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ABSTRACT 

 
 The growing gap between supply and demand for water in the ESCWA member countries can be 
attributed to limited availability of surface water, high population growth and urbanisation, deficient 
institutional arrangements, poor management practices, and lack of adequate financial resources. The non-
sustainable use of natural water resources to meet rising water demand has also contributed to water 
depletion and deterioration of quality, especially in shallow aquifers.  
 
 The countries of the ESCWA region face continuing water shortages and probably always will 
experience water shortages. Water availability in the region is critical to many economic activities. 
Experience in the Gulf States demonstrates that desalination technology has developed to a level where it can 
serve as a reliable source of water at a price comparable to that of water from conventional sources.  
Desalination remains the most feasible alternative to augment or meet future water requirements is 
considered a strategic option for satisfying current and future domestic water supply requirement, in 
comparison to the development of other water sources.  Water desalination has become a main and 
dependable water source for a number of large urban centres. For some countries such Bahrain, Kuwait, and 
Qatar and coastal zones areas of Oman, United Arab Emirates and Saudi Arabia. Reduction in cost is making 
desalination increasingly attractive in comparison with other alternative schemes. Given the high 
consumption rate from the desalination source and high production cost, serious effort must be made to 
implement comprehensive conservation measures to reduce the consumption and invest in research and 
development to reduce the costs through improved design and operation features.  Also alternative water 
sources must evaluate to meet the future water shortage challenge.  
 
 It is essential that each country in the region establish a water policy and implement effective 
strategies that not only stresses the sustainability of water resources, but also promotes such important 
aspects as optimum allocation of water in accordance with market value, conservation, pollution control, and 
increased cooperation and coordination among water institutions.  Research and development, as well as 
manpower development and training, are also essential aspects of any water programme.  Key policies 
should address short and long-term goals for agricultural development, capacity building, water pricing, 
reduction of subsidies, development and application of appropriate technology, and an enhanced institutional 
infrastructure, which is capable of coordinating and managing complex water policies.  Coordination and 
cooperation within each country, as well as between countries, must be recognized as a fundamental element 
in a viable comprehensive, holistic and integrated water management system. 



INTRODUCTION 
 

A.  BACKGROUND 
 
 Demand for water is on the rise in different parts of the world as a result of socio-economic 
development activities, population growth, the need for more water to increase food production, and 
requirements to provide adequate and safe water supplies.  In addition, increasingly stringent water quality 
the requirements and the increased development costs of remotely located conventional water sources, are 
placing additional pressure on decision-makers and planners to provide economically viable solutions to the 
competing water demand and provide reliable water supplies. Water quality has become both a health and 
social issues, as the public demands safer and higher water quality standards in accordance with their 
enhanced quality of life.  In the past, drinking water with a salt content in the range of 1000 part per million 
of total dissolved solid (ppm) was utilized due to the limited availability of water in a given area, even 
though the World Health Organisation (WHO) standards limit salt content was set not to exceed 500 ppm. In 
water-rich countries with abundant rain and snowfall contributing volume to river and springs flows, there 
has been no problem in meeting demand for good quality water. The situation in countries located in the arid 
and semiarid regions of the world where all ESCWA countries1 are located with severe variation and 
distribution in water availability in time and space, are facing increasing water shortages with ever widening 
in balance gaps between supply and demand as well as declining water quality. The ESCWA region beside 
scarcity of the water has is one of the regions that have highest population growth rates that significantly has 
been impacting the current as well as the freshwater availability. 
 
 To overcome water shortages, the national development programmes of the Arab countries, 
including those in the ESCWA region, continue to include provisions for the development of easily 
accessible surface and groundwater sources such as desalination of sea and brackish water, the mining of 
deep groundwater sources, and limited reuse of drainage and treated wastewater.  Water development 
activities continue to encourage further development of shallow and deep aquifers together with the 
construction of desalination plants. Unfortunately, these water development practices, in the absence of 
adequate implementation of comprehensive water management measures, are responsible for wasteful water 
utilisation and exploitation of water in extreme excess of its natural renew ability. 
 
 Increasing demand for water in the domestic sector has shifted attention to the role of desalination in 
alleviating water shortage mainly in the GCC counties in the last three decades. Desalination has become an 
expedient solution for closing the gap between water supply and demand in those countries plagued by 
severe water shortages in Kuwait, Bahrain, Qatar and United Arab Emirates. Recently some countries such 
Jordan, Palestine and Yemen are given serious consideration to the sea and brackish water desalination 
options to augment their water supply. The tourism sector and some industries have successfully uses 
desalination and the trend will increase in the future. Technological advances are contributing to decreased 
water desalination costs, and the experiences gained by some countries of the region in the operation and 
maintenance of plants, as well as field research, have increased confidence in desalination as a reliable and 
economically viable source of water to meet future water demand.  
 
 Besides the Middle East, shortages of water in the Caribbean and Mediterranean regions during the 
last 15 years have forced them to opt for using the cost effective reverse osmosis (RO) desalination process. 
Even in the USA, which is considered water rich, for its desert regions desalination is being utilised more 
and more to treat brackish groundwater sources. In Europe, water providers, faced with stringent water 
quality standards, are giving serious consideration to desalination, especially the RO techniques (World 
Water 2000). Nowadays, reverse osmosis desalination has become the main fresh water source to large 
vessels, luxury liners and boats, hotels and resorts, remotely located oil camps, and irrigated golf courses. 
The improved reliability of desalination technology and advancement in membrane efficiency - especially 
                                                      

1 Bahrain, Egypt, Iraq, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, United Arab Emirates and 
Yemen. 
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the Ultra and Nano filtration systems, is encouraging its application in industries and water reuse projects. 
Recent developments in design features with regard to energy use and economy of scale has made 
desalination a feasible economical option to produce water, compared to the costs of production from 
conventional water sources.  
 

B.  JUSTIFICATION 
 
 The question of desalination a dependable and cost effective supply option has been debated as in 
many countries in the seventies. However experience of GCC counties with desalination can meet the 
challenge of meeting serious water shortage and the provision better quality required by the public aided by 
the availability  of adequate financial resources and cheap and abundant energy. These countries have no 
feasible options as groundwater reserve is limited, and its the quality is often in excess of 1,000 ppm, unfit 
for human consumption according to WHO standards and the absence of dependable surface water sources. 
Water desalination, particularly in the Gulf Cooperation Council (GCC) states, has offered flexible 
opportunities for alleviating water shortages. Excellent desalinated water quality has substantially 
contributed to a better quality of life, particularly improved health. And provided a perpetual reliable water 
source in urban areas, as well as increased tourism and industrial activities. 
 
 For the remaining countries of the ESCWA region however, desalination is still an expensive 
investment option but shortage of water in counties such Jordan, Palestine and Yemen are forcing them to 
seriously evaluate the sea and brackish water desalination option beside the reuse of treated waste water and 
other means of increasing the water supplies water. The water production costs is still high given the current 
practises of substantial subsides low water tariff is which make it very difficult to recover the cost needed for 
investment in future desalination plants.  
 
 The pursue of desalination option must be looked at with context of integrated approach with 
emphasis on the supply and demand management measures as the past practices the continuation of doing 
“business as usual” in the water sector has led to the misuse of water with serious water shortages in the near 
future. The need to evaluate all options within the aspect of integrated approach as further development, 
treatment and transport of water from remote conventional water sources will be costly, and will increase 
depletion and contamination of groundwater sources. Feasible options for overcoming future water shortages 
for the GCC countries and other ESCWA countries of Jordan, Gaza and the West Bank and the coastal zones 
of Yemen, entail further reliance on reasonability produced desalinated water or undertake implementation 
of desalination programmes, application of appropriate cost recovery through well designed and socially 
acceptable water tariffs, increased reuse of treated waste and drainage water and appropriate water allocation 
among sectors.  
 
 Given the fact that desalination has become a viable domestic water supply option for many of the 
large urban centres in the GCC region and possibly for other major ESCWA urban centres, as well as 
increased interest on the part of the private sector to provide water and services, further investigation of this 
option is warranted in light of the ever-increasing gap between supply and demand.  The experience to be 
gained from further evaluation of this option may be of benefit to other ESCWA countries that are seriously 
interested in pursuing desalination as an option. Also to alert those countries with significant dependency on 
desalination to invest in research and development to reduce the water production cost, institutionalisation of 
water desalination industries and implement effective demand management measures needed to discourage 
excessive utilisation of water in all sectors. 
 

C.  OBJECTIVES 
 
 The role of desalination in augmenting the supply is becoming prominent at the present time and will 
continue in the future as a result of recent decreases in water production costs and the limited options 
available from alternative conventional water sources for countries with severe water shortages such as some 
of the ESCWA countries. Thus, further evaluation of desalination options also can be beneficial to countries 
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that are considering desalination to augment their water sources. In addition further evaluation of its role can 
delineate the contribution of desalination towards satisfying domestic water demand, alternative production 
costs other water sources, current water tariffs in relation to the aspect of cost recovery, need for increasing 
role of the private sector, as well as the need for demand management to reduce water consumption. In order 
to meet such objectives, the study will discuss and evaluate existing desalination process used in the region 
and technologies advancements, domestic water demand, desalination production costs of different 
processes, alternative water sources costs, water tariffs, privatization and demand management measures. 
The different section of this study will address the following issues: 
 
1. Briefly discusses desalination technologies. 
 
2. Current and future demand, and its projections up to the year 2050, including required capacity 
needed to meet future water demand to 2025. 
 
3. Compare water production from alternative water sources with emphasis on production costs 
(groundwater, treated wastewater and other sources). 
 
4. Assess the role of the private sector in the provision of desalinated water. 
 
5. Discusses potential various demand management measures, especially comparisons of the prevailing 
water pricing in comparison the production costs. 
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I.  REVIEW OF DESALINATION TECHNOLOGY 
 

A.  HISTORICAL PERSPECTIVES 
 
 In earlier centuries, attempts at desalination through distillation processing by evapourating water 
were geared towards obtaining salt from the water, and not vice versa. Salt was a valued commodity not only 
was it used as a spice, but also had preservative and medicinal properties. Sea-going ships have practised 
distillation over many centuries to produce limited fresh water during journeys. Heat from the ship’s engine 
or cook stove was used to obtain distilled water from the sea (Gleich 2000 and Delyannis, 2000). The first 
large dissolution plant was build in 1874 at Salinas near Antofagasta, Chile to produce water for workers at 
local mines (Mesa et al 1996) using solar energy and a glass –covered wooden structure to produce 22.5 
cubic metre (cm) per day until 1908.  
 
 At the Island of Caracas near the Netherlands Antilles, a desalination plant built and operated in 
1928.  Interest in desalination as a means of obtaining potable water increased during the 1940s as a result of 
the Second World War to provide fresh water to military establishments.  Later desalination of seawater as a 
source of drinking water was used only on a limited basis by islands and small coastal communities, due to 
high costs and energy requirements.  Major developments in desalination took place in the early 1950s as a 
result of work done by the United States Offices of Saline Water and Research and Technology advances; 
their work continued for the next 30-year period.  
 
 Over the last two decades, advances in desalination technology have enabled desalination to compete 
with the development of conventional water sources in term of reliability better water quality and cost.  
Increased production efficiency, new and improved filtration membranes, and new procedures allowed the 
production of fresh water at reasonable and affordable costs have brought desalination as a main domestic 
water or augmentation of the supply. Commercialisation of the desalination industry began in the early 
1960s, and some of the method became fully commercialised in the 1980s. Since the 1950s, the number of 
countries interested in desalination have increased and recently reached more than 120 countries. 
 
 In the 1950s, distillation process using the Multi Stage Flush  (MSF) method was the main process 
used, with capacities ranging from 20 to 60 cm /day.  In 1970, commercial membranes began to be used.  
This provided the ability to convert all types of saline water, ranging from brackish groundwater to seawater, 
at a reasonable cost.  Increased use of this process began in 1971, when there were only 97 plants with 
capacities ranging from 0.025 to 23 million cubic metre (mcm) per day.  This number gradually increased to 
370 plants in 1970 with a total capacity of 77 mcm per day. 
 
 The development of synthetic ion exchange materials during the 1940s contributed, to a certain 
degree to the first commercialisation of the Electro dialysis (ED) desalination process.  The ED method has 
been used commercially since 1960 (Birkett and Bushnak 2001).  This process provided a cost effective way 
to desalt brackish water, however this process was faced with the scale, slime and the build-up of other 
deposits.  Other distillation processes include Freezing Membrane Distillation (FMD) and solar or wind 
driven processes.  FMD has not been progressed yet to what considered as commercial option.  The solar and 
wind driven desolaters are still under experimentation and development with the objective of improving 
efficiency, higher production capacity and reduction of its high costs.  
 
 The historical use of desalination in the ESCWA region go back to the beginning of this century as 
the first distillation unit was installed in Jeddah, Saudi Arabia know as Kindasda in the early 1930 which 
provided water for the city and visiting vessels. The pioneer in taking the initiative in the utilization of 
desalination, as a main water source was Kuwait where it built its first MSF plan in 1957 with a capacity of 
4545 cm per day. Al Wajh, Saudi Arabia the first MSF plant was built   1969 with a capacity of 227 cm per 
day. In the United Arab Emirates, MSF plant was built in 1969 in Abu Dhabi with a capacity of 22710 cm 
per day while Bahrain started construction of its plan in 1975 at Sitra location with capacity of 8 mcm 
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(22727 cm per day).  Oman had its desalination plant At the Gubrah in 1976 with capacity of 22710 cm per 
day (Al Mutaz, 2001).  
 

B.  DESALINATION PROCESSES 
 

 Commercially available desalination plants consist mainly of thermal (distillation) and electric 
(membranes) driven processes.  The distillation process is based on the principle of changing the state of the 
solvent using heat to create the desired separation of solutes and fresh water.  The membrane process 
involves the use of special physical membranes in which the salt or solvent is transferred across the barrier 
by hydraulic pressure or electric current   Thermal processes of the most commonly used are the multi-stage 
flash (MSF), multiple effect (ME), and vapour compression (VE) are steam driven by dedicated boiler, waste 
heat boiler or extraction of steam power station turbines.   Membrane process used is electro dialysis (ED) 
and reverse osmosis (RO).  Other minor processes that can be used include freezing, membrane-distillation, 
and solar or wind-driven mechanisms. The selection of a desalination process depends on the desired water 
quality, cost of productions and other factors include how the water is to be used, economic considerations, 
the availability of energy, site-specific conditions, and local engineering expertise and experience. 
 
 Multi-Stage Flash (MSF):  The concept of the MSF distillation process is based on adjusting the 
atmospheric pressure of water being boiled, which will effect the boiling-point (for example, at a pressure of 
1 bar, water will boil at 100 degrees centigrade, and at 0.25 bars of pressure, water will boil at 65 degrees 
centigrade).  By decreasing the pressure, water will boil at increasingly lower temperatures, with the benefit 
of multiple boiling points.  After the boiling point is adjusted, seawater as feed water is heated and 
pressurised to the desired temperature.  The heated seawater is discharged into a series of chambers - called 
stages - at a pressure slightly lower than the saturation vapour pressure of the water, which allows a fraction 
of its water content to flash into steam.  The flashed steam is stripped off of the suspended brine droplets as it 
passes through the system.  Mist is collected and condensed on the heat-exchange tubes as it runs through 
each stage. The series of “stages” having successively lower pressures and boiling temperatures, allows for 
multiple boiling, maximising the amount of condensed water that can be obtained from each volume of feed 
water processed.  The condensed water is pumped out as a hot water.  The heat released from the condensing 
vapour is used to heat the next batch of feed water, and the cycle begins again.  Some of the brine is re-
circulated with the feed water in order to increase water recovery. 
 
 Desalination plants may have any where from 4 to 40 stages.  Resulting water quality usually ranges 
from 10 to 25 ppm. For MSF, the energy required consists of fuel energy for driving the boiler and electric 
energy to drive the power plant. Energy efficiency is a function of the number of stages used in the process. 
The plant is normally located close to an oil-fired power station.  The desalination unit utilizes the low-grade 
steam from the power station’s generation turbine to heat the seawater in preparation for processing. The 
researchers in Scotland and the USA during the 1950s and 60s contributed to the solution of the scaling 
problem by linking a large number of flashing vessels in a series, each held at a low pressure, which resulted 
in optimisation of water production and minimization of scaling on the heat exchange surfaces processes.   
The spread of the use of the MSF process in the Gulf region is attributed to its good reliability, availability 
low oil prices, and the advantage of producing both electricity and water.  
  
 Multi-Effect (ME):  The Multi-effect process is another form evapourative distillation technique, 
with the advantage of low costs.  The process has been used in the chemical industry as a method of 
materials concentration and crystallisation.  It is similar to MSF as a series of vessels are used in conjunction 
with the reduction of ambient pressure in subsequent “effects” or chambers.  The method is based on the 
concept that vapour produced by evapouration can be condensed according to the same principles used the 
heat of vapourisation to heat the feed water at a lower temperature and pressure in each successive chamber.  
The evapourators and condensers are placed successively throughout the system.  The reduction in 
temperature and pressure allow multiple boiling – similar to the MSF process, however, no additional heat is 
supplied after the first “effect” takes place (Gleich 2000).  The feed water flows over a heat transfer surface 
in the first “effect” chamber, and is heated by the prime stem, resulting in the evapouration of a fraction of 
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the feed water.  Then, the seawater is heated to the boiling point and is either sprayed or distributed over the 
heated evapourator tubes to promote rapid boiling and evapouration.  In each effect, feed water evapourates 
on the inside of the heat transfer tubes and condenses on the outside, or vice versa.  The processes of 
evapouration and condensation are repeated in each successive “effect” chamber. Different configurations of 
this process are utilized in plan design of; may consist of either vertical or horizontal smooth tubes, or 
double-fluted tubes.  Currently, the horizontal tubes are the most widely used. 
 
 Reverse Osmosis (RO):  Reverse osmosis is a high-pressure filtration process that allows salt and 
dissolved organic to pass through a semi-permeable membrane. The pressure difference or ionic separation is 
used to separate salt from freshwater. The energy source is available from electric driven pump. A pump 
creates the required pressure.  Membrane selection depends on the type of salt rejection required.  The 
quantity of water produced depends on the number of membranes. RO offers flexibility in plant size due to 
its modular nature, allowing it to be used for both small and large-scale water production.  The use of RO 
became commercially accepted in the late 1970. 
 
 Rapid growth in the application of the RO process can be attributed to recent advances in membrane 
performance and durability. The manufacture of a cellulose acetate film in the 1960s, having a graded or 
asymmetric pore structure, gave rise to an increased application of the reverse osmosis desalination process.  
Typical configurations consist of large sheets of film consisting of a number of flat “envelopes” or “leaves” 
of porous membrane with spacing material in between the leaves.  Sometimes the leaves are wound around a 
perforated hollow mandrel.  The membrane improvements made in particularly the development and 
utilization of polymers such as polyamides or polyamide-pleurae copolymers, for separating the layers of 
leaves has contributed to the increased utilization of this process.  The number of membrane layers used is 
related to the quality of water produced.  There are many types of membranes with associated characteristics 
according to the type of feed water used: conversion for seawater is 30-40%, while that for brackish water is 
90% (World Water 2001). 
 
 Pre-treatment of water to be processed can be as much as 50% of total water production costs for 
desalinated water.  In order to reduce these costs, many RO processing plants are making use of a dual 
membrane system where the RO membrane is proceeded by a more porous micro-filtration membrane to 
remove suspended solids, and thereby reducing fouling.  The filtration processes through Nano, Micro, Ultr 
hane improved the RO performance. Nano filtration (NF) membranes allow the passage of single charged 
ions and reject ions with more than one negative charge, such as sulphate or phosphate (World Water 2000).  
The membrane also has the ability to reject uncharged and positively charged ions and dissolved materials.  
Recent promising developments have occurred with the integration of NF and 
  
 Vapour Compression (VC):  Desalination by VC represents another form of distillation process. 
The development of thermal vapour compression started in the early 1990 through the research carried out 
by a French through evaluation of steam jets and aspiration (Birkett and Bushnak 2001).  Their efforts 
focused on replacing the mechanical pump with a medium pressure steam jet, which created a vacuum on the 
evapouration side and exerted compressed vapour on the condensing side.  This technology was popular 
during the first half of the century; however, it had limited water production capacity.  This process, resulted 
in the deposition of insoluble inorganic scale on the heat exchange surfaces, which required frequent shut 
downs for cleaning and removal of scale (Birkett and Bushnak 2001). 
 
 Electro dialysis purifies water by filtering out separate ions. Cation-and anion-permeable membranes 
are used, and the stream of water solution is subjected to a direct electric current. This causes ions, which 
carry electricity to migrate across the stream and through the membranes. Cations travel through a membrane 
on one side, while anions travel through the membrane on the other side. The result is desalination. Electro 
dialysis has not been very successful in the desalination of seawater and is used mainly for brackish water. In 
the freezing method, a solution is partially frozen. During the process of freezing, impurities are naturally 
excluded. After being frozen, the ice crystals are washed to remove impurities and then melted to form 
purified water. Owing to the complexity off this method, only a few plants of this type have been 
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constructed. A solar-powered freezing plant was constructed as an experimental project in Saudi Arabia. 
Since the process was shown to be inefficient, the plant was disassembled. There are several alternative 
methods of desalination including electro dialysis (ED) and freeze desalination (FD). However, these have 
not been developed sufficiently to allow large-scale use. 
   
 Solar Distillation:  Solar distillation has the advantages of utilising free available energy, simple, 
low capital cost and inexpensive technology and minimal environmental impacts, making is suitable for rural 
communities and remote areas. Particular emphasis has been placed on the long-term reliability, 
improvement of thermodynamic efficiency, and economics of water production. So far, research has 
provided good results at low water production capacities with relatively high water production cost per cubic 
metre of water produced. 
 
 For any desalination processes we should recognize that the chemical and biological characteristics 
of water to be desalted could impact the efficiency of the desalination process.  The presence of inorganic 
ions and living organisms, as well as the release of non-condensable gases such as nitrogen and oxygen in 
solution, can diminish heat or mass transfer in the desalination process.  The presence of carbon dioxide, 
chlorine, oxygen and hydrogen sulphide can lead to metal corrosion.  Some elements, thus, can result in 
higher generation and maintenance costs.  The trend is in favour of the use of RO plant as evident by the many 
advantages shown in table 1 specially the energy consumption and reduced cost for brackish water. In the GCC 
region MSF is still remain the process being used due to the confidence built from long experiences specially in 
Kuwait but there is some slow shift to ward RO In addition most of the recently awarded private contracts 
relied on the application of RO.  Further detail on the main desalination processes discussed above as well as 
other minor one can be found in the ESCWA publication number E/ESCWA/NR/1997/9/Rev.1.  The 
advantages and disadvantages of each desalination process is as briefly summarized in table 1.  
   

C.  DESALINATION CAPACITY 
  
 There have been tremendous increases in the sold capacities to cope with the shortage of drinking 
water especially in arid and semi arid regions such as the Middle East, North Africa, and some of the 
southern parts of the USA, Cyprus and some non arid region such Spain and the Caribbean Islands. The total 
number of desalination plants has increased from 1,500 in 1970 to 13600 plants in 2000 with capacity of 
more than 100 cm per day. (Badawi, 2000 and Wagnick 200) in 120 countries of the world with 60% of them 
located in the Middle East region. For desalination capacity producing water of more than 700 cm per day, 
there are 7100 units.  The annual growth in the desalination industries during the period 1972-1999 was 
estimated at 6%. 
 
 During the last 50 years the desalination market has expanded significantly, from a solid processing 
capacity of only 3.6 mcm per year (10,000 cm per day) in 1950, 73 mcm in 1960, 110mcm in 1966, 2.7 
billion cubic metre (bcm) (7.3 cm/ day) in 1980, 4.8 bcm  (13.2 cm/day) in 1990 and reached 9.6 bcm (25.91 
cm/day) as by the end of December 1999 mainly from the distillation process (ESCWA, 1989, Wangnick 
2000 and Al- Wazzan and Al Modaf, 2001). Desalination of brackish and seawater has become a viable 
option in meeting domestic water demand. According to Wagnich (2000), 60.7% of installed and contracted 
capacity is devoted to municipalities and 27.8% to industrial uses. The increased capacity for the year 1999-
2000 was estimated at 1.2 bcm from 1150 unites. The percentage distribution of the solid capacities in the 
ESCWA region especially GCC countries in relation different region of the world including the number of 
units is shown in table 2.    
 
 The cumulative sold capacities in the worldو Arab reached 5.83 bcm (15.97 cm /day) while for the 
ESCWA region estimated 5.43 bcm (14.88 cm/day) during the period 1965-to December 1999. The 
cumulative capacity for the Arab Region for the period 1965-1993 reached only 3.72 bcm as shown in table 
3 and figure 1.  Solid world desalination capacity in Arab world during the period 1970-1999 increased from 
0.5 to 15.98 mcm per day. Out of the 9.6 bcm worldwide sold desalination capacity, countries of the Gulf 
States approximately accounted for close half of the capacities (47%). World capacities are expected to reach 



 8

Table 1. 
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43.1 billion cubic metres in the year 2025 (Badawi, 2000).  Solar and Nuclear desalination capacity is still 
very small as experimentation is still continuing, where as solar accounts for only 0.02% of the world’s total 
capacity (Delyannis, 2000). Nuclear capacity is also very small as public is weary of radiation risks. 
 

TABLE 2.  DESALINATION CAPACITY DISTRIBUTION ACCORDING TO REGIONS OF THE WORLD 
  

Region 
Percentage  

sold GCC countries Units 
Percentage 

sold 
North America 16 Saudi Arabia 2074 21 
Europe 5 Kuwait 174 6.3 
Gulf Cooperation Council countries 53 Qatar 94 3.2 
Remaining Middle East 10 United Arab Emirates 382 20 
Asia 3.8 Bahrain 156 4.4 
Other countries 11 Oman 102 1.5 
 

TABLE 3. CUMULATIVE SOLID DESALINATION CAPACITY IN THE ARAB WORLD  
(BUSHNAK 1995 AND MERD 2000) 

 
Total capacity  

(cubic metre/day) 
Country 1965-1993 1965-2000 
Bahrain 315 197 784259 
Egypt 87 044 33652 
Jordan 8 445 10369 
Iraq 333 093 10 
Kuwait 1 523 210 1652137 
Oman 162 096 377879 
Qatar 562 074 821688 
Saudi Arabia 5 020 324 5429334 
Syrian Arab Republic 7 703 8966 
United Arab Emirates 2 081 091 5132275 
Yemen 37 188 74897 
Algeria 204 312 263624 
Djibouti 404 404 
Libyan Arab Jamahiriya 666 750 748214 
Morocco 15 325 16470 
Mauritania 4 654 4654 
Somalia 408 408 
Sudan 1 776 1876 
Tunisia 50 914 64011 
Lebanon  18390 
Palestine  2246 
Total 11 093 008* 15465811** 

* 4.05 million cubic metres per year (mcm/year) (ESCWA 10.15 million cm/day= 3.7 mcm). 
 ** 5.83 mcm/year. 
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 The reported installed desalination capacity of 9.6 bcm by the year 2000 is much larger than the 
existing desalination production as many plants are no longer in services. Thus when addressing installed 
capacity one take note of the reported total installed that this capacity was estimated using data from the 
desalination industry since the beginning of its application in a given country, which includes plants that no 
longer produce fresh water. The reported installed capacity is misleading, as it does not give the actual 
production at the present time. 
 
 Use of various desalination processes increased and decreased throughout the world as new and 
more efficient methods were improved or introduced.  MSF being the leader in the desalination technology is 
experiencing decline in growth as a result of interest in low energy consumption processes. Share of MS, in 
relation to sold capacity decreased from almost 95% in 1966 to 91% in 1976 to 75% in 1997  (Al Wazzan 
and Al Modaf, 2001). Worldwide distribution of contracted desalination capacity, according to the process 
used, as follows: MSF 41%, RO 47%, and the remaining processes combined total 12%, as of 1998.  For 
capacity of 4000 mcm per day, MSF represent 48%.  Use of RO increased from 8.5% in 1975 to 31% in 
1988 and reached 2.2 bcm per year in 1999- 2000 period, distributed as 1.46 bcm for seawater and 0.73 bcm 
for brackish water source (ESCWA 2001). The use of (ED) has remained about the same over the years, 
ranging from 5% to 6%. When grouped according to treatment of raw water quality, 58%of total desalination 
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capacity is used to desalt seawater, 26% for brackish water, and 16% for other water sources such as 
wastewater and recycling. The share of the main freshwater producer were Saudi Arabia at 21%, U.S.A at 
16.8% UAE, 11.3% and Kuwait at 6.4% and also Labia, Spain, Caribbean Islands and Japan.  
   
 In the ESCWA region, MSF processes provided the bulk of production with capacity of 4.1 bcm 
followed by RO at 0.99 bcm, then VC at 0.24 bcm, ED at 0.09 bcm and last ME at 0.04 bcm. More than 75% 
of desalinated water in the ESCWA region is produced through MSF distillation while RO accounts for 18% as 
shown in table 4.  The ESCWA countries share in VC, ED and MED, and, as well as other processes are very 
small estimated at 4.4, 1.7 and 0.74% respectively.  Saudi Arabia alone accounts for one fourth of world 
capacity in desalination.  Three Arab countries, Saudi Arabia, Kuwait and the United Arab Emirates, were 
rated first, third and fourth, respectively, in the installed desalination capacity in the ESCWA region for the 
period 1965-12000. These capacities cover all desalination plants and include numerous units in private sector 
ownership for industrial or other purposes. However the current production of Government-owned desalination 
plants in the ESCWA region is estimated at 1.9 mcm as shown in table 4, which is much smaller than the 
reported cumulative sold capacities more than 5.43 bcm since 1965 as many plants may longer are operational. 
   

D. ENERGY REQUIREMENT 
 

 Energy costs represent a major portion of the total cost of the desalination process. Energy 
requirement for a given plant depends on the process used, performance ratio, salinity and temperature of the 
feed water and desire level of water quality to be produced and site characteristic in term of intake and disposal 
of waste. The integration of desalination and energy production facilities provides an incentive for reduced 
desalination energy costs as it represents a major cost component.  However, the energy costs is associated 
with the price of oil fluctuating. The energy is associated with the volume fresh water produces as to produce 
one cubic metre of freshwater by desalination it requires 22 Kilo Watt per hour (kWh) of energy on the 
average.  To illustrate the energy consumption- water production cost relationship, a hypothetical diagram  
(Kalogirou, 2001) is presented in figure 2. The diagram shows the minimum and optimum energy 
requirement with high production cost. It also indicates that total cost of water production increase 
proportionally as the cost of energy increases. It seems that high capital and other expenses increases if the 
energy consumption decreases and vice versa.  This diagram should be used as only for illustration purpose 
as it is not based on actual data but can be verified through field data. In general the energy consumption is 
seawater desalination (Biswas, 2001) is decreasing with time due to improvement in the processes the 
thermal energy consumption has decreased from approximately 44 in 1957 to 8.8 kWh/cm in 1998, while for 
processes that use electric energy the energy consumption decreased from 22.1 to 3.3 kWh /cm for the same 
period as shown in figure 3.  

 
TABLE 4. ESCWA COUNTRIES INSTALLED CAPACITY FROM DIFFERENT DESALINATION PROCESSES 

IN MILLION CUBIC METRE (AFTER MEDRC 2000) 
 

Country MSF PO ME ED VC Total 
Actual 

production 
Bahrain 212.21 51.29 0.47 5.08 17.25 286.32 75 
Kuwait 535.09 60.76 4.26 2.22 0.05 603.03 388 
Qatar 285.76 15.04 1.33 - 7.79 299.92 98.6 
Oman 120.42 10.52 1.53 0.38 5.12 137.92 47.3 
United Arab 
Emirates 

1631.16 68.11 3.41 1.86 173.19 1873.28 405 

Saudi 
Arabia 

1272.53 639.18 6.39 35.69 27.56 1981.71 1050 

Egypt 12.17 50.78 0.94 12.18 4.14 81.02 31.7 
Iraq 3.95 89.70 0.93 32.32 - 121.40 7.4 
Syria - 2.55 - 0.72 - 3.27 2.0 
Yemen 0.88 2.71 22.45 0.11 0.09 37.34 9.0 
Lebanon 0.19 1.17 - - 5.35 6.71 1.7 
Palestine - 0.09 - - - 0.09 0.5 
Total 4074.36 991.9 41.71 90.56 240.54 5432.01 1861.2 
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 As far as the energy factor is concerned, the contribution of energy to the running cost of desalting 
plants is very significant and may varies from 20% to 70% depending the plant performance function.  VC 
requires only mechanical energy produced by pumps with compressors driven by electricity. Seawater RO 
requires 305 to 12 kWh /cm of water produced, depending on recovery ratio, salinity of seawater, process 
design, and the type and efficiency of pumps and motors used.  A well-designed, single stage plant with large-
sized unit with high equipment efficiency has high-energy recovery (45%).  Mediterranean water is expected to 
require approximately 4 kWh/cm due to lower salinity compared to the Gulf.  However, this design may not be 
the optimum for all sites nor for fuel cost.  
 
 For the distillation process of MSF, MED and VC the energy input is mainly in the form of steam or 
hot water while addition, some electricity is required to drive pumps. In MSF and MED processes, energy 
efficiency is increased by increasing the number of stages, or effects, in order to increase the amount of water 
produced from one unit of steam, that is, to increase the performance ratio (PR), which is defined as 1 Kg of 
product water per 1 Kg of steam.  However, in practice, the efficiency gain is reduced by higher capital cost 
and avoidable energy losses in each stage of effect.   The heat requirements depend on the design, particularly 
on the number of effects and the performance ratio.  The performance ratio, in turn, is related to kWh/cm, and 
for MED from 11 to 23 kWh/cm for a heat source inlet temperature of 120º C to 70º C.  
 
 There is a large variation in the energy consumption by different processes to produce one cubic metre 
of water as shown in table 5.  For MSF energy estimated at 3.5 to 6 kWh/cm Desalting brackish water requires 
much less energy ranging from 0.5 to 2.5 kWh/cm due to the lower salinity of the feed water.  Using the new 
low-pressure (75 to 175 psi) membrane elements can reduce energy requirements for low salinity water by 
about 25 to 40%.  The other process driven only by electrical energy is VC, which requires from 7 to 15 
kWh/cm depending on unit size and design. The Gulf countries report lower production costs in comparison 
with the rest of the world, due to the subsidization of fuels.  Field experience from the ESCWA countries, 
using information available from single and dual purpose MSF plants in Kuwait and OR plants in Saudi 
Arabia, indicated that fuel consumption for the RO, single MSF plants and dual MSF and were estimated at 
27, 455 and 256, MJ/m3, respectively.  The amounts of fuel required to produce one m3 of desalinated water 
for RO, dual MSF, and single MSF, respectively, were estimated at 1.8, 6.9 and 11 KJ/m3, with 
corresponding production costs of $0.7, $1.5 and $2.7/ cm with energy subsidies. 
 

Cost of fresh water 

Energy consumed in the plant

Minimum energy 
requirement 

Total cost of water

Energy cost

Capital cost and other expenses

Figure 2. Hypothetical diagram of relationship between energy consumption and water 
production cost (After Kalogeraw 2001)
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 The electrical energy equivalent given in table 5 for thermal plants is not widely accepted in the 
industry, as the assumptions and methods of calculation used in converting thermal energy to electrical energy 
are not standardized.  The total electric equivalent explains why distillation process cannot be energy-
competitive unless waste heat is available, such as in co-generation plants.  With fuel cost increasing over the 
expected life of plants (25 to 30 years), designer of new plants is giving careful consideration the energy factor 
in term of the magnitude of consumption and process.  Gulf countries use different cost allocation assumptions, 
as some consider water to be secondary product of dual-purpose plants while others consider it to be a primary 
product.   
 

Figure 3. Advancement in energy consumption of seawater desalination 
(After Biswas 2001) 
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TABLE 5. ENERGY CONSUMPTION BY DIFFERENT DESALINATION PROCESSES 
 

Process kWh/cm Electric Thermal Remark 
MSF 12-50 1.5   
RO  4-8 

4-6* 
 With energy recovery 

RO  2-3  Brackish water 
ED  3-7  Brackish water 
ED  17  Seawater 
VC  7.5-13   
MED/SWR  3.2-3.6  With energy recovery 
MED 4.5-12.5    

 
 An analysis carried out by Wade (2001) to evaluate the influences of oil prices on the water 
production indicated that when oil prices doubled from $13 to $26, the production cost of water via the MSF 
process increased by 33%, whereas for the RO process, the increase was 10%. The relation between cost of 
fuel in dollar per gig joule (GJ) as a base for calculation in relation to cost of water production from MSF, 
RO, and MED plants  (Wade 2001) are shown in figure 4. It is estimated that one barrel of oil contribute 6 
GJ of thermal energy.  The cost of water produced using the MSF and MED processes was substantially 
higher than for plants using the OR process. For a fuel price of $1.5 per GJ the water production cost from 
MSF estimated at $1 and MED at $ 0.9 compare to RO $ 0.7/cm. Figure 4 gives an indication of fuel cost on 
the water cost from different plans which favour utilization of RO processes specially when it has booster. 
Water salinity influences the energy consumption. For example for a salinity of 3000- 4000 ppm, the energy 
required is estimated 1.4- 1.7 kWh/ cm while for TDS of 30000-40000 ppm the requirement is estimated 5.5 
kWh. 
 
 Renewable energies are an environmental friendly and are suitable to different types of desalination 
processes.  However, large-scale applications are still under study and pilot trials.  Renewable energy sources 
include solar, wind, kinetic force of waves, and thermal energy.  The most widely used experimental sources 
are solar and wind.  Solar desalination with simple technology is suitable for providing a limited amount of 
fresh water for rural and isolated areas.  Many solar devices were developed during the last two decades, 
such as stills making use of basins or soaked cloth inclines, and multi effect.  Stills are either passive or 
active, and capital costs may range from $800 - $1200 cm-day. Current research indicates that the multi-wick 
double effect still is the most economical. 
 

E.  ENVIRONMENTAL IMPACT 
 
 The construction of a large number of desalination plants has some detrimental effects on the 
surrounding ecosystems.  Early desalination plant construction emphasized water and power production with 
little consideration for environmental impact.  Desalination plants have caused air and water pollution as a 
result of the combustion process they employ.  The release of carbon oxides and other gases into the air affects 
air quality of the surrounding area.  Water pollution also has result when concentrated brine is discharged back 
into the feed water source.  Discharge effects may be categorized as having physical, chemical or biological 
characteristics specifically salt concentration and to residual treatment chemicals and trace elements picked up 
within the plant.  Physical effects refer to the consequences of releasing hot brine.  Chemical effects occur as a 
result of increased brine concentration, treatment chemicals remaining in the brine, as well as trace elements 
resulting from corrosion.  Biological effects are the change in biological oxygen demand in the water from its 
intake value to its final value at the point of discharge.  The degree of brine salinity depends on the original 
salinity of the feed water and the amount of desalinated water, which has been extracted.  
 
 Recovery from seawater produced intensifications range from 20% to 68% depending on the type of 
desalination process used.  This translates into a concentration ratio of 1.25 to 3.  Reverse osmosis and electro 
dialysis range from 50% to 90%, with corresponding salinity concentrations 2 to 10 times greater than the 
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original feed water.  Treatment chemicals and internal plant corrosion cause heavy metals such as copper, iron, 
nickel, and molybdenum to be released in the brine.  The amount of ions is directly related to the water's Ph and 
the concentration of materials released from the plant.  Evaluation of the effects of discharge depends, to a large 
extent, on the physical characteristics of the marine environments where the brine is released.  Environments 
that are semi-closed or inhabited by sensitive or high-value organisms are most vulnerable. Effects in an open 
environment with active currents will only be noticeable within 300 metres of the discharge point. Inland 
disposal is resorted to when desalination plants are located far from large water bodies.  This is usually the case 
with RO and ED desalination of brackish groundwater.  Options for brine disposal in this case are: pumping 
into evapouration ponds, injection into deep underground geological  formations, or spreading on unusable arid 
land. 
 

Figure 4. Energy cost in water production cost for different desalination processes 
(After Wadi 2001) 
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 Cost plays an important role in choosing the method of disposal.  Costs may range from 5% to 33% of 
the total cost of desalination, depending on waste concentration characteristics, level of treatment before 
disposal, the means of disposal and the nature of the environment where disposal takes place.  While deep well 
injection of brine may cost between $0.1 and $0.3 per cubic metre of desalinated water. Properly constructed 
lined evaporation ponds may be more costly.  Concentration of salts using solar evaporation may cost between 
$0.3 and $.5 per cubic metre.  Regardless of the type of land disposal used, there is always a risk of 
groundwater contamination, but the salt concentration method is the least expensive. Further details on the 
issue of the environmental impact of the operation of desalination plant along coastal zones or inland can be 
found in publications ESCWA/ENR/1997/9/Rev.1, E/ ESCWA/ENR/1997/4 and ESCWA, 2001. 
  

F.  TECHNOLOGICAL ADVANCEMENT 
 
 Major research and development efforts in the field of desalination over the last 20 years have 
focused on the improvement of energy efficiency and membrane performance and replacement which is 
contributing to decreasing water production costs and building confidence in desalination reliability.  Current 
technological trends are oriented towards increases in use of hybrid processes with emphasis on innovative 
combinations of chemical-physical processes through adsorption or ion exchange and electrochemical 
methods.  Additionally, technology development- may result in nearly 100% water recovery, which will 
improve plant efficiency and reduce or eliminate waste. 
 
 There is a consensus in the desalination industry that MSF distillation has reached maturity, and further 
substantial progress is expected to be small.  However other thermal methods, however, will continue to be 
refined and improved.  Work is being done to create reliable, large capacity, low-temperature and reduced 
pumping energy using MED or TVC units. In regard to solar desalination, most of the advancement focused on 
undertaking more experimental and pilot project to enhance the distillate output and maximization of solar stills 
efficiency. Further research is needed to gain better understanding of the thermodynamic and economic of 
different stills configurations. 
 
 Technological advances have taken place in the reverse osmosis process, in terms of more efficient 
system design, reduced equipment costs, better selection of construction materials, and improvements in 
membranes, which resulted in lower investment, operating and energy costs.  Further RO advances is 
expected in regard to micro, ultra and Nano filtration pre-treatment processes, the installation of energy 
devices and the design of large capacity plans.  A great deal of production equipment has now been 
automated or can be operated by remote control, reducing overhead and manpower expenses.  Improvements 
in the efficiency of high-pressure pumps, power recovery turbines, and the optimisation of recovery rate have 
contributed to lower energy consumption (Klinko and Wilf, 2001).  More flexible operating parameters, 
better membrane salt rejection, utilization of membranes that can operate above 1000 psi, and directly driven 
booster pumps have all contributed towards the reduction of water production costs (Klinko and Wilf, 2001). 
Researches are also being pursued in further improvements in the process, equipment and knowledge of the 
desalination process.  
 
 Research also during the last ten years has contributed to better understanding of the membrane scaling 
and fouling problems leading to selection of appropriate pre-treatment methods and improved design 
configuration the membrane life on the average has increased from 3 to 5 years and expected to reach 7 to 10 
years.  Recent development in Nan filtration (NF) and membrane softening (MS) membranes also contributed 
to water softening, rejection of bacteria and viruses and suspended solid removal (Birkelt and Bushnak 2001). 
Experiential result indicated softening of seawater in evaporative plants such MSF and ME may allow plant 
operation at high temperature resulting in additional production capacity.  Other aspects of the desalination 
process which are being studied and further refined include the use of chemicals to reduce scale deposits, 
improved structure and materials for heat transfer surfaces where the evaporation process is used, the use of 
corrosion resistant materials, RO membranes increased resistance, improved selectivity, improved water 
production per unit area of membrane, and improvements in the efficiency of auxiliary equipment involved in 
the RO process.   
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 There is an increased awareness of the need for standardization and clear definition of plant design 
and specifications using information from plants in the country that have been successfully complete and are 
in production.  This process resulted in a substantial reduction in procurement time in the United Arab 
Emirates, for example. (Syambabu and Sommariva, 2001).  Another improvement noted was fast track 
factory assembly and shipment of large evaporators that could be produced and delivered in a minimum of 
time. 
 
 Future research needs to address other energy and material problem issues. Substantial progress has 
already been made in the improvement of the MSF elements. Lower-cost material is also expected to be used in 
the construction of MED and VC distillation plants.  Nevertheless, further perfection in processes such as 
enhanced heat transfer will make continuous operation possible.  Improved scale and corrosion control flow 
range, workmanship and automated monitoring and control is needed to also improve the efficiency and 
longevity of desalination by this method.  The MED process is also well developed; however, specific aspects, 
such as the use of thin titanium tubing, need to be improved to maximize efficient heat transfer.  Further 
improvement is also needed in the area of raw seawater entering from outside the plant.  Vapour compression 
in combination with MED units needs further development in compressor design to enhance their efficiency 
and reliability and provide higher capacities.  
 
 Technical advancements are expected in membrane processing, and concentrated efforts are underway 
in many countries where membrane separation through the use of electrically charged membranes to filter out 
impurities appears to be promising. Improvements are still needed in pre-treatment of feed water, especially 
for surface seawater intakes.  The development of low-cost UF membranes is expected to result in an 
economical alternative to feed water pre-treatment. Improved membrane efficiency and technology are 
expected to lower production costs and make these processes more reliable.  New membrane manufacturing 
processes such as plasma polymerisation or radiation-induced grafting may result in membranes with higher 
specific fluxes, higher temperature tolerance and high chemical stability, as well as anti-fouling mechanisms.  
Improved in materials will allow production of compaction-resistant membranes and will enable operation at 
higher pressures.  It is expected that these improvements will result in conversion rates higher than 50%, 
thereby decreasing production costs. 
 
 Desalination industries have flourished during the last two decades as evident by the increased 
interest in desalination science and technology where the number of institutions and companies working the 
field reached 17000 in 1996 and the involvement of more than 5600 experts from different disciplines. Even 
though research and development was achieved in different part world, the ESCWA counties took advantage 
of these advances by implementing, constructing and experimenting with different plants sizes and 
processes. Results of research and development took place during last decades where improvement in 
process from this region being used indifferent part of the world to design efficient plants.  The increase 
reliability of desalination as a dependable source contributed enhancement of research efforts as evident by the 
increases in the number of publications in the field. According to desalination journal, the published articles 
increased from 481 during the period 1966-1975 to 1353 for the period 1968-1995 (Balaba, 1996).  Total 
number during a 30-year period of 1966-1995 reached 3136. Article contribution from ESCWA region experts 
was only one for the early period of 1966-1975, however the number increased to 121 for 1975-1985 and 
reached 301 for the period 1985-1995(Balaba, 1996) with 269 articles from GCC experts.  Most the research 
and development was done by desalination research canters and universities in Saudi Arabia, Kuwait, UAE, 
Oman and Egypt.  
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II.  WATER DEMAND 
 

A. DEMAND CONSTRAINTS 
 

 Worldwide water consumption rates during this century have increased dramatically, and twice 
exceeded the growth rate of the world’s population. The increases in water demand coupled with natural and 
man-made water scarcity has contributed to depletion of resources and high development and delivery costs. 
The available financial resources become have fallen short of needed for services and has strained the budget 
for large number of developing countries. In the ESCWA region, such as at higher rates, the debate will 
remain, however, how much these increases will be in the next 25 or 50 years?  While it is difficult to predict 
future water demand accurately, as large volumes is needed for the next 50 years given such as the high 
population growth, lack of public participation, the marginalized role of NGOs in relation to the democratic 
process, trained personnel, high urban growth, restricted trade policy, social habit changes, absence of 
effective water pricing policy, and lack of private sector involvement and the existing traditional changing 
roles of water ministries. All these factors should be evaluated to formulate appropriate strategies. Major 
changes must take place in reforming the water sector in order to cope with challenges of meeting the future 
demand.  
 
 In the ESCWA region, water supplies, especially for domestic purposes, have not been able to keep 
pace with increased requirements brought about by urban expansion by high population within the and rural 
migration, increased tourism activities and improved standard of living. The region is not exception from the 
rest of the developing counties and even has addition difficult from its high population growth rates. The 
population of the region in 1977 was estimated at 151 million, and is expected to reach 277 million in the 
year 2025. Such rapid population growth will require the availability of adequate water supplies and 
sanitation services for major urban centres and the need for increased food production. Major water sources 
that are currently available in the region include surface water from major rivers in Egypt, Syria, Iraq and 
Lebanon and shallow and deep groundwater sources in countries of the Arabian Peninsula, Jordan and 
Lebanon supplemented with desalinated water in the GCC countries, and reuse of treated wastewater. 
 
 Water utilization in 1999 from both conventional and non-conventional water sources reached 147.3 
BCM, provided mainly from major rivers in Egypt, Iraq and the Syrian Arab Republic, and mainly used to in 
the agricultural sector in which reached 130.3, 8.8 and 8.1 BCM for the irrigation, industrial and domestic 
sectors, respectively (ESCWA 1995 and 1997, Abdulrazzak 1992 and 1995 and Khoury 1997).  The annual 
volume of water available from these renewable water sources is estimated at 161.1 BCM, with 142.6 BCM 
for surface water and 18.5 BCM from groundwater shown in table 6 with the major portion being used by the 
agricultural sector in Egypt, Iraq, Syria, the UAE, Yemen and Saudi Arabia.  Contribution of desalination to 
the domestic water sector has reached 1.9, and treated wastewater and drainage water reached 8.2 bcm. 
 
 Water demand in the ESCWA region has been steadily increasing over the last two decades. The 
average annual rate of water demand increase during the period 1990-2000 was estimated a 2.6% while the 
predicted increase rate for the period 2000-2025 may reach 1.5%.  This rate is smaller than the population 
growth, which ranges from 2.5 to 3.5%. Domestic demand is roughly equivalent to industrial water demand, 
ranging from 8 to 15% in most of countries of the region. The irrigation sector consumes more than 85% of 
the total water resources used. Total water demand was estimated at 171.2 bcm in the year 2000 and is 
projected to reach 245 bcm in 2025 and 348 bcm in 2050 as shown in table 7. 
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TABLE 6.  CURRENT STATUS OF WATER RESOURCES IN THE ESCWA REGION 

(Million cubic metres) 
 

Conventional water resources a/b/c/d/ Non-conventional water resources 

Country/area Surface water 
Ground water 

recharge 
Ground 

water use Desalination 
Wastewater and 
drainage reuse 

Water 
consumption Utilization% 

Bahrain 0.2 100.0 218.0 75.0 17.5(3)* 310.0 309 
Egypt 55,500.0 4,100.0 4,560.0 31.7 4,790 (3,800) 63,100 106 
Iraq 60,850.0 2,000.0 513.0 7.4 1,500.0 49,100 78 
Jordan 475.0 275.0 509.0 2.5 59.0 882.0 118 
Kuwait 0.1 160.0 405.0 388.0 30.0 701.0 439 
Lebanon 2,500.0 600.0 240.0 1.7 2.0 1,225.0 40 
Oman 918.0 550.0 645.0 47.3 21.5 1,235.0 84 
Qatar 1.4 50.0 190.0 98.6 25.0 298.0 580 
Saudi Arabia 2,230.0 3,850.0 14,430.0 795.0 131.0 (24) 16,300.0 268 
Syrian Arab Republic 16,375.0 5,100.0 3,500.0 2.0 1,447.0 (1,270) 9,810.0 46 
United Arab Emirates 185.0 130.0 900.0 405.0 108.0 1,223.0 388 
West Bank & Gaza Strip 30.0 185.0 200.0 0.5 2 440.0 205 
The Republic of Yemen 3,500.0 1,400.0 2,200.0 9.0 52.0 2,715.0 55 
Total 142,565.0 18,500.0 28,310 1,863.7 8,183.0 147,330.0    

Source:  Completed by ESCWA Secretariat from country paper presented at EGM and international sources 1995, 1976.and 1977. 
a/ The flow of the Tigris and Euphrates rivers may be reduced due to upstream abstractions in Turkey; 
b/ ACSAD paper submitted to the 2nd Symposium on Water Resources Development and Uses in the Arab World, Kuwait, and 8-10 March 1997; 
c/ Consolidated Arab Economic Report 1997; 
d/ Drainage water reuse. 
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B.  DOMESTIC DEMAND 
 
 At the present time, increasing water demand is creating an ever increasing imbalance between water 
supply and demand, forcing some countries in the ESCWA region to develop remotely located conventional 
water sources, with the implication of high transportation and treatment costs, and increased reliance on 
water desalination to satisfy domestic water demands. Domestic water   demand is estimated at 14.3 bcm in 
2000 and projected to reach 37 and 47 bcm in the years 2015 and 2030 respectively   as shown in table 7.  
Major consumers are the urban centres in Egypt, Iraq, Saudi Arabia and Syria. Most the ESCWA countries 
have reached high urbanization rate with exception of Yemen and Oman and to lesser degree Syria as shown in 
table 8.  By the years 2025 and 2050 most of the areas become urbanized with great need for water supply and 
sanitation facilities. The domestic demand from desalination in the GCC counties will be at higher than current 
level as to accommodate the increases in the urban population. Jordan and Gaza will also require desalination 
facilities to meet their water requirement and also undertake shift in water allocation. The water demands for 
each ESCWA member states period 1990-2050   are shown in figures 5 and 6. 
 
 When the water requirements for 2000 for all purposes, estimated at 171 BCM, along with those 
projected for the years 2025, estimated at 245 bcm, are compared with the annually renewed ground and 
surface water sources estimated at 161 BCM, serious questions arise concerning not only the long-term 
economic and environmental sustainability of existing water resources as indicated in Tables 6 and 7, but the 
challenge of meeting the water deficit of 84 bcm in the year 2025 and 184 bcm in 2050. This huge expected 
deficit represents a large volume that cannot be met realistically by further development of sea and brackish 
water desalination and the treatment of wastewater. In light of current and expected demand trends, resource 
sustainability will be difficult to achieve unless critical thinking on effective policy and strategy formulation 
takes place, with emphasis on shift in water allocation and the application of economic instruments to attain 
better cost recovery taking into consideration the well-being of the society specially the under privilege poor 
segment. Without effective supply and demand management measures, the deficit can only be met through 
extensive mining of non-renewable groundwater sources and also experiencing severe water shortage with 
major health impact.  
 
 In the ESCWA region, demand data is not reliable as it should be as many countries have collected 
the needed information and its continuance updating and also have not applied appropriate forecasting 
method that account for demographic and social and economic data beside those related water sector.  In 
order to improve the forecasted demand, effort was made in this study to arrive at reasonable estimate of the 
future domestic water demand using the information of different water resources studies and the tables that 
are established by the ESCWA secretariat or compiled from different sources namely the internet and other 
UN Reports. Two options were pursued (Chatila 2001) to make the projection up to the year 2050. The first 
option followed considered the already projected values of total demand and its breakdown and use some 
type of regression analysis along with least squares to minimize the error and produce a good fit for the 
historical data that was already provided by member states and different sources. However this data may be 
in error and thus and projection will have that error or even it may multiply. The other option method 
considered the total demand on the domestic side by each capita on daily basis as well as the per capita daily 
industrial and agricultural equivalent of water and project the per capita demand on each of these aspects. 
The projection could be done using regression. This approach is applied where a second-degree curve 
produced a good fit for the data with a very reasonable coefficient of correlation close to one in most cases. 
A power or exponential fit may have produced good fit as well but the second-degree polynomial proved to 
be more successful. The regression equations were solved and the parameters determined (Chatila 2001). 
Typical equations of polynomials were established and these are listed at (Appendix A). The ESCWA 
population data was used along with the projection demands to obtain the total demand in million cubic 
metres for the domestic, industrial and agricultural aspects. The projected domestic water demand for each 
country of the ESCWA region is shown in table 9.  
 
 In order to give an indication of magnitude of increases in domestic water demand at the present 
time as well as for the 50 years, this information is shown in figures 5 and 6. 
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TABLE 7. PAST AND PROJECTED WATER DEMAND FOR THE ESCWA REGION, 1990,2000 AND 2025 
(Million cubic metres) 

 
1990 2000 2025 Total demand 

Country/area Domestic Agriculture Industrial Domestic Agriculture Industrial Domestic Agriculture Industrial 1990 2000 2025 
Bahrain 86 120 17 117 124 26 169 271 169 223 267 609 
Egypt 2,700 49,700 4,600 2,950 59,900 5,693 6,300 9,100 10,900 57,000 68543 86,300 
Iraq 3,800 45,200 1,450 4,600 48142 2,230 4,750 66,000 3,560 50,450 54,972 74,310 
Jordan 190 650 43 388 791 78 700 900 160 883 1,257 1,760 
Kuwait 295 80 8 375 110 105 1,100 140 160 383 590 1,400 
Lebanon 271 875 65 550 950 150 1,100 2,300 450 1,211 1,650 3,850 
Oman 75 1,150 5 151 1,270 85 630 1,500 350 1,230 1,506 2,480 
Qatar 76 109 9 90 185 15 230 205 50 194 290 485 
Saudi Arabia 1,508 14,600 192 2,350 15,000 415 6,450 16,300 1,450 16,300 17,765 24,200 
Syrian Arab  
  Republic 

800 6,930 230 1,280 15,370 480 2,825 19,430 1,300 7,960 17,130 23,555 

United Arab  
  Emirates 

513 950 27 750 1,400 30 1,100 2,050 50 1,490 2,180 3,200 

West Bank 
and Gaza 

78 140 7 260 217 18 800 420 70 225 495 1,290 

Republic of 
Yemen 

168 2,700 31 360 3,100 60 840 3,800 137 2,899 3,520 4,777 

Total 10,559 123,204 6,684 14,221 146,550 9,385 26,994 182,416 18,806 140,448 170,165 228,216 
 

Source:  Compiled by the ESCWA secretariat from country papers, regional and international sources, 1992, 1994, 1995, 1996 and 1997. 
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TABLE 8. URBAN AND RURAL POPULATION GROWTH OF THE DIFFERENT ESCWA MEMBER COUNTRIES 
FOR THE PERIOD 2000-2030 (AFTER HABITAT 2001) 

 
 

Urbanization % Urban population 
Annual urban 

growth rate Rural population 
Annual rural 
growth rate 

Country 2000 2015 2030 2000 2015 2030 00-15 15-30 2000 2015 2030 00-15 15-30 
Egypt 45.2 51.2 59.9 30954 43641 60115 2.3 2.1 37515 41583 42500 0.7 -0.2 
Bahrain 92.2 95 95.8 569 724 858 1.6 1.1 48 38 38 -1.6 - 
Gaza Strip 94.6 95.5 96.2 1060 1897 3095 3.4 3.3 61 90 121 2.6 2 
Iraq 76.8 81.6 85 17756 27804 37326 3.0 2.0 5359 6259 6603 1.0 0.4 
Jordan 74.2 79.8 83.5 4948 7906 10869 3.1 2.1 1721 2003 2150 1.0 0.5 
Kuwait 97.6 98.2 98.5 1924 2574 3067 1.9 1.2 47 48 48 0.1 - 
Lebanon 89.7 92.6 93.9 2945 3651 4324 1.4 1.1 337 291 282 -1.0 -0.2 
Oman 84 92.8 94 2135 3805 5636 3.9 2.6 407 297 36 -2.1 1.3 
Qatar 92.5 94.2 95.2 554 670 775 1.5 0.6 45 42 38 -0.5 0.7 
Saudi Arabia 85.7 89.7 91.5 18526 29259 39331 3.1 2.0 3081 3369 3360 0.6 0.6 
Syria 54.5 62.1 69.1 8783 14065 19409 3.1 2.2 7342 8583 8669 1.0 0.1 
United Arab 
Emirates 

85.9 88.8 90.8 2097 2688 3063 1.7 0.9 344 339 31 -0.1 -0.6 

Yemen 24.9 31.2 41 4476 9221 7943 4.8 4.4 3636 20374 25791 2.7 1.6 
Total - - - 96727 147716 195811 - - 59943 83316 89667 - - 
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C.  IMPLICATIONS OF HIGH WATER DEMAND 
  
 Evaluation of the impact of increasing water demand, especially in the domestic and irrigation 
sectors, requires that the prevailing administrative, legal, economic, social, cultural, religious and democratic 
factors be taken into consideration in order for water issues to be addressed in a holistic and integrated 
manner. The current water consumption pattern and the expect large increases in water demand in the next 
50 years given the water situation, will have a major social and economic implication at each countries of the 
ESCWA region.  The increases in demand will have major technical economic and social implication and 
require the implementation of demand management measures to be applied in an integrated manner. 
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Figure 5.  Past and projected domestic water demands for some of the ESCWA countries 
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 Technical Implication – This involves the technical requirements to develop additional surface and 
groundwater sources, desalination, treatment of waster water, rainfall management, water imports and any 
other feasible source that can be developed to enhance water supply availability. Some of the most 
challenging technical factors that may need to be overcome are: the construction of storage dams, diversion 
and long distance distribution networks, international water networks, extremely deep drilling, construction 
of expensive desalination and wastewater treatment facilities, and oceanic water transport.  
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Figure 6.  Past and projected domestic water demands for some of the ESCWA countries
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 Further development of conventional and non-conventional water sources will result in the mining of 
shallow and deep groundwater sources and environmental degradation, as most of the ESCWA countries do 
not carry out environmental impact studies or enforce protection measures. The pursuit of food security and 
self-sufficiency will result in extensive mining of groundwater resources. Some countries such Syria, Iraq 
and to certain extent Egypt, may be able to achieve this goal, while others will rely in unrealistic and 
unsustainable options to meet food requirements for the next 25 years. To estimate future food requirements, 
the application of approximate criteria may give an indication of the magnitude of water needed.  The criteria 
are expressed as per capita water for food production, and is estimated at 1200 m3 per person. Thus, to 
establish food self-sufficiency for the year 2025 would require that the irrigation sector be provided with 360 
billion cubic metres of water, which is substantially higher than the current available water requirement 
estimated at 170 mcm. Higher demand may incur additional generation of liquid and solid waste, with 
resulting increased pollution. There are possibilities in surface water utilization, however, the feasibility of 
such development is uncertain due to: general lack of natural sources in the ESCWA countries with the 
exception of Iraq, Syria and Lebanon; lack of agreements concerning shared surface water sources; and the 
need for large monetary investments. In countries of the Arabian Peninsula and Jordan, increases in demand 
would mean further mining of groundwater, especially deep aquifers, and will increase the chances of a 
water disputes over utilization of the shared aquifers. Also, increases in demand would require a shift in 
water allocation from the irrigation sector to the domestic and industrial sectors, with resulting social impacts 
on labour, income and rural migration. 
 
 Water import is another option and many schemes were proposed to deliver water to a number of the 
ESCWA countries including sea transport via ships, land transport through pipelines, and matosa bags. 
However, given the political instability of the region and lack of trust among nations, water transport options 
are very risky as demonstrated by the inequitable and unreliable transfer of water from Israel to Jordan. 
Higher water demand with further development of conventional and non conventional water sources should 
not be accepted as the only option, but used in conjunction with the implementation of effective demand 
management measures to decrease water use such as leak detection, building code modification, water 
pricing, water reuse and recycling and water reallocation. 
 
 Economic Implications - Water resources development to accommodate future higher demand 
requires a great deal of financial resources. In the past, water supply, sanitation and irrigation projects were 
funded from national budgets including operation and maintenance costs. The availability of funds has not 
kept pace with the need for further expansion of existing facilities as a result of population growth, coupled 
with urban migration and increases in food requirements. Lack of funds has forced many governments to 
take a variety of actions. 
 
 Large investments would be required for the development of storage reservoirs and distribution 
networks in Syria, Iraq, Lebanon and Jordan. For the shared surface water resources, international lending 
institutions would be reluctant to become involved because of the absence of agreements among the riparian 
states sharing the water of the Tigris and Euphrates rivers. Opportunity costs will be very high.  In the case 
of deep groundwater development, drilling may be costly as aquifers with high potential are located at great 
depths from the ground surface. Most of the aquifers with development potential average a depth of more 
than 300 metres; some are located at depths exceeding 500 metres and in some instances more than 1000 
metres.  The water from these aquifers may also have high temperature, iron and sulfate content usually 
requiring treatment, which means additional capital and operational costs. In addition, aquifers with high 
groundwater potential may be located in remote areas far from the urban centres where the water is needed.. 
Thus, the cost of land transport by distribution network will be very high, with typical cost estimates ranging 
from $1 to $1.5 per cubic metre, depending on topography.  
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TABLE 9.  PAST AND PROJECT DOMESTIC WATER DEMAND FOR THE ESCWA REGION 
(Million cubic metre) 

 
Country 1990 2000 2010 2020 2030 2040 2050 
Bahrain 112 132 145 161 177 192 208 
Egypt 2700 2950 4527 5615 6760 7866 8972 
Iraq 3800 4300 5993 724 8551 9821 11091 
Jordan 190 388 496 638 776 916 1056 
Kuwait 295 375 710 952 1204 1449 1694 
Lebanon 271 312 686 938 1204 1460 1716 
Oman 73 185 409 556 482 849 995 
Qatar 107 147 178 213 247 281 316 
Saudi Arabia 1508 2350 4163 5619 7116 8585 10054 
Syrian Arab  
  Republic 

650 1280 1895 2516 3136 3756 4376 

United Arab 
Emirates 

513 750 868 1030 1188 1348 1509 

W. Bank and Gaza 78 260 483 691 901 1109 1318 
Republic of Yemen 168 360 552 744 936 1128 1320 
Total 10465 13555 21105 28940 32678 40800 46675 

 
 A higher water demand in the domestic sector would require the construction of additional 
desalination plants, especially the GCC countries. Sea and brackish desalination and wastewater treatment 
facilities also require high capital investment. In order to just give an indication on the magnitude of cost, the 
capital construction costs for desalination facilities range from $1100 to 2500 cm/ day while for wastewater 
it may range from $900 to 1500 cm per day depending on the treatment level. Detail costs on conventional 
and non-conventional water sources will be reported in the subsequent sections. Brine disposal and air 
pollution from numerous desalination facilities may require treatment, at an additional cost, in order to 
protect the environment. If treated wastewater is not fully or partially reused, its disposal on land or sea 
requires additional investment and will contribute to diminishing the supply, as water will become polluted. 
 
 Social implications - Every human being has the right to adequate supplies of safe water for his 
survival. Everyone should recognize human water rights, and governments have the obligation to meet such 
requirements. Religions in some countries concur with this idea by implicitly or explicitly calling for 
compliance with human water rights, while discouraging the wasteful use of water.  Social settings and 
family income influence water use. High standards of living have been associated with higher water 
consumption rates. History has conveyed to us the water demand strategies of some ancient Arab 
civilizations, have demonstrated that the logic of rational utilization of water and living in harmony with the 
desert environment in regard to limited water availability, have allowed societies to flourish.  But when the 
population increased disproportionately, and the water resources were misused, some civilizations vanished.  
 
 Social settings of the past allowed the people of the Arab region to cope with water shortages 
imposed by the desert environment as prevailing norms dictated water use and called for demand to be 
managed, either individually or socially. Unfortunately, such cultural and social water awareness is limited in 
modern Middle Eastern society.  Current cultural settings in the Arab world do not encourage the 
conservation of water resources. Society seems to be unaware or unmindful of the water resource problems 
affecting them such as limited water supply and pollution which impact their health and physical hardship. 
There is a trend of over consumption of water in the domestic and irrigation sectors with a seemingly total 
disregard to availability problems.  Water use in these sectors sometimes reaches more than 300 to 600 litre 
per day in the urban centres of GCC countries and Iraq. The relatively smaller per capita consumption in the 
urban centres of Egypt, Syria, Jordan and the West Bank is not necessarily associated with public awareness 
of water scarcity or a desire to conserve, but results from the lack of availability of water, and is sometimes 
due to imposed rationing. In the irrigation sector, however, farmers of the region generally use water in 
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excess of what is required; application may sometimes exceed 10,000 cubic metres per hectare. In addition 
the irrigation sector seems to have the full support and protection of the decision makers, as this sector has 
been associated with the false concept of food security and self sufficiently. Even water professionals are 
reluctant to speak against the wasteful water use in this sector for fear of being accused of opposing the 
national interest of being food self-sufficient. 
 
 Conquering the desert environment through the green revolution gives great psychological pride and 
a feeling of success to decision makers at the highest levels. However, such unsustainable use of 
groundwater will have a significant impact on future generations. The desert ecosystem has its own dynamic 
equilibrium in relation to climate, soil, living organisms and water resources; water availability being a 
critical element in desert environments.  Water has been taken for granted, and the population does not 
realize that lack of water will hinder development activities. It seems that the majority of professionals and 
planners in the region have ignored the fact that water is a finite resource and have continued to suggest 
ambitious development programmes with water as one of the main ingredients expected to support the 
success of the project. This way of thinking requires serious modification on the part of decision makers and 
water professionals, in order to properly evaluate water availability and prioritise use. Financial expenditures 
to develop and manage water resources must be recovered in the most efficient manner, taking into 
consideration the prevailing social structure and the ability of the population to pay, as well as the 
obligations of the governments to society. 
 
 In the ESCWA region there is a need to distinguish between the provision of an adequate and safe 
water supply and sanitation facilities, and the unnecessary or extravagant use of water. In some parts of 
Egypt, Syria, Jordan, Gaza, and Yemen urban and rural communities suffer from lack of adequate amounts 
of clean, good quality water, while in the GCC countries good quality water has been provided in ample 
quantities at very low cost. It has been observed that the poor and the rural communities are paying higher 
water cost in different parts of the ESCWA region due to the lack of availability of government water and 
sanitation services. It is the responsibility of the government or the private sector to meet the water 
requirements of society, in both urban and rural communities, and provide water at an affordable price. In 
addition to this, societies should have the moral and ethical values and obligations to conserve and use water 
rationally, keeping in mind the requirements of future generations and their right to adequate water supplies. 
Rising water demand is expected to create competition for water among the consuming sectors.  Such 
competition for water can breed social and political tension which is taking place in a few regions when inter 
basin water transfer is taking place. 
 
 The issue of water pricing represent a very sensitive to different segments of ESCWA society. 
People are accustomed to paying a small charge for water or having it provided free of charge through 
government owned utilities. Some associate free provision of water to religious tradition, while others 
associate it with government responsibility, especially in the presence of excess revenues from oil and 
mineral resources. Given the declining water situation, development and conservation of water resources 
have become everybody’s business as a message that is being stress all over the world, and requires 
cooperation among societies and governments. However, the poor should not be burdened with addition 
financial hardships, and the cost of water should be pro-rated according to financial ability to pay. The 
problems being experienced by a large number of water and sanitation utilities dealt with securing the 
needed future investment needed to improve and expand the service can not be solved entirely through the 
governmental budget; cost recovery and involvement of the private sector must also be considered. Society 
has the obligation to cooperate in paying a reasonable share of the cost of development and management. It 
is to their benefit to have adequate, safe and improved water and sanitation services.  Distribution of water 
and sanitation charges needs to be based on fair, affordable criteria. In some countries affordability was 
designated as the minimum amount of water required for human consumption, not costing more than 5% of 
personal income. The USA- EPA indicated that water tariffs to recover costs do not need not to exceed 2% 
of a family’s income. Cost recovery higher than 2% for either water or sanitation services can constitute a 
hardship for low-income families.  In the ESCWA region a study should be implemented to establish the 
affordable water tariff criteria, which would assist in resolving the sensitive pricing issue. The current 
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practice of ignoring the cost recovery issue represents one of the most complicated in the region, along with 
protecting resources and the need to slow down the water demand. The Issue of pricing must be resolved 
through comprehensive social study in order to find the most appropriate means to convince and gain the 
cooperation of the public, and deal with different segments of society.  
 
 Another aspect of water pricing is water tariff schemes. A great deal of the problem results from 
increased, unjustified water demand within the middle and upper classes of society who have the ability to 
pay.  Lack of water management strategies, accountability and favouritism, have allowed some of the well 
off, strategically connected citizens and government officials, either appointed, elected or royal ruling class, 
to be exempt from water charges. This practice represents a social injustice in the provision of water and 
sanitation services, which needs to be overcome in order to manage water demand in the region. 
 

It is known that high water demand is associated with high population growth. With low-income 
people usually having large families. They are, however, low water users in comparison to the over-users of 
the small upper-class family. The only demand implication as the population increases, and in the absence of 
effective management measures, is higher water demand. Reducing the impacts of high population growth 
on water demand requires good family planning, education of the poor, halting or decreases in urban 
migration and the creation of good working environments in rural communities. Family size estimated at 5-7 
person per house hold compared to 2-3 in Europe and North America has high demand implication in 
absence of effective demand management measure such public education and participation, affordable water 
pricing, financial incentive water conservation devices and building code modification. These measured 
should have been easily implemented given the type of government as the public will not have the power to 
object as water and sanitation services were financed and operated by the public sector. 
 
 In the long run in regard to the implementation and sustainability of management programmes, a 
slowdown in water demand requires active participation of society and the involvement of NGOs. This 
process is lacking in all countries of the ESCWA region. First, the public must recognize their right for 
adequate and safe water, sanitation coverage and to be well informed on all water issues so that any 
programme implemented in the water sector is associated with their way of their living. The public should 
know that each individual has the right for a minimum amount of water day. This human water right is being 
debated worldwide with allocations ranging from 50 to 100 litre per day, per person for drinking, bathing, 
cooking and sanitation  
 
 The public’s participation can be improved through the enhancement of democratisation by allowing 
individuals it to ask or demand action from appointed or elected representatives to fight for the benefit of 
their communities.  They can participate in open public hearings on water issues of their concern. The NGOs 
should be supported and have the freedom to operate and defend the public rights and preservation of the 
environment. All these processes will contribute to the management of water demand. As previously 
mentioned, management of water resources requires political will to undertake drastic changes in the way 
water is being developed and managed, active public, private sector and NGO involvement and strong 
supports of the donor communities.  
 
 Decision makers and even water professionals misunderstood the concept of public participation as 
they think to provide information and this why such programme has failed in the past. There must be some 
distinction between public involvement, public awareness and public participation. Public involvement 
implies two-way communication and a mean of engaging the community members in the exchange of 
information or dialogue. Public awareness implies one-way information to alert the community on specific 
water issue. Public participation represents the most intense form of interaction between the authorities, 
experts and the citizens. It means true joint planning and democratic delegation of power and shared 
leadership.  Thus to get the response the support of the public, they must be an active partners through 
applying the three forms of participation. In the ESCWA region only public awareness is practice and very 
limited scope.   
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III.  ROLE OF DESALINATION IN MEETING DOMESTIC WATER DEMAND 
 

A. DESALINATION PRODUCTION IN THE ESCWA REGION 
 

 Desalination in the ESCWA region specially the GCC countries has become a major part of the 
domestic water supply system due to natural water supply limitations, poor water quality and the availability 
of financial resources and cheap energy sources. Rural areas have prospered from a number of desalination 
schemes where water was transported over long distances from coastal areas to interior regions. Sea and 
brackish water desalination will continue to be a viable water supply augmentation option for a large number 
of urban centres in the ESCWA region, as a result of increased water demand, the need for improved water 
quality, and decreases in or the absence of dependable natural water sources. Considering recent cost-cutting 
innovations in the desalination process, this alternative may prove to be a relatively inexpensive supply 
option in comparison to the development of conventional sources located in remote locations.  The 
availability of desalinated water at relatively low cost may also be an attractive means of meeting industrial 
water demand because industries have been willing to pay for water at rates several times that which is 
charged for domestic and agricultural use.  Thus, there is a great deal of interest in desalination as a viable 
option in all water-using sectors. 
 
 In 1999 the ESCWA countries together produced 1.9 bcm excellent desalinated water quality, with 
1.8 bcm produced in the GCC countries, which translates into a daily production rate of 5.26 mcm, or a per 
capita volume of 30 litres at the national average or more than 300 litre at major urban centres if considered 
alone. The now a day cost is one tenth of what it was twenty years ago. Desalination has and will continue to 
play a major role in satisfying urban water demand for the GCC countries, and provide a feasible option for 
other ESCWA countries, Jordan and Palestine and the tourism sector for all ESCWA countries as the private 
sector of this industry is already implementing this option.  
  
 Desalinated water on the average contributed 14% to the total domestic water demand in the ESCWA 
region while for the GCC counties estimated 45% in the year 2000.  The percentage of contribution is high for 
Bahrain, Kuwait, Qatar and UAE at 57, 100, 67 and 54% respectively and to less degree in Saudi Arabia 34% 
and Oman at 18%. Contributions in the remaining countries provided for remote areas and hotel industries 
ranging from 0.2% in Syria and Iraq to 1.1% in Egypt.  In reality the contribution of seawater desalination to 
the urban domestic water supply is very substantial. The reported values represent the national average and 
should be understood in that context. Major urban cities such as Manama in Bahrain Kuwait city in Kuwait, 
Doha in Qatar, Abu Dhabi and Dubai in United Arab Emirates, Muscat in Oman and Riyadh, Khober, Jubail, 
Jeddah ,Medina, Mecca, Taif, Yanbo, and Abha in Saudi Arabia depend on more than 90% of their water on 
desalination. For the rural areas RO brackish-groundwater desalination is being used to provide water in a 
number of the GCC countries. Most of the plants generally have smaller capacities on the order of up to 20,000 
cm per day in comparison with large seawater desalination plant capacities, which exceed 100,000 cm.  
 
 The trend will continue for distance future as they have no alternative but to depend on desalination, 
however the increases in demand should be slowed down by implementing integrated demand measures.  
Percentage of contribution of desalinated water in relation to total demand (Agriculture, industrial and 
domestic) are Saudi Arabia (43%), United Arab Emirates (22%), Kuwait (21%), Qatar (5%), Bahrain (4%), 
Oman (2.5%), and Egypt (1.7%).  Kuwait, Qatar and UAE seem to have sufficient desalination capacity 
through the recently implemented desalination projects to meet all of their current domestic and industrial water 
demand, while in Saudi Arabia, Bahrain and Oman, need to built additional plants. How ever, many proposed 
desalination projects are being delayed by budget restrictions, and the decision to evaluate new investment 
approaches, such as various privatization schemes. In many countries of the region desalination has been 
regarded as the easiest means of meeting the ever-increasing demand for water in the region. The existing 
desalination capacities and its relation to meeting the domestic water demand for the GCC countries being 
the major consumer of this source is shown in table 10. It is warranted to shed further elaboration on the 
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issue of desalination for each GCC country as it represents an essential source for some of them. The 
following provide a brief for most of the ESCWA country including Egypt, Palestine and Jordan. 
 

TABLE 10.  DESALINATION SCHEMES IN EACH COUNTRY OF THE ARABIAN PENINSULA 
 

1990 2000 

Country 

Installed 
desalination 

capacity 
(mcm) 

Desalination 
production 

(mcm) 

Domestic/ 
industrial 
demand 
(mcm) 

Desalination to 
demand ratio 

(mcm) 

Planned 
desalination 

capacity 
(mcm) 

Total 
desalination 

capacity 
(mcm) 

Domestic/ 
industrial 
demand 
(mcm) 

Desalination 
ratio 
(%) 

Bahrain 75 56 103 54 66 141 155 91 
Kuwait 318 240 303 80 110 428 530 81 
Oman 55 32 86 37 13 68 147 46 
Qatar 112 83 85 98 104 216 140 >100 
Saudi Arabia 950 795 1 700 47 339 1 289 2 900 44 
United Arab 
Emirates 

502 342 540 63 270 772 832 93 

Yemen 10 9 216 4 0 10 360 3 
Total 2 027 1 557 3 033 - 902 2 924 5 029 - 
 

B.  DESALINATION CAPACITY IN BAHRAIN 
 
 Water demand for the islands of Bahrain is satisfied mainly through deep groundwater sources 
supplemented with desalinated water and limited use of treated effluent.  Water from the Neogene, 
Dammam, Rus, and Umm er Radhuma aquifers is used to satisfy most of the domestic, industrial and 
agricultural requirements. Desalination now contributes approximately 56 mcm compared to the capacity 75 
mcm, while groundwater abstraction of 30 mcm meets domestic however effort is being made to rehabilitate 
and expand existing plants.  The domestic requirement increased to 132 mcm in 2000.  It is expected to reach 
177 and 208 mcm in the years 2030 and 2050 respectively.  
 
 Seawater desalination represents a major domestic water source in Bahrain.  Desalination facilities 
consist of MSF and RO plants. The first plant built at Sitra came into operation in 1975 with a production 
capacity of 8.3 mcm (5 mgd) and was later expanded to a capacity of 41.5 mcm (25 mgd) in 1985 (Abdullal 
2001). A reverse osmosis plant at Ras Abu Jarjur, constructed to treat brackish groundwater, was 
commissioned in 1984, with a capacity of 21.5 mcm (13 mgd), and another RO plant was constructed at 
Addur in 1990, also with a capacity of 16.6 mcm (10 mgd). In 2000, a MSF plant at Hedd became 
operational with a capacity of 46.5 mcm (28 mgd). Total capacity in the year 2000 reached 113mcm withn 
estimated production of 90 mcm (80% of capacity) as shown in table 11. Al Hedd plan capacity will be 
expanded to increase it from 46.5 to 149.3 mcm by the year 2007. The Sitra plant will be refurbished to 
extend its life to 2008.  The Ras Abu Jarjur plant will be expanded during the next several years by adding 
two trains of 7200 m3/d each (14,200 m3), bringing it’s capacity up to 27 by the addition of 5.8 mcm 
capacity mcm by 2008.  The Addur plant will also be refurbished to improve reliability, and to increase 
capacity to 16.5 mcm.  Future plant focuses on improvements in performance of existing plants, and 
extending their functional life.  Also, additional plants will be constructed at the Sitra site, during phases II 
and III, as shown in Table 9. A further capacity of 25 mcm is proposed for Maharraq City, while a further 40 
mcm of capacity is being studied as part of a privatization scheme for power and water. 
 

C.  DESALINATION CAPACITY IN KUWAIT 
 
 Water demand is satisfied mainly through desalination, supplemented with a limited amount of 
groundwater and treated wastewater in amounts of 330 mcm, 80 mcm, and 83 mcm respectively.  
Desalinated seawater is blended with small amounts of groundwater from the Neogene and Dammam 
aquifers to meet domestic and industrial requirements demand.  Demand reached 375 mcm in 2000 and 
expected to reach mcm and mcm in the years 2030 and 2050, respectively.  The major water consumer is the 
domestic sector, which relies mainly on desalinated seawater.   
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 Demand for fresh water is continuously increasing due to improvements in the standard of living and 
high population growth. Desalinated water provides for more than 95% of the domestic water requirements 
in Kuwait. Desalination plants are mainly of the MSF type, producing both water and electricity. 
Desalination of brackish water from 14 RO units was estimated at 5.6 mcm in 1987 and was increased to 
13.5 mcm in 1993 The installed capacity has increased over the years from 169.2 mcm in 1979 and then 
421.4 mcm in 1989. Capacities of the Shuwaikh and Shuaiba north plants were decreased by the Gulf war 
damages.  The Shuwaikh capacity was decreases but its rehabilitation restored the capacity to 30 mcm while 
the Shuaiba north is not operational any more.  Desalination plant capacity can be increased to 477 mcm by 
operating the plants at higher temperatures.  The average annual increase in water production during the last 
6 years has been estimated at 9.2%, with a per capita increase of 488 litre per day. (Darwish, 2001). The 
available installed capacity, as of 1999, was estimated to be 428. mcm (258 mgd) from 38 plants with 
capacities of 10 mcm per year  each  (6mgd) and 3 plants producing 8.3 mcm  (5 mgd) as shown in table 12 . 
Actual desalinisation water production was estimated at 356 mcm in 1999 while the average daily 
consumption in 1999 was estimated at 322.1 mcm (230.3 mgd). Average per capita water consumption 
increased as follows over the last four decades: 59, 113, 218, 320 and 464 litres per day in 1959, 1960, 1980, 
1990 and 1999, respectively.  Increases in the production of desalinated water, during the period 1969 – 
1999, are as follows: 23.4, 95.3, 201.1, 311.4 and 428 mcm in the years 1969, 1979, 1989, 1997 and 1999, 
respectively (Darwish 2001).  The production cost, according to Darwish (2001) was estimated at $2.25/cm, 
while the average selling price was approximately $0.18/cm, representing a deficit of $2.07 per cubic metre 
representing 8% of the actual production cost. Future desalination production is planned at various sites, as 
follows:  MSF at Al-Azzoui 53 mcm (32 mgd); MSF at Al-Sabiya 41.5 mcm (25 mgd), and an RO at Al-
Azzour north 80 mcm (48 mgd).  Table 12 shows the current and planned installed plant capacities according 
to Darwish (2001). Kuwait is planning to increase its desalination capacity by 110 mcm.  
 

TABLE 11. BAHRAIN INSTALLED DESALINATION CAPACITY 
 

Location Process Unit Date 
Capacity 

mcm 
Cost 

$ million 
Sitra I 

MSF 2 1975 8.3 48 
Sitra II MSF 2 1985 29.1 180 
Ras Abu Jarjur RO 8 1989 19.2 86.4 
Addur RO 8 1990 16.4 52 
Hidd MSF 4 2000 49.7 168 
Ras Abu Harjur 
(expansion) RO  2008 27 6.4 
Ad-ddur (expansion) RO  2010 16.5  
Al Hedd (expansion) RO  2010 103  

 
TABLE 12. KUWAIT INSTALLED DESALINATION CAPACITY 

 

Location Year Process  Unit 
Capacity 

cm 
Capacity 

mcm 
Cost $ 
million 

Shuaiba South 1971 MSF 1 22727 8.30 10.2 
Shuaiba South 1972 MSF 3 68182 24.9 155 
Shuaiba south 1975 MSF 2 45454 16.6 75.4 
Doha East 1978 MSF 3 81818 29.9 126.9 
Doha East 1979 MSF 4 109091 39.8 169.2 
Doha West 1983 MSF 3 81818 29.9 126.9 
Doha West 1984 MSF 10 272727 99.5  
Doha West 1985 MSF 3 81818 29.9  
Shuwaik 1982 MSF 3 81818 29.9 126.9 
Az Zour South 1988 MSF 6 163636 59.7 516 
Az Zour South 1989 MSF 2 54545 19.9  
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TABLE 12 (continued) 
 

Location Year Process  Unit 
Capacity 

cm 
Capacity 

mcm 
Cost $ 
million 

Az Zour South 1988 MSF 4 109091 39.8  
Az Zour South  MSF 4 109091 39.8 169.2 
Al-Sabiya  MSF 2 113636 41.5  
Az-Zour North  MSF  218101 80  
Az-Zour South UC   109091 39.8  
Al Sabiya UC  4 113636 41.5  
Az-Zour North UC  0 218181 80  
Total    2054461 750.7  

UC= Under Construction. 
 

D.  DESALINATION CAPACITY IN QATAR 
 
 Water requirements are satisfied through groundwater from the shallow alluvial and the Rus and 
Umm er Radhuma deep aquifers, and from desalinated se water. Domestic water requirements during the 
period 1990-2000 were satisfied mainly from a blending of 83 mcm of desalinated water with pumpage from 
the shallow aquifer. Demand is expected to reach 247 and 310 mcm in the year 2030 and 2050 respectively. 
 
 Desalination provides 95% of the domestic water supply. Production started with the building of the 
Ras Abu Abboud MSF plant in 1967 with a capacity of 8.3 mcm per year and its capacity was increased to 
13.3 mcm in 1976, however this station is being phased out as it is reaching the end of its life. Two 
additional plants were built at Ras Abu Fontas.  Sation A has a capacity of 116 mcm developed in stages 
during the period 1977- 1992. Abu Fontas B has a capacity of 50 mcm in 1997.  This plant is being privately 
operated with the power and water is sold to the Qatar Power and Water Company. The total capacity from 
the two Abu Fontas plants reached 170 mcm in 2000 as the other plant seem to be out of commission The 
Abu Fantos B plant capacity will be raised by 45 mcm in the near future.  The private sector will built the 
plan with a capacity 66 mcm and power of 750 Mw. This additional capacity of 88 mcm will be added to the 
system by the year 2002. The desalination capacity is shown in table 13. 
 

TABLE 13. DISTRIBUTION OF VARIOUS DESALINATION PLANTS IN THE STATE OF QATAR 
 

Year Location 
Desalination 

type 
Total 

capacity 
Number of 

units Feed water 
1978  RO 2273 1 Brackish 
1982 Abu Samra Ro 681 1 Brackish 
1991 North Camp RO 1200 1 Brackish 
1992 Ras Lafan RO 1000 1 Sea 
1996 Doha RO 1000 2 Sea 
1996 Ras Lafan RO 1130 1 Sea 
1996 Ras Lafan RO 2000 2 Sea 
1996 Ras Lafan RO 1000 2 Sea 
1959 Doha MSF 1362 2 Sea 
1963 Abu Aboud MSF 6812 2 Sea 
1968 Abu Aboud MSF 6820 2 Sea 
1973 Doha MSF 22800 2 Sea 
1977 Abu Fontas A MSF 45000 2 Sea 
1977 Abu Fontas A MSF 4500 2 Sea 
1977 Umm said MSF 2500 1 Sea 
1978 Abu Fontas A MSF 90000 4 Sea 
1978 Doha MSF 22800 2 Sea 
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TABLE 13 (continued) 
 

Year Location 
Desalination 

type 
Total 

capacity 
Number of 

units Feed water 
1979  MSF 5440 2 Sea 
1980 Umm Said MSF 2900 1 Sea 
1983 Abu Fontas A MSF 90840 4 Sea 
1992 Abu Fontas A MSF 45540 2 Sea 
1996  MSF 2640 1 Sea 
1997 Abu Fontas B MSF 150000 5 Sea 
1981 Umm Bab VC 600 1 Sea 
1994 Dukhan VC 9160 2 Sea 
1995 Ras Lafan VC 3500 3 Sea 
1996 Ras lafan VC 1170 1 Sea 
1996 Umm Bab VC 600 1 Sea 
1996 Umm Said VC 2040 1 Sea 
1998 Ras Laffan VC 2520 2 Sea 
1973 Umm Said ME 2542 2 Sea 

Source: Wangick, 1998. 
 * Capacity measured in m3/day, TVC= Thermal vapour Compression. 
 

E.  DESALINATION CAPACITY IN OMAN 

 Oman’s water requirement during the last 10 years has been satisfied through floodwater diversion 
(275 mcm), spring discharge (375 mcm), shallow alluvial (645 mcm), desalination (32 mcm) and reclaimed 
wastewater (10.5 mcm). Domestic water requirements are met mainly from shallow aquifers, supplemented 
by desalination. Domestic demand reached mcm in 2000 and is expected to reach bmc and 1 bcm in the 
years 2030 and 2050 respectively In Oman, the current desalination capacity is 55 mcm and will be increased 
by 13 mcm with the construction of several smaller units as shown in table 14.  They will reach 2.94 bcm by 
the year 2010. Private sector will build a water and power plant at Barkqa with a capacity of 33.2 mcm and 
400-440 Mw. 

TABLE 14. OMAN INSTALLED DESALINATION CAPACITY (AFTER AL JAHWAH 2000) 

Year Location 
Desalination 

type 
Number of 

units  
Total 

capacity* 
Capacity 
(mcm) Feed water 

1985  RO 2 2000 7300 Brackish 
1985  RO 2 1000 3650 Brackish 
1986 Dhalqut RO 1 1441 5259.6 Sea 
1987  RO 1 1091 3982.15 Brackish 
1987  RO 1 560 2044 Brackish 
1988 Dhofar RO 1 500 1825 Brackish 
1988  RO 2 1000 3650 Sea 
1990 Sur RO 2 9000 32850 Sea 
1996 Wudham RO 2 2400 8760 Sea 
1975 Ghubrah 1 MSF 1 22710 82891.5 Sea 
1976 Masirah MSF 1 545 1989.25 Sea 
1982 Ghubrah 2 MSF 1 27360 99864 Sea 
1986 Ghubrah 3 MSF 2 54720 199728 Sea 
1986 Wudham MSF 1 1200 4380 Sea 
1992 Ghubrah 4 MSF 1 27240 99426 Sea 
1996 Ghubrah 5 MSF 1 27240 99426 Sea 
1983 Masirah VC 1 600 2190 Sea 
1994 Qarn Alam VC 1 1515 5529.75 Brackish 
1998 Al Galilah VC 2 1000 3650 Sea 
1982 Mina Al Faha ME 2 3000 10950 Sea 

Source: Wangnick 1998. 
* Capacity measured in m3/day, ER= Energy Recovery, TVC= Thermal Vapour Compression, MVC= Mechanical Vapour 

Compression, EDR=Reversed Electrodialysis. 
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F.  DESALINATION CAPACITY IN SAUDI ARABIA 
 
 In 2000, water demand for different sectors in Saudi Arabia was satisfied through desalinized water 
(795) mcm), surface water (900 mcm) shallow alluvial aquifers (950 mcm), reclaimed wastewater (217 
mcm), and non-renewable deep aquifers (13.48) bcm). As of 2000, approximately 47% of the domestic 
demand was satisfied through desalination from demand for different sectors in Saudi Arabia was satisfied 
through 27 plants located in the coastal regions with 21 of these plants are located on the Red Sea Coast and 
the remaining along the Gulf Coast. The desalination production in 1999 reached 795 mcm and should have 
reached 1050 mcm in 2000 as shown in table 15 (SWCC 2000). Water production during the period 1996-
1997 is shown in table (16). The water production capacity available for major cities during the period 1996-
2000 is shown in table 17. Production is expected to reach 1130 in 2005.  Nine of the desalination plants are 
dual purpose of power and water MSF generating 3214 megawatts.  The major cities which rely mainly on 
desalination are Jeddah, Mecca, Medina, Taif, Yanbu, Dammam, Jubail, Al-Khobar, Abha, Khamis, Mushat 
and Dhahran as well as a large number of smaller coastal townships also rely on desalination for their water 
supply for the period 1997-2000as shown in table 17. Desalination projects are being implemented to 
increase the annual supply from this source by 339 mcm.  
 

TABLE 15. MAJOR SEAWATER DESALINATION PLANTS AND THEIR CAPACITIES IN SAUDI ARABIA 
 

Location Date Process 
Capacity 
cm/day 

Capacity 
mcm 

Total cost 
$ million 

Cost 
$/cm 

West Coast 
Jeddah II 1977 MSF 37916 13.84 93.7 0.91 
Jeddah III 1978 MSF 75987 27.73 150.9 1.13 
Jeddah IV 1980 MSF 190555 69.55 718 0.65 
Jeddah RO1  RO 48848 17.83 97 5.93 
Jeddah RO2  RO 48848 17.83   
Shouibah I 1988 MSF 191780 69.99 390 5.87 
Shouibah II  MSF 378787 138.26 228 1.65 
Yanbu I 1980 MSF 94625 34.54 127.8 1.92 
Yanbu II 1991 MSF 120096 43.83   
Yanbu RO  RO 106904 39.02   
Asir I 1988 MSF 75700 27.63   
King Faysal 
Naval Base I  MSF 7500 2.74   
King Faysal 
Naval Base II  RO 7500 2.74   
Haql II 1989 RO 3784 1.38   
Duba III 1989 RO 3784 1.38   
Umlujj II 1986 RO 3784 1.38   
Aziza I  MED 3870 1.41   
Dahban JTC  RO 3500 1.28   
Jeddah ADC  RO 3400 1.24   
Al-Birk I 1982 RO 2382 0.87   
KAAA I  MSF 4000 1.46   
KAAA II  RO 2000 0.73   
KFIP  RO 2000 0.73   
Saudi City  MSF 4000 1.46   
Saudi City  VC 2000 0.73   
Farasan 1978 MSF 1505 0.55   
Dubai II   473 0.17   
Ummlujj I   2330 0.85   
Rabigh   1204 0.44   
Jeddah I   1978 0.72   
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TABLE 15 (continued) 
 

Location Date Process 
Capacity 
cm/day 

Capacity 
mcm 

Total cost 
$ million 

Cost 
$/cm 

East Coast 
Jubail I 1980 MSF 118447 43.23 228 0.96 
Jubail II 1982 MSF 815185 297.54  - 
Jubail RO  RO 90909 33.18 138 0.77 
Al Khober II  MSF 191780 69.99 417  
Al Khober III  MSF 227272 82.9 438  
Al Khafji II 1985 MSF 19682 7.18   
Tanajib  RO 13600 4.96   
Al Safaniya  RO 3785 1.38   
Ras Mesa’ab  RO 1450 0.53   
Total   2912877 1063.2   

 
TABLE 16. PRODUCTION CAPACITY IN SAUDI ARABIA FOR THE PERIOD 1996-2000 

 
Plant 1996 1997 1998 1999 2000 

Jeddah 
156074879 

 153170768 153509653 154480751 154544241 

Yanbu 
34589630 

 34879829 55111336 85346669 93406459 

Al Shuaiba 
75403728 

 73865101 75306921 74067255 85204914 

Al Shugaig 
30185962 

 29873907 30699767 30907620 32768400 
Satellite plants 7824557 8026852 8055489 8166986 8314654 
West coast 
totals 

304078756 
 299816457 322683166 352969281 374238668 

Al Jubail 
347078756 

 350792762 354093832 348193000 334565817 

Al Khobar 
347071154 

 70920271 62957932 67657669 83189691 

Al Khafji 
70118680 

 5732840 5984180 6105290 5387570 

East coast totals 
422816554 

 427445873 423035944 421955959 423143078 
SWCC totals 726895310 727262330 745719110 774925240 797381746 

 
 The largest desalination centre in the world is located in Al-Jubail, in the eastern province of Saudi 
Arabia with a capacity of 420 mcm.  One third of the desalinated water for Saudi Arabia is produced at this 
plant, equivalent to 7.5% of world capacity.  The plant consists of 40 MSF units producing approximately 1 
million cubic metres per day of desalinated water.  The desalinated water is transferred through pipelines 
having a total length of over 3,000 km, that run pipelines runs as far as Riyadh, which is 465 km from Al-
Jubail, and the other delivers water to Qasim at a distance of 200 km.  A considerable number of urban 
centres such Medina, Mecca and Taif are being supplied with desalinated water through this system. Saudi 
Arabia, the largest producer of desalinated water in the region, with 27 units under operation three is being 
completed and twelve is planed for the future constructing additional plants with a capacity of 126 mcm for 
the major cities of Medina, Yanbu, Jeddah and Al-Jubail.  Future plans call for an additional capacity of 213 
mcm for the cities of Jeddah, Al-Khobar and Medina as shown in table 18.    
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TABLE 17. SAUDI ARABIA MAJOR CITIES AND TOWNS COVERED BY DESALINATION 
(AL-HUSSEIN & AL MANSOUR 2001) 

 

City % Coverage 1998 % Coverage 2000 Population density % 
Per capita 

l/day 
Jeddah 92 96 12.1 160 
Mecca 92 95 5.7 125 
Taif 93 96 2.5 115 
Medina 80 95 3.6 300 
Yanbou 100 100 0.7 240 
Khamis 95 95 1.3 145 
Abha 95 95 0.7 180 
Riyadh 66 66 19.5 270 
Jubail 100 100 0.8 350 
Dhahran 36 60 1.3 370 
Dammam 25 60 2 360 
Qateef 24 45 0.2 320 
Safwan 42 60 0.3 350 
Khafyi 100 100 2.8 220 
Hafuf 50 50 2.6 290 

 Average density of all is 56.4% of total urban area. 
 * Average per capita consumption for the year 2000. 

 
TABLE 18. PLANNED DESALINATION FACILITIES IN SAUDI ARABIA (AFTER SWACR 2000) 

 
Under construction Planned 

Project cm/day mcm cm/day mcm Beneficiary 
Al-Jubail Ro 78182 28.5    
Khobar 240800 87.9    
Shoaiba 390909 142.7    
Al Jubail 2 Extension   727300 265.5 Riyadh 
Al Jubail 3 (Stage I)   272000 99.3 Sodeir, Washm & 

Qassim 
Kunfada Ph I   9000 3.3 Kunfuda & hali 
Shoaiba-3 (Stage I)   272000 99.3 Makkah & Taif 
Shoaiba-3 (Stage 2)   272000 99.3 Makkah & Taif 
Al Laith Ph. I   6000 2.2 Makkah, Taif & Jeddah 
Al Waljh Ph. III   9100 3.3 Laith 
Rabigh Ph. II   22727 8.3 Al Wajj 
Farasan Ph. II   6000 2.2 Rabigh, Masturah, Thoul 

& Quadima 
Assir Ph. I   136400 49.8 Farasan Insland 
Tabouk Ph. I   113636 41.5 Jizan, Abha, Khamis 

Mushayt, Ahad Rafidah 
& East Abha Area 

Al Jubail 3 (Stage 2)   272000 99.3 Tabuk 
Ummmlujj Ph. III   11400 4.2 Jubail & Royal 

commission 
Al Birk Ph. II   4500 1.6 Ummlujj 
Al Baha Ph. I   182000 66.4 Al Birk & near villages 
Al Khafji Ph. III   22500 8.2 Al Baha, Boljurashi, 

Mandak Makhwah, 
Kelwah & Al Sarh area 
up to the north Abha 
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TABLE 18 (continued) 
 

Under construction Planned 
Project cm/day mcm cm/day mcm Beneficiary 
Haql Ph. III   4500 1.6 Al Khafji & Neiriah 
Duba Ph. IV   9000 3.3 Haql 
Yanbu-Madina Ph. 
III 

  91000 33.2 Duba & near villages 

Al Khobar Ph. IV   272000 99.3 Madina & Yanbu 
Total 709891 258.8 271508 991 Dammam, Khobar Hufuf, 

Dahran, Apqik, Safwa & 
Rahima 

 
G.  DESALINATION CAPACITY IN UNITED ARAB EMIRATES 

 
Demand is satisfied through, groundwater exploitation, mainly from shallow aquifers (900 mcm), 

desalination (342 mcm) and reclaimed wastewater (62 mcm).  Domestic water demand is being met through 
seawater desalination at and pumpage from shallow aquifers. This demand reached 455 mcm in 2000 and 
expected to reach 750 and 1150 mcm in 2030 and 2050. 
 
 Desalination accounts for approximately 98% of domestic water supplies in this country.  Average 
water consumption is estimated at 500 l/d. The Taweelah-A desalination plant, built in 1980, has a 
production capacity of 46.5 mcm while Taweelah-B plant has a capacity of 98.5 mcm.  Both plants use the 
MSF process. The distribution of installed capacity among the different Emirates of UAE in 1995 is shown 
in table 19. The capacity of Taweelah-A will be expanded to 140 mc (mgd) by 2003. A private sector 
company was contracted to construct the Taweelah-A2 plant, which will have a capacity of 84 mcm (50 
mgd) and at Shuweihat at a capacity of 168 mcm and power 1500 MW (MEDRC 2000). The plant is 
currently under construction.  The United Arab Emirates is also expected to increase its desalination capacity 
by 270 mcm in the near future for its urban centres at Abu Dhabi and Dubai. Additional information is 
Provided in table 20. 
 

TABLE 19. TOTAL INSTALLED DESALINATION CAPACITY IN UNITED ARAB EMIRATES 
 

 
MSF 

 
 

RO 

 
 

VC 

 
 

ME  
 
Location 

cm/ 
day 

mcm/ 
year 

cm/ 
day 

mcm/ 
year 

cm/ 
day 

mcm/ 
year 

cm/ 
day 

mcm/ 
year 

 
 

Total 
Abu Dhabi 1025370 3743 35812 13.1 17240 6.3 25391 9.3 402.9

Dubai 675160 246.4 618 0.2 - - - - 246.7

Al-Shargah 83300 30.4 10000 3.65 - - - - 34.1 

Ministry 2000 0.74 4725 17.3 - - - - 18 

Total 1785830 651.8 93680 34.2 17240 6.3 25391 9.3 701.6

 
Total installed capacity estimated at 702 mcm. 
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TABLE 20. UNITED ARAB EMIRATES INSTALLED AND PLANNED DESALINATION CAPACITY 
 

Location plant 
Design capacity 

mgd 
Capacity 

mcm Process Date 
Cost  

( $ million) 
Jebal Ali G9 7.5 12.44 MSF  35 
Jebal Ali K1 20 33.18 MSF  117 
Jebal Ali K2 40 66.36 MSF  195 
Al Taweelah B2  
B2-72 to 92 

Total 

3x7.7 
 

23.1 

38.32 MSF 2000  

Umm Al Nar West 
Unit9, 10 

Total 

2x3.5 
 

7.0 

11.61 MED-
TVC 

2000 35 

Al Taweelah A2* 
A2-W01 to W04 
Total 

4x12.5 
 

50.0 

82.95 MSF 2001 258 

Umm Al Nar B 
Total 

5x12.5 
62.5 

103.70 MSF 2001 48 

New Mirfa Unit 1 
Total 

3x7.5 
22.5 

 
37.33 

MSF Feb. 2002 - 

Al Taweelah A1   
New Plant 

Total 

2.8 
14x3.75 

55 

4.65 
86.37 
91.25 

MSF 
MED-
TVC 

2001 171 

Shuweihat Phase I 100 165.91 MSF 2003/2004 176 
Al Taweelah 
Extension 

50 82.95 N/A 2005  

Mirfa Extension 65 107.84 N/A 2006  
Shuweihat Phase II 80 132.73 N/A 2008  

Total 515.1 854.6    

* BOT contract. 
 

H.  DESALINATION CAPACITY IN EGYPT 
 
 The use of desalination in Egypt is limited to the tourism industry, remote governmental areas and 
oil industry facilities.  Production from government-operated plants has reached 3.6 mcm (9900 m3/day), 
while for plants operated by the private sector, output was estimated at 11 mcm (Abou Rayen et al 2001). 
The estimated water production, in the year 2000, was 14.6 mcm as shown in tables 21. Installed government 
and private sector very small desalination plants are shown in table 21, 22 and 23. 
 

TABLE 21. INSTALLED DESALINATION CAPACITY IN EGYPT (AFTER ABOU RAYEN ET AL 2001) 
 

Location Process Unit 
Capacity 
cm/day Purpose 

Water 
source 

Cost 
 $ Million 

Abu Soma Bay MED/VC 3 4500 Tourism   
Sharm El-Sheikh RO  4000 Hotel Sea  
Hashish Bay RO  8500 Tourism   
Hurgadah RO 1 10000 Tourism Sea 3.8 
El-Yosser Hury RO  688 Tourism Brackish  
Paradisco RO  80 Tourism Sea  
El- Faroz RO  560 Tourism Sea  
Sidi Barranc RO  960 Tourism Sea  
Mittito RO  480 Tourism Sea  
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TABLE 21 (continued) 
 

Location Process Unit 
Capacity 
cm/day Purpose 

Water 
source 

Cost 
 $ Million 

El-Arish ED 7 2800 Tourism Sea  
El-Hasana ED 1 300 Tourism Sea  
Nakhl RO 2 200 Tourism Sea  
El-Khanlil RO 1 150 Tourism Sea  
Abu- Awelgila RO 1 100 Tourism Sea  
Hurgadah RO  128 Tourism Sea  
Sharm al sheikh RO  400 Tourism Sea  
Mubark City RO 1 4000 Tourism Sea 4.2 
Ras Gharib MSF  5300 Tourism Sea 13.3 
Sidi Krir MSF 2 10000 Tourism Sea  
Isolated Cites RO 40 1200 Tourism Sea 12.7 
Ayon Moussa  MSF 2 10000 Tourism Sea 25.3 

 
TABLE 22. SMALL INSTALLED DESALINATION UNITS OWNED BY THE GOVERNMENT IN EGYPT 

(AFTER ABOU RAYAN ET AL 2001) 
 

Place Taba Taba Nuweiba Dahab 
Sharm-

el-sheikh 
Sharm-

el-sheikh Nuweiba 
Start date 1986 1996 1985 1995 1996 1998 1999 
Capacity, cm/day 600 2,000 300 500 500 4,000 2,000 
Feed water salinity, ppm 48,000 48,000 2,400 44,000 44,000 44,000 45,000 
Product Salinity, ppm 450 30 500 500 30 500 50 
Power consumption, 
kW/cm 

13.5 9 4.3 8.5 9 6.5  

Total Cost LE/cm  6.21 6.64 2.78 7.51 4.75 6.34 NA 
Cost $/cm 1.83 1.95 0.82 2.21 1.40 1.86 - 

 TVC: Thermal Vapour Compression. 
 MVR: Mechanical Vapour Compression. 
 $ = 3.4 L.E. 
 

I.  DESALINATION CAPACITY IN PALESTINE 
 

 The shortage of water in the Gaza Strip, due to lack of adequate sources of drinking water and 
increasing groundwater pollution, has forced municipalities and water vendors to augment supplies through 
the use of small-scale desalination plants as shown in table 24.  In Gaza, there are six small brackish (5000 
ppm) reverse-osmosis plants with a daily capacity of 1080 – 1800 cm (Assaf 2001).  Some of these plants 
were set up by the private sector.  Shortage of water was met partially by using RO desalination for brackish 
groundwater with large environmental impact from the discharge of brine onto open land, which 
consequently increases pollution in groundwater due to over-extraction. 
 
 Given the increasing severity of water shortages, the water authority, with the support of donor 
agencies are planning to set up small desalination plants shown in table 23. The French, Austrian and 
Palestinian authorities have taken the initiative in building many RO plants with a total expected production 
capacity of 0.26 mcm by the end of 2001.  Large-scale desalination facilities are planned by the Palestinian 
authority, which will be constructed in five phases, with an initial capacity of 4.5 mcm by 2004, and as much 
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as 5.57 mcm by 2008.  The execution of this plan depends on the gas contract with the British Gas Company 
to deliver gas from their offshore Gaza field. 
 

TABLE 23. PRIVATE SECTOR DESALINATION UNITS IN EGYPT (AFTER ABOU RAYAN ET AL 2001) 
 

Location Owner Process 
Capacity 

cm/d Salinity 
Product 
salinity 

Selling price 
$/cm 

Taba Gloden Coast RO 750 40000 350 2.35 

 Maleh 
Company 

RO 4000 35000 400 2.21 

Nuweiba Helnan RO 240 44000 400 2.35 
 Hilton RO 300 44000 400 2.35 
 Pyramiza RO 2000 44000 400 2.65 

 Ramo RO 1000 44000 400 2.65 
 Metito RO 500 44000 400 2.65 
 Raga RO 2000 44000 400 2.35 
 Southern 

Water Co. 
RO 7000 44000 400 - 

 Montazah RO 2500 44000 500 - 
Sharm El Sheikh Residence RO 500 44000 600 - 

 Euro Palace RO 500 44000 400 - 
 Meridien RO 500 44000 400 - 
 Aqua Marina RO 2000 44000 400 - 
 Movenpick RO 1000 44000 400 - 
 Marriott RO 500 44000 350 - 
 Sheikh Zayed RO 2500 44000 400 - 
Dahab Bacha Coast RO 500 44000 400 - 
 Ghazala RO 500 44000 400 - 
 Helnan RO 800 44000 400 - 
 Pullman RO 500 44000 400 - 

 
TABLE 24. CURRENT AND PLANNED RO BRACKISH WATER DESALINATION CAPACITY 

IN GAZA STRIP (ASSAF 2001) 
 

Location Date Water source 
Quality 

mg/l 
Capacity 
cm/day 

Capacity 
cm/year 

Production 
cm/day 

Costs $ 
million 

Deir El-Balah 1991 
Set up 
Israel 

Municipality 
well 

3100 78 28470 43 0.65 

Khan Younis 
El-Sharqi 

1997 Municipality 
well 

2500 60 21900 50 0.50 

Khan Younis 
Al- Saada 

1998 Municipality 
well 

2000 80 29200 65 0.20 

AQUA private 
company 

1998 Well in Gaza 1500 70 25550 50 0.62*  

Al- Braij 
private 
company 

1999 Municipality 
well 

1600 60 21900 41 0.75*  
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TABLE 24 (continued) 
 

Location Date Water source 
Quality 

mg/l 
Capacity 
cm/day 

Capacity 
cm/year 

Production 
cm/day 

Costs $ 
million 

USA aid 
industrial Zone 

2000 Municipality 
well 

1400 95 34675 75  

French plant 
first phase 

2001 Sea Beach 
well 

 1440 525600 5000 UC 

Austrian Plant 
First phase 

2001 Sea Beach 
well 

 820 299300 5000 UC 

Palestinian 
Authority 

2004 Sea Beach 
well 

 150000 54750000   

Phase I     60000  
Phase 2     60000  
Phase 3     20000  
Phase 4     1000  
Total    152703 55736595 151324  

UC: Under construction. 
*  Selling price.  

 
J.  DESALINATION POTENTIAL IN JORDAN 

 
 Jordan has been witnessing domestic water shortages over the last decade.  One feasible option to 
augment water supplies is the desalination of groundwater, since brackish reserves in Jordan are quite 
extensive. A study conducted by International Cooperation Agency (JICA) indicated that as much as 20 
billion cubic metres of water, contained in the aquifers of central Jordan, could be made available by the year 
2010 by constructing brackish water desalination plants; an amount that could reach as much as 70 bcm by 
the year 2040 with proper development (Mohsen and Jaber 2001).  Total dissolved solids in these aquifers 
ranged from 5000-10,000 ppm.  The plan to use waste heat from future open-cycle gas-turbine technology 
power stations will soon enable more economic production of desalinated water from brackish groundwater 
source. 
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IV.  WATER RESOURCES DEVELOPMENT COSTS 
 
 The provision of water supply and sanitation services required huge investment which beyond the 
financial capability of large number of developing countries. The UN Water Supply and Sanitation Decade 
launched in 1980, fail to achieve its intended target of universal coverage by 1990 (Owen, 2000). The major 
stumbling block to implement needed programmes was the lack of; political will by decision makers and of 
financial resources from national budget, and financial support of donor and lending institutions.  The World 
Bank estimated (Owen, 2000) that $ 600 to 800 billion is needed during the next 10 years to provide 
adequate water supply and sanitation coverage. This investment needed to provide basic and better water 
supply and sanitation service coverage is estimated at $ 45-65 billion for the Middle East, for Asia at $220-
300 billion, for Africa at $80-100 billion, for Latin America at $200-250 billion, for Eastern Europe at $30-
50 billion, and for Western Europe and North America at $25-35 billion (Owen, 2000). In addition, 
investments needed to address improvements and environmental concerns, mainly in North America and 
Europe, were estimated at $ 300-470 billion. The overall annual investment needed may rage from $ 80 to 
180 billion (Owen, 2000).  Given the need for such huge investment, a great deal of hope is being placed on 
the private sector to annually invest $ 20 –35 billion.  
 
 For example the report of the USA Environmental Protection Agency (EPA) gave an idea of the 
magnitude of the large investments needed to build the drinking water infrastructure requirements for the next 
20 years estimated at $138 billion  (McCray 2001) with the major portion of $772 million to be allocated to the 
transmission and distribution system.  Increasing concerns for environmental problems will require 58,000 
commercially owned water supply systems to spend $534.4 billion on improvements in water supply 
infrastructure needed to comply with the Safe Drinking Water Act. Competition for private operation and 
maintenance contracts for water supply systems has resulted in a reduction of operation and maintenance 
goals by 25% in some parts of the U.S.A. 
 
 In the ESCWA region large investments are needed specially Egypt, Syria, Iraq and Saudi Arabia 
because of their large population. Recent information from Egypt (Sharabas, 2001) indicated that the 
rehabilitation cost to repair the leakage (40-50%) of the distribution network is estimated at $590 million (20 
billion, L.E) while the renovation of the 421 water supply treatment plans is estimated at $410 million (1.4 
billion L.E). The estimates to rehabilitated a 27 wastewater treatment plants is estimated at $ 154 million 
(525 million L.E), sewerage collection systems at $705 million (2.4 billion L.E) and 1500 well $ 52 millions. 
In Saudi Arabia the required annual investment in construction of desalination plants up to the year 2020 is 
estimated at $2.5. In Syria, the government is evaluating the private sector in providing Damascus with water 
from the Fjih springs with an investment that may reach $10 Billion (World Water, 2001). 
 

A. INVESTMENT IN THE WATER SUPPLY 
 

 In developed countries, the costs of water supply and wastewater facilities, on the average was 
estimated at $650 – $1400 per inhabitant (Lee et al, 2001) with an assumed per capita consumption of 180-
200 litres.  Costs may vary according to climate, physical and geographical characteristics of the country, 
and prevailing social conditions.  Additional costs may be incurred as a result of environmental concerns or 
pollution, ranging from $300 - $400 per person.  The average costs according to Lee et al (2001) for water 
supply, wastewater, storm water and connections are shown in table 25.  Further information provided by 
Lee et al. (2001) was based on the investigation of the International Water Supply Association, which 
indicated that the average capital and delivery costs for water ranged from $0.18 to $1.61/ cm per year. Table 
26 shows the breakdown of costs for water supply and wastewater infrastructure.  The average maintenance 
costs ranged from $0.01 – $0.45.  In Jordan, the average capital water production costs ranged from $ 0.5 to 
0.7 and O&M of $0.28 /cm (Al Zubi, 2001).  
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TABLE 25. AVERAGE COSTS OF WATER AND WASTEWATER TREATMENT PER PERSON 
(AFTER LEE ET AL 2001) 

 
Facility Cost $/person 
Water supply including environment aspect 450-1800 
Water supply with connections  750-2100 
Wastewater treatment 650-1400 
Storm water 970-1250 
Combination of wastewater and storm water 1000-1400 
Water and wastewater connection 200-300 
Environmental protection 300-400 

 
TABLE 26. BREAKDOWN OF ANNUAL AVERAGE WATER SUPPLY AND WATER-WASTE TREATMENT 

COSTS IN $/CM (AFTER LEE ET AL 2001) 
 

Categories of costs  Water supply  Wastewater treatment 
Capital 0.010-0.40 0.10-0.16 
Operation 0.01-0.45 0.25-0.40 
Maintenance 0.15-0.60 0.08-0.15 
Miscellaneous 0.03-0.15 0.025 
Average 0.85 0.53 

 
B. DESALINATION DEVELOPMENT COSTS 

 
 In the early seventies the major problems with the production of desalinated water was the high cost 
associated with initial capital investment for construction operation, and high-energy consumption. These 
problems posed major constraints to those countries with limited financial resources.  Advances in desalination 
technology over the last 20 years has resulted in higher efficiency and a consequent decrease in the cost of 
desalinated water from $3.5 per cubic metre in 1979 to $0.55 per cubic metre in 2000.  However, during the 
last ten years desalination technology has been developed to the point where it can provide a reliable source of 
water at competitive costs, as recently a private sector bid to produce freshwater from saline water at 25000 
ppm to a district in Florida and Cyprus from sea water reported a cost of at $0.55 and $.84 per cubic metre 
respectively.  In Saudi Arabia, at zero interest rate, production cost from MSF ranged from $0.26 to 0.98 /cm 
while for RO it ranged from $0.48 t0 0.76 depending on the size of plant. In UEA- Abu Dhabi for plant 
operating for 12 years cost estimated at $1.01- 1.2/cm. Average cost for MSF, may range from $0.76 to 2.42 
while for seawater RO may range from $0.64 to 2.54 /cm 
 
 Desalination plants require major initial capital outlays that need to be depreciated over plant service 
life, which could be 25 years or more.  Hence, the cost of capital has a significant impact on unit water cost as it 
represents about 30% to 60% of the total cost. The recently reported capital investement cost (Smarat. 2000, 
and Al Hussien, 2001) was estimated at $880-2600 cm/day for MSF, $700-1350 cm/day for RO and $660-1700 
for MED as shown in tables 27 and 28.  Additional estimated capital cost from recently built or under 
construction plant in the ESCWA region is shown in table 28.  The analysis of actual bid data for a large MSF 
desalination plant in the Gulf indicated a large variance of the capital costs influences of unit water cost over 
plant life.  For dual-purpose plants, cost allocations between water and power provides an opportunity of cost 
sharing on unit water cost.  The result of the study indicated that the unit water cost might range from $0.125 
per cm to $1.125 per cm with various assumptions on allocation of the cost of components, cost of energy, and 
capital cost.  
 
 Gulf countries use different cost allocation assumptions, since some consider water a secondary 
product of dual-purpose plants, while others consider it a primary product. Plant-capital and operating-unit cost 
decreases significantly as plant capacities increase up to about 5 mcm (3 mgd) for brackish water and 8.3 mcm 
(5 mgd) for seawater.  Beyond these limits, costs decrease only slightly as plant size increases.  The rate of cost 
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decrease with increasing size is more significant for thermal processes compared with RO or ED. The costs for 
desalting brackish water using RO and ED are about equal, with each having unique advantages depending on 
feed-water quality.  Various capital cost for different desalination processes (Samart, 2001, MEDRC, 2000 and 
Al Hussein 2001) were reported in different parts of the world but with most of it from the GCC region as 
shown in table 29.  For a plant with a capacity of 10000- 20000 cm/day capital costs may range from $1270 to 
2050/cm/day while for RO estimated at $1140-2280/cm/day.  Information on the breakdown of costs from 
recently constructed plant was analysed by Wade (2000) for MFS, MED and RO plants is shown in table 30. 
There are large variations in capital and water, which should give indications that cost especially capital cost, is 
influence by the design, location, water intake and discharges and water quality. Thus parties interested in 
desalination should evaluate their requirement and location characteristics and should approach counties with 
similar characteristic to learn from their experiences that have good. 
 
  The energy input is a function of plant design and water salinity.  Energy costs account for about 20% 
to 30% water production cost using international energy prices.  Desalting seawater, using either distillation or 
reverse osmosis can be three to seven times more expensive than desalination of brackish water from   RO or 
ED.  Distillation process has higher cost reverse osmosis, regardless of feed water quality, owing to the larger 
amount of energy required to vapourize water (Wagnick 2000).  RO and ED costs are very sensitive to feed 
water salinity and quality.  ED tends to be more economical than RO at salinities of less than 3,000 ppm and 
less economical than RO at salinities greater than 5,000 ppm.  In general, for low salinity water (less than 3,000 
ppm), ED is the most energy-efficient process to produce one cubic metre of potable water.  As the salinity of 
feed water increases above 3,000 ppm, RO becomes the most energy-efficient process.  
 
 Labour cost varies from 15% to 30% of operation and maintenance (O & M) costs, depending on plant 
type, size and location, as well as the skill of the operators.  The experience and skill of operators is the major 
determinant of other O & M costs, plant reliability and plant life.  Plant automation tends to increase plant 
reliability but become more economical in large plants.  For small plants, automation may decrease the number 
of operators required but not necessarily their cost, inasmuch as more qualified staff will be required. For 
seawater RO plant, the relative cost distribution that the energy cost represent 44%, fixed cost 37% and the 
remaining 19% for the operation and maintenances. 
 
 Further cost break down for a plant with a capacity of 22500 cm/day can be divided into the following 
components; site development 2.7%, capital equipment 63%, membrane 8%, pre-treatment 20%, intake and 
outfall 3.8% and product water treatment 1.6 (Leusink, 2001). Chemical consumption costs represent less than 
10% of O and M costs for MSF plants but may exceed 20% for RO plants.  Major cost reductions can be 
achieved through process optimisation for a given site and plant design.  There are cases where chemical cost 
can be as low as 1% to 3% of total water production cost. The quality of feed water is a major cost factor for 
membrane process. All costs depend to a large extent on pre- and post-treatment requirements.  
 
 RO water product cost for spiral wound membrane reduced from $1 to $0.38 /cm in 2000 (Leusink, 
2001).  However, the cost of water production still depends on plant size, site characteristics and water quality 
in relation on the concentration of certain salts, such as silicon, heavy metals and organic material.  Owing to 
low salinity of brackish groundwater, desalination of this source is much lower than seawater desalination, 
usually ranging from $0.3 to $0.65 /cm.  The major cost components consist of capital investment in 
desalination plant, well drilling and pumps, and brine water disposal. Beach wells are a preferred source of 
seawater for RO plants, compared with an open seawater intake.  If plant location and ground conditions allow 
the use of beach wells, the cost of developing a proper feed water source could be a large percentage of the total 
cost of a plant.  The disposal of brine presents a major environmental constraint of brackish water desalination.  
Careful consideration is usually needed to avoid contamination of the groundwater source.  Desalination of 
brackish water, with a salinity of 1000-10,000 ppm, can be accomplished at a significantly lower production 
cost compared to that of seawater. 

 



 

 

 
 

45
 

 

TABLE 27. CAPITAL AND WATER PRODUCTION COSTS FOR DIFFERENT DESALINATION PROCESSES 
(AFTER SAMART AND OTHERS, 2000) 

Process Capital cost $/cm/day Production cost $/cm Remark 
MSF 1330-2493* 

1100-1600* 
1.1-1.8  

MED 900-1250 0.46-0.80 Recent information 
VC 950-1000 0.87-0.95  
RO 720-1787* 

700-1000* 
0.68-0.95  

RO 1000-1350 0.45-0.51 Temp-Buy 1999 
MSF 2300 1.5 Proposal 1998 
Wind 400-240   
Nuclear 2700-4000 < 1  

* MEDRC 2000. 
 

TABLE 28. WATER PRODUCTION AND CAPITAL COST OF DIFFERENT DESALINATION PROCESSES 
IN THE ESCWA REGION (RECENT 2000) 

Country Process 
Capacity 

mcm 
Cost 

$ million 
Capital cost 
$/cm-day 

Cost 
$/cm Remark 

Saudi Arabia 
(Average cost) 
 

MSF - - 1330-1600 
1775-2495 

0.36-1.32 
0.56-1.25 

Without 
pipelines 
With 
pipelines 

 Jeddah I (SA) MSF 20.7 41.1 724.3 0.28 Without 
turbine and 
storage tank-
free 
electricity 

Jeddah II (SA) MSF 20.7 96.8 1704.8 0.29 Without 
turbine and 
storage-free 
electricity 

Medina (SA) MSF 46.7 22.8 1782 - Everything 
excluding 
storage 

Al Juhaid (SA) MSF 33.1 160.5 1770 0.56 Include 
storage tank 
of 500000cm 
but no water 
intake 

Hail* (SA) RO 36.5 77 772.3 -  
 

Shamasil (SA) RO 13.1 14.2 395 - With out 
pipelines 

Al Hid 
(Bahrain) 

MSF - - 1286.3 -  

Al Taweelah 
(United Arab 
Emirates) 

MSF - - 3100 1.41 BOOT 

Addar (Bahrain) MSF 16.6 - 888.2 - Include 
storage tank 
of 15000 cm 

S.A: Saudi Arabia. 
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TABLE 29 TYPICAL COSTS FOR SEAWATER DESALINATION PLANTS 
 

Capacity Capital cost 
Year Type Location Mgd cm/day $/gdp $/cm day 
1979 MSF Jeddah III 23 88,000 15.00 3,936 
1982 MSF Jeddah IV 58 220,000 9,36 2,471 
1985 MSF Las Pallmas, Spain 6 27,727 4,80 1,267 
1986 MSF Assir, S.A. 30.7 116,128 4.17 1,102 
1987 MSF Al-Khobar, S.A. 63 240,000 4.58 1,209 
1989 MSF Al Gubrah, Oman 12 45,454 11.25 2,970 
1992 MSF Medina-Yanbu II 38 144,000 5.00 1,364 
1993 MSF Al-Khobar III 63 240,000 4.72 1,417 
1993 MSF Al-Shuaibah 112 454,000 3.76 1,047 
1981 MED St. Croix 3.75 14,200 4.00 1,056 
1985 MED Las Palmas, Spain 6.0 22,727 5.71 1,505 
1985 MED Curacao, N.A. 2.64 10,000 4.92 1,300 
1989 MED Curacao, N.A. 2.64 10,000 7.95 2,100 
1978 SWRO Jeddah, S.A. 3.17 12,000 9.46 2,497 
1981 SWRO Key West, F1. 3 11,360 2.66 702 
1984 SWRO Al Dur, Bahrain 12 45,450 4.09 1,080 
1985 SWRO Las Palmas, Spain 6 22,727 4,23 1,117 
1985 SWRO Jeddah I Rehab, S.A. 15 56,800 2.87 758 
1987 SWRO Jubail III, S.A. 30 113,636 3.76 993 
1988 SWRO Jubail IV, S.A. 24 90,910 6.42 1,695 
1989 SWRO Fujaira, United Arab 

Emirates 
2.4 9,090 6.25 1,650 

1992 SWRO Medina-Yanbu II 33.8 128,020 6.72 1,774 
1992 SWRO Al-Jubail III 24 90,000 5.77 1,522 
1995 SWRO Dhekelia, Cyprus 5.28 20,000 4.73 1,250 

 
MSF:   Multi stage flash. 
MED:   Multi-effect distillation. 
SWRO:  Seawater reverse osmosis. 
MGD:  Million gallon per day. 
cm/day: Cubic metre per day. 
$/gdp: Dollar per gallon per day. 
$/cm:   Dollar per cubic metre. 
 

 As discussed before wide range of costs were reported but for the interest of countries from the 
ESCWA region interested in undertaking the desalination option, the costs from the region would be more 
relevant to them taking into consideration the subsidization on energy. Average costs from the GCC countries 
using different desalination processes may range from $0.75 to $1.5 per m3 for seawater, from large plant, 
while it ranges between $2 to $3 for small plants and $0.4 to $1.5 per m3 for brackish water.  Generally costs 
decrease with increased plant capacity.  Costs reported by the Gulf countries differ among these countries and 
are usually less than for countries in the rest of the world because of subsidies minimal energy charges.  For 
example, the cost of water production in Saudi Arabia for different sizes of plants ranges from $0.48 to $2.2; in 
the United Arab Emirates water costs from $1 to $1.45; and in Qatar, the range is $1.14 to $1.64 and in Bahrain 
at $0.661 (MSF) and $1.64 /cm for RO plants. In general, water production costs in many of the ESCWA 
member countries where desalination is used extensively, can be distributed as follows: 38% for capital 
investment, 20.5% for energy, 21.3% for labour, 16.2% for maintenance and 4% for chemicals. The required 
investment to meet the domestic water demand from desalinated water for countries of the GCC region is 
shown in table 31. 
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TABLE 30. COST BREAKS DOWN OF DIFFERENT DESALINATION PROCESSES FOR A PLANT 
WITH CAPACITY OF 32000 CM/DAY (AFTER WADEL 2001) 

 

Cost elements MSF MED RO 
RO +brine 

booster 
Capital in  $ (millions)     
     • Distillers installed 34.57 32.4 - - 
     • RO Plants installed - - 28.7 25.5 
     • Seawater   intake and outfall 2.8 2.6 2.0 1.8 
    • Foundations and buildings, 15.0% 5.6 5.2 4.6 4.1 
    • Financing during construction, 10% 4.3 4.0 3.5 3.1 
    • Engineering and contingency 4.3 4.0 3.5 3.1 

Unit costs, in $/cm 51.4 48.3 42.4 37.7 
Total in $ Million     
    • Energy     
    • Heat  0.242 0.219 0.000 0.000 
    • Power 0.109 0.070 0.128 0.106 
    • Operation and maintenance 0.126 0.126 0.126 0.126 
    • Spares 0.082 0.082 0.033 0.033 
    • Chemicals 0.024 0.024 0.047 0.047 
    • Membranes 0 0 0.110 0.098 
    • Capital charges 0.461 0.433 0.380 0.338 
Total cost $/cm 1.043 0.953 0.823 0.747 

 
TABLE 31. ESTIMATED INVESTMENT IN FUTURE DESALINATION CAPACITY (ESCWA, 2001) 

2000-2001 2010-2025 
Process RO MSF RO MSF 
Water to be desalinated  
  (mcm) 

1956.3 11086 4676.4 26499 

Investments required for  
  adding new desalination  
  (billion $) 

60 82 

Investments requirements  
  for rehabilitation of old  
  units (billion $) 

 21 

Total investments  
  required for desalination  
  (billion $) 

69 103 

 
 As a conclusion for this important section, the work of Georgopoulou (2001) and his fellow experts 
is cited below due to its possible contribution to estimation of costing methodology for brackish water 
desalination. The methodology can be used to assess influencing factors in the selection of desalination 
processes for a new plant.  Georgopoulou, et al. (2001) tried to arrive a simplified cost functions to be used 
for screening purpose for brackish desalination. The development of the function was based on data collected 
from laboratories, 100 plants in Gran Canaria, 20 plants in Fuerteventure 5 in Lanzarite in the Mediterranean 
region, some plants in the mainland of Spain and data from a literatures (Georgopoulou, et all 2001) .  The 
reported data covered plants having capacity of 40 cm/day and smaller plants with varying capacities. The 
analyses assumed 11% interest, a 5-year membrane life, and a 20-year plant life. The equations provide costs 
estimates for plants ranging in capacity from 2,000 to 70,000 cm/d.  Their study resulted in a simplified 
capital and operational cost function equations for RO plant for a salinity ranges of 1000- 10000 ppm, as 
follows: 



 

 

 
 

48
 

 

 C1 = 9 x 10-6 * S + 0.2 
 C2 = 1403.38 * Qp0..8539 
 C3 = 1 x 10-5 * S + 0.294 
Where: C1 is the total cost of operation and maintenance cost in Euro dollar E/m3, 
 C2 is the capital cost of constructing the plant in Euro 
 S is the water salinity 
 Qp is the produced water in m3/d and 
 C3 is the total water production costs. 
 
 In regard to solar desalination, most of the work is still at the experimental stage. Theoretical 
analysis of solar desalination indicated that the costs (Goosen et al, 2000) was $5.75 cm for the 10 year 
lifetime of the still, with a 5% interest rate, or $2.99 cm /day for 20 years lifetime, with the same interest 
rate. Example of the experimental work in Morocco where solar system was coupled with MSF for a 
capacity of 300 cm/day produced water at a cost of $5/cm.  For nuclear desalination reported cost ranged 
from $I-15 /cm. Capital cost for wind and nuclear energy desalination processes is shown in table 27. The 
average cost for a 20-year still lifetime can range from $0.52 to cm. 
 
 There are many feasible options beside desalination that can be used to augment the supply which 
demonstrated its viability in different parts of the world.  These options may consist of development of 
surface water through construction of storage dams, reuse of treated drainage and treated wastewater, use of 
groundwater to store excess water through recharge to be used during time of need, water import through 
tanker, pipeline and rubber bags, ice berg and cloud seeding. These options can be used individually or 
combination of more than one option depending the technical, economic and social feasibility of each. All 
these options are feasible to augment the supply in each countries of the ESCWA region, however they are 
usually shy to evaluate them due to lack of data and   their traditional practice of evaluation a single option. 
Thus the following information on the costs of development of groundwater, wastewater and water import 
would give an indication of the range in values and encourage them to evaluate many options as well as 
documentation of the needed data.   
  

C.  GROUNDWATER DEVELOPMENT COSTS 
 
 The increased development of groundwater resources in the ESCWA member countries represents a 
feasible option if decision is taken to mine the groundwater sources at a rate that far exceeds natural 
replenishment with the impact of depletion of this source.  Mining of groundwater will lead to a drop in the 
water level with the implication of increases energy cost to pump the water, higher drilling, casing and pump 
cost making water increasingly more expensive to produce at the site.  Development cost is high in countries of 
the Arabian Peninsula as some deep aquifers are located at some location can be more than one kilometre deep.  
Groundwater from shallow alluvial aquifers is much cheaper to recover than that contained in deep aquifers; 
however, capacity is limited.  
 
 For example, the cost of water production from shallow aquifers in Saudi Arabia ranges from $0.2 to 
$0.6 per cm with the energy costs being subsidized.  In Jordan in the north upland areas cost of development 
was estimated $.13 and for Amman areas it was at $ 0.41 /cm. The average groundwater development cost in 
Jordan is estimated at $0.4-1 /cm (Al Zubi, 2001).  In the west bank groundwater development cost ranged 
from $1.14 to 1.53 while in Gaza  (Depth 50-200m), it ranged from $ 0.13 to 0.24 /cm. The production costs for 
water from deep aquifers ranges between $1.1-2 per m3, including treatment costs. The well infrastructure cost 
may reach $0.2 /cm. Cost of groundwater development for few of the ESCWA countries in comparison to 
desalinated water is reported in table 32.  Additional information for the development of groundwater sources 
for drinking and irrigation purposes through distribution system and tanker in Yemen and Oman is shown in 
tables 33 and 34. The low reported cost might be attributed to low cost of drilling and shallow groundwater 
depth in the mentioned countries.  
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TABLE 32. COST COMPARISON BETWEEN DESALINATION, GROUNDWATER AND TREATED  
WASTEWATER FROM ESCWA COUNTRIES 

  
Country Desalination Groundwater Wastewater 
Saudi Arabia 0.48-2.2 0.2-1.1 0.7-1 
Qatar 1.11-16.4 - 1.1-1.3 
Bahrain - - 0.16-0.8 
Kuwait 0.66-1.64 - 0.4-0.83 
Oman 1.53-1.83 0.4-2 - 
Jordan - 0.41 0.6 
Lebanon - - 0.8 
West Bank - 1.2-1.5 - 
Gaza  - 0.13-0.24 - 

 
TABLE 33. COST ESTIMATE OF GROUNDWATER DEVELOPMENT AND ITS RETURN IN YEMEN 

 

Supply type Cost type 
Cost 

(YR/cm) 
Price 

(YR/cm) 
Profits 

(YR/cm) 
Return 

% 

Annual net 
income 

(1000 YR) 
On-site (well) Capital 0.03-0.04   86-100 8441-9236 

Recurrent 11.6   (well) Direct 
selling to tankers Total 16.3-17.7 33 15.3-16.7   

Capital 
(well) 4.7-6.1 
Capital 
(Transport) 4.7-9.2 
Recurrent 
(well) 11.6 
Recurrent 
(Transport) 2.9-5.8 

Piped Supply 
(House 
connection from 
a private well) 

Total 24-33 

 
 
 
 

40-70 16-37 50-155  
Tanker Supply Water 33 

 
O & M of 
Truck 73 

 Total 106 
 

166-200 60-94 57-90 214-335 
 

D.  WASTEWATER TREATMENT COST 
 
 Other important augmenting water supply option beside desalinated water is the reuse of treated 
wastewater, which is being used in a small amount and expected to be available at a substantial volumes from 
the increased domestic water use. At the present time large volume of treated wastewater is not put into 
beneficial use as most of the treated and untreated wastewater is disposed off into the sea.  Treated wastewater 
can go a long way for the supplementing irrigation water demand provided its use is carefully monitored can be 
the long term solution.  Treatment of wastewater and its reuse incurs treatment, transporting, operating and 
monitoring costs.  Capital costs data was collected from the ESCWA region and different part of the world to 
show the magnitude of the needed investment.   
 
 Typical cost per communities of 1000 or 10000 person give an indication of the different costs of 
different wastewater treatment level is shown in table 35.  The average cost may range from $0.26 to 0.63 /cm 
for 10000 inhabitants while for 10000 inhabitants it ranges from $0.16 to 0.44 /cm. Cost substantially increases 
as the level of treatment became high to meet normal environmental standards increases. 
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TABLE 34. BREAKDOWN OF WATER DEVELOPMENT OPTIONS IN OMAN 
 
Development options Cost (Bz/cm) $ /cm 
Irrigation tube-well 14-19 0.036-0.049 
Irrigation well, hand dug + diesel pump set 19 0.49 
Central irrigation well-field 32 0.082 
Potable water supply wells, conveyance  
over short distances (0 to 5 km) 25-236 0.083-0.614 
Aquifer recharge dams 50-350 0.13-0.91 
Aquifer recharge (effluent) 78-170 0.20-0.44 
Well-field, water supply wells,  
Conveyance over long distances (5-50 km) 74-770 0.192-2.00 
Well-field, water supply wells, 
Conveyance from Wadi Dayqah to Muscat 297-389 0.77-1.01 
Desalination of brackish water 467-582 1.21-1.51 
Dam at Wadi Dayqah 505 1.31 
Desalination of seawater 589-721 1.53-1.82 

One Omani Riyal = 2.6 $ = 1000 Baizas. 
cm = cubic metre. 

 
TABLE 35. AVERAGE COST BREAKDOWN OF WASTEWATER TREATMENT IN $/CM PER  

10000 AND 100000 INHABITANTS 
 

10000 persons 100000 persons 

Type of activity 
Capital 
$/M3 

O & M 
$/M3 

Total 
$/M3 

Capital 
$/M3 

O & M 
$/M3 

Total 
$/M3 

Mechanical 0.175 0.083 0.258 0.110 0.050 0.160 
Chemical 
High load1 
Low load2 

 
0.175 
0.200 

 
0.125 
0.142 

 
0.300 
0.342 

 
0.117 
0.133 

 
0.075 
0.083 

 
0.192 
0.217 

  Biological  
  High load3 
  Low load4 

 
0.233 
0.258 

 
0.133 
0.125 

 
0.367 
0.383 

 
0.150 
0.180 

 
0.083 
0.083 

 
0.233 
0.263 

  Biological/Chemical 
  Simultaneous precipitation5 
  Preprecipitaion6 

 
0.250 
0.275 

 
0.167 
0.175 

 
0.417 
0.450 

 
0.150 
0.167 

 
0.108 
0.125 

 
0.258 
0.292 

  Biological/Chemical, N-  
  Removal 
  Predentrification/Simultaneous 
  Precip. based on activated    
  sludge7 
  Postdentrification/ 
  PrePrecipitation based on  
  Biofilm  Process 

 
0.433 

 
 

0.333 

 
0.200 

 
 

0.225 

 
0.633 

 
 

0.558 

 
0.283 

 
 

0.225 

 
0.158 

 
 

0.175 

 
0.441 

 
 

0.400 
 
1. Chemical high load-chemically enhanced mechanical treatment. 
2. Chemical low load-traditional chemical treatment- primary treatment. 
3. Biological high load-activated sludge with sludge load =0.2 kg BOD5/kg SS. Day. 
4. Biological normal load-activated sludge with sludge load =0.2 kg BOD5/kg SS. Day. 
5. Biological /Chemical-Simultaneous Precipitation in normally loaded activated sludge plant. 
6. Biological/Chemical – Precipitation followed by normally loaded activated sludge plant. 
7. Biological/Chemical including N-removal-predenitirification/simultaneous precipitation in activated sludge plant 

with total sludge age of 13 days. 
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 The capital cost of construction for wastewater treatment in Jordan and UAE shown in tables 36, 37 
and 38 gave a range in values due the level of treatment and the specific local condition. Average wastewater 
treatment breakdown of cost component of facility element for Dubai, UAE is shown in tables 36 and 37 
indicating a cost of $1172 cm/day at different interest rates on project life.  Cost in Kuwait was estimated at $ 
670 cm/day. 
 
 Costs of wastewater treatment, as reported by some of the Middle Eastern countries, range from $0.12 
to $0.41 per m3 for secondary treatment level as shown in table 39.  Average water treatment cost is estimated 
at $0.5/cm. Recent treatment estimate in Armco Dhahran, Saudi Arabia secondary treatment costs ranged from 
$ 0.13 to 0.28 /m3 while in Bahrain it was reported at $0.164 while for tertiary level estimated at $0.37/cm (Al 
Zubari, 1997). Costs from the ESCWA region indicating a range of $ 0.16 to 1.61 /cm for tertiary treatment 
level is shown in table 37.  A simple methodology for estimation costs of treatment levels of wastewater and 
reuse purposes was reported by Georgopoulou et al (2001). Their study provided the following equations 
provide the treatment costs for different wastewater reuse objectives: 
 
 T1 = -0.064 Ln (Q) + 0.6541 
 T2 = -0.0736 Ln(Q) + 0.7392 
 T3 = -0.2182 Ln(Q) + 2.1197 
Where:  T is the total cost in Eur dollar per m3 
 Q is the volume per hour 
T1 is used the treated wastewater for irrigation when the wastewater undergoes primary sedimentation, 
nitrification and filtration. 
 T2 is used for artificial recharge using surface spreading 
 T3 is used for direct artificial well injection where the wastewater receives lime precipitation, re-
carbonation, filtration, activated carbon and RO. For further details, see Georgopoulou et al (2001). 

 
TABLE 36. CONSTRUCTION COST OF WASTEWATER TREATMENT PLANTS IN JORDAN 

 
Treatment 
plant 

Year of 
operation Type of plant 

Total construction 
cost (JD) BOD5 (kg/d) Flow (cm/d) 

As-Samra 1985 W.S.P 23949000 35750 68000 
Aqaba 1987 W.S.P 1494180 3536 9000 

Central Ibrid 1987 

Trickling 
filter & 
Activated 
sludge 6769618 8874 11023 

Wadi Arab 1999 
Activated 
sludge 18657763 21890 22000 

Al Baqa 1988 
Trickling 
filter 7274280 5400 14000 

Salt 1981 
Extended 
Aeration 5930000 2664 7600 

Jerash 1983 
Extended 
Aeration 3180000 924 3500 

Abu Nuseir 1986 
Activated 
sludge 1713405 4400 4000 

Karak 1988 
Trickling 
filter 830000 852 786 

Tafileh 1988 
Trickling 
filter 871304 845 800 

Maan 1989 W.S.P 649000 1304 1590 
Mafraq 1988 W.S.P 885073 1500 1800 
Ramtha 1987 W.S.P 700000 2405 1920 
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TABLE 36 (continued) 
 

Treatment 
plant 

Year of 
operation Type of plant 

Total construction 
cost (JD) BOD5 (kg/d) Flow (cm/d) 

Madaba 1989 W.S.P 630000 1700 2000 

Kufranjeh 1989 
Trickling 
filter 888517 1736 1800 

Wadi Al-Seer 1997 
W.S.P & 
aeration 5000000 3120 4000 

Fuheis 1997 
Activated 
sludge 5000000 2388 2400 

 
TABLE 37. CONSTRUCTION COSTS BREAKDOWN OF THE WASTEWATER TREATMENT PLANT AT DUBAI  

(UNITED ARAB EMIRATES) WITH CAPACITY 200000 CM/DAY IN MILLION DOLLARS 
 
Components   Cost ($ million)  
Power supply 1.84 
Access road 0.41 
Drinking water supply 0.36 
Telephone 0.14 
Influent pipeline 58.90 
Effluent pipeline 46.58 
Pumping stations 10.96 
Inlet works 4.63 
Primary settlement 6.16 
First stage biological treatment 16.47 
Second stage biological treatment 21.70 
Coagulation 1.26 
Tertiary treatment 13.73 
Sludge treatment 12.41 
Administration and service buildings 6.88 
Power supply (internal) 1.18 
Pipe work 15.45 
Ancillaries 8.47 
Site works 6.74 
Total Cost $ million 234.25 
Cost $/cm-day 1171.25  

cm= cubic metre. 
 

TABLE 38. UNIT COSTS ESTIMATES FOR DIFFERENT INTEREST RATES AND PROJECT LIFE AT 
 DUBAI WASTEWATER PLAN BASED ON 1981 ESTIMATES 

 
Project life Unit cost of various capital amortization rates ($/m3) 

Years 6% 8% 10% 12% 
20 0.44 0.50 0.55 0.62 
30 0.38 0.45 0.51 0.58 
40 0.36 0.43 0.50 0.57 
50 0.35 0.42 0.49 0.57 

 
Reuses of treated wastewater will play a major role in augmenting the water supply especially in the 

irrigation sector, as existing technology is capable of providing almost any quality desired for the public health.  
The social non-acceptance and uncertainty concerning water-borne viruses discourage large-scale use of 
recycled wastewater. Some tertiary treatment processes use RO technology.  For wastewater reuse project the 
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major costs are those associated with marginal costs for the needed additional treatment storage and 
distribution and storage. The distribution of capital and O&M costs varies from one project to another. Costs 
are influenced by the factors of: price of building and land. 
 
 Reported values for reuse ranged from $0.06 in. For title 22-project treatment (coagulation, 
flocculation. Filtration and disinfecting with MF/reverse osmosis based on USA expanse reuse cost can 
range from, $0.23 to 0.75/m3. In general the recycling of treated wastewater for unrestricted irrigation use 
may ranges from $0,43 to 1.1/m3. The cost of tertiary treatment of wastewater ranges between $0.54 and 
$2.2 per m3.  The uses of micro filtration will additional cost that may reach $ 0.23 per cubic metre. Cost of 
treatment of polluted surface water with a salinity of 3000 ppm using UF-RO estimated at $ 0.3 -045/cm. 
 
 The other augmentation supply options may consist of continued development of conventional water 
sources through dams construction, implementation of demand management measures to reduce the water 
consumption rates and supply management measures such artificial recharge. Samples of development of 
surface water development costs in dams for Lebanon and Morocco is shown in tables 40 and 41. Additional 
information for various options for the Jordan and West Bank and Gaza is also shown in table 42.  As for the 
artificial recharge scheme an estimates was reported in Oman as shown in table 39.  
 

TABLE 39. AVERAGE WASTEWATER TREATMENT COSTS IN SELECTED COUNTRIES 
 

Country Cost $/cm Remark 
Bahrain 0.16-0.89  
Qatar 1.14-1.61  
Kuwait 0.4-0.83 Tertiary 
United Arab Emirates 0.3-0.41  
Saudi Arabia 0.7-1.0 0.13-0.28 reuse cost treatment 
Jordan 0.59  
Lebanon 0.80  
Cyprus 0.87-0.91  
Israel 0.48 0.13-0.16 reuse 
Eastern Europe 0.29-0.63  
U.S.A Hanlulu 1.32 City subsidies $0.41 
U.S.A 0.59-2.2 Advanced treatment 
U.S.A. title 22 0.16-0.23 Tertiary treatment 
U.S.A direct filtration  0.03-0.42  

 
TABLE 40. COST ESTIMATES OF DAM CONSTRUCTION IN LEBANON (FEASIBILITY STUDY, 1999) 

 
Dam crest elevation 1035 m 1030 m 1025 m 1020 m 
Capital cost (million $) 20.04 16.89 13.31 10.36 
Reservoir ESL (m) 1031.5 1026.5 1021.5 1016.5 

80% Reliable 
Annual yield (mcm) 
•Gross 
•Existing 
•Net 

 
12.0 
1.15 
10.85 

 
10.5 
1.15 
9.35 

 
9.6 
1.15 
8.45 

 
9.1 

1.15 
7.95 

Unit cost of net 80% 
reliable yield 1.85    
Unit cost of water 
supplied ($/cm) at 
discount rates 
                             10% 
                              8% 
                              6% 

 
 

0.187 
0.151 
0.117 

 
 

0.183 
0.148 
0.155 

 
 

0.159 
0.129 
0.100 

 
 

0.131 
0.106 
0.083 
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TABLE 40 (continued) 
 

Dam crest elevation 1035 m 1030 m 1025 m 1020 m 

50% Reliable 
Annual yield (mcm) 
•Gross 
•Existing 
•Net 

 
14.8 
3.0 
11.8 

 
14.3 
3.0 
11.3 

 
13.7 
3.0 
10.7 

 
13.1 
3.0 

10.1 
Unit cost of net 50% 
reliable yield 1.71 1.49 1.24 1.03 
Unit cost of water 
supplied ($/cm) at 
discount rates 
                             10% 
                              8% 
                              6% 

 
 

0.173 
0.140 
0.109 

 
 

0.150 
0.122 
0.095 

 
 

0.125 
0.101 
0.079 

 
 

0.104 
0.084 
0.065 

 
TABLE 41. COST DISTRIBUTION FOR CONSTRUCTION OF SMALL DAMS AND IRRIGATION CANAL 

IN MOROCCO IN 1999 
 

Item Shishawa Boubakra Takzarit 
Wadi 

Aricha Chabaka 
Storage, mcm 4.960 1.870 1.140 1.800 1.370 

Dam cost, in million $ 
0.927 

(11.029) 
0.647 

(7.705) 
0.456 

(5.427) 
1.014 

(12.072) 
0.491 

(5.847) 

Watershed preparation, in million $ 
0.255 

(3.029) 
0.406 

(4.835) 
0.165 

(1.967) 
0.157 

(1.871) 
0.233 

(1.204) 

Irrigation canals, in million $ 
0.181 

(2.154) 
0.095 

(1.135) 
0.262 

(3.121) 
0.315 

(3.784) 
0.235 

(2.800) 
Profit/cost ratio 1.51 0.48 1.15 0.80 1.40 
% Internal rate of return 20.24 5.53 14.41 8.20 16.87 

Storage cost, D/cm 
0.187 

(2.224) 
0.346 

(4.120) 
0.400 

(4.761) 
0.564 

(6.707) 
0.359 

(4.268) 

Total Cost, D/cm 
0.275 

(3.269) 
0.614 

(7.313) 
0.775 

(9.224) 
0.828 

(9.848) 
0.604 

(7.191) 

Moroccan Durham =0.084 $. 
( )  Cost in Moroccan Durham. 

 mcm: million cubic metre. 
 

TABLE 42. WATER DEVELOPMENT COSTS FOR DIFFERENT OPTIONS IN JORDAN, 
WEST BANK & GAZA (AFTER GTZ 1997) 

 

Country Local option 
Volume 
(mcm) 

Investment 
$ million 

Cost 
$/cm 

 Conventional water resources 356 1418 0.23-0.27 
 Demand management 277 351 0.21-0.28 
Jordan Treated wastewater reuse 470 2216 0.52 

 Brackish water desalination 74 450 1.05 
 Fresh water supplies 450 2219  

 Treated wastewater supplies 470 2216  
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TABLE 42 (continued) 
 

Country Local option 
Volume 
(mcm) 

Investment 
$ million 

Cost 
$/cm 

 Conventional water resources 80 315 0.35-0.72 
 Demand management 72 76 0.01-0.36 
West bank Treated wastewater reuse 84 266 0.36 

 Brackish water desalination 50 149 0.32-1.23 
 Fresh water supplies 80 391  

 Treated wastewater supplies 84 266  
 Conventional water resources 1 8 0.54 
 Demand management 40 42 0.06-0.13 
Gaza Strip Treated wastewater reuse 65 205 0.41 

 Brackish water desalination 30 112 0.39-0.41 
 Fresh water supplies (30) +1 162  

 Treated wastewater supplies 65 205  
 Conventional water resources 462   
 Demand management 414   
Region Treated wastewater reuse 1960   

 Brackish water desalination 131   
 Fresh water supplies 556   

 Treated wastewater supplies 1460   

mcm = million cubic metre. 
cm = cubic metre. 

 
E.  WATER IMPORT 

 
 Water import is another option has been suggested to deliver water to a number of counties in 
different parts of the world including the ESCWA member states through many schemes such as iceberg 
towing, pipeline systems, large tankers, and large capacity rubber (Medusa) bags.  However, given the political 
instability especially in the EACWA region and lack of trust among nations, water transport options are very 
risky as demonstrated by the inequitable and unreliable transfer of water from Israel to Jordan. Also of 
significant important prior to suggest any water transport scheme is to resolve the conflict over the shared 
surface and groundwater sources among countries, as this situation exists in the region. Careful consideration 
should be taken when dealing with the political risk involved drinking water supply.  There is need to reach at 
a just and reasonable agreement among concerned parties as fair understanding without injustice is done to 
any parties would provide a lasting solution.  The option of water transport for the drinking purpose need to be 
evaluated within the national strategic interest as dependency on sources beyond national boundary impose 
high risk but this option should be looked at in the irrigation sector. The best strategy is to use imported water 
to recharge the groundwater and use the water time of need.  
 
 Water transport option was suggested more than 20 years ago to countries of the GCC region but they 
were always scepticism for this option even though there is a great need for water Countries in the Arabian 
Peninsula were concerned about the political implications of becoming dependent on upstream States for the 
securing of their water supply.  In addition, pipeline system would be vulnerable to sabotage and could 
potentially be used for political pressure, therefore, this alternative for a drinking water supply source was not 
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acceptable.  The current strained relations between Turkey and the neighbouring Arab countries, namely, the 
Syrian Arab Republic and Iraq, clearly demonstrate the vulnerability of such a system to interruption or 
cessation of supply owing to unforeseen political situations.  
 
 The undertaking of any water transport schemes require substantial initial investments for the 
construction of canals, pipeline systems, and pumping stations to convey water over long distances, through a 
variety of natural terrains, and possibly through several countries. The water transport options need to 
considered in conjunction with further development of conventional and non conventional water sources and 
the implementation of integrated demand management measures to decrease water use through leak 
detection, building code modification, water pricing, water reuse and recycling and water reallocation. 
During the last three decades varies water transporting option were proposed to augment water supplies of 
counties of the Middle East. Example of such schemes was the towing of icebergs to the shores of Saudi Arabia 
was considered at one time as an alternative to desalination.  However, such major technical difficulties as the 
mode of transport, entry into the Red Sea or the Gulf, availability of receiving facilities, and environmental 
impact, made this alternative unacceptable.  
 
 Example of a water importation scheme was the proposed Turkish Peace Pipeline.  This supply system 
was to service a number of countries in the Middle East and would supply large volumes for major urban 
centres in Syria, Jordan and GCC countries.  At a cost of $20 billion and with a construction period of 8 to 10 
years, the initial capital costs would range between $1.735 and $1.758 per m3 of water delivered.  A dual-
pipeline system would transfer water to the Gulf States from rivers in Turkey that flow towards the 
Mediterranean.  The pipeline was designed to move 2.2 billion m3 of water per year, with approximately half of 
the volume going to Jordan and the Syrian Arab Republic, and the remainder delivered to the Arabian 
Peninsula.   
 
 The large western pipeline would pass through Jordan and the Syrian Arab Republic and terminate in 
Mecca in western Saudi Arabia.  The smaller eastern pipeline would cross Iraq and the Syrian Arab Republic 
and pass down the western side of the Gulf, supplying water to Kuwait, the eastern province of Saudi Arabia, 
Bahrain, Qatar, the United Arab Emirates and Oman.  Saudi Arabia and Kuwait would be supplied with 840 
million m3 and 220 million m3, respectively.  The cost of water delivered through such a system is high, as 
illustrated by a pipe transport system constructed to deliver water from the coastal zone of Saudi Arabia to the 
interior cities: water costs were in excess of $1.5 per m3 which is more than the cost desalination from large 
plant.  In addition, there would have been a number of incidental costs, such as charges for water provided by 
the supplying country, toll charges for countries through which the pipeline would pass, and operational and 
maintenance costs including pumping, energy costs and costs for replacement parts, as well as treatment costs.  
In general, desalination would be at least as economical as such a pipeline system. 
  
 Two other importation proposals were suggested involved pipelines under the Gulf: one from the 
Garon river of the Islamic Republic of Iran to Qatar, and the other from Pakistan to the United Arab Emirates.  
The Islamic Republic of Iran-Qatar scheme involved 1.5 metre diameter gravity pipeline extending 770 km, 
560 km of which were within Iranian territory.  The system was to provide Qatar with an estimated annual 
volume of 135 million m3.  The cost was estimated at $1.5 billion and completion time was estimated at three 
years.   
 
 Tankers have been suggested as an alternative means of water importation to provide freshwater to the 
countries of the Arabian Peninsula.  The mode of transport is either through back-haul or shuttle tankers.  Back-
haul consists of using a crude oil tanker to carry freshwater back to water-deprived areas, and the shuttle 
method involves the use of dedicated water tankers that carry only water to be delivered, and then return empty 
to the country of origin.  Major concerns are the cost of water, required treatment and the dependability of the 
supply.  Costs associated with the back-haul means of providing water include the cost of the water at the 
source, transportation costs, loading and unloading costs, and costs associated with pipeline infrastructure to 
convey the water to urban areas.  In addition, availability could possibly be limited in direct relation to the oil 
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market.  The cost of water delivered by these methods was estimated in 1991 at $1.61 per m3, with 
transportation accounting for $1.2 of that amount, $0.2 to $0.75 for water purchase, and $0.04 to 0.07 for tanker 
cleaning. Other reported cost for the use of super tanker ranged from $ 0.55 to 0.65 /cm. Cost per kilometre of 
transport was estimated  $ 0.03/cm. 
 
 A feasibility study of proving northern Cyprus with water from the Manavgat River was made by 
Bicak and Jenkins (2000).  The scheme involve use of tanker with a capacity of 40000 cubic metre to transport 
water from the Manavgat river at southern Turkey to the coastal town of Kumkoy at northern Cyprus located 
248 Km apart. The Manavgat River discharges 500 mcm annually into the Mediterranean Sea. The proposal 
involved providing 7 mcm of water at a cost of  $0.46 per cm. This price does not include the cost of 
infrastructure to built at the receiving port, operation cost and payment for water from Turkey however 
including such cost would increases the price to $0.79/cm ( Bicak and Jenkens,2000).  Cost of purchasing water 
from Turkey may amount to $0.15 /cm.  The cost of water transport by bags from Anamur located from 84 Km 
from Kumkey was estimated at $0.55/ cm. Excellent economic analysis was provided by Bicak and Jenkins 
(2000). Costs for the rubber bag method of transport, wherein large bags of freshwater are towed through the 
Mediterranean counties, range from $ 0.15 to 0.22 /cm or $ 0.01 per kilometre for each cubic mete.  This did 
not include the cost for loading/unloading, storage or distribution.   
 
 All of these methods involve an element of uncertainty, particularly in terms of long-range planning.  
The current estimates of the cost of water importation and delivery often exceed those for desalination, 
especially in the Gulf countries, where energy is both abundant and inexpensive.  Desalination is seen in the 
GCC region as the most feasible option given the recent decreases in water production cost, availability of 
cheap energy, the dependency on a water sources within their territories and the existence of distribution 
system. Based on the conditions in the ESCWA member countries, past experience indicates that desalination 
has become a viable solution for the provision of potable water. In addition to desalination other solutions have 
been suggested to alleviate regional water shortages, including: further surface water development from dams, 
mining of groundwater, tertiary wastewater treatment, icebergs, and short- and long-distance conveyance 
systems either through pipelines, tanker and large bags. Some of the estimated costs of development of 
different alternatives are shown in table 26-40. 
 

F.  WATER TARIFFS 
 
 In all ESCWA countries, water tariff is substantially lower than the actual production costs. 
Government heavily subsides the domestic and to certain extend the industrial supply. Water for irrigation 
sector for large number of countries have been provided free of charge. The water tariff in the GCC region is 
less than one tenth of the water production costs from desalination as shown in table. Investment in the 
domestic water supply sector has burden the national budgets. The water tariffs in all sectors is very low sustain 
ably lower than the production costs reported in the previous sections. The low tariff has encouraged waste and 
run counter to the limited conservation programmes that were implemented by a number of counties.  Water 
development cost especially desalination is very expensive and the public need to realize that some aspect of 
better cost recovery in needed if they desire better services and water quality. The public in the ESCWA 
countries must realize that the public in water rich countries are paying reasonable water tariff as shown in table 
43.  The poor segment of the society for certain among of water should be subsides by the higher income 
segment. The low tariffs reported in table 44 require that society need to shoulder some responsibility in paying 
some of the cost.  
 
 The GCC countries as shown in table 43 even is paying low water tariffs even though the cost of 
desalinated water is very high in excess of $0.75 /cm. The tariffs in West Bank is as shown in table 45 is 
reasonable but low for Jordan and Gaza. Water tariffs in the West Bank city of Nablus range from $0.71 to 
1.43/cm with a fixed rate monthly maintenance charge of $1.4. In Gaza water was provided free to the refugees 
camps while for other communities a fixed rate was charged of $ 10-17 /month. In Jerusalem the Mekorot 
Company the rate was 41-1.5/cm. In Amman progressive tariffs was practised for a three-month billing period 
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was at $0.13-0.8/cm and other areas of Jordan at $0.09-0.8/cm. Cost recovery was estimated at 46%. Operation 
and maintenance cost in Jordan for the domestic water supply was estimated at $0.55/ cm and for irrigation 
system at $0.03 /cm  
 
 To obtain the revenues needed for facility expansion and rehabilitation, water subsidies must be 
reduced and gradual cost recovery must be affected, taking into consideration the financial abilities of the 
societies poor.  In the ESCWA region, it would be appropriate to implement gradual cost recovery schemes 
in all of the water consumption sectors, including agriculture.  Current water subsidies encourage wasteful 
use of water, and result in pollution problems. As reported in tables 42 and 43, subsidies in water pricing 
have resulted in insufficient cost recovery, which ultimately has led to inadequate water network coverage, 
deterioration of both supply and wastewater networks, and poor or non-existent services.  The public can be 
required to pay a reasonable water tariff in exchange for reliable services. The public must be made aware of 
the cost structure on which the tariffs are based, and make services available and affordable to the poor 
segment of society. With the recent trends towards privatizations of water supply and wastewater facilities, 
the problems associated with high subsidies should be minimized.  The full recovery of costs will be difficult 
to achieve in the near future, given the fact that actual costs will be beyond the financial means of a good 
portion of the population even in some of the European countries such as Greece and Spain, achieved full 
recovery of 25-30% (Lee et al, 2001).  

 
TABLE 43. DOMESTIC WATER TARIFFS IN SELECTED COUNTRIES OF THE WORLD IN $ /CM 

 
Country 1989 1997 1999 

Germany 1.23 1.71 2.01 
Belgium 0.90 1.31 1.57 
France 0.88 1.27 1.50 
Nether land - 1.27 1.55 
England 0.86 1.07 1.10 
Australia 0.61 0.99 1.09 
Italy 0.9 0.78 0.88 
Finland 0.82 0.77 0.92 
Sweden 0.71 0.64 0.79 
Ireland 0.49 0.64 0.69 
Spain - 0.59 0.71 
S. Africa - 0.50 0.50 
U.S.A 0.37 0.46 0.54 
Canada 0.30 0.41 0.41 
Norway 0.22 0.34 0.44 
Cyprus 1.0 - - 
Greece 1.60 - - 
Turkey 1.10 - - 
Bahrain - 0.15 0.15 
Kuwait - 0.58 0.58 
United Arab Emirates - 0.88 0.88 
Oman - 1.17 1.17 
Jordan - 1.50 1.5 
Morocco - - 0.54 

Note: Cost may represent the average for different black rates. 
cm = cubic metre. 



 

 

 
 

59
 

 

TABLE 44. WATER TARIFFS IN THE COUNTRIES OF THE ARABIAN PENINSULA 
 
Country Monthly tariff Use $/m3 
 0.1 SR/1-50 cm 

0.15 SR/ 51-100 cm 
Drinking 0.03 

0.04 
Saudi Arabia 2.00 SR/101-200 cm Drinking 0.59 

 4.00 SR/201-300 cm Drinking 1.07 
 6.00 SR/>300 cm Drinking 1.6 
    
 0.800 KD/1000 gal Drinking 0.59 
Kuwait 0.250 KD/1000 gal Industrial 0.18 

 0.100 KD/1000 gal Brackish 0.07 
 0.200 KD/1000 gal Drinking 0.15 
 0.0250 BD/1-60 cm Drinking 0.07 
 0.080 BD/<61-100 cm Drinking 0.21 
 0.200 BD/>100 cm Drinking 0.53 
Bahrain 0.300 BD/1-450 cm Industrial 0.80 

 0.400 BD/>450 cm Industrial 1.0 
 0.02 BD/1-66 cm Groundwater (BR) 0.05 
 0.025 BD/61-100 cm Groundwater (BR) 0.07 
 0.085 BD/>100 cm Groundwater (BR) 0.23 
Qatar 4.40 QR/cm  

(Free for citizens) 
Drinking 1.21 

United Arab Emirates 15.00 DH/ 1000 gal Drinking 0.90 
Oman 2.000 OR/1000 gal Drinking 1.14 
 3.000 OR/1000 gal Drinking 1.71 
 5.40 YR/<10 cm Drinking 0.50 
 6.90 YR/<11-20 cm Drinking 0.64 
Yemen 9.50 YR/21-30 cm Drinking 0.88 
 12.60 YR/31-40 cm Drinking 1.16 
 15.50 YR/> 40 cm Drinking 1.43 

SR, KD, BD, DH, OW, YR are local currencies. 
cm = Cubic metre. 
Gallon= Imperial Gallon.  
 

TABLE 45. WATER TARIFF IN SOME OF THE ESCWA COUNTRIES 
 
Country Type of water use Region Volume in cm $/m3 
 Domestic JWU 0-20 

21-40 
> 40 

1.00 
1.05 
1.33 

West Bank Domestic  Betunia Flat 1.33 
  Nablus 0-5 

6-10 
> 10 

0.71 
1.07 
1.43 

Gaza Strip Domestic  Gaza City 
per month 

0-10 3.00-5.00 

  Rafah 
per month 

11-30 
>30 

0.23-0.57 
0.63-0.67 

 



 

 

 
 

60
 

 

TABLE 45 (continued) 
 

Country Type of water use Region Volume in cm $/m3 
Gaza Strip 
(continued) 

 Beit Lahia 
per month 

0-20 
>20 

4.20-5.00 
0.23-0.60 

  Beit Hanoun 
per month 

0-30 
> 30 

10.00 
0.23 

  Jabalya 0-50 
>50 

16.67 
0.23 

 Domestic  Amman 
(3 months) 

0-20 
21-40 
41-70 
71-100 
> 100 

0.13 
0.23 
0.53 
0.67 
0.80 

Jordan Domestic  Jordan valley 
(3 months) 

0-20 
21-40 
41-70 
71-100 
101-150 

>150 

0.09 
0.15 
0.15 
0.33 
0.53 
0.80 
0.09 

  Rest of Jordan 
(3 months) 

0-20 
21-40 
41-70 
71-100 
> 100 

 

0.09 
0.12 
0.40 
0.67 
0.80 

  Nationwide 0-20 0.01 
Iraq Domestic  Governmental 

regions 
0-60 
60-90 
> 90 

0.04 
0.53 
0.067 

 Raw Water-
Garden Use 

  0.33/m2 of garden 
area 

cm =  cubic metre. 
 



 

 

 
 

61
 

 

V.  PRIVATE SECTOR PARTICIPATION 
 

A.  PRIVITIZATION TRENDS 
 

 In many developing countries, including all of the ESCWA countries, the government provides 
water and sanitation services.  These services are viewed as public entitlements, and rates have been highly 
subsidized.  Extensive urbanization has contributed to substantially higher requirements for providing these 
services, considerably beyond the financial and human resource capabilities of both local municipalities and 
the central government.  The levels of urbanization in most of the ESCWA countries, as shown in table 8, are 
very high in excess of 80% for the GCC with the exception of Yemen and Oman.  This makes it difficult to 
adequately cover water supply and sanitation requirements given the limited resources.  The increases in 
urban population over the next 30 years, will necessitate the replacement and expansion of water production 
and delivery systems, with huge financial implications for countries of the region. To over come future 
difficulties with the required investment many countries worldwide are turning to the private sectors and 
introduction of legislation to create favourable investment environment  
  
 Private sector involvement in the provision of water and sanitation services is increasing during the last 
ten years as more utilities are looking for outside funding and the introduction legislation to create favourable 
investment environment Private sector involvement in water supply and sanitation services in 2000 covered 5% 
of the world population and expected to reach 25 to 35% in 2015.   
 
 The existing practices of the drinking and sanitation public sectors with regards to the development, 
operation and management of water resources and the provision of sanitation services, has led high rate of 
efficiency which resulted in reduced productivity, miss-management of financial and investment, and 
customer dissatisfaction and absence accountability. Poor management of utilities has been manifested in the 
form of water restrictions, interruption of services, water borne diseases and pollution.  
 
 Public water utilities in developing countries are faced with limited financial resources, while being 
expected to provide for increasing demand of sufficient quantities of good-quality water.  To cope with this 
challenge and still be able to fulfil the public’s basic water requirements, the private sector is increasingly 
being recognized as an important partners for providing water and water-related services. The private sector 
has the advantages of economic viability, improved managerial and operational efficiency, improved 
services, and mobilization of financial resources. In order to enhance private sector involvement, 
governments must create an enabling environment in terms of strong and sustained political support, suitable 
regulations and legislation, correct valuation of existing assets, and provisions for adjusting to a changing 
environment (Stenberg and Hallman, 2000) 
 

B.  FORUM OF PRIVITIZATION SCHEMES 
 
 Broad ranges of private-sector participation options are available: limited service contracts, 
managerial lease contracts, concessions and full private ownership.  Private sector contracts can be awarded 
in a transparent and competitive bidding process.  The norm is a public-private sector partnership where the 
government of a country retains supervision over the water sector and enforces regulations and 
standardization, while the private sector operates and maintains the infrastructure.  
 
 Under the service contract, a utility may ask a private entity to carry out specific tasks such as leak 
detection, metering or billing, while a management team is responsible for overall management of the 
contract.  The lease contract involves a private firm taking over the operation and maintenance of the 
utilities. The concession objective involves the building, operation and eventual transfer of management over 
to the public sector (BOT), or build-operate-own-transfer (BOOT), which involves the eventual transfer of 
ownership, management and operation over to the government of the country.  
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TABLE 46. PRIVATE SECTOR OPTIONS AND ENABLING CONDITIONS 
 

Option 
Service 
contact 

Management 
contract with 

fixed fee 

Management 
contract with 
performance 
incentives Lease BOT Concession Rating 

Stakeholder 
support and 
political 
commitment 

Low Low to 
moderate 

Low to 
moderate 

Moderate to 
low 

Moderate to 
high 

High High 

Cost 
covering 
tarrifs 

Preferred 
but not 
necessary 

Preferred but 
not 
necessary 

Preferred but 
not 
necessary 

Necessary Preferred 
but not 
necessary 

Necessary Necessary 

Ownership Public and 
Private 

Private Private Private Private Private Private 

Good 
system 
information 

Possible to 
proceed 
with 
limited 
information 

Possible to 
proceed with 
limited 
information 

Sufficient 
information 
required to 
define 
incentives 

Good 
system 
information 
essential 

Good 
system 
information 
essential 

Good 
information 
required 

Very 
good 
system 
essential 

Investments Public Public Public Public Public Private Private 
Developed 
regulatory 
framework 

Monitoring 
capacity for 
contract 
needed 

Monitoring 
capacity for 
contract 
needed 

Moderate 
monitoring 
capacity 
needed 

Strong 
capacity for 
regulation 
and 
coordination 
essential 

Strong 
capacity for 
regulation 
and 
coordination 

Strong 
regulatory 
capacity 
essential 

Strong 
regulatory 
capacity 
absolutely 
vital 

Good 
financial 
rating 

Not 
necessary 

Not 
necessary 

Not 
necessary 

Not 
necessary 

Better rating 
will reduce 
cost 

Better 
rating will 
reduce 
costs 

Better 
rating will 
reduce 
costs 

Duration 
(years) 

1-2 3-5 3-5 8-15 15-30 25-30 Open 

 
 Trends in contracts for the management of municipal water systems have, traditionally, been of the 
BOOT type.  The BOOT scheme consists of a sponsor holding a share of the joint venture growth and 
development in the private sector.  The main feature of this method for desalination projects consists of a 
purchase agreement guarantee for lifetime water pricing and amortization of capital costs over the duration 
of the contract.  At the end of the contract there is guaranteed transfer of technical support from the public to 
the private sector. (Kroneberg and Lokiec, 2001). The BOOT scheme allows the establishment of a project 
company, which will usually subcontract two main suppliers, one for execution of the project, and the other 
for operation and management.  According to Kroneberg and Lokiec, (2001), the sponsor provides 10-30% 
of the capital costs of the project and the developer is responsible for the remainder.  Water price is based on 
three components: investment recovery, O&M, and energy cost. 
  
 Delegated management, where a private operator is entrusted with the responsibility of management 
and services, represents one form of privatization.  This practice is widely used in France, Spain and 
England, accounting for about 80, 50% and 100% of the water supply and 50% of wastewater disposal 
services. (Lee et al, 2001). Many water utilities are turning to public-private partnerships where financing and 
operation tasks are delegated to the private company.  The most popular contract arrangement is the BOOT 
(build, operate and transfer) system over a fixed period of 15-30 years. In Western Europe, privatization of 
water supply and sanitation are commonplace.  A good percentage of the population is expected to be better 
served through privatization of water and sanitation projects in the coming years. In the ESCWA region, 
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management contracts have been implemented in Jordan and Gaza, while the BOOT scheme is being 
implemented in the Gulf to provide desalination.  Private sector provision of desalinated water often involves 
a purchase agreement for the water produced.  The different type private sector contracts is shown in table 46 
 

C.  PRIVITIZATION IN DESALINATION FIELD 
 
 There has been an increase in BOOT projects worldwide.  According to Wangnick (2000) out of the 
existing worldwide desalination capacity of 9.5 bcm, 272 mcm have been produced under BOOT 
agreements.  Boot projects are expected to result in the production of 1.1bcm of desalinated by the year 
2003.  
 
 BOOT construction began in the early 1990s, with a combined constructed capacity of less than 
50,000 cubic metres/day.  As of 2000, that volume had increased to 400,000 cubic metres/day.  It is 
forecasted that BOOT projects may be able to produce 2.5 MCM/day in 2003 (Lokrec and Kronenberg 
2001).  Recently privatization schemes that have been taken place are in Cyprus, Trinidad, and Tampa Bay. 
Barbados and Abu Dhabi.  Major contracts that are currently being implemented are in Tampa Bay - Florida, 
Larnaca – Cypress, and Trinidad, with estimated water prices of $0.46, $0.80 and $0.71 per cubic metre, 
respectively as shown in table 45. Major private sectors concessions awarded is shown in table 47.   
 
 Privatization of desalination production is taking place in different part of the world including ESCWA 
region Even thought desalination schemes is well developed in the ESCWA region, rate of implementing 
privatization is very slow which may be attributed to the social norm of subsides, water tariffs, and 
administrative bureaucracy and slow introduction of the needed legislation.   
 
 In the ESCWA region, joint public-private ventures are being implemented for some of the water 
and wastewater utilities, as well as for the provision of desalinated water.  In the ESCWA region the only 
now awarded contract is the Taweelah plant A-2 that is being built in Abu Dhabi with four units, each with a 
capacity of 57000 cm/day (840 mcm per years with a total capacity of 230000 cm /day. The agreed price for 
water delivery to the government is around $0.84/ cm.  
 

TABLE 47. COMPARISON OF RECENTLY PRIVATE SECTORS BOOT PROJECT COSTS 
(AFTER LOKIEC AND KRONENBERG 2001) 

 
Elements Tampa Bay* Trinidad Larnaca 
Design capacity cm/day 95,000 135,000 40,000 

Contractor Poseiodon Ionics IDE 
Feed water Power plant condenser Open water Open water 

 Discharge Intake Intake 
Seawater salinity, ppm 26,000 38,000 40,000 
Energy Cost, $/kWh 0.04 0.04 0.057 
Contract term in years 30 23 10 
Contracted water price, $/cm:    
Capital recovery 0.21 - 0.37 
Non-capital components 0.25 - 0.43 
 Total first year water price 

$/cm 
0.46 0.71 0.80 

Normalized water price for 
energy cost of $0.04/kWh: 

   

Reduction in water price for 
energy cost of $0.04/kWh  

- - 0.80 

Total first-year water price $/cm 0.46 0.71 0.73 
 * TDS=2500 ppm (Brackish water). 
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 The first major privatised power and desalination project in the ESCWA region was awarded in 1998 
in the Emirate of Abu Dhabi.  The Taweelah A-2 project was awarded to a joint venture between EMS 
Energy Asia and Abu Dhabi Water and Electricity Authority, in an open international bid.  The project 
involved the construction of a plant with a combined cycle power generation capacity of 7520 MW, and a 
desalination capacity of 227,300 cubic metres per day (50 mgd) (Wade et al, 1999).  The bid allowed 
freedom with regard to design of the power generation facilities, but specified that water desalination was to 
be accomplished using the MSF process. A project development company was set up to construct the needed 
power and water production and storage facilities. Ownership of the project was 40% by CMS Energy Asia, 
and 60% by the Abu Dhabi Water and Electricity Authority.  
 
 Recently a French and Finish consortium was awarded a $1.5 billion contract to expand the Al-
Taweelah A-1 plant from its current capacity of 48 mcm to 140 mcm and to be completed in a 24 month 
period.  The power production will be at 1350 MW. The Total and Tractabet Consortium owns 40% of this 
project, while the Abu Dhabi Water and Electricity Authority owns the remaining 60%.  The contract called 
for the establishment of a utility company to be named Gulf Total.  The expected date of operation is April 
2003. 
 
 Qatar is also embarking on privatization of water supply sector where recently established a power 
and desalination production projects company under the name Ras Lufan with a capital $700 million. The 
company will work under a sharing joint venture between the Qatari water and power company (share 25%) 
and E.E.S.N. G American company (share 55%) and the government owning the rest (Al Hayay 2001) The 
company is expected to produce 430 Mw of power in 2003 to be increases to 750 Mw in 2006 and 66.4 mcm 
per year (40 mgd). The Qatari power and water company will purchase the produced power and water. 
 
 A Japanese company received a license from the Kingdom’s General Investment Authority to build a 
power and water desalination plant with a capacity of 730,000 m3/day (266 mcm/year) and 700 megawatts 
of power at the industrial city of Jubail. Demand for desalinated water in the year 2020 will be 1.61 bcm 
(estimated based on 300 LCD).  The contract will be a joint venture between Sumitom Corporation of Japan 
and SWIC.  A purchase agreement will take the form of a BOO (build-own-operate) or a BOT (build-
operate-transfer) contract (World Water 2001). The estimated cost for this plant is 2.2 billion (W. W. 2001).  
The High economic council in Saudi Arabia is evaluating private sectors offers to build desalination plants 
with an investment of $2.5- 5 billion In the tourism industry at the Sharm El-Sheikh resort, two private water 
companies sell desalinated water at 7-11 cubic metres at $2.1/cm (Abou Rayan et al 2000).  (Egyptian pound 
LE 7.5 – 11/cm (= 7.5/3.4 = 11/3.4).   
 
 In Larnaca, Cyprus, a BOOT (build, own, operate and transfer) project is being implemented to build a 
reverse osmosis desalination plants consisting of six trained each with a capacity of 9000m3/day with a total 
capacity of 54000 cm/day. The project is being implemented by joint companies of Larnaca water partner –
LWP (Cyprus) and Ocean Advance industries (Israel) .The project involved a water sale contract between the 
government and LWP to provide water at a guaranteed water price was at $0.81/cm including water delivery to 
the end users. (World Water 2001)  for a ten years period and the transferring the project to the government at 
the end of the contract.  The developer builds, operates and owns the facility for an agreed period, and water 
revenues are later transferred to the client. 
 
 Bidding has taken place by many international companies to build a desalination facility at St Michael, 
Barbados. An agreement was reached between the Barbados water authority and the Inonicus freshwater 
company (USA) to design, manufacture, install and operate the desalination plant for 15 years (World Water, 
2000).  
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D. PRIVITIZATION TREND IN OTHER WATER SCHEMES 
 
 A consortium group known as Gulf Utilities (GU) to provide piped water from Iran to Kuwait has 
taken initiatives.  The GU consists of a group of European and Gulf firms: the Kuwait Gulf Water Company, 
Energy Investment Company and a private Iranian firm. The proposed schemes involve the construction of 
2.6-metre diameter pipeline running 330 kilometres across Iran, together with three parallel pipelines of 1.6-
metre diameters, crossing a distance of 210 kilometres under the gulf to Kuwait.  The water source would be 
from the Karkheh dam. The GU has presented a water tariff proposal to the Ministry of Electricity and Water 
which is reported to be less than 20% of the cost of building a desalination plant which would produce 200 
million gallons per day (World Water 2001). 
 
 In Kuwait, a BOT (build-operate-transfer) contract was awarded to Al-Kharif Company for the 
Sulaibiya wastewater treatment plant.  The project is expected to cost $390 million.  A project company will 
be formed to sign a 30-year concession with the Ministry of Finance (World Water v24, I2 March/April 
2001).  The Al-Kharafi-led group submitted the lowest bid of $0.46/cm from a plant with a capacity of 
300,000 cm /day (11 mg/ year) equipped with a reverse osmosis unit.  The treated wastewater is to be used 
for non-potable applications.  The government is to guarantee the purchase of the entire 300,000 cm volume 
of water during the first 5 years. 
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VI.  WATER CONSERVATION 
 
 Integrated water resource development and management, as envisaged in chapter 18 of Agenda 21, 
emphasizes the use of water sources to satisfy basic needs, while safeguarding environmental ecosystems.  
Chapter 18 objectives further stipulate that beyond basic water requirements, appropriate comprehensive 
demand management measures including water pricing, public awareness, building code modification, water 
saving devices, leak detection, grey water reuse and rationing including other options should be implemented to 
reduce the water consumption specially from expensive desalinated water. 
 
 Since countries of the ESCWA region have directed major efforts towards satisfying domestic demand 
specially the GCC countries from desalination to provide ample quantity and quality provided to both urban 
and rural communities, they should have implemented comprehensive and strict water conservation 
programmes as their per capita water consumption from desalinated water in excess of 300 litre per day. As 
done for the electricity, the water tariffs should achieve partially cost recovery at least covers the operation and 
maintenance costs. Instead of implementing such measures they provided water to their residents at a cost 
substantially lower than actual production costs, which encouraged large water consumption where per capita 
in some of the major cities, have reached more than 400 litre per day.  In addition high consumption resulted in 
generation more wastewater with indirect impact of requirement to build more wastewater treatment plans and 
creation of pollution in term of leakage into water supply system from water table rises and damages to 
infrastructures. 
 
 The current policy of subsidized water pricing, together with the absence of conservation campaigns, 
has encouraged wastefulness.  The financial burden of such inefficiency will ultimately rest on the 
Governments of these countries in the form of additional desalination plants, which will be required to handle 
increased demand.   
 
 Dependence on desalination dictates that gradual water pricing mechanisms taking into consideration 
the ability of the public to pay.  Cost recover scheme should be implement gradually over a long period and 
according to well-designed strategy to recover initially the operation and maintenance cost and later stage fully 
cost recovery. Field tests of public acceptance of water pricing and other drastic and sensitive measures should 
take place prior to implementing of water demand management measures policies.  Appropriate pricing 
mechanisms should be implemented in conjunction with management practices that can effectively enforce 
conservation. These measures will improve water utilization efficiency, and could defer construction of 
additional desalination and wastewater treatment plants, thereby contributing to the shift of financial resources 
from water to other sectors such as social and/or economic development. 
 
 Each country must develop an integrated water resources development programme that encompasses 
renewable and non-renewable groundwater sources, desalination, and renovated wastewater, in order to attain 
sustainable resource utilization.  Key policies for short- (2000-2010) and long-term (2010-2050) goals should 
be designed for integrated urban, industrial and agricultural development, capacity building, water pricing, 
development and improvement of appropriate technology, institutional arrangements and water importation.  
An institutional infrastructure capable of coordinating and managing complex water policies within each 
country, and between countries, must given serious consideration as a fundamental element in resource 
management. 
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VII.  CONCLUSION AND RECOMMENDATIONS 
 

 In many countries of the ESCWA region relatively good progress has been made during the past 
three decades with regard to supply development through the provision of water and sanitation services for 
urban areas and increased food production. However, these achievements have masked by the problems 
increasing water demand in relation to available water resources, resulting from inefficient application of 
development and management practices. Management of water resources has not received adequate attention 
by decision makers and water availability was taken for granted to meet the water shortage challenge. The 
past fragmented development and management practices must be changed in favour of a holistic and 
integrated management approach where water policies and action oriented strategies based on reliable 
assessment of both existing and potential water sources and water demand characteristics and appropriate 
legal framework are implemented immediately, taking into consideration a number of constraining factors 
such as technical, economic, legal and social aspects of demand for both short (25 years) and long (50 years) 
term planning at regional and national levels.  

 
 Effective management of water resources at the national levels requires strong political will to 
introduce the necessary changes with the help of society and the private sector. It is paramount that decision 
makers within the concerned ministries and members of local, regional and national councils, parliaments or 
Majlises demand actions and lend their strong support to any efforts which can lead to improve the 
management of water resources at the basin, regional and national level. Placing the issue of water 
management at the top of the political agenda, will ensure the commitment of decision makers to assign the 
highest priority to water issues, commit the necessary investments, and introduce enforceable legislation and 
regulation capable of creating a favourable environment for policy and strategy implementation necessary for 
attracting public and private sector participation in the water sector activity.  
 
 ESCWA countries and the rest of the Arab world should enhance their approaches in soliciting 
additional financial support from donors, and effectively utilize those funds towards implement different 
water programmes and activities. Critical thinking is needed to evaluate how water resources specially 
promising sources such as desalination and reuse of treated wastewater to be developed and managed 
appropriate water allocation and cost recovery schemes in the next 25 years. Otherwise, serious water crises 
and public discontent could take place. Society, when it is faced with harsh water shortages, may exert 
immediate pressure on local municipalities and national government to provided the needed water services 
and improved quality. This will create major difficulties for decision makers if they are not well prepared to 
handle such situations by having in place well establish policies and implemental strategies.  
 
 The increasing water shortage that has been taking place during the last decade in the domestic 
sector for some of the ESCWA countries that has been solved by reliance on desalinated water will only 
worsen in the future as competition for financial resources increases. The biased approach toward the 
agricultural sector must be removed, and the option in shifting water allocation from irrigation to the 
domestic and industrial sectors is in order. The public must understand the expected changing role of 
governments from provider to regulator and planner. The public must share the burden of expenses in an 
equitable and just manner. Given the high cost of water production from desalination and very low water 
tariff scheme in all of the ESCWA countries requires that a reasonable cost recovery, perhaps partial at first, 
and later the full cost recovery, must be in place in very near future, taking into consideration the difficulties 
of the less fortunate segment of the society. In the ESCWA region, society is required to contribute to the 
effort of slow down the water demand specially the desalinated water, and educate their children of the 
practical and ethical value of water conservation for future generations and environmental protection. Public 
and NGO involvement in the water affairs in each country of the ESCWA region should not be viewed as a 
choice but as a requirement needed to establish checks and balances for effective management of the 
region’s scarce water resources and protect the public right for affordable and save drinking water supply. In 
bridging the gap between the supply and demand, the desalination option specially for those GCC countries 
that have saline groundwater must be considered a strategic agenda and issue a policy statement in this 
regard to form the guiding principle to future improve the different processes to reduce the cost of water 
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production and support the growth of the desalination industry. To augment the supply in any countries all 
supply options and to be thoroughly evaluated from its technical, economic, and social and environment 
merits. Serous effort must be made to revise the existing water tariff, which is currently contributing to 
wasteful use of water. Reasonable water tariff represent the most effective mean to reduce the water 
consumption rate as evident by the impact of high power tariff implanted in some of the ESCWA countries.  
 
 Water from desalination has been a good option in providing the needed drinking water supply for 
most of the GCC countries. As some of these countries have no potion but desalination, this effort must be 
oriented toward slowing down the demand from this source and at the same time invest in research and 
development to increases plant capacity and reduce the production costs and minimize the environmental 
impact.  
 
 Sea and brackish water desalination has become a major water supply components to a number of 
ESCWA countries providing adequate supply with excellent water quality. The cost of water production still 
high in the range of $0.75-1.5 per cubic metre for large plants and $ 1-2.5 for small plants for seawater and 
$0.25- $1 for brackish water. Multi stage flush desalination is still major process being used in the region for 
large plants followed by reverse osmosis. Multi effect distillation is competitive for medium size plants 
while vapour compression is being used for small plant. Capital cost range from the highest for MS $ 1100-
2500 cm/day to the lowest for brackish RO desalination $ 700-1000 cm/day. The energy present a major 
water production costs, MS is most energy intensive 12-50 and RO is least 2-8 kWh/cm energy consumers. 
Future effort should focuses on the following processes. 
 
1. The multi stage flush processes has reached maturity but the energy consumption is still high, thus 
future research effort must focus on reduction of the water production cost through improvement of the 
energy efficiency and relaying upon the extensive experiences gained by the ESCWA member states. 
 
2. The most promising process is reverse osmosis as result of the continuous improvement in the energy 
consumption, advances in micro filtration pre-treatment processes, increased use of efficient heat transfer 
and corrosion resistance materials and flexibility option of modular units with increasing in capacity. The 
increasing market shares of the RO processes beside the many advantages dedicate that ESCWA member 
states increase the application of RO especially for brackish water desalination and to make RO as the first 
technological choice for a given circumstances. 
 
3. The hybrid water and power production system provide the best features of both technology and 
production costs. Other desalination technology such the long vertical and orbital tubes evapourators and 
freezing processes should be investigated as new desalination techniques. 
 
4. Member states should pursue effort for the increase use of pre-treatment using micro-filtration to 
increase the plant efficiency and achieve higher recovery rates. 
 
5. There is a need to institutionalized the desalination industry in the ESCWA region since it is the main 
user and holds the promise of meeting most of the future water demand by providing research grants to 
desalination research centres, and universities, attracting local and international top notch scientists to work 
on research and development. Close link must be established between the research centres and agencies 
producing desalinated water. The strategy should include plant to encourage development of desalination 
industries through interest free loan and other attractive incentives. 
 
6. ESCWA countries must expand there training programmes for all aspects of water desalination and 
undertaking careful planning to grantee the employment of most of the graduates. 
 
7. Countries with extensive experiences such as Saudi Arabia, Kuwait, and UAE must share their 
expertise with counties that in the interested or in the process of implementing desalination project such as 
Jordan, Palestine, Syria, and Yemen through provision of consultation, on job training and supervision of the 
design and construction even undertaking joint research. 
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8. Existing or new legislation is needed to create favourable investment environment to attract the 
private sector in the provision of desalinated water and also install rules and regulation to protect the public 
from monopoly and profit maximization. Provision should include encouraging the participation on more 
NGO and strengthening existing one as well as empowerment of women to play an active role to protect the 
public right to save water at an affordable price. 
 
9. Member states must evaluate the technical, economic and environmental feasibility of providing 
water from many options including groundwater, wastewater, water impoundment, inter-basin transfer, cloud 
seeding water import and demand management before deciding on any desalination option taking into 
consideration the provision of safe water and the future generation water requirement. Evaluation must 
include shift in allocation or water exchange between water consuming sectors with regard to fresh water and 
treated water. 
 
10. There is a need to develop a new and innovative financial option for the production of water 
desalination, wastewater treatment, surface and groundwater development, and water import by the different 
privatization schemes. The selected scheme must be compatible with the social, religious, institutional, 
economic, and environmental objectives and taking into consideration potential impacts. 
 
11. The high consumption rates of the expensive desalinated water in the GCC region coupled with very 
low water tariffs dedicated an integrated demand management must be carefully designed and implemented 
in an integrated manner and must set to achieve a set reduction targets. All measures must be implement 
concurrently and on continuous bases and appraised to define their effectiveness. The political will by the 
cession makers to formulate, implement and enforce supply and demand management measures is most 
required action. 
 
 (a) There is a need to establish an affordable water tariffs criteria based on income of different 
segment of the society. Special attention must be given the poor in order to avoid hard ship. The design on 
the tariff must based on factual social, economical and technical data characteristic of each ESCWA country; 
 
 (b) It is suggested that per capita consumption from desalinated to be reduced by 25% by 2010 and 
50% by 2025; 
 
 (c) Water tariff must be design to achieve the O&M by 2005 and full cost recovery by 2010; 
 
 (d) Reduction of leakage by 15% by 2010 and achieving a leakage loss of only 10% 2025; 
 
 (e) Building code modification to enforce the installation of water saving devices such the one litre 
flush system on all new construction by 2005. The housing loan practiced in the GCC region must be used as 
incentive to enforce installation of water saving device or through reduction in the loan payment by 10%. In 
addition imposing high custom duty on high consuming devices; 
 
 (f) The introduction of comprehensive and effective public educational programmes on continuous 
bases to encourage water conservation. 
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TABLE 1.  CHARACTERISTICS OF DESALINATION PROCESSES 
 

Method of desalination Advantages Disadvantages 
Multi-effect distillation (MED) * High production capacity for medium size 

* Low capital costs 
* High purity (<30 ppm) 
* Energy input independent of ppm 
* Minimal skilled operator 
* High performance ratio 

* Dependence of output on local power availability 
* Long construction period 
* Difficult to control water quality 
* Low conversion of feed water (30%-40%) 
* Labour-intensive 
* Large space and material requirements 

Reverse osmosis (RO) * Suitable for both sea and brackish water 
* Flexibility in water quantity and quality 
* Low power requirement compared with MED and VC 
* Flexibility in site location 
* Flexibility in operation start-up and shut-off 
* Simple operation 
* Consume less than one third of MSF energy 
* Continuance membrane improvement 
* High water recovery 30-40 % 
* Ability to operate during non peak load 
* Potential in raising feed water pressure and temperature 

* Low quality (250-500 ppm) 
* Requires high-quality feed water 
* Relatively high capital and operating costs 
* High pressure requirements 
* Long construction time for large plants 

Vapour compression (VC) * Suitable for remote locations 
* High water quality (20 ppm) 
* High operational load 
* Short construction period 
* Small space requirement 
* Operation and production flexibility 
* Operate at low temperature 
* Hybrid option with outside electric source 

* High operational costs 
* High energy consumption 
* Lack of water quality control 

Electrodialysis (ED) * Low operating and capital costs 
* Flexible energy source 
* High conversion ratio (80%) 
* Low energy consumption 
* Low space and material requirements 

* Low to medium brackish water capability (3,000 ppm) 
* Requires careful pre-treatment of feed water 
* Low production capacity 
* Purity affected by quality of feed water 

Multi-stage flash (MSF) * Flexibility in salinity of feed water 
* High water quality production (< 30 ppm) 
* High production capacity 
* Low skill requirement 
* Production of both water and electricity 
* Low energy input 
* Preferred for large capacity more than 20000cm-day 

* Labour-intensive 
* Low conversion ratio (30%-40%) 
* Requires pre-treatment of feed water 
* High operating costs 
* High construction requirements 
* Limited potential for improvement 
* With aggressive water production 

 


