

The desalinated water production cost and the portion of power in this cost gained 

through field visits and interviews with RO desalination plants owners in Gaza Strip, 

then the data analyzed by Excel to show the mean and range of these results. 
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 How  Output 
 

 
 

Figure (3.1) Research Methodology and Objectives  

OBJ.1  

• To study the effect of the change of feed water 
quality parameters concentration namely, TDS, 
nitrate and chloride on desalination plants energy 
consumption for medium and small scale plants. 

OBJ.2 
• To investigate the effect of the variation of recovery 

ratio on energy consumption for medium and small 
scale desalination plants. 

OBJ.3 
• To map the feed and permeate water quality (TDS, 

Cl-, NO3
-) by using GIS in small and medium RO 

desalination plants in Gaza Strip. 

OBJ.4 

• To study the feasibility and effectiveness of adding 
solar panels to operate plants as electricity source in 
the continuing disruption for electricity in the Gaza 
Strip. 

OBJ.5 
• To study the desalinated water production cost in 

Gaza Strip. 

Output.1.The relation between TDS, 
nitrate and chloride with SEC is 
positive significant.  

Output.3.Overiew and maps of 
present feed and permeate water 
quality (TDS,Cl-,NO3

-)in small and 
medium RO desalination plants in 
Gaza Strip. 

Output.4.the cost of kWh from solar 
system equal 0.127 $ so using solar 
system as a source of power in small 
and medium RO desalination plants 
was feasible economically and 
environmentally.  

• Data collection of feed 
water quality parameters, 
SEC and recovery rate. 

• Data analysis by Excel 
program. 

• Data collection of feed 
and permeate water 
quality parameters.  

• Data analysis by GIS and 
spatial distribution. 

• Data collection and 
compare the cost of kWh 
from solar system with 
grid and generator. 

• Data analysis by solar 
energy and economic 
calculations. 

• Data collection of cost of 
desalinated water and 
portion of power in this 
cost. 

• Data analysis by Excel 
program. 

Output.5.Average of desalinated 
water production cost is 0.7 $/m3 in 
Gaza Strip. 

Portion of power cost from generator 
with mean 67% of desalinated water 
production cost  

Percentage of power from electrical 
network with mean 25% of 
desalinated water production cost. 

Output.2.The relation between 
recovery rate and SEC is negative 
significant.  
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3.2 Location of Study 
The Gaza Strip is located in a semi-arid area with scarce water resources. It is a part 

of the Palestinian coastal plain in the south west of Palestine, where it forms a long 

and narrow rectangular area of about 365 km2. The Gaza Strip is a highly populated, 

small area in which the groundwater is the main water source.  During  the  last few 

decades, groundwater quality has been deteriorated to a limit that the municipal tap 

water became brackish and unsuitable  for  human  drinking  consumption  in  most  

parts  of the Strip (Aish, 2011; Habboub; Basem Shomar et al., 2008). 

3.3 Public and Private Desalination Plants in Study 
Practically, there are eight large scale BW plants and one SWRO plant. In addition, 

there are more than 110 BWRO plants operating in many areas all over the Gaza 

strip, Note that 70% of these plants are not licensed. The production of desalinated 

water from desalination plants in the Gaza Strip about 2.7 MCM, the average 

efficiency of these plants is estimated about 65%. This indicates that the groundwater 

feeding amounts estimated 4.2 MCM, the consumption rate of desalinated water is 

estimated 5 liters / capita / day(PWA, 2012)for drinking water. The public large scale 

plants are operated by the Costal Municipalities Water Utility CMWU, the water 

operating body in Gaza, whereas private small scale plants are operated by charities 

and local communities. The Gaza Strip is divided geographically into 5 

Governorates: Northern, Gaza, Middle, Khanyounis and Rafah. Each governorate has 

its own municipality administration. This is for administrative purposes (Basem 

Shomar et al., 2008).In our study was selected 5 plants per governorate to study the 

effect of water quality parameters (TDS,Cl-,NO3
-, Recovery Rate)on energy 

consumption also to show the analysis of feed of brackish wells and permeate water 

from BWRO desalination plants by GIS so the sample of study consists of 25 RO 

desalination plants in Gaza Strip. The map in the Figure (3.2) highlights the medium 

and small scale BWRO plants located all over Gaza strip and the targeted RO 

desalination plants locations. 

39 
 



 

 

  

Figure (3.2) RO Desalination Plants and Targeted RO Desalination Plants Locations  

 

3.4 Relation of SEC with TDS, Cl-, NO3- 

3.4.1 Data Collection 

• The data of small and medium RO plants collected from Palestinian Water 

Authority PWA about water quality parameters named TDS, Cl-, NO3
- and 

SEC. 

• Some data collected from municipalities, interviews addressing 

assessment of desalination resources in Gaza and experiences of seawater 

and brackish water desalination in the world. 
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• The change and vary the characteristics of water quality in the aquifer 

have taken into account when choose the target RO desalination plants in 

the Gaza Strip. 

3.4.2 Data analysis 

• Five plants were per governorate to study the effect of water quality 

parameters (TDS, Cl-, and NO3
-) on energy consumption. 

• The methods which used for the examination of water quality parameters 

(TDS, Cl-, and NO3
-)as the following(Association et al., 1915): 

 Gravimetric analysis and conductivity for TDS, 

 4500-Cl- B. Argentometric method for Cl-, 

 Ultraviolet spectrophotometric screening method for NO3
- 

• Total power was calculated through sum the power resulting from the high 

pressure pump and low pressure pump, then convert the power from horse 

per  hour to kWh per hour through  the following equation (Kadam, 2008; 

Theodore & Ricci), 

Power �kWh
h
� = power(HP

h
)×0.7457…………………………….…. (3-1) 

• Specific energy consumption was calculated through the following 

equation (Kadam, 2008; White, 2011), 

)23.(..........
(m^3/h)hour   per Product 

hour(kWh)in  Power  Cosumed) 3SEC(kWh/m^     −=  

• The relation between SEC and quality parameters (TDS, Cl-, NO3
-) in 

targeted 5 RO desalination plants per governorate analyzed by Excel 

program. 

3.5 Relation of SEC with Recovery Rate 

3.5.1 Data Collection 

The data of permeate flow rate and feed flow rate for small and medium RO 

desalination plants collected from Palestinian Water Authority (PWA) and through 

filed visits to targeted RO desalination plants. 
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3.5.2 Data analysis 

• Five  plants were selected per governorate to study the effect of recovery 

rate on energy consumption. 

• The recovery rate is the ratio of the permeate flow rate to the flow rate 

from raw seawater feed Tank. It is the first factor that can measure the 

effectiveness of membrane is the quantity of produced water represented 

in flux and recovery rate. 

• The total recovery rate  was calculated through  the following equation 

(Dach, 2008), 

γ =
Qp
Qf

× 100% =
Qp

Qp + Qc
× 100% … … … … … . (3 − 3 ) 

• Where: 

• Y: recovery rate. 

• Qp: permeate flow rate. 

• Qf: feed flow rate. 

• The relation between SEC and recovery rate in targeted 5 RO desalination 

plants per governorate analyzed by Excel program. 

• The mean and range of specific energy consumption and recovery rate were 

calculated for around 100 small and medium RO desalination plants over 

Gaza Strip by Excel program. 

3.6 GIS Analysis of Feed and Permeate Water Quality 

• In our study, feed and permeate water samples from around 100 small and 

medium RO desalination plants have been collected and analyzed for various 

parameters such as TDS, Cl- and NO3
-.  

• The obtained results were exported into the GIS environment. 

• The locations of around 100 RO desalination plants all over the study area 

were geographically determined by using a handheld GPS instrument. 

•  The obtained water quality data were, consequently, in non-spatial database 

form. Therefore, they were stored in excel format and linked with the spatial 

data by join option in Arc Map. 

• The spatial and non-spatial database formed is integrated to generate spatial 

distribution maps of the water quality parameters for the feed and permeate 
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water in small and medium RO desalination plants in all governorates in the 

Gaza Strip.  

• For spatial interpolation Inverse Distance Weighted (IDW) approach in GIS 

has been used to delineate the areal distribution of groundwater pollutants. 

•  Then used map algebra and raster calculator tools to compare the analysis 

with WHO standards. 

•  The permeate water quality has been analyzed to show the variation in 

quality of permeate which depend on the concentration of feed. 

• The mean and range of feed and permeate water quality were calculated for 

around 100 small and medium RO desalination plants over Gaza Strip by 

Excel program. 

• The following chart, Figure (3.3) shows the process was followed to develop a 

groundwater quality classification map from the maps based on the ISI (1991) 

and WHO (1993) standards for drinking water (Franson, 2003). 

3.6.1 Inverse Distance Weighting (IDW) Interpolation 

In interpolation with IDW method, a weight is attributed to the point to be measured. 

The amount of this weight is dependent on the distance of the point to another 

unknown point. These weights are controlled on the bases of power of ten. With 

increase of power of ten, the effect of the points that are farther diminishes. Lesser 

power distributes the weights more uniformly between neighboring points. In this 

method the distance between the points count, so the points of equal distance have 

equal weights (Franson, 2003).The weight factor is calculated with the use of the 

following equation (3-4) (Franson, 2003), 

λ =Di
-α / Σi=1 Di

-α……………………………………..……………..(3-4) 
λ = the weight of point,  

Di = the distance between point i and the unknown point, 

 α = the power ten of weight.  
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Figure (3.3) Flow Chart of the Method Adapted  

Data Collection 

Non-Spatial Data Spatial Data 

Digitize the study area 
map using ArcGIS 

Obtain the location of 
sample using GPS 

Generation of water 
quality data from each 
sampling location and 
entering into excel sheet 
and assign ID for each 
sampling point. 

Collecting and permeate 
sample from each location 

Generating 
final study area 

Import to ArcGIS using UTM 
projection and convert to point feature 
and assign ID for each location 

Physico-chemical analysis 
of sample 

Generation of thematic maps for 
individual quality parameters using 

spatial interpolation techniques through 
Inverse Distance Weighted (IDW) 

Method, map algebra and raster calculator 

Spatial and non-spatial 
data join 

Select four thematic maps 

TDS Chloride Nitrate 

Overlay 

Spatial distribution of feed and permeate 
quality for drinking purpose. 
 

Thematic map 
interpretation 
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3.7 Feasibility of Solar Panels to operate RO Desalination 
Plants Data Collection 

3.7.1 Data Collection 
• The feasibility study for using solar power as an alternative source of 

electricity in RO small and medium desalination plants which the calculations 

were for RO desalination plant with capacity 25 m3/hr. 

• There are some parameters used in the calculations the cost of the solar 

system and to study the feasibility of solar energy as a source of electricity 

compared with the generator, the following table (3.1) shows the used 

parameters. 

 
Table (3.1) Parameters Used in Cost Estimation  

Item Value Description 

PV
 P

an
el

s 

5.22 Hours per day as an average sun hours a day 

0.85 derate factor   

320 Watts per solar panel   

2 m wide  
 

  

1 m high 
 

  
24 V 

 
  

Ba
tte

rie
s 

200 AH 
 

  

12 V 
 

  
1 Day(s) of autonomy   

0.85 Losses 
 

  
50% Depth of discharge, DOD 

  80 An MPPT - charge controller  

  2.00 $ per DC watt as a unit cost of the system 
 

  

  0.13 $/kWh electricity unit cost    

  6% Annual interest rate     
• Operation hours around 8 hours per day and RO desalination plants used 

diesel generators in case of electricity outages; the feasibility study was 50% 

grid and 50% solar. 

• Batteries need to replace many times over the project period and batteries 

expenses around 40 % of the total budget. 
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3.7.2 Off Grid Solar System Design 

3.7.2.1 Load Calculations 
The load of energy can be calculated by the following equation (3-5) (White, 2011), 

Total Energy �kWh
day

� = Energy (kWh) × Operation hours(hr) …………........(3-5) 

3.7.2.2   Solar System Sizing 

The size of solar panels, the number of cells and required area of solar panels can be 

calculated through some equations as the following (Hankins, 2010; Messenger & 

Abtahi, 2010), 

)63.......(....................
Factor Derate

hoursLoad/Sunnysizing(kW) PV       −=

)73(............................................................
Panelwatt / 

Sizing PV cells ofNumber   −=  

Each of kWh of power need to 12m2  of area to set up the cells, so  required area to 

install the solar panels calculated by the following equation, 

Required Area(m2) =  PV System sizing(kWh) × 12(m2) … … … … … . . (3 − 8) 

3.7.2.3 Battery Bank Sizing 

The size of batteries, bank capacity and number of batteries  can be calculated 

through many equations as the following(Hankins, 2010; Messenger & Abtahi, 

2010), 

Battery bank capacity(Ah) =
kWh per day × day of autonomy

losses × DOD × V
… … … … … … … . (3 − 9) 

Which DOD: depth of discharge, V:system voltage 

Number of Batteries =
Battery bank capacity

Amber  per battery
× 2 … … … … … … … … … (3 − 10) 

3.7.2.4 Inverter Sizing 

The size of inverter can be calculated by the following equation(Burger & Rüther, 

2006), 

AC system watt = DC watt ×  derate factor … … … … … … . … … … … … . . (3 − 11) 
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No. of inverter = the nearest integer number to AC system watt … … . … (3 − 12) 

3.7.2.5 Economics 
The economic calculations can be calculated by the following equations, 

Payback period means the period of time that a project requires recovering the 

money invested in it. The payback period is expressed in years and is computed 

using the following equation (Deval L. Patrick), 

)133..(....................
ear)year(USD/yper  Savings

)system(USD ofcost  Totalr)period(yeaPayback −=  

Total cost means sum of  initial cost, operation and maintenance cost, The total cost 

is expressed in USD and is computed using the following equation (Fahrenbruch & 

Bube, 2012; Kaltschmitt, Streicher, & Wiese, 2007), 

Total cost(USD) = Initial Cost + operation and maintenance cost … . . . (3 − 14) 

Which the total cost include initial cost and operation and maintenance cost. 

Maintenance cost include replace the batteries many times over project period, it can 

be calculated as the following,  

batteries) replacing of No(P/A,24,×$)batteries( ofcost (USD)cost  Maintenace =
……………………………………………………………………………………………………………………….……………(3-15)

 

 

For operating cost, it was assumed to hire an employee to manage the site; it can be 

calculated as the following, 

16)-..(3span)..... liferate,intrest (P/A,×12month×salary($) empolyee=(USD)cost  Operating
 

The cost of energy per kilowatt can be calculated by the following 

equation(Fahrenbruch & Bube, 2012; Kaltschmitt et al., 2007), 

Annual savings (USD) = total energy �
kWh
day

�× 365 × pbperiod(Year) … … … … (3 − 17) 

)183.....(..........
periodPayback ×365×)energy(kWh Total
)system(USD  theofcost  Total/kWh)energy(USD ofCost −=

 

kWh)power(USD/ ofcost ×365×(kWh/day)energy  total(USD)cost  electisty  Annual =

…………………………………………………………………………………………………………………………….…….. (3-19)
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The cost of required energy to desalinate one cubic meter calculated as the following 

equation (Leitner, 1989), 

20)-...(3(USD/kWh).energy  ofCost ×) (kWh/m^3 ) (USD/m^3  m^3energy /  ofCost =
 

3.8 Desalinated Water Production Cost and Portion of Power 

3.8.1 Data Collection 
The data of desalinated water production cost and the source and percentage or 

portion of power in the cost, especially in the cutting of electricity and the cost of this 

source collected through field visits and interviews with RO desalination plant 

owners. The missing data collected from Palestinian Water Authority PWA. 

3.8.2 Data Analysis 

• Around 100 small and medium RO desalination plants over Gaza Strip 

were to study the desalinated water production cost and portion of power 

in this cost in two cases: (1) from the electrical network totally, (2) from 

generator due to the continuous blackouts. 

• The desalinated water production cost was calculated in USD. 

• The consumed power cost of electrical network was calculated in USD 

related to the cost of a kilowatt of electricity from the electrical network 

equal 0.5 NIS (0.13 USD). 

• The consumed power cost of the generator was calculated in USD related 

to the cost of litter of fuel (diesel) to operate the pumps equal 5.5NIS 

(1.45 USD). 

• The relation between cost of fuel to operate the generator and cost of 

electricity from electrical network as the following figure(3.4)(Palestine, 

2017). 
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Figure (3.4) Power Cost Analysis 

• Portion of power cost from desalinated water production cost was calculated 

as the following equation, 

)213(..........
) water(USDddesalinate of  1m^3 ofCost 

USD)generator(or network  frompower  ofCost (%)cost Power −=

 

• The mean and range of desalinated water production cost and power portion 

and cost were calculated for around 100 small and medium RO desalination 

plants over Gaza Strip by Excel program. 

 

 

cost of liter of fuel to operate generators =2.8 cost of kilo watt from 
electrical network 

Cost of power from generator=2.8 cost of power from electrical 
network                  

4 kw=2 NIS (0.52 USD) 
1litter of fuel = 5.5 NIS(1.45 USD) 

1 liter of fuel equivalent  to 4 kw from electrical network 

Cost 1 Liter of fuel=5.5 NIS 
(1.45 USD)  

Cost 1 kw from electrical 
network=0.5 NIS (0.13 USD)  
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CHAPTER 4: RESULTS and DISCUSSION 

4.1 General 
This chapter shows the effect of feed total dissolved solids, feed chloride, feed nitrate and 

recovery rate on specific energy consumption in small and medium RO desalination 

plants in all governorates in Gaza Strip (North Gaza, Gaza, Middle Gaza, Khanyounis, 

Rafah).Also shows the analysis of feed and permeate water quality by GIS version 10.1 in 

small and medium RO desalination plants in all governorates. This chapter also shows the 

desalinated water production cost and portion the power at this cost. Finally shows the 

feasibility of using solar energy (solar panels) as a source of power to operate the pumps 

in RO desalination plants especially with continuous cutting of electricity in the Gaza 

Strip. 

4.2 North Gaza  

4.2.1 Analysis of TDS Feed and Permeate  
Feed TDS – North Gaza Permeate TDS – North Gaza Feed TDS related to WHO standards 

 
  

Figure (4.1) Analysis of TDS in North RO Plants 

Figure (4.1) shows the analyses of TDS feed and permeate for brackish water in small and 

medium RO plants in North Gaza. It can be noticed that the number of RO desalination 

plants more than 20 plants and it can be observed the range of feed TDS 423mg/L-
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16612.6 mg/L which noticed that the salinity of ground water in North Gaza is reasonably 

low compared to other areas in Gaza Strip except for Beit Hannon area which found to be 

high salinity compared with other areas in North Gaza. Also, it can be noticed from 

permeate TDS concentration analysis that ranging from 35.1 mg/L to 178 mg/L. The 

permeate depends on the TDS concentration of feed water of RO desalination plants and 

this results according to WHO standards for drinking purpose. 

4.2.2 Analysis of Chloride Feed and Permeate  
Feed Cl- – North Gaza Permeate Cl-  – North Gaza Feed Cl- related to WHO standards 

   

Figure (4.2) Analysis of Cl- in North RO Plants 

Figure (4.2) shows the analyses of Cl- feed and permeate concentrations of brackish water 

in small and medium RO plants in North Gaza. It can be noticed that the range of feed Cl-

from 6.2 mg/L to 1134 mg/L. This is attributed to the fact that Cl- is reasonably low 

salinity of feed water in North Gaza has the lowest salinity concentration compared to 

other governorates. Chloride reaches  more than 1000 mg/L in West areas of North Gaza 

as a result of seawater intrusion and using cesspits in many areas in North Gaza for 

disposal of waste water which contaminate the ground water  as well as liquid and 

agricultural waste 'fertilizers and pesticides'(Ahmed, 2007). Also it can be noticed from 

permeate Cl- analysis that decreasing of Cl- concentration with range from 0.18 mg/L to 
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62mg/L resulting of RO desalination plants and this results meet WHO standards (250 

mg/L) for drinking purpose, the Cl- permeate concentration depend on feed concentration 

that noticed is low compared with other areas so the efficiency of desalination is 

acceptable. 

4.2.3 Analysis of Nitrate Feed and Permeate  
Feed NO3

- – North Gaza Permeate NO3
- – North Gaza Feed  NO3

-related to WHO standards 

 

 

 

Figure (4.3) Analysis of NO3
- in North RO Plants 

Figure (5.3) shows the analyses of NO3
- feed and permeate concentrations for brackish 

water in small and medium RO plants in North Gaza. It can be noticed that the range of 

feed NO3
- 7 mg/L to 350mg/L. It can be observed NO3

- concentration reaches to350mg/L  

in west areas in North Gaza due to lack of sanitation in this areas and the use of cesspits 

for disposal of waste water which contaminate the ground water. Also, resulting  from 

domestic solid waste as well as liquid and agricultural waste 'fertilizers and pesticides' 

(Ahmed, 2007). In addition, it can be noticed from permeate NO3
-   analysis that 

decreasing of NO3
-with range from 0.6 mg/L to 40 mg/L resulting of RO desalination 

plants and this results  according to WHO standards  (50mg/L) for drinking purpose . It 

can be observed NO3
-   permeate concentration in North Gaza is high compared other 
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areas in Strip because the high nitrate concentration in feed and the rejection rate of 

nitrate by membrane is low compared other with parameters. 

4.2.4 Analysis of Energy Consumption and Recovery Rate  
SEC – North Gaza γ – North Gaza 

 

 

Figure (4.4) Analysis of SEC and Recovery Rate in North RO Plants 

Figure (4.4) shows the specific energy consumption and recovery rate in small and 

medium RO plants in North Gaza. It can be noticed that the range of SEC from 0.41 

kWh/m3to 2.7  kWh/m3 and the range of γ from 50 % to 89.3 %.Also, it can be noticed 

the SEC was the highest in the area where the salinity is high especially in Beit Hanoon 

area. Also, it can be observed when γ high the SEC be low. 

4.2.5 Effect of TDS on Energy Consumption 
Figure (4.5) shows the relationship between the SEC and TDS for 5 RO desalination 

plants in North Gaza as in table (4.1). It is noted that, the SEC is increasing with 

increasing of the TDS concentration in feed water of RO desalination plants. Which mean 

when the salinity level of feed water(brackish water) increases, the feed pressure required 

to desalt this water also increases in the reverse osmosis process (MacHarg, 2011) so the 

relation between SEC and TDS is significant R2=0.8543. It can be noticed when the 

salinity be higher the relation be more clear and strong. 
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Figure (4.5) Effect of TDS on SEC in North RO Plants 

4.2.6 Effect of Cl- on Energy Consumption 
Figure (4.6) shows the relationship between the SEC and Cl- for 5 RO desalination plants 

in North Gaza as in table (4.1). It is noted that, the SEC increases with increases of the Cl- 

concentration in feed water of RO desalination plants which known Cl- parameter 

reasonable on high salinity of feed water so when the Cl- level of the feed water(brackish 

water) increases, the feed pressure required to desalt this water also increases in the 

reverse osmosis process so the relation between SEC and Cl- is significant R2=0.8661. 

Also this relation similar to the relation between TDS and SEC. Previous studies showed 

typical electricity consumption of RO plants is, depending on seawater salinity, recovery 

ratio, required permeate quality, plant configuration, and energy recovery in the brine (Al-

Karaghouli & Kazmerski, 2012). 

 

Figure (4.6) Effect of Cl- on SEC in North RO Plants 
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4.2.7 Effect of NO3-on Energy Consumption 
Figure (4.7)shows the relationship between the SEC and NO3

-for 5 RO desalination plants 

in North Gaza as in table (4.1). It is noted that, the SEC  increases with increases of the 

NO3
-   concentration in feed water of RO desalination plants so the relation between SEC 

and NO3
-is significant R²=0.7879. This result depends on the type and specifications of 

the membrane used in desalination which the removal and rejection rate of nitrate is low 

compared with chloride and TDS rejection rate. 

 

Figure (4.7) Effect of NO3
- on SEC in North RO Plants 

4.2.8 Effect of Recovery Rate on Energy Consumption 
Figure (4.8) shows the relationship between the SEC and recovery rate for 5 RO 

desalination plants in North Gaza as in table (4.1). It is noted that, the SEC decreases with 

increases of recovery rate so the relation between SEC and γ is negative strong significant 

R2=0.9099when increase the recovery ratio , the amount of desalinated water(product) 

from RO desalination plant  increase so the specific energy consumption decrease, The 

significant increase in energy requirement as well as costs for pre-treating the seawater 

can be improved by increasing the recovery ratio (Gude, 2011). In addition,  previous 

studies  showed typical electricity consumption of RO depending on recovery ratio, plant 

configuration, and energy recovery in the brine (Al-Karaghouli & Kazmerski, 2012). 
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Figure (4.8) Effect of Recovery Rate on SEC in North RO Plants 

 

Table (4.1) shows the 5- targeted RO desalination plants in North Gaza; this table shows 

the name of plant, location, feed water quality, SEC and γ per desalination plant. 

Table (4.1) Targeted North RO Desalination Plants  

Plant 
Name 

Governorate Feed TDS 
mg/L 

Feed Cl- 
mg/L 

Feed NO3
- 

mg/L 
Recovery 

Rate% 
SEC 

(kWh/m3) 

Yaseen North 1819 722 320 80.52 0.80 

Heneef North 2852 1135 350 75.00 1.38 

El-Nile  North 1098 206 309 81.00 0.47 

El-Falah North 1228 275 280 82.00 0.40 

El-Wefaq North 1321 400 340 80.00 0.85 

4.3 Gaza 

4.3.1 Analysis of TDS Feed and Permeate  
The analysis of TDS feed and permeate for brackish water in small and medium RO 

plants in Gaza governorate as in appendix 1 shows the number of RO desalination plants 

more than 30 plants and it can be observed range of feed TDS from 852 mg/Lto 

4381mg/L which noticed that the salinity of ground water in Gaza is low compared with 

other area in Gaza Strip after North Gaza but there is area in north west Gaza has high 

y = -0.1363x + 11.647 
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salinity reach to 4380mg/L resulting sea water intrusion. Also it can be noticed from 

permeate TDS analysis that decreasing of TDS from 35 mg/L to 204.5 mg/L and this 

results meet WHO standards (1000mg/L) for drinking purpose. 

4.3.2 Analysis of Chloride Feed and Permeate  
The analysis of Cl- feed and permeates concentrations for brackish water in small and 

medium RO plants in Gaza governorate as in appendix 1 shows the range of feed Cl- 

from0.99 mg/L to 1948mg/L and the mean of feed Cl-705.6 mg/L. This is attributed to the 

fact that Cl- is reasonably high salinity of feed water in Gaza. Chloride reaches  more than 

1900 mg/L in North West  areas of Gaza as result of seawater intrusion as well as liquid 

and agricultural waste 'fertilizers and pesticides'. Also it can be noticed from permeate Cl- 

analysis that decreasing of Cl- concentration with range from 0.8 mg/L to 67mg/L 

resulting of RO desalination plants and this results according to WHO standards (250 

mg/L) for drinking purpose, the Cl- permeate concentration depend on feed concentration, 

technology of desalination and efficiency of membranes that noticed is high compared 

with other areas. 

4.3.3 Analysis of Nitrate Feed and Permeate  
The analysis of NO3

- feed and permeates concentrations for brackish water in small and 

medium RO plants in Gaza governorate as in appendix 1 shows the range of feed NO3
-

from  0.38 mg/L to 405.8 mg/L and the mean of nitrate concentration 200.8 mg/L. It can 

be observed NO3
- concentration reaches to400 mg/Lin West Gaza as result of domestic 

industrial solid waste as well as liquid and agricultural waste 'fertilizers and pesticides'. In 

addition, it can be noticed from permeate NO3
-analysis that decreasing of NO3

-

concentration with range from 0.16 mg/L to 39.8mg/L resulting of RO desalination plants 

and this results meet WHO standards (50 mg/L) for drinking purpose. It can be observed 

NO3
-   permeate concentration in Gaza is low compared other areas in Strip because the 

low nitrate concentration in feed compared with other areas and the rejection rate of 

nitrate by membrane is low compared with other parameters . 
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4.3.4 Analysis of Energy Consumption and Recovery Rate  
The specific energy consumption and recovery rate analysis in small and medium RO 

plants in Gaza governorate as in appendix 1 shows the range of SEC from 0.57 kWh/m3to 

4.3kWh/m3 and the range of γ from 50 % to 84.6 %.Also, it can be noticed the SEC was 

the highest in the area where the salinity is high in west Gaza which mean when the 

salinity level of the feed water(brackish water) increases, the feed pressure required to 

desalt this water also increases so the specific energy consumption increases. Additionally 

it can be observed when γ increases the SEC decreases. The impact of removal of nitrate 

on SEC is lower than other parameters refer to type of membrane and the percentage of 

nitrate rejection is lower than other parameters. 

4.3.5 Effect of TDS on Energy Consumption 
Figure (4.9) shows the relationship between the EC and TDS for 5 RO desalination plants 

in the Gaza governorate as in table (4.2).It can be  noted that, the SEC  increases when 

increasing of the TDS concentration in feed water of RO desalination plants ,which mean 

when the salinity level of the feed water(brackish water) increases, the feed pressure 

required to desalt this water also increases in the reverse osmosis process (MacHarg, 

2011) so the relation between SEC and TDS is strong significant to around R2=0.9319 it 

can be noticed when the TDS concentration be more higher the relation be more clear and 

strong. 

 

Figure (4.9) Effect of TDS on SEC in Gaza RO Plants 
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4.3.6 Effect of Cl- on Energy Consumption 
Figure (4.10) shows the relationship between the SEC and Cl- for 5 RO desalination 

plants in the Gaza governorate as in table (4.2). It is noted that, the SEC increases with 

increases of the Cl- concentration in feed water of RO desalination plants which known 

Cl-parameter reasonable on  high   salinity of feed water so when the Cl- level of the feed 

water(brackish water) increases, the feed pressure required to desalt this water also 

increases in the reverse osmosis process so the relation between SEC and Cl- is strong 

significant R² = 0.9564.Also, it can be observed this relation close and similar to the 

relation between TDS and SEC.  

 

Figure (4.10) Effect of Cl- on SEC in Gaza RO Plants 

 

4.3.7 Effect of NO3-on Energy Consumption 
Figure (4.11) shows the relationship between the SEC and NO3

- for 5 RO desalination 

plants in Gaza governorate as in table (4.2). It is noted that, the SEC  increases with 

increases of the NO3
-concentration in feed water of RO desalination plants so the relation 

between SEC and NO3
-is positive significantR² = 0.7546. This depends on the type and 

specifications of the membrane used in desalination which the rejection rate of nitrate is 

low compared with chloride and TDS rejection rate and it depends on the technology of 

desalination. 
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Figure (4.11) Effect of NO3
- on SEC in Gaza RO Plants  

4.3.8 Effect of Recovery Rate on Energy Consumption 
Figure (4.12) shows the relationship between the SEC and recovery rate of 5 RO 

desalination plants in the Gaza governorate as in table (4.2). It can be observed SEC 

decreases when recovery rate increases, so the relation between SEC and γ is strongly 

significant until around R2=0. 9758, the relation depends on characteristic of feed water. 

When increase the recovery ratio, the amount of desalinated water (product) from an RO 

desalination plant increase so the specific energy consumption decreases. Energy 

recovery along with water recovery can be a better alternative to improve energy 

consumption and economics of the RO process both in small and large scale applications 

(Gude, 2011). In addition , previous studies  showed typical electricity consumption of 

RO depending on recovery ratio ,plant configuration, and energy recovery in the brine 

(Al-Karaghouli & Kazmerski, 2012). 
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Figure (4.12) Effect of Recovery Rate on SEC in Gaza RO Plants 

 

Table (4.2) shows the 5- targeted RO desalination plants in Gaza; this table shows the 

name of plant, location, feed water quality, SEC and γ per desalination plant. 

Table (4.2) Targeted RO Desalination Plants in Gaza 

Plant Governorate Feed TDS 
mg/L 

Feed Cl- 
mg/L 

Feed NO3
- 

mg/L 
Recovery 

Rate% 
SEC 

(kWh/m3) 
El-Kher Gaza 1236 348 220 80.65 0.99 

El-Sahaba Gaza 1531 526 280 70.00 1.49 
El-Harmeen Gaza 1230 333 248 75.86 1.13 

El-Helal Gaza 2344 898 300 60.00 2.17 
Katarat El-
Wadi 

Gaza 1680 384 279 75.00 1.33 
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4.4 Middle Gaza  

4.4.1 Analysis of TDS Feed and Permeate  
Feed TDS – Middle Gaza Permeate TDS – Middle Gaza Feed TDS related to WHO standards 

 

 
 

Figure (4.13) Analysis of TDS in Middle Gaza RO Plants 

Figure (4.13) shows the analyses of TDS feed and permeate concentrations for brackish 

water in small and medium RO plants in Middle Gaza. It can be noticed that the number 

of RO desalination plants more than 15 small and medium Ro desalination plants and it 

can be observed the range of feed TDS from 2035 mg/L to 17497 mg/L which noticed 

that the salinity of ground water in middle Gaza is the highest. Also, it can be noticed 

Deir El-Balah area has the highest TDS resulting sea water intrusion also could result of 

disposal the brine of Deir El-Balah desalination plant which effect on the coastal ground 

water and increasing the salinity. Also, it can be noticed from permeate TDS analysis that 

decreasing of TDS concentration with rang from 35.1 mg/L to 455.8 mg/L, the TDS 

permeate concentration depends on the feed concentration that noticed is the highest in 

Middle Gaza compared with other areas so the permeate the highest compared with the 

rest of the Gaza Strip. 
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4.4.2 Analysis of Chloride Feed and  
Feed Cl- – Middle Gaza Permeate Cl- – Middle Gaza Feed Cl- related to WHO standards 

  

 

Figure (4.14) Analysis of Cl- in Middle Gaza RO Plants 

Figure (4.14) shows the analyses of Cl- feed and permeate concentrations of brackish 

water in small and medium RO plants in Middle Gaza that the range of feed Cl- from 

0.3mg/L to 2257 mg/L and the mean of feed Cl-1068.4 mg/L which noticed that Cl-

parameter reasonable about the salinity of feed water, which Middle Gaza governorate 

has the highest TDS and Cl- concentration compared with other governorates, Chloride 

reaches more than 2200 mg/L in south west Middle Gaza.  TDS and Cl- concentration of 

the groundwater increases over time due to seawater intrusion and mobilization of 

incident deep brackish water caused by over abstraction of the groundwater as well as 

liquid and agricultural waste 'fertilizers and pesticides' also could result of disposal the 

brine of Deir El-Balah desalination plant which effect on the coastal ground water and 

increasing the salinity. Also, it can be noticed from permeate Cl- analysis that is 

decreasing of Cl- concentration with a range from 10 mg/L to 178 mg/L resulting of RO 

desalination plants and this results according to WHO standards (250 mg/L) for drinking 

purposes, the Cl-permeate concentration depend on feed concentration and the technology 
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of desalination that noticed is the highest compared with other areas so the permeate is the 

highest compared with the rest of the Gaza Strip. 

4.4.3 Analysis of Nitrate Feed and Permeate 

Figure (4.15) Analysis of NO3
- in Middle Gaza RO Plants1 

Figure (4.15) shows the analyses ofNO3
- feed and permeate concentrations for brackish 

water in small and medium RO plants in Middle Gaza. It can be noticed that the range of 

feed NO3
-concentration from 0.04 mg/L to 368 mg/L and mean of nitrate concentration 

180.3 mg/L. It can be observed NO3
- concentration is high, resulting of domestic, 

industrial solid waste as well as liquid and agricultural waste 'fertilizers and pesticides'. 

Also, it can be noticed from permeate NO3
-analysis that decreasing of NO3

-concentration 

with a range from 1 mg/L to 40.6 mg/L resulting of RO desalination plants and this result 

meet WHO standards (50 mg/L) for drinking purposes. It can be observed NO3
- permeate 

concentration in Middle Gaza is the lowest compared with other areas in Strip because the 

lowest nitrate concentration in feed compared with other areas. 

Feed NO3
- – Middle Gaza Permeate NO3

-  – Middle Gaza Feed NO3
-  related to WHO standards 
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4.4.4 Analysis of Energy Consumption and Recovery Rate  
SEC – Middle Gaza γ – Middle Gaza 

  

Figure (4.16) Analysis of SEC and Recovery Rate in Middle Gaza RO Plants 

Figure (4.16) shows the specific energy consumption and recovery rate in small and 

medium RO plants in Middle Gaza. It can be noticed that the range of SEC from 0.78 

kWh/m3to 5.47kWh/m3 and the range of recovery rate from 50 %to 80 %.Also it can be 

noticed the SEC in Middle was the highest compared with other governorates resulting 

the high salinity in middle area which mean when the salinity level of the feed 

water(brackish water) increases, the feed pressure required desalting this water also 

increases so the specific energy consumption increases. Additionally it can be observed 

when γ increases the SEC decreases and it can be noticed the Middle Gaza has the lowest 

γ and the highest SEC compared with other governorates. 

4.4.5 Effect of TDS on Energy Consumption 
Figure (4.17) shows the relationship between the EC and TDS for 5 RO desalination 

plants in Middle Gaza as in table (4.3). It can be noticed that, the SEC increases when 

increasing of the TDS concentration in feed water of RO desalination plants which mean 

when the salinity level of the feed water(brackish water) increases, the feed pressure 
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required to desalt this water also increases in the reverse osmosis process so the relation 

between SEC and TDS is strong significant to around R2=0.8585. Additionally it can be 

noticed when the salinity be more high the relation between SEC and TDS also be very 

strong and clear. When the TDS of the BWRO feed water increases, the pumps will 

eventually lose the pressure capacity to operate at design conditions. (V. S. Frenkel & 

Kempa-Teper, 2007) 

 

Figure (4.17) Effect of TDS on SEC in Middle Gaza RO Plants 

 

4.4.6 Effect of Cl- on Energy Consumption 
Figure (4.18) shows the relationship between the SEC and Cl- for 5 RO desalination 

plants in Middle Gaza as in table (4.3). It is noted that the SEC increases with increases of 

the Cl- concentration in feed water of RO desalination plants which known Cl-    

parameter reasonable of high salinity of feed water. When the Cl- level of the feed 

water(brackish water) increases, the feed pressure required to desalt this water also 

increases in the reverse osmosis process (MacHarg, 2011) so the relation between SEC 

and Cl- is strong significant R² = 0.9459 also can be observed this relation close and 

similar to the relation between TDS and SEC.  
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Figure (4.18) Effect of Cl- on SEC in Middle Gaza RO plants 

 

4.4.7 Effect of NO3-on Energy Consumption 
Figure (4.19) shows the relationship between the SEC and NO3

-for 5 RO desalination 

plants in Middle Gaza as in table (4.3). It is noted that, the SEC increases with increases 

of the NO3
-concentration in feed water for RO desalination plants so the relation between 

SEC and NO3
-is positive significantR² = 0.6093 in Middle Gaza. It can be noticed the 

relation not strong, this variation depends on the type and specifications of the membrane 

used in desalination, which removal of nitrate is low compared with chloride and TDS 

removal. 

 

Figure (4.19) Effect of NO3
- on SEC in Middle Gaza RO Plants  
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4.4.8 Effect of Recovery Rate on Energy Consumption 
Figure (4.20) shows the relationship between the SEC and recovery rate of 5 RO 

desalination plants in Middle Gaza as in table (4.3).It can be observed SEC decreases 

when recovery rate increases so the relation between SEC and γ is negative significant to 

around R2=0.9431when increase the recovery ratio, the amount of desalinated 

water(product) from RO desalination plant  increase so the specific energy consumption 

decrease, The significant increase in energy requirement as well as costs for pre-treating 

the seawater can be improved by increasing the recovery ratio (Gude, 2011). In addition,  

previous studies  showed typical electricity consumption of RO depending on recovery 

ratio ,plant configuration, and energy recovery in the brine (Al-Karaghouli & Kazmerski, 

2012) . 

 

Figure (4.20) Effect of Recovery Rate on SEC in Middle Gaza RO Plants 

Table (4.3) shows the 5- targeted RO desalination plants in Middle Gaza; this table shows 

the name of plant, location, feed water quality, SEC and γ per desalination plant. 

Table (4.3) Targeted RO Desalination Plants in Middle Gaza  

Plant Governorate Feed TDS 
mg/L 

Feed Cl- 
mg/L 

Feed NO3
- 

mg/L 
Recovery 

Rate% 
SEC 

(kWh/m3) 

El-Hoor Middle 2734 968 120 72.00 1.13 

El-Janoob Middle 2815 1112 148 58.64 1.40 
El-Magazi Middle 2511 954 80 75.00 0.98 
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Nabaa El-Horya Middle 2034 803 54 80.00 0.78 
El-Soyan Middle 3224 1183 94 63.41 1.40 

 

4.5 Khanyounis 

4.5.1 Analysis of TDS Feed and Permeate  
The analysis of TDS feed and permeate for brackish water in small and medium RO 

plants in Khanyounis as in appendix 1 shows the number of RO desalination plants more 

than 20 small and medium RO desalination plants and observed the range of feed TDS 

from 626.6 mg/L to 3869 mg/L which noticed that east of Khanyounis has the highest 

TDS resulting using of cesspits for disposal of waste water due to lack of sanitation and 

waste water networks in this area. Also, it can be noticed from permeate TDS analysis 

that decreasing of TDS concentration with a range from 33.4 mg/L to 143.8 mg/L which 

according to WHO standards for drinking purpose, so the option of BWRO desalination 

plants is effective to produce fresh drinking water for population in the Gaza Strip. 

4.5.2 Analysis of Chloride Feed and Permeate  
The analysis of Cl-feed and permeate concentrations of brackish water in small and 

medium RO plants in Khanyounis as in appendix 1shows the range of feed Cl- from 

74.3mg/Lto 1417mg/L and the mean of feed Cl-713.5mg/L which noticed that Cl-

parameter reasonable about salinity of feed water, Chloride reaches  more than 1400mg/L 

in east Khanyounis resulting using of cesspits for disposal of waste water due to lack of 

sanitation and waste water networks in this area then increase the Cl- concentration in 

ground water  also resulting using fertilizers and pesticides for agriculture in this area. 

Also, it can be noticed from permeate Cl- analysis that decreasing of Cl- concentration 

with range from 8 mg/L to 41mg/L resulting of RO desalination plants and this results 

meet WHO standards (250 mg/L) for drinking purpose, the Cl- permeate concentration 

depend on feed concentration that noticed is the lowest compared with other areas so the 

permeate low compared with rest of Gaza Strip expect North Gaza. 
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4.5.3 Analysis of Nitrate Feed and Permeate  
The results as in appendix 1 show  the analysis of NO3

- feed and permeate concentrations 

for brackish water in small and medium RO plants in Khanyounis which can be noticed 

that the range of feed NO3
-from 0.21mg/L to 399.5mg/L and the mean of nitrate 

concentration 242.9mg/L. It can be observed NO3
- concentration is very high resulting of 

domestic industrial solid waste as well as liquid and agricultural waste 'fertilizers and 

pesticides' and using cesspits for disposal of waste water which contaminate ground water 

and increasing the nitrate level .Also it can be noticed from permeate NO3
-analysis that 

decreasing of NO3
-to average 25mg/L resulting of RO desalination plants and this results 

according to WHO standards (50 mg/L) for drinking purpose. It can be observed NO3
-

permeate concentration in Gaza is the highest after North Gaza compared with other areas 

in Strip because the high nitrate concentration in feed compared with other areas and the 

rejection rate of nitrate by membrane is low compared with other parameters. 

4.5.4 Analysis of Energy Consumption and Recovery Rate  
The analysis as in appendix 1 shows the specific energy consumption and recovery rate in 

small and medium RO plants in Khanyounis that can be noticed the range of SEC from 

0.75 kWh/m3to 4.1kWh/m3 and the range of γ from 50 %to 84.5 %, which mean when the 

salinity level of the feed water(brackish water) increases, the feed pressure required to 

desalt this water also increases so the energy consumption decreases when increase the 

recovery rate. Also it can be observed the SEC reach to 4kWh/m3 in West Khanyounis 

resulting high salinity in this area. 

4.5.5 Effect of TDS on Energy Consumption 
Figure (4.21) shows the relationship between the SEC and TDS for 5 RO desalination 

plants in Khanyounis as in table (4.4).It can be noticed that, the SEC increases when 

increasing the TDS concentration in feed water of RO desalination plants which mean 

when the salinity level of the feed water (brackish water) increases, the feed pressure 

required to desalt this water also increases in the reverse osmosis process so the relation 

between SEC and TDS is strongly significant until around R2=0. 9127. Additionally it can 

be noticed when the salinity is  higher the relation between SEC and TDS also be very 

strong and clear. 
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Figure (4.21) Effect of TDS on SEC in Khanyounis RO Plants 

4.5.6 Effect of Cl- on Energy Consumption 
Figure (4.22) shows the relationship between the SEC and Cl- for 5 RO desalination 

plants in Khanyounis as in table (4.4). It is noted that, the SEC increases with increases of 

the Cl- concentration in feed water for RO desalination plants which known Cl-    

parameter reasonable on high salinity of feed water so when the Cl- level of the feed 

water (brackish water) increases, the feed pressure also increases in the reverse osmosis 

process so the relation between SEC and Cl- is strong positive significant R² = 

0.9637.Also, it can be observed this relation close and similar to the relation between 

TDS and SEC. 

 

Figure (4.22) Effect of Cl- on the SEC in Khanyounis RO Plants 
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4.5.7 Effect of NO3- on Energy Consumption 
Figure (4.23) shows the relationship between the SEC and NO3

- for 5 RO desalination 

plants in Khanyounis as in table (4.4). It is noted that, the SEC  increases with increases 

of the NO3
-concentration in feed water for RO desalination plants, the relation between 

SEC and NO3
- is positive significant R² = 0.8876 in Khanyounis. This variation depends 

on the type and specifications of the membrane used in desalination, which  removal and 

rejection rate of nitrate is low compared with chloride and TDS rejection rates also nitrate 

feed concentration is the highest in Khanyounis. 

 

Figure (4.23) Effect of NO3
- on the SEC in Khanyounis RO Plants 

4.5.8 Effect of Recovery Rate on Energy Consumption  
Figure (4.24) shows the relationship between the EC and recovery rate of 5 RO 

desalination plants in Khanyounis as in table (4.4). It can be observed SEC decreases 

when recovery rate increases, so the relation between SEC and γ is negatively significant 

until around R2=0. 8046, when increase the recovery ratio, the amount of desalinated 

water (product) from an RO desalination plant increase so the specific energy 

consumption decrease. The significant increase in energy requirement as well as costs for 

pre-treating the seawater can be improved by increasing the recovery ratio (Gude, 2011). 
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Figure (4.24) Effect of Recovery Rate on SEC in Khanyounis RO Plants1 

Table (4.4) shows the 5- targeted RO desalination plants in Khanyounis; this table shows 

the name of plant, location, feed water quality, SEC and γ per desalination plant 

Table (4.4) Targeted RO Desalination Plants in Khanyounis 

Plant Name Governorate Feed 
TDS 
mg/L 

Feed Cl- 
mg/L 

Feed NO3
- 

mg/L 
Recover
y Rate% 

SEC 
(kWh/m3) 

Ramadan Khanyounis 1420 403 120 81.40 0.89 
El-Ejla Khanyounis 3323 1262 350 54.29 1.18 
El-Shafii Khanyounis 888 228 95 75.00 0.83 
El-Nabea El-Safi Khanyounis 3602 1260 290 66.67 1.10 

El-Najjar Khanyounis 2505 821 300 68.00 1.00 

 

4.6 Rafah 

4.6.1 Analysis of TDS Feed and Permeate  
The results as in appendix 1 show the analysis of TDS feed and permeate for brackish 

water in small and medium RO plants in Rafah. It can be noticed that the number of RO 

desalination plants less than 10 small and medium RO desalination plants and observed 

the range of feed TDS from 670 mg/L to 3006.3 mg/L. Also, it can be noticed from 

permeate TDS analysis that decreasing of TDS concentration with a range from 48 mg/L 

to 149 mg/L which meet WHO standards for drinking purpose. Also permeate of RO 
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desalination plants depends on the concentration of TDS in feed water, the technology of 

desalination and efficiency of membranes. 

4.6.2 Analysis of Chloride Feed and Permeate  
The analysis of Cl- feed and permeate for brackish water in small and medium RO plants 

in Rafah as in appendix 1 shows the range of feed Cl- from 222mg/L to 1122 mg/L and 

the mean of feed Cl-725.6 mg/L which noticed that Cl- parameter reasonable about 

salinity of feed water .Also it can be noticed from permeate Cl- analysis that decreasing of 

Cl-concentration with range from 17.3 mg/L to 58mg/L resulting of RO desalination 

plants and this results  according to WHO standards  (250 mg/L) for drinking purpose, the 

Cl-permeate concentration depend on feed concentration that noticed is Rafah has 

moderate Cl- concentration compared with other areas so the permeate moderate 

compared with other areas. 

4.6.3 Analysis of Nitrate Feed and Permeate  
The analysis of NO3

- feed and permeate concentrations for brackish water in small and 

medium RO plants in Rafah as in appendix 1shows the range of feed NO3
-from 40mg/L to 

435.7mg/L and the mean of nitrate concentration 238mg/L. It can be observed NO3
- 

concentration is very high resulting of domestic industrial solid waste as well as liquid 

and agricultural waste 'fertilizers and pesticides' and using cesspits for disposal of waste 

water which contaminate ground water and increasing the nitrate level .Also it can be 

noticed from permeate NO3
-analysis that decreasing of NO3

-with range from 5 mg/L to 

32.8 mg/L resulting of RO desalination plants and this results meet WHO standards (50 

mg/L) for drinking purpose. Also, it can be noticed the results of permeate depend on the 

nitrate feed concentration. 

4.6.4 Analysis of Energy Consumption and Recovery Rate  
The results as in appendix 1 show the specific energy consumption and recovery rate in 

small and medium RO plants in Rafah. It can be noticed that the range of SEC from 0.9 

kWh/m3 to 1.27kWh/m3 and the range of γ from 68 % to 77.6 %. Rafah has the lowest 

SEC and highest recovery rate in Gaza governorates which mean when the salinity level 

of the feed water (brackish water) increases, the feed pressure required to desalting this 
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water also increases so the specific energy consumption increases. Additionally, it can be 

observed when γ increases the SEC decreases. 

4.6.5 Effect of TDS on Energy Consumption 
Figure (4.25) shows the relationship between the SEC and TDS for 5 RO desalination 

plants in Rafah as in table (4.5). It can be noticed that, the SEC increases when increasing 

the TDS concentration in feed water of RO desalination plants which mean when the 

salinity level of the feed water (brackish water) increases, the feed pressure required to 

desalt this water also increases in the reverse osmosis process so the relation between EC 

and TDS is strong positive significant until around R2=0. 9903. 

 

Figure (4.25) Effect of TDS on SEC in Rafah RO Plants  

4.6.6 Effect of Cl- on Energy Consumption 
Figure (4.26) shows the relationship between the SEC and Cl- for 5 RO desalination 

plants in Rafah as in table (4.5). It is noted that, the SEC increases with increases of the 

Cl- concentration in feed water for RO desalination plants which known Cl- parameter 

reasonable on high   salinity of feed water so when the Cl- level of the feed water 

(brackish water) increases, the feed pressure also increases in the reverse osmosis process 

so the relation between SEC and Cl- is strong significant R² = 0.985.Also can be observed 

this relation close and similar to the relation between TDS and SEC. 
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Figure (4.26) Effect of Cl- on SEC in Rafah RO Plants 

4.6.7 Effect of NO3- on Energy Consumption 
Figure (4.27) shows the relationship between the SEC and NO3

- for 5 RO desalination 

plants in Rafah as in table (4.5). It is noted that, the SEC increases with increases of the 

NO3
-concentration in feed water for RO desalination plants, the relation between SEC and 

NO3
-is significant R² =0.8194 in Rafah. This variation depends on the type and 

specifications of the membrane used in desalination, which rejection rate of nitrate is low 

compared with chloride and TDS rejection rate. 

 

Figure (4.27) Effect of NO3
- on SEC in Rafah RO Plants 
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4.6.8 Effect of Recovery Rate on Energy Consumption 
Figure (4.28) shows the relationship between the SEC and recovery rate of 5 RO 

desalination plants in Rafah as in table (4.5). It can be noticed SEC decreases with 

increases in recovery rate so the relation between SEC and γ is negative strong significant 

until around R2=0. 9695. The recovery rate depends on the efficiency of the RO system 

and characteristic of feed water. When increase the recovery ratio, the amount of 

desalinated water (product) from an RO desalination plant increase so the specific energy 

consumption decreases. The significant increase in energy requirement as well as costs 

for pre-treating the seawater can be improved by increasing the recovery ratio (Gude, 

2011). 

 

Figure (4.28) Effect of Recovery Rate on SEC in Rafah RO Plants 

Table (4.5) shows the 5- targeted RO desalination plants in Rafah; this table shows the 

name of plant, location, feed water quality, SEC and γ per desalination plant. 

Table (4.5) Targeted RO Desalination Plants in Rafah 

Plant Name Governorate Feed TDS 
mg/L 

Feed Cl- 
mg/L 

Feed NO3
- 

mg/L 
Recovery 

Rate% 
SEC 

(kWh/m3) 
El-Hoda Rafah 1748 533 243 73.47 1.10 

Ehjazi Rafah 2381 767 441 69.00 1.24 
El-Salah Rafah 670 222 40 77.55 0.90 
El-Fadela Rafah 2040 634 301 69.00 1.20 

El-Shahd 2 Rafah 2505 812 292 68.49 1.27 

y = -0.0374x + 3.8186 
R² = 0.9695 
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4.7 Feasibility the Solar Panels as Power Source in RO          
Desalination Plants 

4.7.1 Load Calculation 
PV system required to cover 25 kWh to operate RO desalination plant with capacity     of 

25 m3/hr for 8 hours ,the load of RO desalination plant was calculated as the following, 

 

 

 

4.7.2 Solar System Sizing Calculations 
The size of solar panels was calculated as the following, 

 

 

 

 

 

 

 

 

 

 

4.7.3 Battery Bank Sizing Calculations 
 

 

PV System = required energy × operation hours 

PV System = 25 �
kWh

h
� × 8(hr) = 200AC kWh daily 

PV sizing(kWh) =
load

sunny hour × derate factor
 

PV sizing =
200

5.22 × 0.85
= 4545 kWh DC 

Number of cells =
PV Sizing

watt per panel
 

Number of cells =
45000 watt

320 watt per panel
= 140 panels 

Required Area(m2) =  PV System sizing × 12 

Required Area(m2) =  45kw × 12 = 540 m2 

System is used 320W / 24V panels, the 

 Required area for 1 kilowatt =12 m2 
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The size of batteries was calculated as the following, 

 

 

 

 

 

 

 

 

 

 

4.7.4 Economics 
The economic calculations were calculated as the following, that land cost is excluded   in 

calculations, 

 

 

 

 

 

 

 

 

 

 

 

Battery bank capacity(Ah) =
kWh per day × day of autonomy

losses × DOD × V
 

Number of Batteries =
Battery bank capacity

Amber per battery
× 2 

No. of Batteriesto get 4410 Ah =
4410 Ah

200
× 2 = 44 batteries 

Which DOD: depth of discharge, V:system voltage 

Battery bank capacity(1day) = 45000kWh/day×1
0.85×50%24

=4410Ah 

No. of Batteries 1 set to get 24V = 24/12 = 2 with 200Ah C10 

 

Cost of PV Cells (320watt) = No. of cells × cost of PV (320 watt) 

Which the cost of PV cell (320 watt) = 225 USD 

Cost of batteries (200Ah) = No. of batteries × cost of battery (200Ah) 

Which the cost of battery (200Ah) = 500 USD 

So, Cost of PV Cells (320watt) = 140 × 225 UCD=31,500USD 

So, Cost of cost of battery (200Ah) = 44 × 500 USD=22,000USD 

Cost of pure sine wave 30 kVA inverter / charger = 7,000 USD 

Cost of mount structure = 2,000 USD 
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Payback period(year) = 

…………………..… (4-14) 
 

 

  

Total Initial Cost of solar system = 31,500 + 22,000 + 7,000 + 2,000 = 62,500 USD 

Total cost = Initial Cost + operation and maintenance cost 

Maintenace cost (USD) = cost of batteries(USD) × �
P
A

, 24, No of replacing the batteries� 

operating cost (USD) = empoyee salary(USD) × 12month × �
P
A

, intrest rate, life span� 

operating cost ($) = 500($) × 12month × �
P
A

, 6%, 20� = 500 × 12 × 11.78 = 70,680USD 

Annual electisity cost (USD) = total energy �
kWh
day

�× 365(day) × cost of power �
USD
kWh

� 

Annual electisity cost  (USD) = 200 �
kWh
day

� × 365(day) × 0.13 �
USD
kWh

� = 9,490 USD 

Payback period(year) =
Total cost of the system(USD)

Savings per year(USD)
 

cost of energy(
USD
kWh

) =
Total cost of the system(USD)

Total energy(kWh) × 365 × Payback period(Year)
 

cost of energy �
USD
kWh

� =
177,180 USD

200(kWh) × 365 × 19 
=

0.127 USD
kWh

 

Cost of energy per m3 �
USD
m3 � =  Energy per m3 �

kWh
m3 � × Cost of energy �

USD
kWh

� 

Cost of energy per m3 = 1 �
kWh
m3 � × 0.127 �

USD
kWh

� = 0.127 USD/m3 

Which maintenance cost for replacing batteries 4 times during the life span  

So,Maintenace cost (USD) = 22,000($) × �P
A

, 24,4� = 22,00 × 2 = 44,000USD 

For operating cost, it was assumed to hire an employee to manage the site. 

So,Total cost = 62,500 +  70,680 + 44,000 =  177,180 USD  

Payback period = 177,180USD
9,490USD

=19 years 

 
The cost of required energy to desalinate one cubic meter was calculated as , 
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We can observe several notes from previous results, 

• The cost of kWh from solar system around 0.127 USD/kWh was equal to the cost 

of kWh from grid around 0.13USD/kWh and it lower than the cost of kWh from 

generator around 0.36 USD/kWh so using the solar energy as source of energy is 

economically feasible especially in cutting of electricity times. 

• Gaza strip has sunny weather most of the year, the number of sunny days around 

345 days per year so the system is effective most of the year. 

• We need to replace the batteries 4 times over the project period and batteries 

expenses 40 % of the total budget, so it can be in agreement with the supplier 

company to replace the batteries with small cost. 

• Installing the solar panels needs large area. 

• The following table (4.6) shows the comparison of operation BWRO Desalination 

plant with capacity 25m3/h by generator or solar system. 

 
Table (4.6) Comparison between Generator and Solar System in Operation  

Item By generator By solar system 

Initial cost More than 5,000USD (20-25 

horse power). 

More than 60,000 USD 

Maintenance cost -The generator needs to around 

800 USD for maintenance 

every two years such as 

Needs to replace batteries 4 

times during the life span (20 

years).  

Cost of energy per m3 from generator = 1 �
kWh
m3 � × 0.36 �

USD
kWh

� = 0.36 USD/m3 

From generator 

1 liter of fuel(diesel) equivalent to 4 kWh of electricity from grid 

Cost of 1 liter of fuel=1.44 USD 

So the cost of 1 kWh from generator = 1.45USD of diesel
4 kwof electristy

= 0.36 USD/kWh 
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greasing, lubrication and 

replacement of faulty items. 

- Needs to replace generator 

once during 20 years. 

-Maintenance depends on the 

operation hours daily, quality 

of permeate water and 

electricity available. 

 

Operation cost Need to employee and diesel to 

operate the generator. 

Need to employee to operate 

the solar system. 

Cost of kWh 0.36 USD/kWh 0.127 USD/kWh 

Cost of energy to desalinate 1 

m3 of water 

0.36 USD/m3 0.127 USD/m3 

Environment  It generates toxic emissions and 

contributes to global warming 

problem and dangerous. 

It is friendly for environment 

and it generates clean and 

renewable energy and safe. 
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4.8 Feed Water Quality 
Table (4.7) shows the mean and range of concentration of TDS, Cl- and NO3

- 

parameters in feed water in BWRO desalination plants in all governorates in Gaza 

Strip. Many observations can be made as per the following table, 

Table (4.7) TDS, Cl-, NO3
- Concentration of Feed Water in RO Desalination Plants in All 

Governorates 

 

• Gaza Strip generally has a TDS concentration in feed water in small and medium 

RO desalination plants ranging from 419 to 17500 mg/L, Cl- concentration 

ranging from 15 to 2257 mg/L and nitrate concentration ranging from 38 to 441 

mg/L. 

• Middle Gaza has the highest TDS and Cl- concentration in feed water in small 

and medium RO desalination plants with mean of concentration 3991.7±16mg/L 

and 1068.4±10mg/L, respectively and Middle Gaza has the highest SEC is the 

result of high TDS and Cl- concentration in feed water. 

• North Gaza has the lowest TDS and Cl- concentration in feed water in small and 

medium RO desalination plants with mean of concentration 1753.2±15mg/L and 

296.7 ±5.8 respectively, but North Gaza has high nitrate concentration in feed 

water reach to 350 mg/L in some areas in North Gaza with moderate SEC. 

• Khanyounis has the highest nitrate concentration in feed water in small and 

medium RO desalination plants with mean of concentration 242.9±2.9mg/L 

resulting using the cesspits for disposal of waste water, especially in East areas 

Governorate 
Feed TDS (mg/L) Feed Cl- (mg/L) Feed NO3

- (mg/L) 

Range Mean Range Mean Range Mean 

Gaza Strip  419-17500 2272.1±23 15-2257 653.5±17 38-441 204.8±11 

North Gaza  419-16662 1753.2±15 15-1135 296.7±5.8 38-350 187.5±6.2 

Gaza  848-4383 1973.2±14.7 53-1949 705.6±8.4 50-409 200.8±10.9 

Middle Gaza 2034-17500 3991.7±16 71-2257 1068.4±10 54-368 172.1±3.1 

Khanyounis 626-3869 2133±21.9 74-1417 713.5±8.7 79-400 242.9±2.9 

Rafah 670-3007 2173±18.3 222-1122 725.6±12.8 40-441 238.1±5.7 
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due to lack of sanitation and contaminate the ground water with moderate SEC 

with average 1.3kWh/m3. 

4.9 Permeate Water Quality 
Table (4.8) shows the mean and range of concentration of TDS, Cl- and NO3

- 

parameters in permeate water in BWRO desalination plants in all governorates in 

Gaza Strip. Many observations can be made as per the following table, 

Table (4.8) TDS, Cl-, NO3
- Concentration of Permeate Water in RO Desalination Plants 

in All Governorates 

 

• Gaza Strip generally has a TDS concentration in permeate water in small and 

medium RO desalination plants ranging from 25 mg/L to 937 mg/L with mean 

107±10.2mg/L, Cl- concentration ranging from 8 mg/L to 178 mg/L with mean 

31.5±2.68mg/L and nitrate concentration ranging from 1 mg/L to 169 mg/L with 

mean 21.7±1.99mg/L, it can be observed the results according to WHO standards 

for drinking water purpose. 

• North Gaza has the highest nitrate concentration in permeate water in small and 

medium RO desalination plants with range of concentration from 5mg/L to 169 

mg/L. This results related to the high concentration of nitrate in feed water in 

Governorate 
Permeate TDS (mg/L) Permeate Cl- (mg/L) Permeate NO3

- (mg/L) 

Range Mean Range Mean Range Mean 

Gaza Strip  25-937 107±10.2 8-178 31.5±2.68 1-169 21.7±1.99 

North Gaza  25-937 111.5±3.6 3-171 25.5±7.7 5-169 26±7.1 

Gaza  35-205  105±8.1 8-40 35.1±2.9 6-40 21±1.8 

Middle Gaza 35-456 132.5±7.6 9-178 40.6±2.5 1-41 11.7±2.6 

Khanyounis 33-144 84.1±7.2 8-41 24.8±2.1 4-42 25±2.99 

Rafah 84-149 111.6±11.6 17-56 32.9±5.8 5-33 24.6±4.1 
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North Gaza also back to the technology of desalination and type and 

specifications of the used membrane that the rejection rate of nitrate by 

membrane low compared with other parameters. 

• Middle Gaza still has the highest TDS and Cl- concentration in permeate water in 

small and medium RO desalination plants with mean of concentration 

132.5±7.6mg/L and 40.6±2.5mg/L, respectively compared with other 

governorates resulting of the high concentration of TDS and Cl- in feed water. 
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4.10 Desalinated Water Production Cost in Gaza Strip 
Table (4.9) shows the mean and range of SEC, recovery rate, desalinated water 

production cost and percentage the power from desalinated water production cost 

in all governorates in the Gaza Strip. Many observations can be made as per the 

following table, 

Table (4.9) Energy Consumption and Water Production Cost in All Governorates 

Governorate 

Energy 
consumption 
(kWh/m3) 

Recovery Rate(%) 
cost of 1m3 of 
desalinated  
water($/m3) 

(cost power from 
generator / cost of 
1 m3)*100%  

(cost power / 
cost of 1 m3 
from 
network)*100%  

Range Mean Range Mean Range Mean Range Mean Range Mea
n 

Gaza Strip 0.4-5.47 1.39 50-89.4 67.3 0.2-1.7 0.72 24.5-89.9 67 12.3-43 25 

North Gaza 0.4-2.72 1.33 50-89.4 67.5 0.3-1 0.71 24.5-89.9 61.1 12.3-36.3 24.9 

Gaza 0.56-4.35 1.4 50-84.9 67.2 0.2-1.33 0.7 37.4-87.6 65.3 15.6-43 26.1 

Middle 
Gaza 0.78-5.47 1.72 50-80 65 0.55-1.7 0.86 50.7-87 65.7 18.4-42.3 26 

Khan 
Younis 0.75-4.14 1.3 50 -

84.6 67.6 0.5-1.3 0.7 51.8-82.9 63.9 18.8-41.4 23.8 

Rafah 0.9-1.27 1.13 68-77.6 71.2 0.4-1 0.67 43.4-78.2 62.2 15.8-36.2 24 

 

• Gaza Strip generally has SEC ranges from 0.4 to 5.47kWh/m3, recovery rate 

ranging from 50 to 89.4%, the average desalinated water production cost is 0.7 

USD/m3, portion of power cost from generator to the production cost of cubic 

meter of desalinated water ranging from 24.5 to 89.9% with average 67% and 

portion of power cost from the electrical network to the production cost of cubic 

meter of desalinated water ranging from 12.3 to 43% with average 25%. 

• Middle Gaza has the highest SEC with average 1.72kWh/m3  with the lowest 

recovery rate with average 65 %, this result confirms the negative relation 

between SEC and recovery rate, also Middle Gaza has the highest desalinated 

water production cost with average 0.86USD/m3 resulting of high SEC and 

power consumption related to the high TDS and Cl- concentration. 
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• Middle Gaza has the highest portion of power cost from generator to the 

production cost of cubic meter of desalinated water with average 65.7% and 

portion of power cost from the electrical network to the production cost of cubic 

meter of desalinated water with average 26% from desalinated water production 

cost. 

• Rafah has the lowest SEC with average 1.13 kWh/m3  with the highest recovery 

rate with average 71.2 %, this result confirms the negative relation between SEC 

and recovery rate, also Rafah  has the lowest desalinated water production cost 

with average 0.67 USD/m3 resulting of lowering SEC and power consumption. 

• Rafah has a low portion of power cost from generator to the production cost of 

cubic meter of desalinated water with average 62.2 % and portion of power cost 

of electrical network to the production cost of cubic meter of desalinated water to 

average 24.02% from desalinated water production cost. 

• The recovery rate in all governorates approximate same, the small variation back 

to the many factors such as the technology of desalination, characteristics of feed 

and water efficiency of membrane in rejection.  

• Power cost from generator approximately equal 2.8 the power cost of electrical 

network of production cost of desalinated water. 
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CHAPTER 5: CONCLUSION and RECOMMENDATIONS 

 

5.1 Conclusion 
The effect of TDS, Cl-, NO3

- concentration in feed water in small and medium 

RO desalination plants on SEC was studied as well as recovery rate. Also the 

feed and permeate water quality were analyzed with GIS. Finally, the water 

production cost and effectiveness of using solar energy as source of power was 

studied, the followings are the main conclusion of this research; 

• There is a significant positive proportional relation between feed TDS, Cl-, NO3
- 

and SEC in small and medium RO desalination plants in the Gaza Strip, SO 

desalination energy costs are directly related to feed water salinities and can 

represent more than one third of a brackish water desalination system’s operating 

cost. 

• There is a significant negative proportional relation between recovery rates and 

SEC in small and medium RO desalination plants. The significant increase in 

energy requirement as well as costs for pre-treating the brackish water can be 

improved by increasing the recovery ratio. 

• Middle Gaza has the highest SEC because it has the highest TDS especially in 

Deir El-Balah area potentially due to sea water intrusion, and has the lowest 

recovery rate compared with other governorates in Gaza Strip.  

• Rafah has the lowest SEC and the highest recovery rate compared to other 

governorates. 

• The relation between feed TDS, Cl-, NO3
- and SEC is clearer when the salinity of 

feed is high. 

• The variation in the permeate water in small and medium RO desalination plants 

as a result of the feed concentration of TDS, nitrates and chloride, which when 

the feed concentration is being  higher the permeate be also higher compared 

with permeate in other areas as well as the variation back to the technique and 

technology used in the desalination and  the efficiency of the membrane in the 

removal where it is possible to happen to fouling and scaling and a need to clean 

or change the membrane. 
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• The owners of desalination plants set up their plants in areas where the water less 

saline to consume less energy which positive effects on the cost of water 

production as well as reduce the cost of maintenance as a result of scaling. 

• The recovery rate in all governorates approximate same, the small variation back 

to the many factors such as the technology of desalination, characteristics of feed 

water and efficiency of membrane in rejection.  

• Cost of kilowatt from generator approximately 2.8 higher than the cost of 

kilowatt from electrical network to production cost of cubic meter of desalinated 

water. 

• A rejection rate of nitrate is low compared to other parameters so the relation 

between SEC and NO3
-is not as strong as the relation between TDS and SEC, 

these results depend on the type and specification of the membrane. 

• The water production cost in the Gaza Strip around 0.72 USD /m3 not include the 

transportation cost. 

• The power cost represents around 25% of the desalinated water production cost 

in brackish water RO small and medium desalination plants not include 

transportation cost. 

• The power cost was reached to more double 67% of the desalinated water 

production cost when using the generators to operate the pumps in desalination 

small and medium RO desalination plants especially with continuous cutting of 

electricity in the Gaza Strip. 

• Cost of kilowatt from solar system around 0.127USD same as the cost of 

kilowatt from grid, but the cost of kilowatt from generator approximately 

0.36USD. 

• The cost of a kilowatt from generator approximately 2.8 higher than the cost of a 

kilowatt of solar system so the solar system is economically feasible as a source 

of power to operate small and medium RO desalination plants in the Gaza Strip. 

• Gaza is sunny most of the year, so the system is effective and environmentally 

feasible because it's clean and renewable energy without any emission of toxic 

gases, which produced from conventional fuels, then increasing climate change 

and global warming problems, especially in the continuous disruption of 

electricity in the Gaza Strip where that the number of hours of availability of 
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electricity reach 3 hours per day. Hence, this system is an appropriate solution 

for this problem. 

 

5.2 Recommendations 

• More research should be carried out on increasing the recovery rate in RO 

desalination plants. 

• The SEC in RO desalination plant must be as low as possible to decrease the 

desalinated water production cost in the Gaza Strip by modern efficient 

turbines and energy recovery devices. 

• More research should be carried out with efficiency of using energy recovery 

devices in RO desalination plants in the Gaza Strip. 

• Encouraging the use of solar energy as clean and effective alternative source 

for operation small and medium scale RO desalination plants in the Gaza 

Strip. 

• More research should be carried out on reducing the initial cost of the solar 

system and finding ways to store the energy more efficiently.
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APPENDIX(1) 

Water Quality Results in All Governorates 

Gaza Results 
Feed TDS –Gaza Permeate TDS –Gaza Feed TDS related to WHO standards 

   

 

Feed Cl-–Gaza Permeate Cl- –Gaza Feed Cl- related to WHO standards 
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Feed NO3
-–Gaza Permeate NO3

- –Gaza Feed NO3
-related to WHO standards 

   

 

SEC –Gaza γ –Gaza 
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Khanyounis Results 
Feed TDS – Khanyounis Permeate TDS – Khanyounis Feed TDS related to WHO standards 

   

 

Feed Cl- – Khanyounis Permeate Cl- – Khanyounis Feed Cl- related to WHO standards 
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Feed NO3
- – Khanyounis Permeate NO3

- – Khanyounis Feed NO3
-related to WHO standards 

   

 

SEC – Khanyounis γ – Khanyounis 
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Rafah Results 
Feed TDS – Rafah Permeate TDS – Rafah Feed TDS related to WHO standards 

  
 

 

Feed Cl- – Rafah Permeate Cl- – Rafah Feed Cl-  related to WHO standards 
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Feed NO3
- – Rafah Permeate NO3

-  – Rafah Feed NO3
-related to WHO standards 

   

 

SEC – Rafah γ – Rafah 
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APPENDIX(2) 

 

Feed Water Quality in RODPS(Gaza Strip) 

 

No Plant Name Governorate X Y Feed TDS 
mg/L 

Feed 
Chloride 

mg/L 

Feed 
nitrate     
mg/L 

1 Yafa plant North 105873.58 105307.93 1158 337 95 
2 Baldna plant North 105037.6 106021.7 840 158 96 
3 Jabal besan 

plant 
North 106152.75 104222.85 769 200 38 

4 Lamas plant North 105177.08 104940.79 16662 550 71 
5 El-ein El-safi 

plant 
North     1245 378 94 

6 El-berka plant North 103195.23 105111.93 793 103 151 
7 El-Redwan plant North 103545.94 105600.91 647 117 132 
8 El-weam El-khiria 

plant 
North 103994.1 105738.87 419 15 84 

9 Dar El-salam 
plant 

North 101818.04 107255.48 565 66 189 

10 EL-Nile 2 plant North 101087.01 105408.48 1098 206 309 
11 El-Neama North 100429.35 106892.12 808 151 177 
12 Sokia Gaza North 101930 105508.26 703 103 153 
13 Shomar North 102773.35 104491.47 724 131 126 
14 EL-Rabee  North 101995.98 104272.54 934 186 108 
15 El-Falah plant North 101910.51 103983.68 1228 275 280 
16 El-Nile 1 plant North 100996.92 103713.6 1240 261 298 
17 Ehneef North 99037.257 106322.72 2852 1135 350 
18 El-Wefaq North 101153.91 105043.22 1321 400 340 
19 El-Rawda North     1457 365 156 
20 El-Nakheel North     940 171 149 
21 El-Sahabaa 1 North 101102.3 103706.25 975 200 320 
22 El-Sahabaa 2 North     945 175 300 
23 El-Khiria North 99265.028 105468.43 1934 716 164 
24 Yaseen North 100160.17 104988.87 1819 722 320 
25 Salsbeel Gaza 101210.28 102944.84 1500     
26 El-Aqsa Gaza 99743.644 101677.24 2604 717 409 
27 Macca Gaza 98689.983 103735.85 1829 659 148 
28 El-Shahd 1 Gaza 99794.855 101945.24 2517 725 253 
29 Saqer Abed Gaza 99721.295 99776.771 1568 558 91.5 
30 El-morjana El-

zarqaa 
Gaza 99036.476 100788.28 1945     
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31 El-sabeel Gaza 99375.217 105193.78 2747 1195 136 
32 El-Manar Gaza 99431.716 100509.48 2102 616 130 
33 El-Kher Gaza 98038.598 101843.04 1236 348 220 
34 El-sahaba Gaza 98987.641 102539.54 1531 526 280 
35 El-Harmeen Gaza 97512.168 101687.02 1230 333 248 
36 Tiba Gaza 98219.493 105198.39 4383 1949 239 
37 Abu-Watfa Gaza 98553.006 105499.92 2852 1232 149 
38 Zamzam Gaza 99994.026 101897.32 2430 696 307 
39 El-shati Gaza 97459.12 104428.56 4309 1884 212 
40 El-Sabra Gaza 98038.598 101843.04 1302 398 159 
41 Seha Gaza 97342.511 104322.92 2052 855 200 
42 El-Kema Gaza 100299.63 104543.27 848 188 162 
43 Katarat El-Wadi Gaza 99374.506 103414.03 1680 384 279 
44 El-mojama El-

Islami 1 
Gaza 96960.065 101259.53 1271 355 231 

45 El-mojama El-
Islami 2 

Gaza 99576.03 99793.278 1648     

46 El-kawther -Fisel Gaza 95433.491 101411.2 1054 304 98 
47 El-kawther-

Erheem 
Gaza 95604.559 101419.96 1916 688 89 

48 Sokia El-rayan Gaza 96977.01 101507.8 1000     
49 El-ferdus Gaza 96555.747 101181.43 967 246 118 
50 El-ein  Gaza 99668.332 101498.11 1736     
51 El-Rahma Gaza 96597.232 101674.59 965 53 290 
52 Fresh water Gaza 98674.615 102466.28 1903 616 234 
53 El-Helal Gaza 100597.33 101765.75 2344 898 300 
54 Al-madina 

company 
Gaza 101436.98 101268.79 1959 746 50 

55 Gaza Al-Haditha Gaza     2484 704 391 
56 Al-Forat Gaza 94614.806 94622.959 2902 1066 57 
57 El-Shohdaa Gaza     2300 819 141 
58 Ebad El-rahman Middle 92598.489 94239.656 3243 1104 338 
59 El-ferdus El-

jadeda 
Middle 92682.198 94374.319 2908 879 349 

60 El-Hor Middle 92191.267 94450.052 2734 968 120 
61 El-Janoob Middle 89573.619 90815.019 2815 1112 148 
62 El-Hedaia Middle 87577.639 92400.798 17500     
63 Gith Middle 91245.255 93178.61 2127 853 95 
64 El-Magazai Middle 91277.806 92956.587 2511 954 80 
65 EL-Rabee Middle 91846.226 96736.95 3104 1148 206 
66 Nabe Al-Horya Middle 90739.166 95392.469 2034 803 54 
67 Afaq Jadida Middle 91862.947 96938.643 3081 1207 206 
68 El-Noor Middle 86523.612 90439.776 5394 2257 368 
69 El-Burij -El-Salah Middle 93762.209 94121.296 2877 71 119 
70 Markz El-

Dawa,El-sahaba 
Middle 93077.369 95748.631 3323 1350 60 

71 El-berka plant Middle     3000     
72 El-Soyan Middle 89665 93323 3224 1183 94 
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73 El-Manasra Khan younis 84570.812 82952.77 1215 361 126 
74 El-ali -Maan Khan younis 85055.471 82747.005 2189 947 305 
75 Ramadan Khan younis 82761.435 84988.118 1420 403 120 
76 Al-Amal Khan younis 82938.304 86002.398 1027 266 98 
77 Yanbee Al-Amal Khan younis 85324.046 84533.471 2778 845 292 
78 Wafi Khan younis 83524.928 85031.675 2313 768 223 
79 El-Jazaer Khan younis 84902.088 85418.468 3379 1063 350 
80 El-Ejla Khan younis 89432.152 79981.225 3323 1262 350 
81 El-Shafi Khan younis 81653.753 85202.567 888 228 95 
82 El-Laham Khan younis 80792.738 85996.095 748 162 79 
83 El-Azaiza Khan younis 80493.989 85329.976 626 74 88 
84 El-Fara Khan younis 83791.286 84792.171 1488 568 235 
85 El-Sahaba Khan younis 82477.162 81375.479 1531 526   
86 El-Nabee El-Safi Khan younis 87746 81216 3602 1260 290 
87 El-Jboor Khan younis 84183 84291 2666 1115 400 
88 Nabeh El-Hia Khan younis 84201 85499 2170 631 400 
89 Al-Mostafa Khan younis     2313 742 331 
90 El-Najar Khan younis 84495.042 82821.092 2505 821 300 
91 Abu Jomiza Khan younis 87772.361 87468.74 3869 1417 174 
92 Ammar Khan younis 83965.876 84384.876 2610 812 359 
93 Naher El-Nile Rafah 78161.764 77833.997 2858 989 133 
94 Ehjazi Rafah 77795.024 79008.223 1748 533 243 
95 El-Salah Rafah 79366.085 78030.879 2381 767 441 
96 El-Hoda Rafah 77610.597 80551.235 670 222 40 
97 El-Shaer Rafah 80407.165 78183.828 3007 1122 217 
98 El-Fadela Rafah 77728.356 79450.266 2040 634 301 
99 El-Shahd 2 Rafah 79307 78149 2505 812 292 
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APPENDIX(3) 

 

Feed Water Quality in RODPS(Gaza Strip) 

 
 

No Plant Name Governorate East North Permeate 
TDS mg/L 

Permeate 
Chloride 

mg/L 

Permeate 
Nitrate 
mg/L 

1 Yafa plant North 34.53497 31.53824 74 27 10 
2 Baldna plant North 34.52612 31.54463 71 4 24 
3 Jabal besan plant North 34.53798 31.52847 178 50 6 
4 Lamas plant North 34.52766 31.53489 59 24 8 
5 El-ein El-safi plant North 34.52604 31.53991 32 11 5 
6 El-berka plant North 34.50678 31.53632 79 13 21 
7 El-Redwan plant North 34.51044 31.54075 45 8 16 
8 El-weam El-khiria 

plant 
North 34.51515 31.54202 35 3 13 

9 Dar El-salam plant North 34.49213 31.55557 97 13 40 
10 EL-Nile 2 plant North 34.48456 31.53887 90 7 20 
11 El-Neama North 34.47753 31.55221 167 33 39 
12 Sokia Gaza North 34.49343 31.53982 49 7 10 
13 Shomar North 34.50238 31.5307 38 11 11 
14 EL-Rabee  North 34.49421 31.52868 53 11 15 
15 El-Falah plant North 34.49333 31.52607 90 23 36 
16 El-Nile 1 plant North 34.48373 31.52358 61 7 25 
17 Ehneef North 34.46291 31.54699 121 42 21 
18 El-Wefaq North 34.48529 31.53558 51 5 28 
19 El-Rawda North 34.49385 31.51893 34 9 15 
20 El-Nakheel North 34.50709 31.53719 937 171 169 
21 El-Sahabaa 1 North 34.48484 31.52352 52     
22 El-Sahabaa 2 North 34.50569 31.54434 25     
23 El-Khiria North 34.46537 31.5393 66 20 16 
24 Yaseen North 34.47483 31.53503 172 62 24 
25 Salsbeel Gaza 34.48603 31.51666 66 29 6 
26 El-Aqsa Gaza 34.47068 31.50514 108 27 40 
27 Macca Gaza 34.45944 31.52364 128 47 33 
28 El-Shahd 1 Gaza 34.4712 31.50756 69 21 18 
29 Saqer Abed Gaza 34.47058 31.488 113 36.6 12.5 
30 El-morjana El-

zarqaa 
Gaza 34.4633 31.49708 90 20 33 

31 El-sabeel Gaza 34.46655 31.53683 172 70 33 
32 El-Manar Gaza 34.46748 31.49459 116 43 10 
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33 El-Kher Gaza 34.45272 31.50653 133 27 39 
34 El-sahaba Gaza 34.46266 31.51287 38 22   
35 El-Harmeen Gaza 34.44719 31.50509 73 19 30 
36 Tiba Gaza 34.45438 31.5368 74 25 14 
37 Abu-Watfa Gaza 34.45787 31.53954 137 56 20 
38 Zamzam Gaza 34.4733 31.50714 67 17 26 
39 El-shati Gaza 34.44643 31.52981 114 41 23 
40 El-Sabra Gaza 34.45272 31.50653 198 56 40 
41 Seha Gaza 34.44521 31.52885 99 43 20 
42 El-Kema Gaza 34.47633 31.53102 46 16 14 
43 Katarat El-Wadi Gaza 34.46667 31.52078 95 19 19 
44 El-mojama El-

Islami 1 
Gaza 34.44141 31.5012 109 36 31 

45 El-mojama El-
Islami 2 

Gaza 34.46905 31.48814 131 47 14 

46 El-kawther -Fisel Gaza 34.42533 31.50247 66 19 16 
47 El-kawther-Erheem Gaza 34.42713 31.50256 60 23 10 
48 Sokia El-rayan Gaza 34.44157 31.50344 86     
49 El-ferdus Gaza 34.43716 31.50047 203 58 30 
50 El-ein  Gaza 34.4699 31.50352 63 30 20 
51 El-Rahma Gaza 34.43756 31.50492 205 58 19 
52 Fresh water Gaza 34.45937 31.51219 35 8 7 
53 El-Helal Gaza 34.47966 31.50599 163 58 23 
54 Al-madina 

company 
Gaza 34.48776 31.50118 151 56 11 

55 Gaza Al-Haditha Gaza 34.47289 31.50628 51 17 12 
56 Al-Forat Gaza 34.41723 31.4412 126 49 9 
57 El-Shohdaa Gaza 31.500244 34.475215 88 29 18 
58 Ebad El-rahman Middle 34.39605 31.43761 205 49 41 
59 El-ferdus El-jadeda Middle 34.39692 31.43883 103 16 19 
60 El-Hor Middle 34.39175 31.43948 141 31 12 
61 El-Janoob Middle 34.36451 31.40652 142 47 16 
62 El-Hedaia Middle 34.34339 31.42068 48 37 2 
63 Gith Middle 34.3819 31.42795 77 21 8 
64 El-Magazai Middle 34.38226 31.42595 131 16 6 
65 EL-Rabee Middle 34.38794 31.46008 157 56 17 
66 Nabe Al-Horya Middle 34.3764 31.44788 91 39 6 
67 Afaq Jadida Middle 34.3881 31.4619 118 44 20 
68 El-Noor Middle 34.33247 31.40292 148 39 9 
69 El-Burij -El-Salah Middle 34.4083 31.43662 36 17 2 
70 Markz El-Dawa,El-

sahaba 
Middle 34.40097 31.45125 456 178 15 

71 El-berka plant Middle 34.34657 31.41953 100 9 2 
72 El-Soyan Middle     35 10 1 
73 El-Manasra Khan younis 34.31258 31.33526 64 24 18 
74 El-ali -Maan Khan younis 34.31769 31.33344 144 41 34 
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75 Ramadan Khan younis 34.29339 31.35348 67 17 33 
76 Al-Amal Khan younis 34.29516 31.36264 136 21 42 
77 Yanbee Al-Amal Khan younis 34.32036 31.34957 74 33 32 
78 Wafi Khan younis 34.30141 31.35393 126 8 26 
79 El-Jazaer Khan younis 34.31585 31.35752 87 26 29 
80 El-Ejla Khan younis 34.3639 31.30881 68 35 4 
81 El-Shafi Khan younis 34.28173 31.35533 49 11 9 
82 El-Laham Khan younis 34.27261 31.36242 106 25 23 
83 El-Azaiza Khan younis 34.26953 31.35639 62 17 16 
84 El-Fara Khan younis 34.30423 31.35179 33 18 9 
85 El-Sahaba Khan younis 34.29072 31.32088 38 22   
86 El-Nabee El-Safi Khan younis     112 37   
87 El-Jboor Khan younis     78 28 38 
88 Nabeh El-Hia Khan younis     67 23 25 
89 Al-Mostafa Khan younis 34.31063 31.34054 109 31 40 
90 El-Najar Khan younis     57 36   
91 Abu Jomiza Khan younis     83 35 8 
92 Ammar Khan younis 34.3061 31.34813 122 9 38 
93 Naher El-Nile Rafah 34.24571 31.28861 126 45 20 
94 Ehjazi Rafah 34.24175 31.29917 105 23 30 
95 El-Salah Rafah 34.25834 31.29048 94 17 33 
96 El-Hoda Rafah 34.23967 31.31307 84 28 5 
97 El-Shaer Rafah 34.26926 31.29194 138 56 29 
98 El-Fadela Rafah 34.24025 31.30274 149 37 28 
99 El-Shahd 2 Rafah     85 24 27 
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APPENDIX(4) 

 

SEC and Recovery Rate in RODPS(Gaza Strip) 

 

No Plant Name Governorate Product 
Water 
(m3/h) 

brine 
(L/min) 

 

Recovery 
Rate% 

Specific Energy 
Consumption 

(kWh/m3) 

1 Yafa plant North 4.8 53 60.15 1.09 
2 Baldna plant North 10.2 85 66.67 1.64 
3 Jabal besan plant North 2.58 35 55.13 2.17 
4 Lamas plant North 3 33 60.24 1.37 
5 El-ein El-safi plant North 4.5 37 66.96 1.66 
6 El-berka plant North 12.6 25 89.36 1.04 
7 El-Redwan plant North 12.6 105 66.67 1.18 
8 El-weam El-khiria plant North 4.8 45 64.00 1.24 
9 Dar El-salam plant North 5.4 65 58.06 1.52 

10 EL-Nile 2 plant North 24 93.5 81.00 0.47 
11 El-Neama North 11.1 75 71.15 1.14 
12 Sokia Gaza North 9.6 160 50.00 1.48 
13 Shomar North 4.2 60 53.85 0.98 
14 EL-Rabee  North 9.3 100 60.78 1.60 
15 El-Falah plant North 13.8 50.5 82.00 0.40 
16 El-Nile 1 plant North 11.1 105 63.79 1.28 
17 Ehneef North 10.8 60 75.00 1.38 
18 El-Wefaq North 11.4 47.5 80.00 0.85 
19 El-Rawda North 5.1 25 77.27 1.90 
20 El-Nakheel North 13.2 55 80.00 1.02 
21 El-Sahabaa 1 North 1.92 28 53.33 2.72 
22 El-Sahabaa 2 North 2.76 38 54.76 1.89 
23 El-Khiria North 20.4 150 69.39 1.10 
24 Yaseen North 37.2 150 80.52 0.80 
25 Salsbeel Gaza 7.2 70 63.16 0.93 
26 El-Aqsa Gaza 12.9 145 59.72 1.16 
27 Macca Gaza 4.2 30 70.00 0.89 
28 El-Shahd 1 Gaza 11.7 105 65.00 1.31 
29 Saqer Abed Gaza 3.78 22 74.12 2.47 
30 El-morjana El-zarqaa Gaza 3.6 55 52.17 3.11 
31 El-sabeel Gaza 2.1 35 50.00 1.95 
32 El-Manar Gaza 18.6 140 68.89 0.60 
33 El-Kher Gaza 15 60 80.65 0.99 
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34 El-sahaba Gaza 3 21.41 70.00 1.49 
35 El-Harmeen Gaza 13.2 69.8 75.86 1.13 
36 Tiba Gaza 9.3 90 63.27 1.44 
37 Abu-Watfa Gaza 11.4 140 57.58 1.44 
38 Zamzam Gaza 13.2 80 73.33 0.96 
39 El-shati Gaza 8.4 40 77.78 1.15 
40 El-Sabra Gaza 9.6 30 84.21 1.17 
41 Seha Gaza 13.2 160 57.89 0.85 
42 El-Kema Gaza 1.2 20 50.00 4.35 
43 Katarat El-Wadi Gaza 8.4 46.9 75.00 1.33 
44 El-mojama El-Islami 1 Gaza 13.2 90 70.97 0.56 
45 El-mojama El-Islami 2 Gaza 8.4 70 66.67 0.89 
46 El-kawther -Fisel Gaza 9 120 55.56 1.57 
47 El-kawther-Erheem Gaza 10.8 40 81.82 1.04 
48 Sokia El-rayan Gaza 16.2 48 84.91 0.69 
49 El-ferdus Gaza 6 40 71.43 1.24 
50 El-ein  Gaza 11.1 142 56.57 1.21 
51 El-Rahma Gaza 4.2 40 63.64 1.60 
52 Fresh water Gaza 14.4 120 66.67 0.93 
53 El-Helal Gaza 2.4 26.6 60.00 2.17 
54 Al-madina company Gaza 12 95 67.80 0.93 
55 Gaza Al-Haditha Gaza 13.5 87 72.12 0.83 
56 Al-Forat Gaza 12.6 70 75.00 1.07 
57 El-Shohdaa Gaza 4.2 60 53.85 2.66 
58 Ebad El-rahman Middle 9 120 55.56 1.24 
59 El-ferdus El-jadeda Middle 12 90 68.97 1.37 
60 El-Hor Middle 13.2 85.5 72.00 1.13 
61 El-Janoob Middle 5.7 67 58.64 1.40 
62 El-Hedaia Middle 14.1 180 56.63 2.64 
63 Gith Middle 10.2 62 73.28 1.10 
64 El-Magazai Middle 11.4 63 75.00 0.98 
65 EL-Rabee Middle 5.4 51 63.83 1.38 
66 Nabe Al-Horya Middle 14.4 60 80.00 0.78 
67 Afaq Jadida Middle 12 100 66.67 1.06 
68 El-Noor Middle 12.9 97 68.91 1.04 
69 El-Burij -El-Salah Middle 2.22 37 50.00 2.69 
70 Markz El-Dawa,El-

sahaba 
Middle 1.5 25 50.00 5.47 

71 El-berka plant Middle 10.8 70 72.00 2.14 
72 El-Soyan Middle 7.8 75 63.41 1.40 
73 El-Manasra Khan younis 5.7 65 59.38 1.96 
74 El-ali -Maan Khan younis 9.6 88 64.52 0.93 
75 Ramadan Khan younis 12.6 48 81.40 0.89 
76 Al-Amal Khan younis 12 45 81.63 1.37 
77 Yanbee Al-Amal Khan younis 24.9 115 78.30 0.90 

113 
 



 

78 Wafi Khan younis 8.1 75 64.29 1.38 
79 El-Jazaer Khan younis 15 90 73.53 0.75 
80 El-Ejla Khan younis 5.7 80 54.29 1.18 
81 El-Shafi Khan younis 13.5 60 75.00 0.83 
82 El-Laham Khan younis 16.5 50 84.62 0.86 
83 El-Azaiza Khan younis 1.35 10 69.23 4.14 
84 El-Fara Khan younis 9.6 80 66.67 1.40 
85 El-Sahaba Khan younis 3 50 50.00 1.49 
86 El-Nabee El-Safi Khan younis 2.4 20 66.67 1.10 
87 El-Jboor Khan younis 10.8 120 60.00 1.24 
88 Nabeh El-Hia Khan younis 10.5 50 77.78 1.22 
89 Al-Mostafa Khan younis 10.8 155 53.73 1.24 
90 El-Najar Khan younis 10.2 85 68.00 1.00 
91 Abu Jomiza Khan younis 9.3 135 53.45 1.44 
92 Ammar Khan younis 14.7 110 69.01 0.91 
93 Naher El-Nile Rafah 10.2 80 68.00 1.10 
94 Ehjazi Rafah 21.6 130 73.47 1.10 
95 El-Salah Rafah 7.8 60 69.00 1.24 
96 El-Hoda Rafah 11.4 55 77.55 0.90 
97 El-Shaer Rafah 13.8 85 73.02 1.08 
98 El-Fadela Rafah 5.4 45 69.00 1.20 
99 El-Shahd 2 Rafah 15 115 68.49 1.27 
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APPENDIX(5) 

 

Feed and Permeate Water Quality Analysis in Gaza Strip 

Feed TDS –Gaza Strip  Permeate TDS –Gaza Strip Feed TDS related to WHO standards 

 

  

 

Feed Cl-  –Gaza Strip  Permeate Cl- –Gaza Strip Feed Cl-  related to WHO standards 
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SEC and Recovery Rate Analysis in RODPS in Gaza Strip 

SEC –Gaza Strip  γ –Gaza Strip 

 

 

Feed NO3
-  –Gaza Strip  Permeate NO3

-  –Gaza Strip Feed NO3
-  related to WHO 

standards 
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