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Abstract 

Reverse osmosis (RO) has become increasingly attractive for brackish water desalination in the Gaza strip, due 
to its low energy requirements. This paper will focus on the technical and economic aspects of RO brackish water 
desalination plants in operation in Gaza. Moreover, contribution of the estimated quantities of desalinated brackish 
water over the planning period will be discussed. 

Keywords: Brackish water; Reverse osmosis, Water quality, Production cost, Private investment 

1. Introduction 

Despite water resources scarcity in the Gaza 
strip, groundwater is still the maj or water resource 
for drinking water. Depth of the groundwater level 
of the coastal aquifer varies between a few meters 
in the low land area along the shoreline and about 
70 m along the eastern border. This fresh ground- 
water typically occurs in the form of lenses that 
float on the top of the brackish and/or saline 
groundwater. That means approximately 70% of 
the aquifer is brackish or saline water and only 
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30% is fresh water. However, 15% of the ground- 
water meets WHO water quality guidelines. 

Moreover, due to over abstraction of this water 
from the aquifer for potable use and other purposes 
and seawater intrusion have increased salinity of 
such well water. As a result, chloride concentration 
varies from 70-1300 mg/l, while nitrate con- 
centration exceeds 50 and reaches 350 mg/l in 
some municipal water wells. 

This emphasized the strong need for desalina- 
tion as a non-conventional resource of potable water. 

Thus, due to technical and economic consider- 
ations, desalination of brackish water and/or 
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seawater by RO technology was to chosen to solve 
water problems in terms of quantity and quality. 

2. Gaza experience in desalination 

2.1. Public brackish water RO desalination 

The first bracking water reverse osmosis 
(BWRO) plant was built in 1993 to provide the 
town of Deir A1 Balah with clean water through 
the municipality network. This small containeriz- 
ed plant was built by EMS, a subsidiary of Meko- 
rot Company and has a full capacity of 1100 mVd. 

In 1997/1998, through the Italian development 
programs, two BWRO plants were constructed in 
the town of Khan Younis (south of Gaza) to supply 
the people with desalinated water. These plants 
have total capacities of 1200 m3/d each and 
installed at two brackish water wells. 

In 1998, the USAID financed a BWRO plant 
with a total capacity of 1100 mVd. Metealf and 
Eddy built this plant in the Gaza Industrial Zone 
to supply the industrial complexes and part of 
Gaza city with desalinated water through a special 
piping network. 

2.2. Private B WRO desalination 

Although public institutions, such as the 
Palestinian Water Authority (PWA) and Gaza 
municipalities, own some BWRO desalination 
plants, local investors in the private sector have 
already begun a desalination business, construct- 
ing various small BWRO plants since 1999 in 
Gaza. Such plants have to be licensed by PWA 
and Ministry of Health according to certain con- 
ditions, so that they are monitored in terms for 
compliance of the product water to the Palestinian 
water guidelines. The private sector has now about 
20 private BWRO plants. These could be reason- 
ably satisfy some of Gaza's drinking water needs. 
However, these plants are considered small units 
ranging from 20-150 mVd operational capacities. 

2.3. Seawater RO desalination 

The Palestinian Water Authority has begun 
with the first SWRO plant since 1999. This plant 
is designed to have a capacity of 1250 m3/d in the 
first phase and was built by Degremont through a 
grant from the government of France. The plant 
has not yet begun operation. The second SWRO 
plant was financed by Austria and built by GWT 
(Austrian Company). This plant has a capacity of 
600 m3/d in the first stage and could be expanded 
to produce 2400 mVd at the final stage. It is now 
in operation just for a few hours due to incapability 
of marketing the whole quantity produced. 

2.4. Contribution o f  brackish and seawater de- 
salination to water balance 

If the Palestinians considered seawater de- 
salination as non-conventional water resource in 
Gaza, constructing large scale sea water reverse 
osmosis (SWRO) plants will contribute towards 
a decrease of aquifer overdrafting. Moreover, it 
is expected that seawater will be pushed back 
(trans-egression) toward the sea preventing further 
deterioration of aquifer water quality. Presently, 
5 Mm3/y of potable water is purchased from 
Mekorot and an additional 5 Mma/y will be sup- 
plied according to Oslo-II agreement after com- 
pleting the North-South Gaza Water Carrier. Two 
SWRO plants will provide, when completed, an 
additional 2.25 MmVy of fresh drinking water to 
the Gaza strip. The current water demand (domes- 
tic and industrial) is between 50-60 Mm 3. The 
total projected domestic demand will reach about 
182 Mm3/y by 2020. Considering the quantity 
12.25 Mm3/y (from Mekorot and two SWRO 
plants), the remaining quantity required will be 
more or less 170 Mm3/y. Considering the water 
balance as well as the groundwater yielding 
capacity, it has been assumed that a total of 
128 MmVy can be produced from the ground 
water aquifer for domestic use by 2020. About 
20% of total domestic water demand (37 Mm3/y) 
can be produced from the aquifer and mixed 
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directly with about 100 Mm3/y of treated or/ 
desalinated groundwater through RO desalination 
facilities in order to fulfill domestic water com- 
pliance with WHO water quality standards. This 
means that about 55 MmVy of seawater desalina- 

tion and about 100 Mm3/y of brackish ground- 
water desalination are needed by year 2020 in 
order to maintain water balance and fulfill the 
water demand (Figs. 1 and 2). 

Fig. 1. Integrated coastal aquifer management plan [4]. 

Overall aquifer balance 
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Fig. 2. Integrated coastal aquifer management plan [4]. 
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3. Technical appraisal 

In evaluating the competing RO brackish water 
desalination processes, many factors need to be 
taken into consideration. The main points are 
discussed below. 

3.1. State o f  development 

BWRO plants are now in a mature phase of  
technical development, and they seem unlikely 
that there will be significant further technological 
advances in the process and particularly in mem- 
brane technology, pretreatment and detail engi- 
neering. Development of  chlorine tolerant mem- 
branes or alternatively the adoption of  biocides 
that are non aggressive to membrane materials 
would be a significant advance. Membrane 
replacement, however, is still a considerable factor 
in O&M if we could estimate the life period of 
such brackish water membranes of 5-7 years 
under good operation conditions. 

3.2. Energy consumption 

It will be seen that BWRO plants have a lower 
energy consumption than SWRO plants making 
this option attractive in high energy cost con- 
ditions. Energy consumption forms about 25 to 
50% of  the total cost required to produce desali- 
nated water by BWRO plants. The previous figures 
should be carefully considered in total production 
cost since the cost of  electricity is US$ 0.09/kWh. 

3.3. Operational state 

Most of the BWRO plants have still not reached 

a full daily operational status (24 h). This is due 
to many challenges, such as: 
• Low maintenance level for the system. 
• Lack of chemicals, such as antiscalants or acids 

imported to run the units. 
• Inefficient distribution in networks to the 

whole area where the plants are located. 
• Dependence of operational hours on the limited 

quantities of  desalinated water marketed in 
some areas in Gaza. 

3.4. Water quality 

The water produced by all BWRO plants in 
Gaza has different qualities in terms of  main 
cations and anions.TDS of  the product water is 
usually below 300 ppm, making it within the 
WHO guidelines (Table I). This value can be close 
to accepted limits on chloride or sodium concen- 
tration. On the other hand, some desalination 
plants reduce calcium hardness and magnesium 
concentration to low levels and it is becoming 
important practice to add calcium bicarbonate in 
post-treatment. Moreover, in some cases bacterio- 
logical contamination appears in water samples 
taken either from the plants themselves or dis- 
tribution points which makes a monitoring program 
important through the whole desalination process. 

4. Financial appraisal 

The financial evaluation was based on four 
main components: 
1. Capital investment including civil construc- 

tion and electromechanical works. 

Table 1 
Water quality in different BWRO plants (Water Control and Inspection Department, PWA) 

Name of BWRO plant TDS, ppm CI, ppm NO3, ppm Hardness, ppm as CaCO3 

Deir al Balah 200 70 10 48 
ACWA Service 197 72 11 33 
Methaly 51 14 - -  46 
Furaat 120 29 23 13 
A1 Janoub 215 85 13 41 
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2. Life span of  the plant (20 years). 
3. Interest rate (9%). 
4. Operation and maintenance. 

The financial analyses have considered two 
scenarios. The first one was based on operating 
the plant at full capacity for 24 h operation and 
350 operation days a year. The second one was 
only considered for the actual daily capacity to 
mee t  several  operat ional  hours .  The results  
showed that the total production cost of  1 m 3 at 
the actual production state in some cases is more 
than two times the price at full daily operation 
capacity (Table 2). The above four components 
are considered key factors on which any produc- 
tion cost is dependant. Thus, the installed capacity 
for the b igges t  p lant  (ACWA Service)  was 
estimated to be US$ 520/mVd while for other 
small units, it was between US$ 600/m3/d and 
US$ 800m3/d for Methaly and Furaat, respec- 
tively. 

Moreover, the cost of  energy consumption in 
ACWA plant was calculated to be higher than in 
other small plants (about half  of  the total produc- 
tion cost). This may be due to using a diesel generator 
for power supply in the ACWA plant while such 
energy cost was relatively low in the small plants 
(35%) such as Methaly and Furaat. 

5. Conclusion and recommendations 

• The total production cost (exceeds US$1)  is 
still high compared with costs in other areas. 

• The local operators of  such RO plants have 
now got enough knowledge to run their plants 

Table 2 
Three examples of private BWRO plants [5] 

with minimum requirements (good manage- 
ment!!). 

• Assembly of  small scale BWRO plants is now 
mainly dependent on local experience. 

• The private sector should be encouraged in 
water desalination. This may form a large share 
of  water supply along with the public sector 
and will improve the chances of  success o f  the 
water industry. 

• The Palestinian Water Authority should start 
adop t ing  gu ide l ines  and regu la t ions  for 
minimum standards of  desalinated water. 

• The local market forwater  desalination is still 
limited in Gaza due to lack of  investment in 
distributing the desalinated water. 

• Bottling of  desalinated water issue is still not 
well developed. This could contribute to the 
brackish water desalination market. 
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Name of Location of Full 
BWRO plant plant capacity, 

m3/d 

Present 
capacity, 
m3/d 

Capital O&M cost, Total cost, Total cost, 
investment costs, $/m 3, at present $/m 3, present $/m 3 at full 
$ production production production 

ACWA Gaza area 1200 I00 
Methaly North area 96 96 
Furaat Middle area 60 30 

~ 0 , 0 ~  1.5 2.23 0.9 
60,0~ 1.15 1.23 1.23 
48,0~ 1.2 1.99 1.3 


