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Large-scale brackish water desalination plants in Gaza
Strip: assessments and improvements
Yunes Mogheir, Ahmad A. Foul, A. A. Abuhabib and A. W. Mohammad

ABSTRACT
Water scarcity is a serious challenge in the Gaza Strip, a region that is mostly considered to be semiarid. In this region, the population’s options for provision of potable water are limited to desalination
of saline groundwater. Six large brackish water desalination plants (BWDPs) and one seawater
desalination plant are operating and providing drinking water along with small private plants. The
BWDPs were assessed in terms of operational conditions and quality of their feed and permeate with
the aim of estimating essential improvements required as well as performance signiﬁcance. All these
plants are reverse osmosis plants and their operational conditions are similar in terms of production,
recovery rate, and energy consumption. The quality of the plants’ feed was found not to comply with
WHO and Palestinian Standards in most cases, unlike the permeate from all plants. The assessment
made through this study assists in better understanding of the current situation of the large-scale
desalination plants in Gaza and recommending essential improvements needed to increase water
production of these plants without increasing abstraction and feed quantities. In addition, multicriteria analysis used to evaluate BWDPs performance may assist in prioritizing improvements
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INTRODUCTION
The desalination story in Gaza began with the ﬁrst estab-

). Additionally, ten small, private RO desalination

lished reverse osmosis (RO) brackish desalination plant in

plants were established and operated over the Gaza Strip.

1991 in Deir El-Balah in the central Gaza Strip (El Sheikh
3

The Gaza Strip is a semi-arid region, and as in other

et al. ). The plant was built with a capacity of 45 m /h

Gulf and Middle Eastern countries, there are acute water

by a subsidiary of the Israeli Mekorot water company.

shortage, and options for providing potable water for the

Since then, many small- and large-scale desalination plants

population are limited to brackish and/or sea water desali-

have been built and operated to provide potable water for

nation. Freshwater availability in these countries is shown

the population of Gaza Strip, which suffers shortages in

in Figure 1, which indicates that eight out of 14 countries

water supplies and depends mostly on groundwater with

have an annual per capita supply of less than 500 m3 of

very high salinity levels. Total dissolved solids (TDS) levels

renewable water resources. In addition, seven of these

are considerably higher than 2,200 mg/l (Abuhabib et al.

countries have less than 200 m3 per capita per year, placing

). In the past 20 years, one seawater and six brackish

them among the world’s 15 poorest countries in terms of

water desalination plants (BWDPs) have been built. The

water resources availability (ESCWA ). Consequently,

desalinated water produced from these plants represents

desalination represents an important option to provide pota-

nearly 4% of the total water consumption by the population,

ble water for the population of most of these countries.

with more than 90% of this population depending on desa-

Worldwide capacity for production of desalinated water

linated water for drinking purposes (Al-Agha & Mortaja

is estimated to be 61 million m3/day. The share of the
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Renewable freshwater (m3/c/year) in western Asian countries.

countries of West Asia, including the Gulf and Middle East,
is estimated to be 27 million m3/day, or 44% of global
capacity; this is due to increase in the near future
(ESCWA ). Thermal and membrane desalination processes, as well as hybrid systems, are used in the
desalination plants within these countries (Mezher et al.
). However, only membrane processes (mainly RO)
have been considered for brackish or seawater desalination
in the Gaza Strip due to the important advantages offered by
the RO process (Petersen ; Afonso et al. ; Rahardianto et al. ; Kim et al. ; Lee et al. ; Misdan
et al. ). In contrast, due to high capital costs and high
energy consumption (Al-Subaie ; Reddy & Ghaffour
; Karagiannis & Soldatos ; Mezher et al. ) and
limited fuel supplies in Gaza, thermal processes have not
been considered as an option.
There are seven public desalination plants located all
over the Gaza Strip (Figure 2); they are operated by Coastal
Municipal Water Utilities (CMWU), the operating water
body in the Gaza Strip (CMWU ). These plants provide
drinking water for the population in central and southern
parts of the Gaza Strip. These plants are BWDPs except
for one seawater RO plant located in the central Gaza
Strip. Three plants were built 2 or 3 years ago while the
others have been operating for more than 12 years. These
public plants produce more water at a higher recovery rate
and less brine when compared to small private plants. In
addition, these plants are directly linked to the municipal
water networks whereas private plants have distribution
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vehicles and collecting points where people have to collect

composition of the source at that time and place, although

the water on their own. According to the Palestinian

the source is known to be relatively constant in composition

Water Authority (PWA), the ofﬁcial water regulating body

over an extended time. All samples were sent to a certiﬁed

in Palestine (El Sheikh et al. ), more than 80 small

scientiﬁc laboratory (Birzeit University Testing Labora-

RO private plants and distribution stations are operating

tories, ISO 17025 – Gaza branch) to obtain measures of:

and provide potable water for the population of the Gaza

pH, TDS, electrical conductivity (EC), turbidity, hardness,

Strip at reasonable cost. However, only 37 of these plants

chloride, ﬂuoride, nitrates, sulphate, calcium, magnesium,

are subjected to PWA licensing and regular monitoring.

sodium and potassium. These parameters were compared

Despite the fact that many researchers have recently

with both World Health Organization (WHO) and Palesti-

shown interest in studying the desalination practices in the

nian Standards (PS) for drinking water (WHO ;

Gaza Strip, only a few studies could be found in the litera-

Palestinian Standards Institution ). Third, evaluation

ture (El Sheikh et al. ; Al-Agha & Mortaja ;

criteria were established and used to determine the best

Baalousha ; Al-Khatib & Arafat ). El Sheikh et al.

and poorest performing plants to assist in prioritizing and

() studied the desalination strategies in Gaza Strip to

recommending the introduction of improvements. A multi-

be considered from the decision making and strategic plan-

criteria analysis method was used to determine the strongest

ning points of view. Baalousha (), assessed the

and weakest operating plant based on recovery rate, oper-

environmental impacts of the desalination practice in the

ational and maintenance cost, cost of product (desalinated

Gaza Strip. According to his study, improper disposal of

water) per cubic metre, and TDS removal. Each parameter

the desalination plants brine efﬂuent poses a serious threat

is rated on a scale of 1–5 points where 1 represents the

to the environment in the Gaza Strip.

lowest and 5 represents the highest score. The lowest score

The present work focusses on assessing the large BWDPs
in Gaza in terms of operational conditions and quality of

indicates the weakest performing plant and the highest
score indicates the best performing plant.

desalinated water produced to identify and recommend possible improvements required in the near future. In addition, an
evaluation has been made for all plants to classify the weakest
and strongest performing plants to assist in prioritizing the

RESULTS AND DISCUSSION

introduction of improvements.
Operational conditions

METHODS

Table 1 highlights all operational conditions of the BWDPs.
Plants A, B, and C have been operating for 14–19 years.

The methodology of this study consisted of three parts. First,

Plants D, E, and F, however, have been operating for 3

all large-scale BWDPs were assessed in terms of operational

years or less. Plant C was found to have the highest pro-

conditions including capacity, type of facility and membrane

duction of about 640 m3/day at the higher ﬂow rate

types, and other related operating parameters such as recov-

(80 m3/h) while all other plants found to have nearly the

ery rate and energy consumption.

same production (400–480 m3/day) at the ﬂow rate of 55–

The assessment was made by frequent ﬁeld visits to all

60 m3/h. Plant A was found to have the highest energy con-

plants and observing the operational conditions on a daily

sumption, which could be the reason why the cost per cubic

basis for certain period of time. Second, samples were

metre permeate produced is approximately double that for

taken from all inlets and outlets of plants following the

all other plants. In terms of recovery rate, the best perform-

grab sampling method (Moore et al. ), a single sample

ing plant is plant D (83%) while the weakest performing

or measurement taken at a speciﬁc time or over a short

plant is B (70%). Although the six plants have the same

period as feasible. In this method a sample collected at a

RO membrane type supplied by Koch, they have some

particular

slight differences in terms of performance.

time

and

place

can

Downloaded from http://iwaponline.com/jwrd/article-pdf/3/3/315/377927/315.pdf
by guest

represent

only

the

Y. Mogheir et al.

318

Table 1

|

|

Performance of large-scale brackish water desalination plants in the Gaza Strip

Journal of Water Reuse and Desalination

|

03.3

|

2013

Detailed information for large-scale BWDPs in the Gaza Strip

Energy

Cost of
desalinated

Construction

Cost

Capacity

Production

Recovery

consumption

water per m3

Plant namea

Location

date

(US$)

(m3/h)

(m3/day)

rate %

(kWh)

(US$)

Al-Balad (A)

Deir El-Balah

1991

650,000

60

420

75

120

0.72

Al-Sharqia (B)

Khanyounis

1997

500,000

55

440

70

60

0.31

Al-Saada (C)

Khanyounis

1998

250,000

80

640

70

60

0.34

b

Al-Bureij (D)

Al-Bureij

2009

NA

60

480

83

60

0.28

Al-Nuwairi (E)

B. Suhaila –
Khanyounis

2010

NA

50

400

75

60

0.34

Al-Salam (F)

Rafah

2010

NA

60

480

80

60

0.27

a

Letter in parentheses identiﬁes the plant on the map (Figure 2) and in Tables 2 and 3.
NA: not available.

b

Water quality parameters
Some water quality parameters were investigated for all
plants feed and permeate including: pH, turbidity, nitrates,
and ﬂuoride. Control of pH is important as lower and
higher values of pH may lead to corrosion and incrustation
of pipes. High levels of turbidity affect water taste negatively
and indicate the presence of undesirable particles in
the water. High levels of nitrates, which are common
phenomena in Gaza, are considered as a health threat, as
they cause so-called blue-baby phenomenon (Bohdziewicz
et al. ). Fluoride at high concentrations potentially
poses health concerns, as it is known to be the cause of

Figure 3

|

dental ﬂuorosis (Mohapatra et al. ; Richards et al. ).

pH values of inlet and product water against WHO and PS standards for all
BWDPs.

Figure 3 shows the pH values measured for feed and
permeate of all plants compared with maximum and minimum allowable standards for both WHO and PS
(represented as WHO 1 and 2, and PS 1 and 2). All feed
and permeate pH values were within the range of WHO
and PS standards. Feed pH found to be higher than permeate for all plants. Generally, desalination media is acidic
which considered as common trend for RO membranes
used for desalination.
Turbidity is a determining parameter for drinking water
quality. Generally, some suspended matter or impurities
such as clay, silt, sand, and other particles may cause
water turbidity. As shown in Figure 4, turbidity levels for
both feed and permeate for all plants are below WHO and
PS standards.
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Figure 5 shows nitrate concentration levels in the feed

ﬂuoride concentration (3–3.5 mg/l). However, all concen-

and permeate of all plants. Nitrate concentrations of the

tration levels for permeate found to be lower than

feed for all plants are much higher than the maximum

allowable according to WHO and PS standards.

allowed by WHO and PS standards except for plants D
and E, which showed lower concentrations than permitted

Desalination capacity

levels. However, permeate from all plants have lower and
allowable concentrations of nitrates by both WHO and PS
standards except for plant B, which produced permeate
with slightly higher nitrate concentration than permitted
by the WHO. Signiﬁcant nitrate removal could be found
in plant C where the level was reduced from nearly
200 mg/l for feed to 50 mg/l for permeate.
Figure 6 illustrates ﬂuoride concentration levels in the
feed and permeate for all plants. All feed concentration
levels were found to be lower than WHO and PS permitted
standards except for plant B which showed very high

Conductivity
Figure 7 shows the EC readings of feed and permeate for all
plants compared with WHO and PS drinking water standards. All feed readings were found to be higher than
WHO and PS standards except for plant E which had an
EC reading of 2,000 μs/cm. Therefore, 83% of inlet samples
did not comply with WHO and PS drinking water standards.
These relatively high EC values of the inlet samples (4,000–
6,000 μs/cm) were found to be signiﬁcantly reduced in produced water of all plants (less than 1,000 μs/cm) and ﬁt
with WHO and PS standards. This may indicate the high
desalination efﬁciency and salt rejection of the RO membranes of these plants, as most of the high conductivity
measured in the feed water is caused by the presence of
salts at high concentrations.
Total dissolved solids
TDS concentrations of feed and permeate of all plants are
shown in Figure 8. All feed concentrations of all plants

Figure 5

|

were found to be higher than WHO and PS standards. HowNitrates concentrations of inlet and product water against WHO and PS standards for all BWDPs.

ever, concentrations of permeates at all plants dropped to
around 200 mg/l and below for plants C, D, and F, and

Figure 6

|

Fluoride concentrations of inlet and product water against WHO and PS
standards for all BWDPs.
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have lower chloride concentrations than the maximum
allowed by WHO and PS standards. It is worth mentioning that chloride rejection percentage of 93–96% could
be found.

Sulphate removal
Sulphate concentrations of plant feeds and permeate are
shown in Figure 10. All plant feeds were found to have
lower sulphate concentrations than the maximum allowable
Figure 8

|

TDS concentrations of inlet and product water against WHO and PS standards
for all BWDPs.

400 mg/l and below for plants A, B, and E. Such concen-

by WHO and PS standards, and all permeates were found to
have acceptable sulphate concentrations, indicating sulphate removal percentage of around 75%.

trations comply with both WHO and PS standards.
Hardness removal
Chloride removal
Water hardness is a major concern associated with groundThe presence of chloride is considered as one of the

water, as high levels of hardness negatively affect water

major causes of salinity in Gaza groundwater; chloride

quality (Van der Bruggen et al. ). According to WHO

concentrations found in Gaza groundwater are much

and PS standards, maximum allowable values for hardness

higher than the maximum allowed by WHO and PS stan-

determined by CaCO3 concentration should be 500 and

dards. As shown in Figure 9, all investigated feed samples

600 mg/l respectively. As shown in Figure 11, feeds of

from BWDPs were found to have high chloride concen-

plants A and C were found to have higher levels of hardness

trations, ranging from 500 to more than 2,000 mg/l.

than the maximum allowed by WHO and PS standards. In

The maximum chloride concentration was found in

contrast, E, B, and D plants’ feeds were found to have

plant A feed (more than 2,000 mg/l) while the minimum

lower hardness levels. All permeates had lower levels of hard-

concentration was found in plant E feed. Plants B, C, and

ness, complying with both WHO and PS standards. In

D feeds had chloride concentration around 1,500 mg/l

addition, hardness removal percentage found to be varying

or below. The permeates from all plants were found to

from 81 to 99%.

Figure 9

|

Chloride concentrations of inlet and product water against WHO and PS
standards for all BWDPs.

Downloaded from http://iwaponline.com/jwrd/article-pdf/3/3/315/377927/315.pdf
by guest

Figure 10

|

Sulphate concentrations of inlet and product water against WHO and PS
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Hardness concentrations of inlet and product water against WHO and PS
standards for all BWDPs.

Calcium removal
Calcium concentration levels were investigated for all feed
and permeate plants and were compared to WHO and PS
maximum allowable values. As illustrated in Figure 12, all
feeds and permeate of all plants were found to have
lower calcium concentration levels than WHO and PS
standards.
Magnesium removal
Magnesium concentration levels for feeds and permeate of
all plants are shown in Figure 13. Only feeds for plants B
and E were found to have lower magnesium concentrations
than the maximum allowed by WHO standards while feeds
of plants C, D, and F were not. In addition, all feeds of plants

Figure 12

|

Calcium concentrations of inlet and product water against WHO and PS
standards for all BWDPs.
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Magnesium concentrations of inlet and product water against WHO and PS
standards for all BWDPs.

were found to have lower magnesium concentrations than
the maximum allowed by PS standards except for plant A,
which had higher magnesium concentration than the maximum allowed by both WHO and PS standards. Permeate of
all plants, however, were found to have lower concentrations than the maximum allowed by both WHO and PS
standards. Magnesium removal percentage ranged from 75
to 95%.
Sodium removal
Sodium concentration is considered as a major parameter in
groundwater desalination, especially when it is associated
with chloride or sulphate. Figure 14 illustrates sodium concentration

levels

of

feeds

and

permeates.

Sodium

concentrations of all feeds were found to be higher than

Figure 14

|

Sodium concentrations of inlet and product water against WHO and PS
standards for all BWDPs.
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the maximum allowed by WHO and PS standards, ranging

According to recovery rate, plant D had the highest

from 400 to 1,200 mg/l. However, all plant permeates

recovery rate of 83% while plants B and C had the lowest

were found to have lower concentrations than the maximum

recovery rate of 70% (Figure 16). Plants A and E had the high-

allowed by both WHO and PS standards, indicating of an

est and lowest operational and maintenance cost as well as

average removal percentage of 87–95%.

cost of product desalinated water per cubic metre respectively (Table 2). Highest and lowest TDS removal was for

Potassium removal

plant D (94.66%) and E (74.8%) respectively (Figure 17).
A multi-criteria analysis was used to determine the best

Potassium concentration levels were investigated for both

and poorest performing plant by rating on a points scale

feeds and permeate of all plants and compared with WHO

(Table 3). The highest and lowest scoring plants are D and

and PS allowable concentration levels. As shown in

E respectively, meaning that the best performing plant is D

Figure 15, all plant feeds were found to have higher concen-

and the poorest performing plant is E.

tration levels of potassium than allowed by WHO except for
plant E, while all feeds were found to have lower concen-

Improvements to BWDPs

tration levels than the maximum allowed by PS standards
except for plant A. However, all plant permeates were

According to the evaluation of the BWDPs, the plants are

found to have lower concentration levels than the maximum

operating well. However, essential improvements are very

allowed by both WHO and PS standards. Potassium
removal percentage ranged from 20% for plant E which
had the lowest feed concentration to 91% for plant A
which had the highest feed concentration.

BWDPs evaluation
Consistent evaluation of all BWDPs is made based on:
recovery rate, operational and maintenance cost, cost of
desalinated water per cubic metre, and TDS removal. A
multi-criteria analysis method was used to determine the
strongest and weakest performing plant (Kondili et al. ).
Figure 16

Table 2

|

|

Recovery rate of all BWDPs.

Operational, maintenance and cubic metre produced costs of desalinated water
from BWDPs

Operation and maintenance cost (US$/h)

Figure 15

|

Potassium concentrations of inlet and product water against WHO and PS
standards for all BWDPs.
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Plant

Energy
consumption

Spare
parts

salaries

Total

Cost
(US$/m3)

A

16

3.73

12.80

32.53

0.72

B

8

2.40

6.67

17.07

0.31

C

8

2.40

6.67

17.07

0.34

D

8

2.13

4.00

14.13

0.28

E

8

2.40

6.67

17.07

0.34

F

8

2.13

3.47

13.60

0.27
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conditions and feed and permeate quality was made.
Operationally, all plants found to have almost similar performance except for some slight differences in terms of
capacity and cost per cubic metre of desalinated water.
From the quality point of view, turbidity, pH, ﬂuoride, hardness, and calcium concentration levels for feed and
permeate of all plants were found to be within WHO and
PS drinking water standards whereas nitrate concentration
levels found to exceed maximum allowable concentrations
of WHO and PS for the feed for all plants. Chloride, sulFigure 17

|

phate, and sodium in the feed for all plants were higher

TDS removal of all BWDPs.

than WHO and PS standards but permeate complied with
those standards signiﬁcantly. However, magnesium, and
Table 3

|

potassium concentrations for feeds and permeates of all

Multi criteria analysis results

plants (except for plant A) were found to comply only
Plants

with PS standards. Generally, all plants are performing norD

E

mally but improvement and increase in their production

Parameter

A

B

C

F

Recovery rate

3

1

1

5

3

3

without increasing their water resources abstraction and

TDS removal

4

3

4

5

1

4

energy consumption is essential to meet the water

Total cost

1

3

3

3

3

3

demand of the Gaza Strip population. The multi-criteria

Total

8

7

8

13

7

10

method used to evaluate the BWDPs performance could
be used as guiding tool to prioritize the application of
improvements. In addition, pre-treatment of feeds with

much needed. New technologies like pre-treatment using

some new technologies such as NF membranes could sig-

nanoﬁltration (NF) membranes, which was investigated by

niﬁcantly improve the plants’ performance and potentially

the authors in previous work (Abuhabib & Mohammad

increase their water production.

; Abuhabib et al. ), is highly recommended. Using
NF membranes, which have not been used in the Gaza
Strip before, can signiﬁcantly assist in reducing scaling

FUTURE WORK

and increase RO membrane lifetimes, as well as increasing
recovery rates (Hilal et al. ). NF membranes are
chosen, as the quality of the feed water is characterized by
salinity levels that can be sufﬁciently removed by NF
membranes.
Since plant E was found to be the weakest performing
plant, it is highly recommended to use NF membranes to

New technologies including NF membranes will be considered and experimentally investigated to measure the
possibility of better performance of the desalination plants
and increasing production in the near future. In addition,
efﬂuent brine treatment technology prior to disposal may
be studied and recommended.

pre-treat the feed of this plant prior to using these membranes at the other plants.
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