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Abstract 

Desalination technologies, especially the reverse osmosis (RO) membrane technology 

has evolved as an effective solution to meet people's needs for safe and clean drinking 

water that meet with WHO water quality standards. 

But there are some problems with the application of RO membrane technology such as 

scaling, resulting from relatively high concentrations of calcium, sulphate and 

bicarbonate ions. The development of scale on the membrane surfaces contributes to a 

shortening of membrane life, a decrease in flux and increases energy consumption, 

which leads to an increase in the number of times the membranes are cleaned more 

often,  which can lead to a shorter life expectancy for the membranes. In the Gaza Strip 

groundwater wells are deep enough to be anaerobic. Therefore, the main goal of the 

current research is to study the reverse osmosis process without pretreatment to 

overcome scaling. Moreover, to study the current practice of operation of desalination 

plants in the Gaza Strip, by conducting technical visits and interviews with operators in 

the desalination plants operated by the CMWU, as well as in the largest private plant in 

the Gaza Strip, in order to study the most happening problems, operating conditions, 

description of groundwater wells and its depth, the production cost and chemical 

additives used to avoid scaling, in order to design a pilot plant to operate a desalination 

plant with RO membranes under anaerobic conditions "One step reverse osmosis." 

It is found that the most important challenges are: shortage of chemicals, shortage of 

electricity and power cut off, mechanical failure of the well, absence of professional 

capabilities and experience of workers, absence of periodic trainings related in terms of 

operation and lack of sufficient human personnel to operate the plant. The operation 

cost of small-scale plants was estimated to be in average 5.62 NIS/m3. The membrane 

is cleaning at most RO plants every 6 months, while the design life span of the 

membrane ranging from 2-3 years. 

Dissolved Oxygen was measured in the many deep wells, indicating that the effects of 

oxygen were not present in deep groundwater, so Fe and Mn were measured as great 

contributors to scaling. It is found that Fe and Mn ratio is almost zero, meaning that it is 

possible to use OSRO even incase DO exists. 
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The RO membrane was installed without pretreatment treatment or addition of anti- 

scaling chemicals at Al-Saftawi well operated by the municipality of Gaza.  Langelier 

Saturation Index (LSI) was used to give us an indication whether or not scaling will 

occur (LSI= 0.56). Pilot plant was run for more than two months, and the results of 

permeate water were acceptable levels and meet the WHO water quality standards, such 

as: pH, TDS, Mg2+, Ca2+, NO3
-, Cl-, Na+. Therefore, addition of additives to adjust water 

quality parameters to achieve WHO standard still needed in addition to the pretreatment 

to prolong the RO membrane life span.  
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 ملخص الدراسة

تطورت تقنيات تحلية المياه، خاصة تكنولوجيا غشاء التناضح العكسي، كحل َفعال لتلبية احتياجات الناس من مياه 
 الصحة العالمية الخاصة بجودة المياه.الشرب اآلمنة والنظيفة التي تلبي معايير منظمة 

ولكن هناك بعض المشاكل في تطبيق تكنولوجيا غشاء التناضح العكسي مثل التحجيم، والتي تنتج عن تركيزات 
عالية نسبًيا من أيونات الكالسيوم والكبريتات وبيكربونات. يساهم تطور التحجيم على أسطح الغشاء في تقصير 

وزيادة استهالك الطاقة، مما يؤدي إلى زيادة عدد مرات تنظيف األغشية في كثير من  عمر الغشاء وتقليل التدفق
األحيان، مما قد يؤدي إلى انخفاض متوسط العمر المتوقع لألغشية. آبار المياه الجوفية في قطاع غزة عميقة بما 

التناضح العكسي دون  يكفي لتكون الهوائية. لذلك ، فإن الهدف الرئيسي من البحث الحالي هو دراسة عملية
معالجة مسبقة لتقليل تكلفة إنتاج المياه. عالوة على ذلك، دراسة الممارسة الحالية لتشغيل محطات التحلية في 

مصلحة مياه بلديات قطاع غزة، من خالل إجراء زيارات ومقابالت فنية مع مشغلي محطات التحلية التي تديرها 
غزة، من أجل دراسة معظم المشاكل التي تحدث، ظروف التشغيل،  ، وكذلك أكبر محطة خاصة في قطاعالساحل

وصف آبار المياه الجوفية وعمقها، تكلفة اإلنتاج والمواد المضافة الكيميائية المستخدمة لتجنب التحجيم، من أجل 
تصميم محطة تجريبية لتشغيل محطة لتحلية المياه بأغشية التناضح العكسي تحت ظروف الهوائية "التناضح 

 العكسي بخطوة واحدة".

وقد تبين أن أهم التحديات هي: نقص المواد الكيميائية، ونقص الكهرباء وقطع الكهرباء، والفشل الميكانيكي للبئر، 
وغياب القدرات المهنية وخبرات العمال، وغياب التدريبات الدورية ذات الصلة بالتشغيل وعدم كفاية الموظفين 

. يتم تنظيف الغشاء تر مكعبشيكل / م 5.62يل المحطات الصغيرة بمتوسط لتشغيل المحطة. قدرت تكلفة تشغ
 3-2أشهر ، في حين أن العمر االفتراضي لتصميم الغشاء يتراوح بين  6في معظم محطات التناضح العكسي كل 

 سنوات.

موجودة في المياه تم قياس األكسجين الذائب في العديد من اآلبار العميقة، مما يدل على أن آثار األكسجين غير 
الحديد والمنغنيز كمساهمين كبيرين في التوسع. لقد وجد أن نسبة الحديد والمنغنيز لذلك تم قياس  الجوفية العميقة،

حتى في حالة وجود  لتناضح العكسي بخطوة واحدةاتساوي صفًرا تقريًبا، مما يعني أنه من الممكن استخدام 
 .األكسجين المذاب

ضح العكسي دون معالجة مسبقة أو إضافة مواد كيماوية مضادة للتحجيم في بئر الصفطاوي تم تركيب غشاء التنا
يم سوف يحدث أم التي تديرها بلدية غزة. تم استخدام مؤشر تشبع النغليير إلعطائنا مؤشرا على ما إذا كان التحج

تم تشغيل المحطة التجريبية ألكثر من شهرين ، وكانت نتائج المياه المحالة بمستويات . 0.56ال، وكان يساوي 
أيون الكالسيوم، أيون الصوديوم، أيون  تفي بمعايير جودة المياه لمنظمة الصحة العالمية ، مثل:و مقبولة 
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لى إضافة إضافات لضبط حاجة إ، ال تزال هناك . لذلكالمغنيسيوم، إجمالي المواد المذابة، النترات، والكلوريد
معايير جودة المياه لتحقيق معيار منظمة الصحة العالمية باإلضافة إلى المعالجة إلطالة عمر غشاء التناضح 

 العكسي.
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Chapter 1: Introduction 

1.1 Background 

Palestine is one of the world's most water-stressed countries, with almost no rivers or 

streams, its main freshwater resource is groundwater. Currently, Gaza relies on 

groundwater as the only source for drinking water. However, its quality has degraded 

heavily over the years. It has reached a very high salinity. 

Today up to 97 % of the water drawn from Gaza’s coastal aquifer is unfit for human 

consumption (UNICEF, 2018). 

The primary driver of contamination of the aquifer is the longstanding over-extraction 

of almost three times more water than is naturally replenished by rainfall. This practice 

results in increasing intrusion of seawater (OCHA, 2018). The sea also flushes back to 

the shores of Gaza large amounts of untreated or insufficiently treated sewage that is 

dumped into the sea, more than 100,000 m3 of raw and poorly treated sewage are 

discharged into the Mediterranean Sea daily, mainly due to the energy crisis. Open 

sewage runoff and agrichemicals also seep into the aquifer (OCHA, (2018); UNICEF, 

(2018)). 

Residents in Gaza are aware that most tap water is unfit for human consumption and 9 

out of 10 people rely on desalinated water, 81% of which comes from the private sector. 

It is purchased in containers or tanks at prices 10-30 times more expensive than piped 

water, thus posing a heavy burden on already impoverished families. Apart from the 

economic burden, this situation generates a range of health hazards. Although the 

quality of desalinated/purified water is better than that of piped water, 

desalination/purification does not necessarily remove all pollutants, compounded by the 

fact that desalination plants do not function at full capacity due to the poor power 

supply. In addition, contamination may occur during the transportation and storage 

cycle as a result of unmaintained or unsanitary water trucks and points of distribution. 

These factors lead to increased risks of chemical and biological contamination in both 

natural and desalinated water. Chemical contamination includes a rise in nitrates and 

chloride, while biological contamination may include the formation of viral and 
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bacterial pathogens associated with waterborne diseases, with children especially at risk 

(OCHA, 2018). 

Comparing the water quality in Gaza strip with both of WHO and Palestinian standards 

it is noted that, the water quality in the northern region under both standards for most 

ion concentrations tested is average except for nitrate, and in Gaza governorate there is 

high concentration of sodium and fluoride only, while salinity and nitrate concentrations 

are high in Mid Zone. But in Rafah, nitrates and sodium concentrations are high (Abu 

Mayla. et al., 2009). The water quality in Gaza has reached unacceptable levels and 

does not meet the WHO water quality standards in terms of: pH, TDS, Total Hardness 

(TH), Magnesium, calcium, sodium, potassium, chloride, turbidity, nitrate and fluoride 

concentration (Mogheir. et al., 2013).  

In accordance with WHO standards and limitations, groundwater desalination plants 

have become the primary source of fresh drinking water in the Gaza Strip. This is due to 

the high salinity water level in the aquifers of chloride and nitrate concentrations which 

cause many health problems. 

1.2 Problem Statement 

Freshwater shortage is one of the most severe and ongoing problems in developing 

countries. The Middle East is considered one of most water stressed the places in the 

world (Luo. et al., 2015). Groundwater in the Gaza Strip is heavily deteriorated and has 

high salt content due to seawater intrusion from the Mediterranean Sea. Therefore, there 

is a need to adopt innovative advanced technologies capable of treating high-salinity 

water and provide highly pure drinking water. Desalination with reverse osmosis (RO) 

membranes is a technology that can achieve such requirements.  

In addition, groundwater is highly contaminated with nitrates due to poor sewage and 

fertilizers from irrigation of agricultural land. Today 97 per cent of this water is unfit for 

human consumption based on World Health Organization (WHO) standards (OCHA, 

2018). Due to the high salinity of groundwater, in this case, traditional water treatment 

methods (such as sand filtration) are of no use. 
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The majority of desalinated water produced in the Gaza Strip is not pumped directly 

into the water network. Water produced by desalination plants is stored in reservoirs 

and then transported to end users by truckes. The desalinated water is sold for a price 

which most of the people can hardly afford. According to WHO estimates the cost of 

this water is about 30 NIS / m3, a heavy burden on already poor households. 

Energy consumption is an important factor in the total cost of freshwater produced by 

RO desalination (Wittholz. et al., 2008). Since 2006 and after Israel bombed Gaza's only 

power plant, the Gaza Strip suffers from a constant shortage of power supply and 

regular power cuts. This situation adversely affects the operation of the brackish water 

desalination plant "BWDP" by limiting the operation time to a maximum of 6 hours per 

day. Therefore, there is a need to identify a high productivity and low energy demand 

brackish water reverse osmosis "BWRO" processes to increase the water supply. BWDP 

in Gaza operates in aerobic conditions, which makes the RO units more vulnerable to 

fouling problems and decrease the membrane performance over time. To solve this 

problem, the BWDP in Gaza mostly utilize a pretreatment step before the RO units, for 

instance, sand filters or other approaches to reduce the membrane fouling potential. 

However, the pretreatment results in higher investment cost and energy required. 

Operating the RO units in anaerobic conditions requires no pretreatment and result in 

less fouling. Optimizing the operation conditions will enhance the membrane 

performance by lowering the number of chemical cleaning cycles required for the RO 

operation and therefore minimize the energy consumption. 

1.3 Aim and Objectives 

To investigate OSRO concept in order to enhance the brackish water desalination plants 

to produce freshwater. 

Objectives:   

 Assess the current performance of existing desalination plants in the Gaza Strip. 

 Determine DO concentration in water before entering the reverse osmosis units. 

This is to verify the aerobic/anaerobic requirement for OSRO concept. 

 Design of pilot plant and operation for many months, system monitoring with 

flow and pressure change, with scaling study. 
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1.4 Structure of the Thesis 

 Chapter One: (Introduction) 

Chapter one offers a context on the water crisis in Gaza Strip, problem statement, 

research objectives, and research structure. 

 Chapter Two: (Literature Review) 

Chapter two deals with a general literature review to definition of desalination, history 

of desalination, desalination techniques, membrane structure, fouling and scaling, types 

of cleaning  and parameters affecting membrane performance. 

 Chapter Three: (Methodology) 

Chapter three discusses the study methodology and including data collection and 

equipment, technical visits and pilot plant study. 

 Chapter four: (Results and Discussion) 

Chapter four presents the results of assessment of some public desalination plants in 

Gaza, and the results of pilot plant in OSRO. 

 Chapter five: (Conclusions and Recommendations) 

Chapter five gives a brief summary of the results of the study as a conclusion 

accompanied by future best practices recommendations. 

 References 

Contains the references used in the thesis. 

 Appendix  

Contains the tables and figures. 
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Chapter 2: Literature Review 

2.1 Introduction 

Desalination technologies, especially the reverse osmosis (RO) membrane technology 

has evolved as an effective solution to meet people's needs for safe and clean drinking 

water that meet with WHO water quality standards. But there are some problems with 

the application of RO membrane technology such as scaling, resulting from relatively 

high concentrations of calcium, sulphate and bicarbonate ions. This chapter is going to 

address the desalination techniques, fouling and scaling issue in detail and its causes 

and consequences. 

2.2 History of Desalination 

Desalination development began for the first time for commercial use on ships using 

distillation and thermal desalination in the 17th century. Countries then began in the late 

18th century to develop advanced distillation technology, including chemical addition. 

Some of the first commercial desalination plants were set up in Tigne, Malta in 1881 

and in Jeddah, Saudi Arabia in 1907 (Desalination in History, 2005).   

In the 1950s, Seawater distillation plants were first developed and the first industrial 

desalination plant in Kuwait was opened in the 1960. Then the membranes entered the 

market for desalination, And the first successful RO plants in the late 1960s used 

brackish as their feed (Amjad, 1993). Improvements in desalination membranes 

increased over the next decade, resulting in greater product permeability, and RO 

membranes were then applied to seawater desalination (Van der Bruggen and 

Vandecasteel, 2002).  

RO water desalination technology has been used since 1974 (Magara. et al., 2000). 

During the past half century, desalination capacity has grown rapidly. Between 1965 

and 2011, some 16,000 desalination plants were built around the world. The current 

operational capacity is estimated at 65 million (m3/d) (GWI Global Water Intelligence, 

2015; NYCEP New York Environmental Protection Department, 2014). Approximately 

19% of the world's desalination plants are built to treat brackish water (International 

Desalination Association, 2008). 
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Considering the diminishing supply of natural water supplies and the rising worldwide 

demand for water, the market for desalination of seawater is growing rapidly and is 

expected to double to over $70 billion over the next 20 years (Matsuura, 2001). 

In Gaza, the first RO desalination plant was built in Deir Al Balah in 1991 with a 

capacity of 45 m3/hour with a recovery of 75%  (El Sheikh, 2003).  In 1997 to 998, 

through an Italian development program, two Ro plants were built in Khanyounis to 

desalinate brackish wells water. The capacity of each RO plant is 50 m3/h. In 1998, 

USAID supplied water to the surrounding industrial complexes and the neighboring 

portion of Gaza City by a BWRO plant in the Gaza Industrial Zone. Moreover, the 

French and Austrian governments have funded two seawater RO plants with a capacity 

of 5,000 m3/d and 2,400 m3/d, respectively (El Sheikh, et al., 2003). 

2.3 Desalination Technology 

Desalination is the process of removing the dissolved solids from salt water and 

brackish water to produce potable water. The total dissolved solids (TDS) concentration 

in water is defined as the salt content in water. TDS refers to the quantity of all 

minerals, metals, cations and anions dissolved in water, water can be classified by 

salinity according to Table 2.1 (Dach, 2008).  

Table (2.1): Water classification according to the quantity of TDS 

Water source TDS mg/l 

Potable water < 1000 

Mildly brackish waters 1000 to 5000 

Moderately brackish waters 5000 to 15000 

Heavily brackish waters 15000 to 35000 

Average seawater 35000 

Choosing desalination technology depends on many factors, such as site-specific 

factors, including the quality of source water, the intended use of productive water, 

energy costs, capital costs, plant size, and potential for energy reuse (Al-Subaie, 2007).   

Desalinated water is recovered for consumption when the salts are concentrated in a 

stream of water called brine rejection which is disposed of either in the sea or in the 

saline aquifer or in the evaporation ponds (Dach, 2008). 
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There are many techniques that can remove dissolved solids in water, such as membrane 

separation, electrophoresis, distillation (cooling and evaporation), ion exchange, 

chemical processes and eutectic freezing as shown in figure (2.1)  (Kim, 2011).  

 

Figure (2.1): Techniques for desalination 

Desalination of water is achieved through several techniques which can be divided into 

two categories: membrane and thermal processes (Dach, 2008). 

2.3.1 Membrane processes 

A membrane is a thin film of porous material that allows the passage of water molecules 

at the same time; however, it prevents large and unwanted particles such as salts, 

bacteria, metals and viruses from passing through (American Water Works Association, 

1999). 

Membranes are made of many materials and can be classified into two categories: 

polymeric materials, including cellulose, acetate and nylon and non-polymeric 

materials, such as composites, ceramics and metals (Krukowski, 2001).  

Membrane techniques can be used to desalinate seawater as well as brackish water, but 

they are commonly used to desalinate brackish water because energy consumption in 

source water is proportional to salt content. Though, from the 1950s until recently 
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thermal techniques were dominant, membrane processes in global desalination capacity 

are now nearly equal to thermal processes. Membrane technology usually has lower 

capital costs compared to thermal distillation and needs less energy, which decreases 

operating costs (Khawaji. et al.,  2008). 

Membrane technologies include nanofiltration (NF), membrane distillation (MD), 

forward osmosis (FO), electrodialysis reversal (EDR), carbon Nano-tubes, 

microfiltration (MF), ultrafiltration (UF) and reverse osmosis (RO) as shown in (Figure 

2.2) (Assessment MASWDP, 2011).  

 

Figure (2.2): Technologies of membrane 

2.3.2 Reverse Osmosis 

Osmosis is a natural process in which water flows out of the cabin with a low 

concentration of dissolved solids in the cabin with a high dissolved solid concentration. 

Water will continue to flow through the membrane in that direction, until both sides of 

the membrane adjusted the concentration. The dissolved solids concentration in both 

cabins is the same in equilibrium, there is no net flow from one cabin to another. 
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Nonetheless, the cabin with a higher concentration solution now has a larger volume of 

water relative to the other cabin as shown in Figure 2.3 (Kucera, 2015). 

 

Figure (2.3): Osmosis principle and concentration equilibrium 

Reverse osmosis (RO) is a membrane-driven mechanism in which the feeding current 

flows through a semi-permeable membrane under pressure, separated by two streams of 

water, one weak in salt and the other rich in salt. The water passes through the 

membrane, When the pressure applied exceeds the osmotic pressure, while the salt is 

retained (Mathioulakis et al., 2007).  

RO desalination system comprises four main subsystems: pre-treatment system, high-

pressure pump, membrane unit and post-treatment system. The pre feeding water is 

forced to flow through the membrane surface using a high-pressure pump. The 

operating pressure for salt water ranges from 17 to 27 bar and for seawater from 55 to 

82 bar (Al-Karaghouli. et al., 2010).  The technique uses semi-permeable membranes to 

divide the solution into two flows: Concentrates, with salts and retained compounds and 

permeate, contain pure water moving through the membrane (Mauguin & Corsin, 

2005). 

Small desalination plants in the Gaza Strip are contain of various filters (carbon filters, 

sand filters, Antecedents, RO filters). The RO filter is the only filter that is very 

efficient and has a purification degree of up to 99% of the components. But that degree 

depends on several factors, such as (running time of the filter, inlet water quality and 

inlet water pressure) (Abu Mayla. et al., 2009). 
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Seawater desalination is a process in which a less than 1 nm pore size RO membrane is 

used to: remove dissolved solids, pollutants, etc. under applied pressure in order to 

produce potable water (International Desalination Association, 2008). 

Sweater desalination requires more energy and pressure than brackish groundwater. 

Increasing the concentration of the saline solution in RO increases osmotic pressure, 

thus increasing energy consumption and scaling on the membrane surface (Abraham, et 

al., (2011); Mericq, et al.,( 2009)).  

Table (2.2): Characteristics of RO (Mohsen & Al-Jayyousi, 1999) 

 Advantages Disadvantages 

 

 

 

RO 

Suitable for seawater as well as brackish 

water 

Long build time for large scale plants 

Flexibility of quantity and quality of water Requires high quality feed water 

Low power requirement compared with 

MED and VC 

Relatively high capital and operating costs 

Flexibility in operation (start-up and shut-

off) 

High pressure requirements 

Easy to operate  

The minimal recovery and environmental impact of the rejected brines constitutes a 

significant barrier to RO technology. The recovery and concentration of the saline 

solutions are limited because the increased concentration of saline solution in RO raises 

the osmotic pressure and therefore the energy consumption as well as the membrane 

surface scaling (Mericq. et al., 2009).  In addition, the degree of salinity, temperature, 

target recovery and cleaning methods may affect the passage of salt through the normal 

membrane (Greenlee. et al., 2009). 

The RO process is affected by several variables. Such factors include temperature, 

operating pressure and pH of the system. Studies have shown that roughness, pore size 

distribution, zeta potential and contact angle should be included in the characterized 

parameters for selecting RO membranes. The surface roughness of the membrane is also 

important in trapping pollutants (Ezechi. et al., 2012). 
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Table (2.3): Characteristics of applications of pressure-driven membrane processes 

(Duranceau, 2001) 

Membrane process Applied pressure 

kPa (bar) 

Minimum particle 

size removed 

Pollutant removal (type, average 

removal efficiency%) 

MF 30–500 (0.1 - 2) 0.1-3 μm - Particle/turbidity removal (>99%) 

-Bacteria/protozoa removal (>99.99 %) 

UF 30–500 (1 - 5) 0.01-0.1 μm - Particle/turbidity removal (>99 %) 

- Bacteria/protozoa removal (>99.999 

%) 

- TOC removal (<20%) 

- Virus removal/(partial credit only) 

NF 500–1000 (3 - 20) 200-400 daltons Turbidity removal (>99%) 

- Color removal (>98%) 

- TOC removal (DBP control) (>95%) 

- Hardness removal (softening) (>90%) 

- Synthetic organic contaminant (SOC) 

removal (500 daltons and up) (0-100%) 

- Sulfate removal (>97%) 

- Virus removal (>95%) 

RO 1000–5000 () 50-200 daltons - Salinity removal (desalination) 

(>99%) 

- Color and DOC removal (>97%) 

- Radionuclide removal 

(not including radon) (>97%) 

- Nitrate removal (85 to 95%) 

- Pesticide/SOC removal (0 to 100%) 

- Virus removal (>95%) 

- As, Cd, Cr, Pb, F removal (40 to 

>98%) 
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Figure (2.4): MF, UF, NF and RO membrane process characteristics (Koch membrane 

system, 2012) 

2.4 Basic Terms and Definitions 

2.4.1 Recovery 

Recovery (sometimes called "conversion") is a term used to describe the percentage of 

the water flowing as permeable. Overall, the rate of recovery of the RO system varies 

from 50% to 85%, with most systems designed to recover 75%. The system recovery of 

75% means that 75 m3 will be permeated and 25 m3 will be retained as a concentrate for 

every 100 m3 successful. (Kucera, 2015). 

Using the following equation 2.1, recovery is calculated: 

% Recovery = (permeate flow / feed flow) × 100                     equation 2.1       
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The concentration volume is one-fourth of that of the influent volume at 75% recovery. 

If the membrane held all the dissolved solids, they would be contained in a one-fourth 

of the influential volume of water. The concentration of dissolved solids retained would 

therefore be four times that of the influent stream. This is known as the "concentration 

factor". The volume of concentration would be one-half that of the influential water at a 

recovery of 50 %. In this case, a factor of two would concentrate the dissolved solids, so 

that the factor of concentration would be 2. Table 2.4 shows the concentration factor as 

a recovery function. 

Table (2.4): Concentration factor as a recovery function 

Recovery Concentration factor 

50 2 

66 ~ 3 

75 4 

80 5 

83 6 

87.5 8 

2.4.2 Rejection 

Rejection is a term used to describe the percentage of an influential species retained in a 

membrane. For example, 98% Calcium rejection ensures that 98% of the influent 

Calcium will be retained by the membrane. It also means that 2% of the influential 

calcium moves into the permeate through the membrane (known as the "salt passage") 

(Kucera, 2015). 

A rejection of a species is determined using the following equation 2.2: 

% Rejection = [(Cf – Cp)/ Cf ] × 100                                            equation 2.2 

where: 

Cf = influent concentration of a specific component 

Cp = permeate concentration of a specific component 
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Note that the average concentration of feed that takes into account both the feed and 

concentrate concentration instead of just the concentration of feed at a single point in 

time should be used for exact calculation. 

Its fact, the salt passage is the opposite of rejection: 

% Salt Passage = 100 -% Rejection 

% Salt Passage = (Cp / Cf) × 100 

Rejection of a species also takes into account the following characteristics: (Dow 

Chemical Company, 2007) 

 Level of dissociation: on the whole, the greater the dissociation, the greater 

the rejection. For example, weak acids are best rejected at higher pH. 

 Molecular weight: the greater the weight of the molecules in general, the 

greater the rejection. For example, Calcium rejection is marginally better 

than magnesium rejection. 

 Polarity: generally, the higher the polarity, the lower the rejection. For 

example, Organic compounds are rejected better than water. 

 Degree of hydration: in general, the higher the degree of hydration, the 

higher the rejection. For example, Chloride is more rejected than nitrate. 

 Degree of molecular branching: for example, isopropanol is typically 

rejected better than normal propanol, the more it is branched, the greater the 

rejection. 

2.4.3 Flux 

The output of the membrane, usually expressed in permeate volume per unit time per 

unit area, liters per hour per m2 (Dow Chemical Company, 2007). 

The water flux through a RO membrane is proportional with the net pressure driving 

force applied to the water: 

J = K (ΔP – ΔΠ)                       equation 2.3 

where: 
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J = water flux 

K = water transport coefficient = permeability / thickness of the membrane active layer 

ΔP = pressure difference across the membrane 

ΔΠ = osmotic pressure difference across the membrane 

Water flux is affected by several operating variables, such as (Kucera, 2015): 

 The flux of water is directly proportional to the operating pressure. 

 The flux of water is directly proportional to water temperature. 

 Water flux slightly decrease as recovery increases until the osmotic pressure of 

the feed water is equal to the driving pressure, at which point productivity stops.  

 The flux of water decreases as feed concentrations of dissolved solids increase. 

2.5 Membrane Shapes and Module Designs  

Membrane unit design depends on the membrane shape. In different membrane 

processes different forms of membrane and module designs were adopted. Technical 

and economic factors for designing, selecting and operating membrane modules include 

the cost of materials supporting and enclosure (pressure vessels), power consumption in 

pumping and ease of replacement (Aptel & Buckley, 1996). Several types of 

membranes exist: hollow fibers, spiral modules, tubular and flat sheets. Spiral wound is 

the most commonly used RO membranes compared with other module designs. Usually, 

spiral offers lower replacement costs, high packaging density, easier maintenance, and 

higher-pressure application (Cath. et al.,  2006). Table 2.5 details the main advantages 

and disadvantages of the different modules. 
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Table (2.5): Qualitative comparison of various membrane modules (Shon. et al., 

(2002); Dach, (2008); Singh, (2006)) 

Shape of module Tubular Hollow fiber Flat sheet Spiral 

Packing density (m3/m3) Lowest 100-300 Higher 9000-

30000 

Lower 100-400 Low 300-

1000 

Hydraulic diameter (mm) 5-15 0.1-1 1-5 0.8-1.2 

Membrane material Inorganic 

Organic 

Organic Organic 

Inorganic 

Organic 

Replacement of membranes Tube Module Sheet Cartridge 

Risk of clogging " Fouling 

tendency" 

Lowest Higher Lower Low 

Operating Cost Highest Lower Higher High 

Maintenance Easy Difficult Easy Difficult 

Dead volume High Low Low Low 

Ease of cleaning Best Poorer Better Good 

 

Table (2.6): Advantages and disadvantages of membrane design (Shon. et al., 2002) 

Design module Advantages Disadvantages 

Tubular 

 Can tolerate feeds with high 

suspended solid 

 Can work with viscous and 

Non-Newtonian fluids 

 Easy to clean mechanically 

 High energy requirement 

 High capital cost 

 Disassembly long 

 High hold-up 

Hollow Fiber 

 Very compact system 

 Low liquid hold-up 

 Low capital cost 

 Back flushable 

 Can be fouled with particulates 

 Not suitable for viscous systems 

 Limited range of products 

Flat Sheet 

 Wide choice of membrane 

 Can be dissembled and 

Cleaned 

 Low energy requirement 

 High cost 

 Replacing membrane is time 

consuming  

 Can have seal problem 

Spiral Wound 

 Low hold-up 

 Compact system 

 Wide range of materials 

 Wide range of size 

 Low capital cost 

 Can have dead spots 

 Cannot be back flushed 
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2.6 Fouling and Cleaning  

Fouling is an common term to all forms of membrane blockage ( Al-Amoudi & Lovitt, 

2007). Membrane fouling is a process which leads to a loss of membrane performance 

due to the accumulation of materials on the surface or in the membrane pores, this 

reduces membrane flow with consequent energy cost increases and membrane 

replacements (Flora, 1993). Membrane processes are often chosen because these 

applications achieve high removals of organic compound, organic carbon, inorganic 

ions and dissolved solids.  However, membrane fouling is a major obstacle to most 

water desalination and treatment applications, especially where water contains high 

levels of natural organic matter and inorganic components (Al-Amoudi A. S., 2010).  

The composition and growth rate of the film generally depends on the properties of the 

solution, as well as the operating conditions such as pH, temperature, membrane flow, 

parallel axial flow rate and foulant concentration in the feed (Cohen & Probstein, 1986).  

The membranes can be fouled under different conditions: biological growth, chemical 

precipitation of low-soluble salts, aerobic contamination in anaerobic systems, clogging 

of the feed stream spacer, particulate plugging of the membrane surface, solute contact 

with the membrane surface and other mechanisms. The different severity of fouling 

results in cleaning rates from as high as every week to as low as less than once a year 

and depends on a number of variables including pretreatment, feed water characteristics, 

system recovery rate, and system activity (e.g. frequent on off operations; feed flow 

velocity). Since fouling is so common, understanding the basics of membrane fouling 

improves the efficiency and economy of RO plants and increases the useful life of the 

RO membrane (Yiantsios & Karabelas, 2002). 
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Table (2.7): Water quality guidelines generally accepted to prevent fouling of RO 

membranes (Kucera, 2007) 

Species Measure Value 

Suspended Solids Turbidity <1 NTU 

Colloids SDI <5 

Microbes Dip Slides <1,000 CFU/ml 

Organics TOC Concentration <3 ppm 

Color Color units <3 APHA 

Metals: iron, manganese, aluminum Concentration <0.05 ppm 

Hydrogen Sulfide Concentration <0.1 ppm 

2.6.1 Types of membrane fouling  

Fouling is the main constraint for more cost-effective and therefore expanded 

application of membrane technology in drinking water, particularly in RO systems. 

Fouling can occur in several forms: Organic fouling, Colloidal fouling, Biofouling. 

(Rodriguez, 2011). 

A. Colloidal fouling 

It is of paramount practical importance to understand the chemical and physical 

processes governing aquatic colloids to foul RO membranes. In natural waters colloidal 

particles are commonplace. Colloids cover a wide range of sizes, from a few 

nanometers to a few micrometers. Examples of aquatic colloids include clay minerals, 

organic colloids and suspended matter, aluminum and manganese oxides, colloidal 

silica, iron, and precipitates of calcium carbonate (Stumm, 1992; Elimelech. et al., 

1997). Colloid matter and membrane-rejected particles form compact cakes on the 

membrane surface which provide an additional filtration resistance barrier (Gabelich. et 

al., 2002). Colloids and particles that are not retained by pretreatment provide resistance 

and reduce flux (in constant pressure filtration) or require higher feed pressure (in 

constant flux filtration) as particulate deposits accumulate on the membrane surface 

(Rodriguez, 2011). 

Aquatic colloids reflect the surface charges of their surface properties and the chemical 

composition of natural waters. Colloids accumulate on the membrane surface or inside 
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the membrane pores during membrane fouling and adversely affect both the quantity 

(permeate flux) and the quality (solute concentration) of the liquid water (Yiantsios. et 

al., 2007). 

B. Organic fouling 

Organic fouling of membrane processes in part through interactions between the surface 

of the membrane and organic foulants and between the organic cells themselves (Dalvi. 

et al., 2000). The term organic fouling is applied for those substances which are 

dissolved in the feed solution and which tend to stick to the membrane surface. The 

main difference between organic fouling and colloidal fouling are particles and the latter 

are dissolved. It should be borne in mind that both types of foulant may lead to the same 

sort of gel layer, often forming a "mixed" layer. Both colloidal and organic fouling 

mechanisms are: constriction of pores or cake formation or blockage of pores 

(Yiantsios. et al., 2007).  

C. Bio fouling 

The main concern about applying RO membrane technology is fouling problems and 

bio fouling in particular. Bio fouling occurs because of bacteria accumulation 

(Vrouwenvelder & Van der Kooij, 2001). Bio fouling is a special class of organic 

fouling arising from complex interactions between the dissolved substances, 

microorganisms, membrane material and parameters of fluid flow. A biofilm is 

characterized as an organized microorganism group encapsulated within a self-

developed polymer matrix that adheres to a living or inert surface. Biofilms are also 

often characterized by structural heterogeneity, surface attachment, complex 

interactions with the population, genetic diversity and an extracellular polymer matrix 

(Ivnitsky, et al., 2005; Franken, 2009). 

Bio fouling results in shorter membrane life, greater operating pressure and frequent 

chemical cleaning (Matin, Khan. et al.,  2011). This usually causes a significant 

decrease in the separator's flux and efficiency, eventually increasing the operating 

pressure over time (Rao. et al., 1997). 

The adhesion process involves three phases: (Kucera, 2015). 
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1. Bacterial adhesion, which can become irreversible even without nutrients, in just 

hours (Subramani & Hoek, 2010) 

2. Micro-colony formation. 

3. Biofilm maturation with formation of EPS protects bacteria from biocides, predators, 

and flow shears (Subramani & Hoek, 2010). 

2.7 Scaling 

Most natural water contains relatively high concentrations of calcium, sulfate and 

bicarbonate ions. In membrane water desalination techniques at high recovery rates, the 

solubility limits of gypsum and calcite are often exceeded by saturation levels (Shih. et 

al., 2004). The most common scale-forming salts are carbonate and fluoride, calcium 

sulfate, strontium and barium sulfate and ferric and aluminum hydroxides and calcium 

sulfate (Karabelas, 2003). To avoid scaling, it was therefore, necessary to operate RO 

systems at a recovery below a critical value unless the water chemistry was changed to 

prevent precipitation (Hasson, Drak, & Semiat, 2001).  

2.7.1 Main mechanisms of scale formation 

In a membrane process, organic precipitate fouling or precipitation occurs whenever the 

ionic product of sparingly soluble salt in condensed and water exceeds its amount of 

solubility in equilibrium. The word ' membrane scaling ' is widely used if the precipitate 

formed is a hard scale (Wiesner, et al., 1992). As a result, these mineral salts will 

crystallize near the membrane surface and on to the membrane surfaces resulting in the 

membrane surface being scaled minerally by the salt. The development of the scale on 

the membrane surfaces contributes to a shortening of membrane life and a decrease in 

flux.  While different salts have been associated with the formation of membrane scales, 

calcium carbonate and calcium sulfate dihydrate (gypsum) are the most common in 

surface and groundwater desalination (Shih. et al., 2005). 

Mineral salt scaling remains a major constraint to implement high recovery in 

desalination of inland water successfully. With increased water recovery in the drug, the 

retentate stream is concentrated especially near and at the surface of the membrane. 
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Since the concentration of ions in the solution exceeds the saturation levels of the 

various sparsely soluble mineral salts, these salts will crystallize in the bulk and on the 

surface of the membrane, leading to the formation of mineral scales, the scale coverage 

increased with the increased level of gypsum saturation on the surface of the membrane 

(Rahardianto. et al., 2006). 

As scaling happens, the permeability of the membrane decreases, and the head loss in 

the feed-brine channel increases. To maintain the desired flux, higher feed pressure 

should be applied, leading to increased energy consumption. Therefore, membranes 

need to be cleaned more often, which can lead to a shorter life expectancy for the 

membranes. If no scaling occurs, recovery of the membrane system may be increased. 

This will reduce the amount of feed water and the consumption of energy and thus 

reduce total costs (Van de Lisdonk. et al., 2000). 

The resulting surface blockage induces flux decline to permeate, decreases process 

output and increases operating costs. In order to avoid scaling difficulties, it is necessary 

to limit the fractional recovery of product water below a threshold at which there is a 

possibility of formation of a scale. Given the economic benefit of high-water recovery, 

antiscalants are commonly used to inhibit the formation of scales in order to enable 

increased recovery of water products (Shih. et al., 2004).  

The main parameters affecting scaling are concentration of salt in concentration, 

velocity of the fluid, temperature, pH and time. These parameters can include the type 

and the membrane material as well (Karabelas, 2003).  

Strategies such as antiscalant addition, pH adjustment and chemical cleaning have been 

successfully used to alleviate mineral precipitation and improve membrane productivity 

(Chesters, 2009; Shih, Gao. et al., 2006; Madeaeni.  et al., 2001;  Al-Amoudi & Lovitt, 

2007). 

New generations of antiscalants have arisen over the past two decades where the active 

ingredients are mainly proprietary mixtures of different molecular weight 

polycarboxylates and polyacrylate (Walinsky. et al., 1983). Other polyelectrolytes, 

including polyphosphonates and polyphosphates, were also successfully applied to 
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certain feed water types. (Weijen & van Rosmalen, 1985). It is often stated that 

antiscalant (AS) molecules adsorb on to form crystals or associate/ complex with 

incipient nuclei (or crystals) and that these phenomena govern the inhibition of scale 

formation (Öner. et al., 1998). 

Inorganic salts easily dissociate in acid solution and organic matter are better dissolved 

in alkaline solution  (Sheikholeslami & Zhou, 2000). A mineral acid, sulfuric acid or 

hydrochloric acid dosage may inhibit the scaling of calcium carbonate, but does not 

control the scaling of barium sulfate. Membrane plants often use a mineral acid and an 

AS for scale prevention (Taylor & Jacobs, 1996). Scaling of BaSO4 can be avoided 

either by antiscalant dosing or by a relatively low recovery operation. Scaling of CaCO3 

can be prevented by acidifying the feed stream (Bonne. et al.,  2000). 

2.7.2 Types of scale 

CaCO3 and CaSO4 are the most common scalants in brackish water for which 

pretreatment has been needed. For solubility products of several scalants found in RO 

systems, such as: 

- Calcium Sulphate (CaSO4) Scale 

- Calcium Carbonate (CaCO3) Scale 

- Barium Sulphate (BaSO4) Scale 

- Strontium Sulphate (SrSO4) Scale 

- Calcium Fluoride (CaF2) Scale 

- Calcium Phosphate Scale 

- Silica Scale 

- Iron-Based Scales 

A. Calcium sulphate (CaSO4) scale 

Gypsum (CaSO4·2H2O) is the most common form of calcium sulfate scales and the 

polymorph that precipitates at room temperature. Two other crystalline forms of 

calcium sulphate also exist: anhydrite (CaSO4) and hemihydrate (CaSO4·1⁄2H2O). In 

some treated waters, one cause of sulphate ions was the addition of sulphuric acid to 

feed to control precipitation of CaCO3. This method of scale control can result in 
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deposition of calcium, barium or strontium sulphate if excessive amounts of sulphuric 

acid are used to control pH (Karabelas, 2003). 

B. Calcium carbonate (CaCO3) scale 

Waters contain bicarbonate alkalinity and are rich in calcium, which makes them prone 

to scaling problem. The capacity for CaCO3 scaling exists for any well, surface and 

brackish water. Calcium carbonate forms a thick, highly adherent deposit and must be 

prevented from precipitating in a RO plant (Karabelas, 2003). 

The more significant design and operational factors affecting scaling propensity are: 

Concentration polarization  

Concentration polarization (CP) acts to build up on the membrane layer a high 

concentration of dissolved species as well as particulate matter. Thus, a high CP level 

will enhance the supersaturation potential for scale deposition on the membrane and 

particle deposition process (Karabelas, 2003). The rate of CaSO4 scaling is directly 

related to the supersaturation level dictated by the CP intensity (Brusilovsky, et al., 

1992). 

Polarization of the concentration has a negative effect on the efficiency of a RO 

membrane. This works to raise membrane throughput in three important ways. First, it 

acts as a hydraulic resistance to flow of water through the membrane. Second, the 

formation of solutes increases the osmotic pressure within the boundary layer, 

effectively reducing the driving force of water through the membrane. Third, the higher 

concentration of solutes on the membrane surface than in the bulk solution results in a 

higher passage of solutes than would be predicted by the feed water concentration. This 

is because RO membrane rejects the solutes it "sees" depending on the salt 

concentration. If a species concentration is higher on the membrane surface, as is the 

case with concentration polarization, the amount of solute moving into the permeate 

will be greater than the expected amount of solute based on that solution's bulk 

concentration (Kucera, 2015). The CaSO4 scaling rate is directly related to the level of 

supersaturation dictated by the intensity of the CP (Brusilovsky. et al., 1992). 
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- Water recovery level: the design of water recovery has a major impact on the 

propensity of scaling and the extent of the required pre-treatment. Limiting the 

recovery is one of the suggested methods to avoid scaling (Karabelas, 2003). 

- Membrane material: The type of membrane seems to drastically affect the 

morphology and polymorph type of the CaCO3 scales (Karabelas, 2003). 

 

 2.7.3 Assessment of scaling problems  

A. Scaling indices 

The potential for CaCO3 scaling may be assessed by the Langelier Saturation Index 

(LSI) (Langelier, 1936), Ryznar Saturation Index (RSI) (Ryznar, 1944) and Stiff-Davis 

saturation index (SDSI) (Stiff Jr & Davis, 1952). All of these indices provide estimates 

of whether precipitation tends to occur. To measure these indices, it is necessary to 

know the hardness of calcium, temperature, total dissolved solids and alkalinity. 

Nomographs have been widely published to determine the indices without resorting to 

laborious calculations. A positive LSI indicates that the water is supersaturated in 

CaCO3, and scale is expected to form. Likewise, RSI<6 and SDSI>0 are expected to 

have the scaling propensity (Karabelas, 2003). 

- Langelier saturation index (LSI) 

The Langelier Saturation Index (LSI) is a model of equilibrium derived from the 

theoretical concept of saturation and provides an indication of the degree of water 

saturation in calcium carbonate. As with the supersaturation ratio, It does not provide 

any indication of the scale to which water will actually precipitate to bring equilibrium, 

although it can provide the maximum scale anticipated. 

LSI is defined as (Langelier, 1936): 

LSI = pH - pHs         equation 2.4 

where pH is the measured water pH and pHs is the pH at equilibrium with calcium 

carbonate. 
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pHs = (9.3 + A + B) - (C + D) (2.10)   

where: 

A = (log [TDS] - 1) / 10 

B = -13.12 x log (ºC + 273) + 34.55 

C = log [Ca2+ as CaCO3] - 0.4 

D = log [alkalinity as CaCO3] 

 

Table (2.8): Water rating for scaling potential according to LSI 

LSI  Indication 

-2,0<-0,5 Serious corrosion 

-0,5<0 Slightly corrosion but non-scale forming 

LSI = 0,0 Balanced but pitting corrosion possible 

0,0<0,5 Sligthly scale forming and corrosive 

0,5<2 Scale forming but non corrosive 

- Stiff-Davis saturation index 

The Stiff-Davis saturation index (SDSI), It was proposed to overcome the Langelier 

index deficiencies with respect to high ionic resistance waters, i.e. seawater (Cowan & 

Weintritt, 1976; Rautenbach & Albrecht, 1989; Stiff Jr & Davis, 1952). 

The Stiff-Davis saturation index has its origin in the definition of degree of saturation. 

In this index the solubility formula used to estimate saturation pH (pHs) for a water is 

empirically modified. The SDSI index predicted a scale forming of water less than the 

LSI calculated for the same water chemistry and conditions. With ionic strength, the 

deviation between those indices increases. The index was interpreted on the same scale 

as for the LSI. The SDSI was defined in a similar way to LSI: 

SDSI = pH - pHs               equation 2.5 

It can be also written as: 
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SDSI = pH - pCa - pAlk – K            

pH: pH measured 

 pCa = -log (Ca in mg/l as Ca2+)                   

pAlk = -log (M alkalinity in mg/l as CaCO3) 

K = constant based on the total ionic strength and temperature 

B. Assessment of scaling potential of raw and pretreated water 

The qualitative assessment of the scaling potential can be carried out using the concept 

of saturation or equilibrium solubility of sparingly soluble mineral compounds. The 

supersaturation ratio can be readily computed if the water chemical analysis is available 

and may be used instead of the LSI and SDSI indices. LSI and SDSI indices seem to 

provide a good starting point for evaluation of scaling potential. Thermodynamics 

dictates that precipitation will not occur if the supersaturation ratio "S" of any sparsely 

soluble salt in the water is below unity. The scaling propensity of natural water can be 

assessed as follows (Karabelas, 2003): 

• If undersaturated with respect to a salt: 

S<1, i.e. the water will tend to dissolve the specific compound 

• If at equilibrium with a salt: 

S=1, i.e. no dissolution or precipitation of the specific compound will take place 

• If supersaturated with respect to a salt: 

S>1, i.e. there will be a tendency for precipitation of the specific salt 

2.8 Types of Cleaning 

We need frequent and continuous chemical cleaning when the Fouling occurs, and this 

reduces the lifetime of the membrane, which increases the costs on the activity of RO 

membrane plants (up to 50% of the total costs)  (Ridgway, 2003). Adequate 

pretreatment and appropriate membrane type selection may reduce fouling rates, but to 
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maintain membrane performance the membranes must be carefully cleaned. In addition 

to that the cleaning operations should be ideal in order to get rid of the different 

foulants, as well as taking into account the characteristics of the membrane and its 

recovery. The best option is to reduce membrane damage and maximize the 

effectiveness of the cleaning (Fu, et al. ,1995).  There are two cleaning types: chemical 

and physical (Abo asee, 2014). 

2.8.1 Physical cleaning 

Physical methods of cleaning include: permeation of the back pressure, hydrodynamic 

forward reverse flushing, automatic sponge ball clearing and air spurge. Such methods 

depned on the mechanical treatment to eject and remove foulants from the surface of the 

membranes. Use of these methods generally leads to more complex control and design 

of equipment. Physicochemical cleaning methods use mechanical cleaning methods 

with chemical agents to increase the efficiency of the cleaning (Ebrahim, 1994). 

2.8.2  Chemical cleaning 

There are many factors that can influence the chemical cleaning process including pH, 

temperature, concentration of the cleaning chemicals, contact time between the 

chemical solution and the membrane and operating conditions such as cross-flow 

velocity and pressure. In cleaning, the temperature and pH are membrane-dependent. 

Such variables play a major role in the recovery of fluxes ( Al-Amoudi & Lovitt, 2007). 

Typically, the repair process is done by chemical cleaning of all membrane processes 

and applications. However, the frequency of chemical cleaning can range from daily 

routine to long-term annual operations according to pollution (Van der Bruggen, et al., 

2003). 

2.8.3 Antiscalants 

According to (Kucera, 2015): Antiscalants (also referred to as scale inhibitors or 

sequestration agents) as it is used to reduce the possibility of scale formation on the 

surface of a RO membrane. Antiscalants work in one of the following three ways: 
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 Threshold Inhibition: It has the ability to the solution remains with 

supersaturated salts 

 Crystal modification: It has the ability to alter crystal shapes, resulting in 

resulting in soft, non-adherent scales 

 Dispersion: It has the ability to transfer a very negative charge to the crystal 

and thus works to keep it separate and prevent spreading 

2.9 Parameter Affecting on Membrane Performance 

The main performance metrics of a pilot desalination system are productivity in the 

form of flux and recovery, desalination efficiency in the form of retention of total 

dissolved solids, individual components (Dach, 2008). 

2.9.1 Water productivity and recovery rate 

Permeate flux is a very important parameter for the study of the desalination processes 

and the economic feasibility analysis of membrane separations. The permeate flux 

becomes a fundamental factor in process optimization when the degree of solute 

rejection is achieved. The higher the permeate flow, the lower the area of filtration 

needed for the processing of a certain amount of solution. Each membrane has a specific 

permeability based on specific values of temperature and salinity of the feed water. 

Recovery can also be called productivity (Abo asee, 2014). 

2.9.2 Rejection characteristics 

The rejection rate reflects membrane's ability to reject impurities and salts and isolate it 

from feed water. This is considered one of the most important properties of the 

membrane. This depends on several factors, including: membrane properties, applied 

pressure and feed water properties (Abo asee, 2014). 

2.9.3 Specific energy consumption 

Energy requirements increase linearly with increased permeate flow and thus result in 

increased pressure. Likewise, the energy used for filtration of membrane is proportional 

to the pressure of the transit membrane. (Dach, 2008). 
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2.10 Previous Studies 

2.10.1 Reviewing and Assessment Study of the Performance of Public Desalination 

Plants in Gaza Operated by CMWU 

There are about 52 brackish public desalination plants (owned by CMWU and 

municipalities) and 2 seawater desalination plants "SWRO" (OXFAM / ENFRA 

Consultant, 2019). The distribution of these plants is illustrated in the Figure (2.5) 

below: 

 North Gaza: 3  

 Gaza: 1  

 Middle Gaza: 16  

 Khan Younis: 23  

 Rafah: 9 

 

Figure (2.5): Distribution of public desalination plants of Gaza Strip 

 

Due to the lack of electricity, many desalination plants have generators for operation. 

Among the overall 52 public desalination plants, there are 33 plants have generators. 

There are 8 desalination plants out of these 33 have zero daily operation of generators (2 

in the Middle Area, 4 in Khan Younis area and 2 in Rafah area), which means 

generators are not working.  

No.3: 6%
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Another study stated that most of the plants produce drinking water through RO housing 

units, this study assessed all the components of only 16 desalination plants as shown in 

Figure (2.6), Table (2.10) below (MEDRC-PWA/ ALMADINA Consultants, 2017). It 

was divided into the following stages: water intake, water treatment including 

pretreatment, treatment using RO and post-treatment including disinfection and 

remineralization of the permeate water. Table (2.9) summarizes the assessment of 

desalination plants. 

 

Figure (2.6): Main Components of BWDPs 

 

 

 

 

 

 

 

 

 



31 
 

Table (2.9): Summary for the assessment of the 16 desalination plants (MEDRC-PWA/ 

ALMADINA Consultants, 2017) 

No.  Plant Name  
Installation 

Year 

Design 

Quantity  

(m³/hr.) 

Operation 

Quantity  

(m³/hr.) 

Status 

1 . Deir Al Balah Desalination Plant  1992 45 36  

2. Al Bureij Desalination Plant  2009 50 0  

3. Al Nusairat Desalination Plant  2013 50 50  

4. Al Musader Desalination Plant  2013 2.2 2  

5. Wadi Salqa Desalination Plant  2015 2 2  

6. Taj Al Waqar Desalination Plant  2013 29 25  

7. Al Saada Desalination Plant  1996 60 10  

8. Tahlia New Well Desalination Plant  2010 50 50  

9. Abu Ishaq Desalination Plant  2009 2.2 1.5  

10. Aya Desalination Plant  2009 2.2 2.2  

11. Al Nadi Desalination Plant  2013 2.2 2.1  

12. Bani Suhaila Desalination Plant  2014 28 28  

13. Shaat Desalination Plant  2010 50 50  

14. Al Sekka Desalination Plant  2009 2.2 2.2  

15. Al Salam Desalination Plant  2012 50 50  

16. Al Saffa Desalination Plant  2013 2.2 2.2  

Status Description: 

 No Need For any maintenance 

 Simple or moderate maintenance for the building or the parts in the plant. 

 
Basic Maintenance or critical: membrane replacement, High pressure pump or replace all units in 

the plant 
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Table (2.10): Assessment of desalination plants (MEDRC-PWA/ ALMADINA Consultants, 2017) 

 

Name of Desalination Plant 

Middle Gaza Khan Younis Rafah 

Deir Al 

Balah1 
Al Burij2 

Al 

Nusirat3 

Al 

Musadar

4 

Wadi 

Al 

Salqa5 

Taj Al 

waqar6 

Al 

Sa’ada7 

Tahlia 

New 

Well8 

Abu Ishaq9 
Aya 

10 

Al 

Nadi

11 

Bani 

Suhaila

12 

Sha’at13 
Al 

Sekka14 

Al 

Salam

15 

Al 

Saffa16 

1. Plant Recovery 

(%) 
48 

Not 

operation

al  

83.3 50 50 62.5 14 66.67 

The plant 

was very 

small and 

TDS was 

not tested 

The focus 

was on feed 

and product 

water 

55 52.5 70 66.67 55 78.13 55 

2. Feed Flow 

(m3/hr.) 
75 60 4 4 40 75 75 4 4 40 75 4 64 4 

3. Permeate Flow 

(m3/hr.) 
36 50 2 2 25 10.5 30 2.2 2.1 28 50 2.2 50 2.2 

4. Plant Rejection 

Ratio (%) 
94.3 - 86.7 95.9 96.7 80 97.7 95.9 85.1 97.8 97.7 96.7 98.1 86.7 

5. Feed Water TDS 

(ppm) 
4000 - 1500 2410 1500 2000 3500 2410 2490 2700 3500 3000 3000 3000 

6. Permeate TDS 

(ppm) 
230 - 200 100 50 400 80 100 370 60 80 100 58 400 

7. Existing Total 

production 

(m3/month) 

2160 1600 240 60 1500 1092 12000 180 264 252 2100 10500 462 12000 462 

8. Production cost 

($/m3) 
1.83 2.37 7.18 27.44 2.4 3.99 0.5 9.58 6.47 6.84 1.58 0.54 3.7 0.5 3.75 

9. Water Intake 

a. Well Pump Good  Corrosion Good Good Good Leakage Good Good Good Good - corrosion Good Good Good 
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b. Electrical Motor Good  Good   Good Good Good - - - - Good - Good - 

c. Delivery Pipe Good  Good Good Good Good Good Good Good Good Good - Good Good Good Good 

d. High pressure 

Control switch 
Good 

 

Good - - Good Good Good - - - - Good Good Good 
Not 

Good 

e. Flow meter 

(m³/hr.) 
Good Good - - Good Good Good - - - - Good Good Good - 

f. One way Valve Good Good - - Good Good Good - - - - Good Good Good 
Not 

Good 

g. Gate valve Good Good - - Good Good Good - - - - Good Good Good - 

h. Pressure gauge 
Need 

repair 
Good - Good Good 

Need 

repair 
- - -  - Good Good Good - 

10. Pre-treatment 

a. Raw water 

storage tank 

Need 

mainten

ance 

 

- Good - Good - - Good Good - - NA NA Good 
Not 

Good 

b. Filter feed pump Leakage Corrosion - - Good Good - - - - Good Good Leakage Good 
Not 

Good 

c. Max. pressure bar - - - - - - - - - - - - - - - 

d. Air compressors - Good - - Good 
Not 

working 
- - - - - Good - Good - 

e. Pressure gauge Good Good Good  Good Good Good Good Good  Good Good Good Good 
Not 

Good 

f. Dual Media Filter Good Good - - Good Good 

Good, 

one 

corrosion 

- - - Good Good - Good - 

g. Acid Dosing - - - - - - - - - - - - -  - 
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Pump 

h. Antiscalant 

Dosing Pump 
Good Good Good Good Good Good Good Good Good Good Good Good 

Not 

working 
Good - 

i.  Antiscalent tank Good - Good - - Good Good Good - - - Good  Good - 

j. Cl Dosing Pump - - - - Good - - - - - - - - - - 

k. Sodium Bio 

Sulfate Dosing 

Pump 

- - Good Good - - - Good Good Good - - - - - 

l. Flocculent 

Dosing pump 
- - - - - - - - - - - - - - - 

11. RO System 

a. Cartridge filter (5 

Micron) 
Good 

 

Good Good Good Good Good Good Good Good - Good Not good - Good 
Not 

Good 

b. High Pressure 

Pump 
Good Corrosion Good Good Good Good Good Good Good Good Good Corrosion - Good Good 

12. Post Treatment 

a. Permeate Storage 

Tank 
Good 

 

Good Good Good 
Need 

repair 
Good Good Good Good Good Good Good - Good Leakage 

b. Permeate pump Good Good - - Good NA Good - - - - Corrosion  - Good Good 

c. Chlorine dosing 

pump 
Good Good Good Good Good Good Good Good Good Good Good Good - Good Good 

d. Cl tank (NaOCL) Good Good - - - Good Good Good - - - Good - Good Good 

e. Limestone Filter -a - - - - - - - -  -a -a - -b - 

f. Caustic dosing 

Pump 
Good Good - - - - Good - - - - - - Good - 
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g. Caustic Soda tank Good Good - - - - -- - - - - - - Good - 

13. Brine disposal Good  Good Good Good Good Good leakage Good Good Good Good Good - Good Good 
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1. Membrane needs to be replaced. 

2. The plant is not operated since 1-year ago all membranes should be changed. 

3. Plant was operated at 100% of its design capacity. Most of the elements in the plant need 

maintenance because of corrosion and leakage. The water losses in the plant was high, in 

addition to that, the plant was operated only one 4 days per month (once per week), and 

however, the overall plan performance was good as the recovery rate was 83.3%. 

4. The plant was operated at 100% of its design capacity, it was concluded that the plant is in 

good situation. However, the plant may require some maintenance in order to improve the 

recovery rate. 

5. The plant was operated at 100% of its design capacity. The plant’s recovery rate was 

calculated as 50% of the feed water and the rejection rate was very good, about 96%. The 

overall treatment components were good and limited maintenance are required. 

6. Plant was operated at 100% of its design capacity. The recovery rate was 62.5% and the 

rejection rate was 96.7% which indicates that the membranes’ status is good and the 

overall process was well operated. 

7. Plant was operated only at 16% of its design capacity. Membrane needs to be replaced. 

8. Plant was operated at 100% of its design capacity. Some parts are corroded and was 

recommended to be replaced. 

9. Plant was working only 4 hours per day to produce 1.5 m3/hr. compared with 2.2 m3/hr. as 

designed. most of the elements in the plant need maintenance because of corrosion and 

leakage, also the cartridge filter needs to be replaced. 

10. Plant was operated at 100% of its design capacity. It is recommended that most of the 

elements in the plant need maintenance because of corrosion. water Quality tests show that 

the rejection rate of the membrane is about 96% that indicates a good membrane and no 

need for replacement. 

11. The plant was operated at 100% of its designed capacity. It is recommended that most of 

the repair parts in the plant need maintenance because of corrosion. 

12. The plant was operated at 100% of its designed capacity. The recovery rate was 70% and 

the TDS rejection rate was 97.8%. The overall assessment shows that the plant components 

status was very good. 

13. The plant was operated at 100% of its designed capacity. It is recommended that most of 

the repair parts in the plant need maintenance because of corrosion and leakage. 



37 
 

14. Plant was operated at 100% of its design capacity. The rejection rate was very good which 

indicates an efficient membrane. 

15. Plant was operated at 100% of its design capacity. It is operated at its design capacity with 

a total recovery rate of 78 %, which is very good, and the membranes’ rejection rate is 

98%. 

16. The plant was damaged during 2014-war and there is no rehabilitation done since that 

period. Plant was operated at 100% of its design capacity. The assessment of water 

quantity and quality shows that the plant’s recovery rate, 55%, is lower than the optimum 

range but can be considered good, and the membrane rejection rate is considered also good 

as it is more than 80%. 

 

A study in 2018 assessed other 28 plants in Middle and South Gaza as shown in Table 

(2.11) (Action against Hunger, CMWU and EU, 2018). The general technical 

assessment of the targeted desalination plants for RO system was described in terms of 

overall plant recovery ratio, salt rejection ratio, presence of contamination and the 

general status. Table (2.12) below goes through each plant more specifically and 

presents the main evaluation findings. 

Table (2.11): General description of the targeted CMWU desalination plants (Action 

against Hunger, CMWU and EU, 2018) 

No.  Name of Unit Directorate 
Number of 

Beneficiaries 

Year of 

Installation 

Year of 

Operation 

RO Unit 

Operation 

Status 

Design 

Capacity 

(m3/day) 

1.   P124  Rafah  5000 2015 2015 In Operation 50 

2.  El Rahma  Rafah  4000 2014 2014 In Operation 50 

3.  El Batool  El Shouka  2500 2015 2015 In Operation 50 

4.  Al Satar  Khan Yunis  2000 2011 2011 In Operation 50 

5.  Al Hoda  Khan Yunis  4500 2012 2012 In Operation 70 

6.  Al Amal 1  Khan Yunis  2000 2009 2009 In Operation 25 

7.  Al Amal 2  Khan Yunis  3000 2009 2009 Stopped 50 

8.  Mahata 1  Khan Yunis  8000 1996 1996 Stopped 1000 

9.  Mahata 2  Khan Yunis  3000 2014 2014 In Operation 50 

10.  El Najar  Bani Sohaila  5000 2009 2009 In Operation 100 

11.  Shajaret El Dor  Bani Sohaila  2500 2016 2016 Stopped 25 

12.  Soqiah  Bani Sohaila  4000 2016 2016 In Operation 25 
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13.  Eastern Reservoir  Bani Sohaila  3000 2009 2009 Stopped 50 

14.  El Zannah  Bani Sohaila  3500 2014 2014 In Operation 50 

15.  Municipality  Khuza’a  6000 2010 2010 Stopped 100 

16.  Eastern Reservoir  Khuza’a  5000 2015 2015 In Operation 100 

17.  Municipality  Abasan Kabira  2500 2018 2018 In Operation 30 

18.  Teamat  Abasan Kabira  4500 2015 2015 In Operation 50 

19.  El Oropi  El Fukhari  3000 2017 2017 In Operation 25 

20.  Municipality  El Fukhari  4000 2015 2015 In Operation 50 

21.  Abo Nasser  Deir Al Balah  3000 2009 2009 In Operation 50 

22.  Al Aqsa  Deir Al Balah  2500 2009 2009 Stopped 50 

23.  Al Musader  Al Musader  2000 2013 2013 In Operation 50 

24.  S82  Al Magazi  2500 2009 2009 Stopped 50 

25.  Kalabosh  Nussirat  3000 2016 2016 In Operation 25 

26.  Al Montazah  Al Burij  7000 2015 2015 In Operation 50 

27.  Municipality  Al Burij  2000 2017 2017 In Operation 15 

28.  Wadi Gaza  Wadi Gaza  2000 2015 2015 In Operation 65 

 

Table (2.12): Technical assessment of CMWU desalination plants (Action against 

Hunger, CMWU and EU, 2018) 

No. Name of Unit 

Feed water source Operation 

Capacity 

m3/day 

Efficiency  

(%) 

Recovery 

Ratio  

(%) 

General 

Status 
Needs Municipal 

water 

Water 

well 

1.  P124  √  50 70 70 In Operation 
 

2.  El Rahma  
 

√ 50 70 70 In Operation  

3.  El Batool  √  50 70 70 In Operation  

4.  Al Satar   √ 50 70 65 In Operation  

5.  Al Hoda   √ 70 75 75 In Operation  

6.  Al Amal 1  √  25 70 62 In Operation  

7.  Al Amal 2  √  50 0 0 Stopped  

8.  Mahata 1  
 

√ 1000 0 0 Stopped  

9.  Mahata 2  √  50 70 65 In Operation  

10.  El Najar  √  100 70 70 In Operation  

11.  Shajaret El Dor  
 

√ 25 0 0 Stopped  

12.  Soqiah  √  25 70 60 In Operation  

13.  
Eastern reservoir ‐ 

Bani Sohaila  
√ 

 
50 0 0 Stopped 

 

14.  El Zannah  
 

√ 50 50 50 In Operation  
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15.  Municipality‐ Khoza’a  √  100 0 0 Stopped  

16.  
Eastern reservoir ‐

Khoza’a  
√ 

 
100 70 70 In Operation 

 

17.  Municipality ‐ Abassan  √  30 70 70 In Operation  

18.  Teamat  
 

√ 50 70 62 In Operation  

19.  El Oropi   √ 24 70 60 In Operation  

20.  Municipality ‐ Fukhari   √ 50 70 70 In Operation  

21.  Abo Nasser  √  50 60 50 In Operation  

22.  Al Aqsa  √  50 0 0 Stopped  

23.  Al Musader  √  50 60 50 In Operation  

24.  S82  √  50 0 0 Stopped  

25.  Kalabosh  √  24 70 65 In Operation  

26.  Al Montazah √  40 70 65 In Operation  

27.  Al Burij Municipality  
 

√ 24 70 60 In Operation  

28.  Wadi Gaza  √  65 0 0 Stopped  

 No Need For any maintenance 

 Simple or moderate maintenance for the building or the parts in the plant. 

 
Basic Maintenance or critical: membrane replacement, High pressure pump or replace all units 

in the plant 
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Chapter 3:  Methodology 

This chapter explains the research methodology for the present study. It outlines the 

research objectives and appropriate methodology followed to achieve them. There are 

two main objectives to be achieved: 

1. Performance evaluation of four desalination plants currently in operation in 

Gaza strip.  

2. Validating the aerobic/anaerobic requirement for OSRO concept.   
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, 

                                                                         

Figure (3.1): A schematic diagram outlining the key methodology followed in the research 
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3.1 Materials and Equipment 

During our study, the following devices were used in the examinations and tests. 

3.1.1 RO membrane 

RO membrane (RE4040-BE) (Customer Satisfaction Membrane "CSM", The 

Netherlands) was used in the study Figure (3.2). The membrane is 10.16 cm (4-inch) 

diameter and 101.6 cm (40 inch) in length. More details can be fined in Appendix 1. 

 

Figure (3.2): RE4040-BE membrane (customer satisfaction membrane "CSM", The 

Netherlands) 

3.1.2 Pump 

A (VSM 2-15) (Speroni, ITALY) pump was used with, Capacity (m3/h) = 3.5, Total 

head (m) = 134, and Power (kW) = 1,5 (Figure (3.3)). 
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Figure (3.3): A speroni water pumps VSM 2 -15 (Speroni, ITALY) 

3.1.3 Cartridge sediment filter 

Cartridge sediment filter is engineered for sediment removal of particles larger than 5 

Micron Figure (3.4). Additionally, the filtration media is manufactured with 100% Pure 

Polypropylene (PP) allowing for use with applications involving drinking water and 

food and beverage production. 

 

Figure (3.4): Cartridge sediment filter 
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3.1.4   Meter for dissolved oxygen 

AD630 is a heavy-duty portable waterproof meter for DO (Dissolved Oxygen) and 

temperature measurements Figure (3.5). The meter is a product of Advanced Digital 

Water Analysis (ADWA, HUNGARY). 

 

Figure (3.5): AD630 DO meter analysis (ADWA, HUNGARY) 

3.1.5 TDS 

The HI-8633 (Hanna Instruments, United States).is a conductivity meter that has been 

designed for use in areas of production and quality control Figure(3.6). The meter was 

used to measure TDS and PH.  

 

 

Figure (3.6): HI 8663 conductivity meter (Hanna Instruments, United States) 
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3.1.6 Pressure gauge 

Pressure gauge is an instrument used to determine the state of a fluid (gas or liquid) 

determined by the force exerted by the fluid on a region of the device. Typically, 

pressure is measured in force units per unit of surface area (bar), Figure (3.7). 

 

Figure (3.7): Pressure gauge 

3.1.7 Flow meter 

A flow meter (or flow sensor) (KLEPSAN Vana & Su Sayaçları, Turkey). is an 

instrument used to measure linear, nonlinear, mass or volumetric flow rate of a liquid or 

a gas, Figure (3.8). 

 

 

Figure (3.8): Flow meter (KLEPSAN Vana & Su Sayaçları, Turkey) 
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3.2 Methods 

3.2.1 Literature review 

The literature review covered the available studies regarding desalination plants in the 

Gaza Strip and evaluation of their performance in terms of recovery rate, membranes 

cleaning, chemicals used in desalination, production cost and the most important 

problems facing desalination plants operators in Gaza Strip. Several reports were 

reviewed that evaluated the public desalination plants of the CMWU. 

3.2.2 Technical visits 

Four desalination plants were visited in the governorates of the Gaza Strip for data 

collection and performance evaluation. Moreover, water samples were taken and 

analyzed to ensure that there is absence of O2 in the water. In addition, interviews with 

desalination plants officials and operators have been conducted.  

Table (3.1): The visited brackish water desalination plants in Gaza Strip 
Plant name Place Operator Installation Year  

Taj Al waqar Middle Al Nusairat Municipality 2013 

Bani Suhaila Desalination Plant Khanyonis Khanyonis Municipality 2014 

Abdul Salam Yaseen co. "Saftawi" 

Desalination Plant 

North 

"Jabalia" 

Private 2006 

Abdul Salam Yaseen co. "Tal El Hawa" 

Desalination Plant 

Gaza Private 2018 

During the interview with operators and officials of desalination plants, information 

was collected on various matters, including: "Appendix 2" 

 Plant designed capacity and actual production per day. 

 Description of the groundwater well, its depth and distance of well from the 

desalination plant. 

 Description of the pumps used in the desalination plant. 

 Description of the primary treatment technology used. 

 Energy source and cost. 
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 Water quality in and out in terms of TDS, Nitrate, Chloride, Calcium, 

Magnesium, pH. 

 Antiscalant used. 

 Final additives to treated water, NaCl, NaoH, FeCl3 and Sodium Bisulfite 

(SBS). 

Moreover, a survey of 8 desalination plants in the Gaza Strip was conducted to 

identify "Appendix 3: 

 The source of feeding water in the plant 

 Number of operating hours 

 The capacity of the station 

 Brine disposal 

 The cost of NIS/m3 

 Quality monitoring Process 

 The number of times the quality monitoring  

 The most important operational problems 

 Absence of professional capabilities and experience of workers 

 Challenges related to the Quality of the membrane 

 Challenges related to the absence of tools and devices necessary for 

monitoring 

 Challenges related to the Quality and efficiency of the internal parts 

3.2.3 Pilot plant study 

3.2.3.1 Design of small scale pilot plant 

Practical experiments depend on the absence of the pre-treatment and the entry of water 

directly from the well in anaerobic conditions of the pilot plant directly. Water comes 

out of the well with a well pump with a pressure of six bar, then it enters the pilot plant 

directly and the flow is controlled by Flow Meter, then it enters the Cartridge sediment 

filter, and from it to the pilot plant pump, then it enters the membrane, and finally we 

will get a permeate water with low concentration and reject stream with higher 

concentration than feed water as shown in Figure (3.9). Before starting the experiment, 
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we need to check the state of the groundwater, aerobic or anaerobic, by measuring the 

dissolved oxygen in the water. 
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Figure (3.9): A treatment scheme for brackish groundwater desalination using OSRO concept 

 

 



50 
 

3.2.3.2 Measurement of dissolved oxygen 

The main requirement for OSRO concept is absence of O2 in the water, in order to 

achieve this condition of the experiment, under anaerobic conditions. DO in water was 

measured to determine groundwater condition (aerobic/anaerobic).  

Samples were taken outside the well to measure the dissolved oxygen. The device 

available used in Gaza cannot measure "DO" inline and therefore the results does not 

reflect the real situation in the well or pipe. Four samples were taken from four 

desalination plants, in order to check the dissolved oxygen value. 

3.2.3.3 Measurement of Fe and Mn  

The "DO" measurements were inaccurate enough by measuring them with the 

equipment available in the Gaza Strip, therefore, the Fe and Mn levels were measured in 

the groundwater to give us an indication of the presence or absence of dissolved 

oxygen. Whereas, if Fe and Mn levels are found to be too low, they will not affect the 

OSRO process even if the groundwater was aerobic.  

Fe and Mn levels were measured in groundwater at three desalination plants in the 

northern Gaza Strip and Gaza City. 

3.2.3.4 Well selection 

Through field visits, and prior knowledge of the ratios of TDS, a well was chosen in the 

Al-Saftawi area, which belongs to the Municipality of Gaza, called / Sheikh Radwan 10, 

and it has a pump that works on 6 bars, and TDS about 3000 mg/l. 

A sample of water was taken, and several important parameters were measured in order 

to design the small scale pilot plant and investigate whether or not scaling will take 

place. The measurements included several chemical parameters: pH, EC, temperature, 

TDS, Ca hardness as CaCo3, Mg hardness as CaCo3, HCO3- as CaCo3, Mg2+, Ca2+, 

NO3-, K, Cl-, Na+. 

Then Langelier Saturation index (LSI) was calculated. The LSI, a measure of the 

dissolving or depositing potential of a solution of calcium carbonate is often used as an 
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indicator of water corrosivity.  The index is directly related to deposition of a film or 

scale of calcium carbonate, and the index is not related to corrosive. 

The LSI is a measure of whether calcium carbonate can dissolve or precipitate. The 

water is reflect "balanced" if the acual pH equal to pHs. This ensures there will be no 

precipitated or dissolved of calcium carbonate. If the acual pH more than the pHs (the 

LSI a positive number), this means that water tends to deposit carbonate of calcium on a 

large forming. If the acual pH less than the pHs (the LSI a negative number), this means 

that water  is  not saturated and will dissolve carbonate of calcium. 
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Chapter 4:  Results and Discussion 

This chapter discusses the evaluation of the performance of desalination plants in the 

Gaza Strip. As well as testing possible application of OSRO under anaerobic conditions 

in the Gaza Strip, by designing the experimental small scale pilot plant and operating it 

for several months. 

4.1 Technical Visits 

The main data collected from the technical visits to pre-selected RO desalination plants 

was described in terms of overall plant capacity and efficiency, salt rejection ratio, 

quality of plant, description of wells, primary treatment, energy, and membrane 

specifications. 

Four desalination plants were visited, as shown in the table (4.1). 
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Table (4.1): Evaluation of some desalination plants after technical visits 

 Name of Desalination Plant 

 Abdul Salam Yaseen co. 

“Saftawi” 

Abdul Salam Yaseen co. “Tal El 

Hawa” 

Bani Suhaila Taj Al waqar 

Capacity and Efficiency 

Plant Recovery (%) 67 81 70 62.5 

Feed Flow (m3/hr.) 40 37 65 40 

Permeate Flow (m3/hr.) 27 30 50 25 

Plant Rejection Ratio (%) 98.4 95.3 97.3 - 

Quality of plant 

Feed Water TDS (mg/l) 4000 850 2800 - 

Permeate Water TDS (mg/l) 65 40 80 - 

Description of wells 

No. of well 1 1 1 1 

Depth of well (m) 55 50 95 70 

Distance between the well and plant (m) 10 50 2 12 

Primary treatment 

No. of Pump 1 1 1 1 

Technical "Materials for processing" bag filter and sediment filter bag filter and sediment filter Sand filter Sand filter 

Energy 

Generator "kVA" 154 88 250 - 

Solar cells "kW" 54 100 - - 

Cost 
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Price ($/m3) 1.14 1.14 1.6 2.5 

Membrane specifications 

membrane type Toray 8" Nitto 8" - - 

The lifetime of the membrane (year) 3 3 3 - 

The number of times cleaning As needed As needed Every 6 months Every 6 months 
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Also, a survey of eight desalination plants was conducted quality monitoring process, 

the major important operational problems, absence of professional capabilities and 

experience of workers, challenges related to the quality of the membrane, challenges 

related to the absence of tools and devices necessary for monitoring and challenges 

related to the Quality and efficiency of the internal parts. as shown in the table (4.2) and 

tabel (4.3). 
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Table (4.2): General information of the survey for eight brackish water desalination plants 

No. Name of Unit 

Location/ Service 

Area Quan. Feed 

Water (m3/hr.) 

Source of Feed 

water 

Plant’s 

Capacity 

(m3/hr.) 

Number of 

Working 

Hrs./days 

Production 

Quan. 

(m3/Month.) 

Fate of Brine Water Price per m3 

1.  Al Satar Sharqi 
Khan Yunis 

4 Municipality Well  8 450 
Nearest Manhole of 

wastewater 
5 NIS 

2.  Al Sheqaqi 
Nussirat 

1.6 Water Well 1.25 8 300 
Nearest Manhole of 

wastewater 

No selling 

(estimate1.4$) 

3.  Al Farouq 
Nussirat 

1.6 Water Well 1.25 8 300 
Nearest Manhole of 

wastewater 

No selling 

(estimate1.4$) 

4.  Al Foroqan 
Nussirat 

68 Water Well 40 2days/week 720 
Nearest Manhole of 

wastewater 
 

5.  Taj Al Waqar 
Nussirat 

40 Water Well 25 2days/week 450 
Nearest Manhole of 

wastewater 
 

6.  Ein Jaloot 
Nussirat 

1.6 Water Well 1.25 8 300 
Nearest Manhole of 

wastewater 

No selling 

(estimate1.4$) 

7.  Al We’am Beit Lahia  16.6 Water Well 12.5   Wastewater network  

8.  Kalboush 
Nussirat 

1.6 Water Well 1.25 8 300 
Nearest Manhole of 

wastewater 

No selling 

(estimate1.4$) 

 

Table (4.3): Technical assessment of eight desalination plants 

 Item Al Satar Sharqi Al Sheqaqi Al Farouq Al Foroqan Al Waqar Ein Jaloot Al We’am Kalboush 

1.  
What is the process of monitoring the 

water quality? 

Chemical and 

Biological Test 
TDS Test TDS Test TDS Test TDS Test TDS Test  TDS Test 

2.  How often the monitoring is done?  Weekly Weekly Weekly Weekly Weekly  Weekly 

3.  
What is the process of monitoring the 

internal parts of the desalination 
plants? 

 
Maintenance 
team 

Maintenance team 
Maintenance 
team 

Maintenance 
team 

Maintenance team  
Maintenance 
team 

4.  How often the monitoring is done? 
Periodic basis (not 
specified) 

Daily Daily Daily Daily Daily  Daily 

5.  
What are the major operational 
problems? 

- Malfunction in 
the preparation 

- Lack of 
consumables 

- Shortage of 
chemicals 

Lack of 
consumables 

Lack of 
consumables 

- Shortage of 
chemicals 

- Power cut off 
Lack of 
consumables of 
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station 

- Malfunction in 
High pressure 
pump  

- Leakage 

of filters and 

chemical  

- Malfunction in 

the Plant’s 
programming 

- Shortage of 
emitters and 
filters 

- Shortage of 
electricity and 
power cut off 

- Mechanical 
failure of the 
well 

of filters and 

chemical  
of filters and 

chemical  
- Malfunction in 

the Plant’s 
programming 

- Shortage of 
emitters and 
filters 

- Shortage of 
electricity and 
power cut off 

- Mechanical 
failure of the 
well 

filters and 

chemical  

6.  
Did the plant previously get down in 
operation? Why? 

Yes/ Malfunction 
in Medra Filter 

Yes/ previous 
challenges 

Yes/ previous 
challenges 

Yes/ previous 
challenges 

Yes/ previous 
challenges 

Yes/ previous 
challenges 

No 
Yes/ Malfunction 
of programming 

Challenges related to Technical skills of operation workers 

1.  
Absence of professional capabilities 
and experience of workers 

 Yes Yes Yes Yes Yes   

2.  
Absence of periodic trainings related in 
terms of operation  

 Yes Yes Yes Yes Yes   

3.  
Lack of sufficient human personnel to 
operate the plant 

 Yes Yes Yes Yes Yes   

4.  Others: No incentives        

Challenges related to the Quality of the membrane 

1.  What is the type of the membrane? 
Flemtic 
 

Toray 

TM710D 4" 
 

Toray TM710D 

4" 
 

  
Toray TM710D 

4" 
 

Toray model: 
TM720D-400 

Toray TM710D 

4" 
 

2.  
What is the lifetime of the current 
membrane? 

5 yrs. 3-5 yrs. 2 yrs.   2yrs 3 yrs. 3-5 yrs. 

3.  
How often is the washing done to the 
membrane? 

Based on 
indicators 

Washing takes 
place via an 
outdoor unit, 
not on site 

Every 6 months/ 
Washing takes 
place via an 
outdoor unit, not 
on site 

  

Every 6 months/ 
Washing takes 
place via an 
outdoor unit, not 
on site 

Washing takes 

place in the event 

of a blocking in 

the membranes, 

and it is rare to 

occur according to 

the design 

implemented by 

the manufacturer 

Washing takes 
place via an 
outdoor unit, not 
on site 
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The main challanges in operational: 

1. Leakage  

2. Shortage of chemicals 

3. Shortage of electricity and power cut off 

4. Mechanical failure of the well 

5. Lack of consumables of filters and chemical  

6. Absence of professional capabilities and experience of workers 

7. Absence of periodic trainings related in terms of operation  

8. Lack of sufficient human personnel to operate the plant 

9. The monitoring the water quality by TDS Test/Weekly. 

10. The washing done to the membrane every 6 months/ Washing takes place via an 

outdoor unit, not on site. 

11. The operation cost of small-scale plants was estimated to be in average 5.62 

NIS/m3, even if it is working at full capacity.  And if the plant is operation on 

the generator, the cost will rise twice. But desalinated water reaches people at a 

cost of 30 NIS/m3 due to the cost of transportation by truck. 

12. Most public plants operate only 8 h/d, due to the electricity crisis. 

13. Disposal of brine water to nearest manhole of public wastewater networks. 

4.2 Small Scale Pilot Plant Study 

4.2.1 Determination of dissolved oxygen concentration in ground water 

Four desalination plants were selected in the Gaza Strip in order to measure the 

dissolved oxygen. The results were as follows in table (4.4): 

Table (4.4): Dissolved oxygen values 

Plant name Location Do (mg/l) 

Bani Suhaila Desalination Plant Khan Younis 7.35 

Eastern Rafah "Ben Taimia" Desalination Plant Rafah 7.07 

Abasan (Aldaghma) Desalination Plant Khan Younis 7.25 

Abdul Salam Yaseen co. "Tal El Hawa" 

Desalination Plant 

Gaza 7.16 
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These values mean that dissolved oxygen is high, and this does not represent the true 

reality of water inside the well, because the water sample was taken from the well and 

exposed to the oxygen in the atmosphere and saturated with it, so we resorted to 

measuring iron and manganese. In order to examine the effect of dissolved oxygen on 

iron and manganese, which may give an indication of the dissolved oxygen has not 

affected for operating RO in OSRO concept. 

Many things should be taken into account when measuring dissolved oxide: 

 Oxygen saturation is temperature dependent; gas is more soluble in cold waters; 

hence cold waters generally have higher dissolved oxygen concentrations. The 

time of sampling and water temperature should be recorded.  

 Dissolved oxygen also depends on salinity and elevation. Dissolved oxygen 

concentrations may change drastically in well depending upon depth. 

 When collecting stream DO samples at several stations for comparison. DO 

samples should be collected at nearly the same time of day each time you 

sample. 

 Wells of deep depth were chosen to ensure that there was no dissolved oxygen. 

Also, samples were taken in the winter season during February 2019, which 

means that the weather is cold and the possibility of forming dissolved oxygen is 

high, unlike if it was hot. 

 Dissolved oxygen was measured by the available device, which depends on 

taking the water sample from the pipe, and therefore exposed to oxygen, and 

gives values that do not represent the real reality of this water. 

4.2.2 Presence or absence of Fe and Mn and its effect on OSRO concept 

It was found that the dissolved oxygen readings did not reflect the actual situation. 

therefore, iron and manganese were measured to check the presence of oxygen, as it was 

found that there was no effect of oxygen on iron and manganese, and the percentage of 

iron and manganese was almost zero "Appendix 3". This means that the groundwater 

state will not be affected by the presence of dissolved oxygen as shown in table (4.5). 
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Table (4.5): Mn and Fe values 

Plant name Mn (mg/L) Fe (mg/L) 

Al Amal Desalination Plant - Biet Lahia < 0.0001 0.005 

Abdul Salam Yaseen co. "Aljala" Desalination Plant < 0.0001 0.008 

Abdul Salam Yaseen co. "Tal El Hawa" Desalination Plant < 0.0001 0.001 

 

4.2.3 Measurement of scaling by LSI indicator 

After dissolved oxygen has been verified, and anaerobic conditions exist for 

groundwater, we check the scaling index, and in order to measure this, it is necessary to 

measure many chemical parameters: pH, EC, temperature, TDS, Ca hardness as CaCo3, 

Mg hardness as CaCO3, Mg2+, Ca2+, NO3
-, K, Cl-, Na+. as shown in table (4.6) and 

"Appendix 4". 

LSI = pH - pHs 

 Where: 

 pH is the measured water pH 

 pHs is the pH at saturation in calcite or calcium carbonate and is defined as: 

pHs = (9.3 + A + B) - (C + D) 

 Where: 

 A = (Log10 [TDS] - 1) / 10 

 B = -13.12 x Log10 (0C + 273) + 34.55 

 C = Log10 [Ca2+ as CaCO3] - 0.4 

 D = Log10 [alkalinity as CaCO3] 
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Table (4.6): Analyzing the chemical parameters of the Saftawi well "Sheikh Radwan 

10" 

Sample 

No. 

 Sample 

Parameter Feed water 

1 pH 7.4 - 

2 EC 6600 µs 

3 TºC 23.1 ºC 

4 TDS 3300 mg/l 

5 Total hardness 1000 mg/l as CaCO3 

6 Ca hardness 450 mg/l as CaCO3 

7 Mg hardness 550 mg/l as CaCO3 

8 HCO3- 380 mg/l as CaCO3 

9 Mg++ 132 mg/l 

10 Ca++ 180 mg/l 

11 Cl- 1300 mg/l 

12 Total phosphorous 0.11 mg/l 

13 NO3- 72 mg/l 

14 K 11 mg/l 

15 Na 260 mg/l 

 

A= 0.25 

B= 2.12 

C= 2.25 

D= 2.58 

pHs= 6.84 

LSI = pH – pHs = 0.56 

Water is supersaturated with respect to calcium carbonate (CaCO3) and scale forming 

will occur but no corrosive. 

4.2.4 Long term monitoring of the small scale pilot plant operation 

The pilot plant was operated without using any chemical additives, as the water exits the 

pump in the well at a pressure of 6 bar, where it enters the pilot plant at a constant 

pressure= 14 bar, while we change the flow in order to monitor the operation. 

The RO unit were run at at a pressure = 14 bar, flow = 2 m3/h, for more than two 

months "Appendix 5", and the results were as shown in the table 4.4: 
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Table (4.7): Chemical parameters analysis before and after desalination of the Saftawi 

well "Sheikh Radwan 10" 

Sample 

No. 

 Sample Unit 

 Parameter Feed Water Permeate Water  

1 pH 7.4 8.6 - 

2 EC 3900 320 µs 

3 TDS 1970 170 mg/l 

4 Turbidity 0 0 NTU 

5 Cl- 1200 71 mg/l 

6 Ca++ 320 0.4 mg/l 

7 Mg++ 48 0.1 mg/l 

8 NO3 
- 45 14 mg/l 

9 K 17 1.5 mg/l 

10 Na 290 65 mg/l 
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Chapter 5: Conclusions and Recommendations 

5.1 Conclusions 

 Most of the plants are operated by the “plant operator” who is mainly do not 

meet the minimum qualifications required for the operation and maintenance of 

desalination plants. Most of the desalination plants are operated by the plants 

guard, not a technician or a specialist engineer. 

 Private Desalination Plants in the Gaza Strip are hardly monitored or controlled 

for drinking water quality. 

 The operation cost of small-scale plants was estimated to be in average 5.62 

NIS/m3. 

 A significant difference exists between the production cost (1-2 $) and end user 

price paid for 1 m3 (8-10 $) of drinking water produced by private desalination 

plants due to the cost of transportation by truck. 

 Most of the desalination plants need simple to moderate maintenance work, 

which may include repair of some parts, painting, and maintenance. And some 

plants are not working and need total replacement of the existing parts. 

 Most the plants are producing water within the acceptable recovery ratio range 

and drinking water standards. 

 The membrane is cleaning at most RO plants every 6 months, which shortens 

the life of the membrane 2-3 years. 

 Most of the wells in the Gaza Strip are deep, and by checking the dissolved 

oxygen "DO" by measuring the manganese "Mn" and iron "Fe", most of the 

wells are under anaerobic conditions. OSRO can be applied to it if the rest of the 

selection conditions are met, such as the percentage of TDS is low. 

 The LSI indicator gave an indication that it will get scaling, and after operating 

the plant for more than two months with the ideal design of the membrane 

according to the manufacturer's catalog, without any chemical additives, using 

only cartridge filter, and not using any other primary treatment techniques, 

where the recovery rate was good, as well as the permeate water is identical to 

the World Health Organization. 
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5.2 Recommendations 

o Conducting training sessions to improve the skills of the municipal technicians 

and plants operators regarding: 

 Testing the samples of the produced water. 

 Understanding the basic technologies used on site. 

 Intake pumps and all their fittings. 

 Pretreatment elements. 

 Stages of BWRO. 

 Post treatment and chemical dosing. 

 Monitoring plant performance, The operation data that should be recorded 

daily include the following: " Water production (Permeate and concentrate) 

flow, Water production quality, Recovery, Power consumption and 

Chemical usage" 

o Choosing a better membrane quality than used in my studies to be closer to the 

existing plants. 

o Choosing a well whose dissolved salt percentage is less than 2000 mg/l to 

complete the study on the same topic. 

o Looking for solutions to solve the scaling problem. 

o Operating the pilot plant for a short period does not give a good impression, so I 

recommend researchers after me to operate and monitor for a period longer than 

that. I also recommend using more than one membrane, and looking for a good 

quality membrane. 

o Increase the ability of the laboratories of universities, and enable them to 

participate in academic research. 
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Appendix 1: Specifications of Reverse Osmosis Membrane (RE4040-

BE) 
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Appendix 2: Questionnaire of Technical Visits for Brackish Water 

Desalination Plants 

Brackish Water Desalination Processes in Gaza Strip: One Step Reverse 

Osmosis 

Name of desalination plant: 

…………………………………….…………………………………………

… 

Capacity 

Capacity: 

- Record readings for the last three 

months 

- Quantity of row water per day (m3 

/hr)   

- Quantity of produce water per day 

(m3 /hr)   

- Recovery 

 

Description of wells 

- No. of well 

- Depth of well 

- How much raw water is taken from 

each well per day (m3 /hr)   

- How many pumps are working to 

pump water from the well to the 

plant and how much each of them is 

pumped in the day (m3 /hr)? 

- How much distance from the well to 

the plant? 

- Pumps catalog 

 

Primary treatment 

Primary treatment description: 

- Number of pumps 

- Energy required 
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- Technical "Materials for processing" 

Energy 

Energy sources : 

1-public net work (kw/day)  

2-Generator (gallon of fuel per day)  

3- solar cells (kw/day)  

 

Cost of energy for production:  

1- public network(NIS/kw) 

 2- Generator(NIS/gallon) 

 3- solar cells (NIS/day) 

 

Quality of plant 

TDS "mg/l" IN  

OUT  

Nitrate "mg/l" IN  

OUT  

Chloride "mg/l" IN  

OUT  

Calcium (Ca2+) "mg/l" 
IN  

OUT  

Magnesium (Mg2+) "mg/l" 
IN  

OUT   

PH 

 

 

IN  

OUT  

Description of antiscalant 

- Type of material 

- Quantity (mg/m3) 

 

 

 

Final additions to the treatment 

- Amount of  Naclo (mg/m3)  
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- Amount of  NaoH (mg/m3) 

- Coagulant (Fecl3 , other materials ) 

(mg/m3) 

- dechlorinating water (sodium 

bisulfite (SBS) , Other materials) 

(mg/m3) 

Staff 

Job title 

 

Number of Workers Monthly salary 

(NIS) 

- Manager  

- Technical  

- Labor  

- guard  

- Others:  
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Appendix 3: Questionnaire of Survey for Eight Brackish Water 

Desalination Plants 

: اسم المحطة   

: عنوان المحطة  

: التليفون   ... 

: الفاكس   ... 

: االيميل   ... 

: منطقة الخدمة   

: اسم الباحث   

: اليوم والتاريخ   

 

 اإلجابة السؤال #

 معلومات عامة

  ما هي كمية المياه المغذية )كوب/ الساعة(

  ما هي قدرة انتاج المحطة )كوب/ الساعة(

  التشغيل يومياً )ساعة(ما هي عدد ساعات 

  ما الكمية المنتجة شهريا )كوب/شهر(

  ما هو سعر الكوب )دوالر/كوب(

كيف تتم عملية المراقبة على جودة المياه؟ ومدة 

 المراقبة الدورية؟
 

كيف تتم عملية المراقبة على أجزاء المحطة؟ ومدة 

 المراقبة الدورية؟
 

  ما هو مصدر المياه المغذية؟

( brine waterكيفية التخلص من المحلول الملحي ) 

 بعد التحلية؟
 

ما هي أهم المشاكل التي تواجهها المحطة من الناحية 
 التشغيلية؟
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 هل تعطلت المحطة من قبل؟

 اذا نعم؟ ما هو السبب؟
 

 أسباب تعود الى مهارات فنية لدى العاملين -أ

 علمية وعمليةمن ناحية غياب القدرات المهنية عند العاملين   .1

 آلية تشغيل المحطةحول ات تدريبية مستمرة دورعدم عقد   .2

 عدم وجود طاقم بشري كافي لتشغيل المحطة من مشغل فني، فني صيانة، مهندس ومراقب  .3

4.  
 أخرى: هذا صحيح .

 
 

 أسباب تعود الى جودة الغشاء

ما هي نوعية االغشية المستخدمة في   .1
 المحطة؟

 

  للغشاء الحالي؟ ما هو العمر الزمني  .2

ما هي عدد مرات الغسيل المتبعة   .3
 للغشاء؟

 

  ما هي األدوات المستخدة في التنظيف؟  .4

5.  
 أخرى:

 
 

 أسباب تعود الى غياب األدوات واألجهزة الالزمة لعمل مراقبة مستمرة -ب
 (Silt Density Indexمؤشرلقياس كثافة الطمي )عدم وجود   .1
 المياه المغذية مقياس لقياس مدى تدفقعدم وجود   .2
 مقياس لقياس الضغط عند كل مرحلةعدم وجود   .3
 (Salt passage and salt rejection)مقياس لقياس نسبة الملح المنفذ أو المرفوض عدم وجود   .4

5.  
 أخرى

 
 

 أسباب تعود الى قلة كفاءة بعض األجزاء الداخلية للمحطة -ت
 المغذيوجود خلل في قدرة الحفاظ على معدل تدفق المياه   .1
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2.  

 وجود خلل في األجهزة التي تعمل على التحكم بـ:
 درجة حرارة المياه المغذية .أ

 ضغط المياه المغذية .ب
 تركيز معدل التدفق .ت
 قياس ملوحة المياه المغذية .ث
 ضغط المياه المغذية .ج
 قياس ملوحة المياه المترشحة .ح

3.  

 أخرى:
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



84 
 

Appendix 4: Analysis Report for Dissolved Oxygen Values 
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Appendix 5: Chemical Parameters Analysis for Feed Water 
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Appendix 6: Chemical Parameters Analysis before and after 

Desalination 
 

 




