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ABSTRACT

Desalination is no longer considered as a nonconventional resource to supply potable
water in several countries, especially in the Gulf Corporation Countries (GCC) and Middle
East and North Africa (MENA) region as most of the big cities rely almost 100% on desa-
linated water for their supply. Due to the continuous increase in water demand, more
large-scale plants are expected to be constructed in the region. However, most of the large
cities in these countries have very limited water storage capacity, ranging from hours to a
few days only and their groundwater capacity is very limited. The growing need for fresh
water has led to significant cost reduction, because of technological improvements of desa-
lination technologies which makes it an attractive option for water supply even in coun-
tries where desalination was unthinkable in the past. In the GCC/MENA region,
operating records show that water demand is relatively constant during the year, while
power demand varies considerably with a high peak in the summer season. However,
desalination and power plants are economically and technically efficient only if they are
fully operated at close to full capacity. In addition, desalination plants are exposed to
external constraints leading to unexpected shutdowns (e.g. red tides). Hybridization of dif-
ferent technologies, including reverse osmosis and thermal-based plants, is used to balance
the power to water mismatch in the demand by using the idle power from co-generation
systems during low power demand periods. This has led to consideration of storage of
additional desalinated water to allow for maximum production and stability in operation.
Aquifer storage and recovery (ASR) would then be a good option to store the surplus of
desalinated water which could be used when water demand is high or during unexpected
shutdowns of desalination plants. In addition, increased reuse of treated wastewater could
bring an integrated approach to water resources management. In this paper, the power to
water demand mismatch in the GCC/MENA region as well as the feasibility of using
ASR technology as an option for providing large-scale storage is assessed.
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1. Introduction

One of the most significant water supply problems
within the Gulf Corporation Countries (GCC) and the
Middle East and North Africa (MENA) region is the
lack of sufficient potable water storage for large popu-
lation centers. According to the authors’ survey of the
managers of main large-scale desalination plants and
decision-makers managing distribution systems,
between only 12h and 3days of potable water storage
are available in the major population centers of the
GCC/MENA region. This lack of storage and the grow-
ing capacity of individual desalination facilities being
used to supply water are increasing the security risk to
the growing populations of the major cities [1]. Damage
to large water conveyance pipes or major damage to a
single desalination facility could leave a large popula-
tion center without a viable water supply in one of the
driest regions in the world. To resolve this issue, a
multi-faceted water management approach is required
that involves the need to create more water storage
(both ground-storage and aquifer storage and recovery
[ASR]), increase the capacity of desalination, and
increase water reuse. The water management approach
needs to be coordinated, perhaps within a framework
of integrated water resources management (IWRM).

Rapid population and economic growth within the
GCC/MENA region has led to a growing need to
increase freshwater supplies. Limited existing fresh
groundwater has been essentially depleted and can
only be used to sustain supplies for small villages and
farms within wadi systems [2] and at locations where
regional aquifer systems still have some productive
capacity of fresh water. Only two sources of new water
supply have the potential to meet future water supply
demands; desalination and water reuse (treated waste-
water effluent reuse). Capture and storage of storm-
water has some potential to be used for water supply,
for primarily irrigation. These water supplies and the
small amount of existing fresh groundwater should be
managed within the concept of IWRM. To optimize
the management of all water resources within the con-
text of seasonal demand variations, emergencies, and
drought occurrences, storage of water must be consid-
ered as another key factor within IWRM [3].

Addition to the freshwater supply in the GCC/
MENA region continues to be developed as increased
desalination capacity, which is no longer considered to
be a nonconventional source of water supply [4]. Desa-
lination of seawater is rapidly growing in capacity [5].
Technological advances in the desalination processes
have been responsible for this growth to meet the
increasing water demands. These advances have led to
a significant reduction in desalinated water cost to a

level that has made it a viable option for potable water
supply [6–8]. It is now technically and economically
feasible to generate large volumes of water of suitable
purity through the desalination of seawater and brack-
ish water. Continued reductions in desalination costs
are anticipated based on the enhanced use of renew-
able energy sources and the use of hybrid facilities to
help reduce overall energy consumption [9–12].

Membrane treatment of wastewater and aquifer
recharge and recovery (ARR) are also capable of
increasing the viability and safety of reusing domestic
wastewater. A very small part of the wastewater gener-
ated in the GCC is being reused in a useful manner. In
Saudi Arabia, only about 10% is being reused [13]. As
the capacity of desalination increases, the amount of
generated wastewater will increase proportionately,
thereby creating another viable source of water supply.

The efficiency and cost of desalination is linked
fully to power generation and consumption. Greater
efficiency in coordinated desalination and power sys-
tems must be achieved to maintain sustainable growth
in water supplies. A key strategy is to create more
potable water storage linked with both power genera-
tion and desalination in a manner to increase com-
bined facility efficiency and to provide greater water
supply security [14,15]. Generated electricity cannot be
stored; however, desalinated water can be stored. Uti-
lizing ASR can provide storage of desalinated water
during seasonal low-energy usage to improve electric
power generation efficiency and to create large in-
ground strategic reservoirs for security purposes [16].

2. Water storage and seasonal imbalances of power
and water production

There are a number of operational issues that pla-
gue the utilities with the GCC/MENA region. First is
the lack of storage within the distribution systems,
particularly in large cities. Second is the operational
inefficiency of the combined power and water produc-
tion cycles with power production being quite sea-
sonal and water demand being more constant.

Rapid population growth stimulated by internal
economic development, external immigration to fill
jobs, and internal migration of people from rural
areas to cities has contributed to the rapid increase
in urban water demand. Water suppliers are tasked
with adding new capacity to cities that already have
limited access to potable water by expanding distri-
bution systems and adding additional capacity to
meet new demand. Also, distribution system losses
contribute to the need to increase water supplies in
the older cities of the GCC/MENA region. While
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desalinated water is the primary source being sent to
the cities, the internal distribution systems have little
ground storage capacity to meet fire flow and gen-
eral emergency conditions. Virtually, no city in this
region has more than 3days of system storage and
many have less than 12 h of storage in the event of
the primary water supply system failure. Within
distribution systems, the lack of elevated and ground
storage causes the occurrence of very low line
pressures, which can lessen water delivery to
customers and can allow contaminated water inflow
into the distribution system, thereby, causing poten-
tial health issues.

A major security issue is that the large desalination
facilities are located adjacent to the sea and some of
the larger cities are located inland at considerable dis-
tances from the potable water sources, thereby, neces-
sitating the construction and maintenance of large-
diameter pipelines [1]. In the event of a major pipeline
or desalination plant failure, no potable water would
be delivered to the population centers [16]. Disastrous
results could occur with only a few days of supply
interruption. Implementation of distribution system
storage of desalinated water could not practically
resolve this large-capacity storage problem. However,
the implementation of strategically located ASR sys-
tems could be used to solve this problem [17]. The
concept of strategic storage of large volumes of
desalted water, up to one year of plant capacity, is
currently being implemented at two sites in the Uni-
ted Arab Emirates (UAE) [17].

Both increases in distribution system storage and
strategic storage using ASR are required to meet water
supply system reliability considerations and security
needs. However, ASR cannot be used as a substitute
for ground storage within a distribution system
because of the necessary high rate of production
required within a short-time frame for fire flow use.
Also, strategic storage of large water volumes cannot
be economically developed using ground storage.

Another unique feature of the GCC power/water
demand pattern is that power demand has a very sea-
sonal fluctuation, while water demand is relativity
constant in comparison. Therefore, there is a general
inefficiency within the power production component
of the nexus. Power generation is most cost effective
during times of continuous facility operation at near
maximum capacity, but electrical power can be gener-
ated, but not effectively stored. However, desalinated
water can be stored using ASR, creating a link
between the stored desalinated water with power
plant operations, leading to greater operational effi-
ciencies for both facilities and lower costs [14,15].

2.1. Ground storage improvements

Distribution system ground storage is a fundamen-
tal part of all well-managed water conveyance sys-
tems. Typically, ground storage needs to be
strategically placed at key locations in the conveyance
and distribution system, beginning with storage at the
treatment plant and at locations corresponding to spe-
cial demand requirements and special needs, such as
high-volume fire flows. Perhaps, a reasonable target
for ground storage would be three days of overall
supply within the system. This assumes that the
ground storage system is being operated primarily to
meet daily variations in demand associated with peak
factors and that system water losses are under 10% of
the overall system water input rate. There is no other
substitute for ground storage within the daily opera-
tional time frame and for fire flow. ASR cannot be
used to provide this function.

2.2. Strategic storage of desalinated water

ASR is a strategic storage option in countries rely-
ing on costly desalted water as a primary supply.
Desalinated water production may be interrupted
due to many reasons, such as calamities like earth-
quakes, wars, and contamination of feedwater, i.e.
red tide [18] or operational failures [19] including
equipment breakdown. In the GCC/MENA region,
desalinated water storage could play an important
role in providing uninterrupted water supply to con-
sumers since desalinated water is mainly produced
for domestic water supply. Recent experience shows
that several desalination plants in the region were
shutdown for several weeks during red tide season
[20,21].

The average available desalinated water storage
capacity in various large GCC cities varies between
few hours such as in Sharjah in the UAE to few
days (Abu-Dhabi, Dubai, Bahrain, Riyadh, Jeddah,
Doha, Muscat (2 days), and Kuwait (5 days) [22].

To mitigate long-term water supply failures, ASR
could be a good option to use for providing large-
scale storage. The water required for ASR could come
from the existing desalination plants by operating
them throughout the year at maximum load or con-
structing new reverse osmosis (RO) plants that utilize
the idle power in the winter from the co-generation
systems instead of operating the power plant at a
lower load due to lower electricity demand. In all
cases, the placement of water into storage does
require that the water treatment facility must have
excess capacity during part of the year.
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2.3. Seasonable disparity between water and power
production

Operating records from desalination and power
plant facilities in the GCC/MENA region show that
water demand is relativity constant during the year,
but the production of power shows considerable sea-
sonal variation. While Fig. 1 was developed for water
and power demands for the City of Abu Dhabi, UAE,
a similar pattern is observed in many other GCC/
MENA cities. The seasonality is related primarily to
the summer demand for air conditioning in this very
hot and dry region [23].

Moreover, water demand growth is higher than
that of electricity in the GCC with water being 11%
per year and electricity only 4% [24]. During low
power demand periods, when power plants are not
operating at full load, the steam used to operate ther-
mal desalination plants is commonly supplied by aux-
iliary boilers instead of from turbines. This
operational mode is quite costly.

Large-scale storage of desalinated water must be
achieved by using ASR technology. Storage is also
required for both operational and emergency needs
to achieve the most economic mode of operation
and a high degree of water security. Plants are
capable of economically producing water seasonally
in excess of immediate demand, because most of
the desalinated plants in the GCC/MENA region
are thermal-based desalination processes and cou-
pled to power plants (co-generation). Storage capac-
ity also plays an important role in coordinating the
optimal design power and desalination plant capaci-
ties. Generally plants are designed to meet the peak
day demand, causing much of the treatment capac-
ity to lie idle during a large part of the year. The
use of operational ASR would allow the desalination
plants to be constructed at a lower capacity, thereby

saving considerable capital and operational and
maintenance costs.

3. The role of water reuse in reducing desalination
demand

Production of potable water from seawater
desalination is costly and energy intensive regardless
of the process used; membrane or thermal. Beneficial
reuse of domestic wastewater and perhaps industrial
wastewater is necessary to reduce the demand for
desalinated water used for nonpotable uses, such as
landscape irrigation, agricultural irrigation, and
industrial uses including cooling water. The driving
force for wastewater becoming a water source has
been the increased cost to dispose of it. Therefore, the
motivation to recycle is economic and in many case
related to real and perceived environmental impacts.
Also, the use of desalted potable water for irrigation
is more costly than reusing treated wastewater.

Conventional wastewater treatment using primary,
secondary, and tertiary processes gives policy- and
decision-makers a choice in cost vs. product and prod-
uct vs. use. Membrane technology offers different
treatment options. Wastewater can be treated to a
very high quality, above potable water standards, by
microfiltration (MF) or ultrafiltration (UF), or by a
membrane bioreactor which uses MF or UF sub-
merged membranes, followed by RO and Ultraviolet.
However, the cost of this treatment is very high and
no developing country can afford to do this unless the
water must be used as a direct potable supply, such
occurs at Windhoek, Namibia [25]. Although highly
treated wastewater could be used for drinking water,
this is rarely acceptable from a cultural standpoint.
However, it can also be utilized for potable purposes
in an indirect way by letting the treated water flow
into rivers and then, downstream people use this
water for potable purpose [22]. It can also be injected
into aquifers for further treatment and used later for
potable purposes (ARR), but only when there is ade-
quate separation between the injection system and the
withdrawal location [26]. It should be noted that the
use of aquifers in the treatment process, such as ASR,
may require that the injected water meet potable stan-
dards before being injected for storage under US Envi-
ronmental Protection Agency rules that have similar
counterparts in other countries [17].

4. ASR systems for desalination and water reuse
optimization

ASR has been used in conjunction with desalina-
tion in many systems located around the world to

Fig. 1. Seasonal variation of water and power generation
capacities in Abu Dhabi [22,24].

N. Ghaffour et al. / Desalination and Water Treatment 51 (2013) 38–43 41



improve operational efficiency [27] and for large-scale
strategic storage in the UAE [28,29]. The strategic ASR
systems being designed and constructed in the UAE
at Liwa and Schwaib will hold approximately one full
year of a coastal desalination plant capacity or over
100 million cubic meters of stored desalted water.
Investigations are currently being conducted in
Kuwait to assess both operational and strategic ASR
storage potential for desalination water.

Storage of large quantities of desalinated water in
the ground requires that the hydrogeology of the
storage aquifer is suitable to allow storage and recov-
ery of the water with minimal losses and at a quality
that can be used for drinking water. Not every loca-
tion can support the development of a successful
ASR project [17].

ASR systems can also be developed to store
reclaimed water and surface water, which are both
important in the GCC/MENA region. The feasibility
of using wadi aquifers in Western Saudi Arabia for
storage, treatment, and reuse has been recently inves-
tigated [25]. Also, reclaimed water ASR systems are
being investigated or considered in Kuwait, Oman,
and Qatar within the GCC region.

ASR is the only reasonable alternative for large-
scale storage of treated water. Ground storage facili-
ties can have a unit capital cost of up to $130/m3. The
use of reservoirs may be perhaps on the order of $50,
but water losses in the GCC/MENA could severely
reduce the effectiveness of reservoirs or necessitate
the use of a cover, therefore, increasing the cost by at
least 40%. A comparative cost of ASR development is
perhaps on the order of $20/m3 for very high capacity
systems. Lower capacity systems would have a higher
cost per unit volume stored. The final numbers for
construction of a mega-scale strategic storage ASR sys-
tem are not precisely known.

The operational cost of ASR is also an issue that
must be considered. While treated water placed into
storage tanks remains of high quality, the stored
water in an ASR system comes in contact with both
the framework matrix of the storage aquifer and the
native groundwater contained within it. If adverse
chemical reactions occur that alter the quality of the
stored water, it could become impaired, requiring
post-storage treatment that may make the system
infeasible. Therefore, great care must be taken in the
selection of the ASR site and an awareness of the risks
involved must be considered [17]. Any ASR system
should allow the storage of treated water and recov-
ery of that water for its intended use without signifi-
cant additional treatment with the exception of
disinfection [17].

5. Desalination, water reuse, and ASR within the
framework of IWRM

The primary focus of this paper has been on the
development of cost effective potable water supplies
and storage of potable water within the arid lands of
the GCC/MENA region. However, the largest water
user in this region as well as globally is agriculture.
The role of desalination and reuse of reclaimed water
must be considered within the framework of overall
water use, not solely potable and industrial uses.

IWRM is a philosophical approach to water man-
agement that seeks to incorporate all potential sources
of water supply and match them with the most eco-
nomically beneficial users inside a framework of sus-
tainability. Within the GCC/MENA arid region, the
highest value water use is for drinking and industrial
uses with agricultural water use having a very low
economic return. Therefore, under IWRM planning
the further development of desalination along with
reuse should be the primary supplies of water to
meet all potable and industrial requirements. Reuse
and the capture and storage of ephemeral stormwater
would likely be the primary uses to meet agricultural
demands without the use of desalinated water. Eco-
nomic considerations may limit the use of water for
agriculture and the in-country production of food
crops, thereby requiring the importation of food as
“virtual water” within the context of IWRM [30,31].

6. Conclusions

Desalination capacity is expected to increase signifi-
cantly in the next decade to meet the water needs espe-
cially in GCC/MENA region where water demand is
increasing. To satisfy this increased demand in water
and power simultaneously, more megasize plants
including hybrid systems are expected to be con-
structed in the region. However, most of the big cities
in these countries, relying mostly on desalinated water
for their potable water supply, have very limited water
storage ranging from few hours to few days. On the
other hand, operating records show that water demand
is relatively constant during the year while power
demand varies considerably with a high peak in the
summer, mainly due to the full operation of air-condi-
tioning systems in this very hot and dry region. During
low electricity demand season, use of the idle power
from co-generation systems could be a good option to
produce additional desalinated water using RO tech-
nology. ASR could then be to store the surplus of desa-
linated water which would be used when water
demand is high or during an unexpected shutdown of
desalination plants.
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Also, improvements to the economics of using
reclaimed water need to be made. This will include
reuse of treated wastewater and the capture, storage,
treatment, and use of stormwater. The use of natural
systems filtration methods will likely need to be
implemented to increase the use of these resources.
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