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Preface

The GCC countries are situated in one of the most water scarce regions of the world and have one
of the lowest per capita share of freshwater resources globally, with values much below the threshold
of absolute water scarcity of 500 m*/year. In the last few decades, the GCC countries have witnessed
an accelerated socio-economic, agricultural, and industrial development growth, which was associated
with substantial increase in water demands. To provide these water demands, the GCC countries have
primarily focused their efforts on the development and supply augmentation aspects of water manage-
ment, manifested by development of groundwater, installation of desalination plants, expansion in the
reuse of treated wastewater, in addition to dams construction.

To meet increasing domestic water demands, the GCC countries have resorted heavily to desalina-
tion. Currently, almost all of the municipal water supply systems rely on desalination in the major-
ity of the GCC countries. However, desalination is associated with substantial financial cost and are
energy-intensive affecting both the economies and the environment of the GCC countries. In addition
to the challenges of meeting the rapid growth of municipal water demands, rates of per capita domestic
water consumption in many GCC countries are considered excessive and are ranked among the highest
in the world. This is attributed mainly to the provision of high quality domestic water supply service
coupled with very heavy blanket non-targeted subsidies, which gives the consumers the false impres-
sion of water abundancy.

To fulfil the requirements of agricultural water demands, the GCC countries have relied on ground-
water resources and to a lesser extent on treated municipal wastewater. A major concern is that the
majority of groundwater resources in the region are non-renewable and are being extensively mined
and rapidly depleting. Furthermore, renewable groundwater resources are being over-exploited be-
yond their replenishment rates leading to quality degradation due to saltwater intrusion. The loss of
groundwater resources assets will have dire consequences on the GCC countries in terms of the loss
of a long-term strategic water supply and the cost of the replacement water. Groundwater excessive
withdrawal is attributed to many factors, the most important is poor irrigation practices with irrigation
efficiencies ranked among the lowest in the world. Some of the reasons for such practices is inadequate
monitoring of groundwater abstraction and absence of charges for groundwater withdrawal, providing
no incentive for water conservation.

Notably, to meet the ever-increasing demand for water, the GCC countries have adopted a supply-
side management approach for securing water supplies. This has forced the countries, increasingly, into
more expensive and costly investments in water supply sources and infrastructure. The heavy financial,
economic and rising environmental costs associated with such approach cannot be over-emphasized.
Clearly, such approach cannot be a long-term solution to water scarcity in the GCC countries, and a new
conceptual approach in managing the countries’ limited and costly water resources will be required. The
GCC countries will need to shift their emphasis from ensuring “sustainability of supply” to ensuring
“sustainability of consumption”, while achieving economic efficiency and financial sustainability as
core objectives.

To achieve such shift, there are basically three types of policy instruments that can be implemented:
structural & operational (e.g., metering, retrofitting water saving devices, flow control, recycling,), so-
ciopolitical (e.g., education and awareness, building codes, appliances labeling,), and economic (incen-
tives and disincentives). In this regard, economic policies instruments are more effective in achieving
economic efficiency and financial sustainability and can complement and reinforce the use of the other
two policy instruments.

In general, economic instruments involve the use of prices and charges to provide incentives to water
users to utilize water efficiently and rationally. The purpose of water pricing policies is three-fold: 1)
cost reflectivity (signal to users the true scarcity value of water and the cost of service provision as an
incentive for more efficient water use); 2) environmental and resource protection (encouraging conser-
vation and efficient use and recognizing environmental co-benefits); and 3) cost recovery (generation
of revenues for the efficient operation of the present system, its maintenance, modernization and future
expansion). A properly designed water pricing policy will direct subsidies towards guaranteeing water
as human rights and that pricing is set proportional to volume of usage with heavy water users paying
the most to achieve social equity.

vii



viii

Preface and Recommendations / Desalination and Water Treatment 263 (2022) v—x

On the other hand, one of the main problems threatening the sustainability of the water services
in the GCC countries is the low cost recovery. Although water supply utilities in the GCC countries
are considered among the top-ranked service providers in the world, the existing very high rates of
subsidies result in very low cost recovery percentages. Moreover, unlike the water supply utilities, the
wastewater sector in the majority of the GCC countries has literally zero cost recovery due to the absence
of wastewater tariff for collection, treatment, and reuse. This creates a heavy financial burden on the
countries fiscal budget, and holds the sector captive to government allocations, which are susceptible
to oil-prices volatility, eventually influencing the general water services performance.

One of the measures that have been taken towards reducing the cost and alleviating the financial
burden of water services is privatization. The majority of the GCC countries have moved to privatizing
production where many desalination plants are built as independent water and power projects (IWPP),
with desalinated water purchased by the government through a long-term plan. Still, the municipal
water sector can benefit from the many advantages privatization can offer in the whole water supply
chain, which has not been adequately investigated in the region yet.

The WSTA 14" Gulf Water Conference is advocating for a paradigm shift in the management of water
resources in the GCC countries to move from the current emphasis on supply sustainability approach
to a consumption sustainability approach, with its core objectives of economic efficiency of water uses
and financial sustainability of water services. Moreover, the conference deliberations and results will be
the GCC countries contribution to the selected UN Water topic for 2021 “Valuing Water” and for 2022
“Groundwater: making the invisible visible”.

The WSTA 14th Gulf Water Conference is organized in the Kingdom of Saudi Arabia in collaboration
with the Saudi Ministry of Environment, Water and Agriculture. The conference is organized in close
coordination with the GCC Secretariat General and with sponsorship by the Arab Fund for Economic
and Social Development (AFESD) and the Saline Water Conversion Corporation (SWCC). The confer-
ence is supported and endorsed by the active UN organizations in the region of UNESCO Cairo Office,
UN-ESCWA, and FAOQ; and the international and regional organizations of IWMI, ICBA, IDA, AGU,
OWS, and EDS.

On behalf of the Conference Scientific Committee, I would like to thank all authors and panelists
from various parts of the world for joining us in our Fourteenth Gulf Water Conference and sharing
their experiences and innovative solutions in improving water sustainability and overcoming the water
challenges in the arid GCC and Arab countries.

Furthermore, we would like to express our thanks to the Desalination and Water Treatment Journal Edi-

tor, Miriam Balaban for giving us the opportunity to publish selected papers presented at the conference.

Prof. Waleed K Al-Zubari,
Chairperson
Conference Scientific Committee
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Conference Objectives

Reviewing current policies and strategies related to eco-
nomic efficiency and financial sustainability in the water
sector in the GCC countries.

Informing policy and decision-making on the impacts of
the use of economic instruments to achieve sustainable
water consumption patterns in the GCC countries.
Identifying challenges and opportunities in implement-

Conference Recommendations

On Achieving Water Sector Economic Efficiency and
Financial Sustainability

1. Toachieve high levels of security and sustainability of
the water sector, the GCC countries need to shift their
focus from ensuring the “sustainability of supply”,
which is currently prevailing in most of the water
sectors in the GCC countries, to ensuring “sustain-
ability of consumption”, which can be achieved by
moving towards the approach of “demand manage-
ment, efficiency, and conservation”. In this regard,
economic tools (incentives and disincentives) repre-
sent the most effective tools for such transformation
and to achieve economic efficiency and financial
sustainability compared to the socio-political and
structural-operational tools, and they can comple-
ment and reinforce them.

2. Toincentivize the private sector to participate in the
provision and management of water services, thatis,
in the entire water supply chain, which is expected to
contribute to reducing the costs of water services and
management and raising the levels of cost recovery,
thus contributing to the financial sustainability of the
water sector. However, this must be under a high-
level and independent regulatory and supervisory
system; experiences of some GCC countries in this
field and the lessons learned to be disseminated.

On Desalination

3. Desalination represents the main source of drinking/
domestic water, and its sustainability is an essential
foundation for water security in the GCC countries.
Therefore, there is an absolute necessity to enhance
the joint GCC efforts to localize the desalination
industry and increase its added value to their econo-
mies, including joint investment and manufacturing
of spare parts and consumables, and coordinating
research and education and training programs at the
level of the GCC and Arab countries.

4. Intensifying research efforts in the field of reducing
financial, economic costs and environmental costs of
desalination, investment opportunities in desalina-
tion reject, and developing unified key indicators
for the performance and operation of desalination

ing economic instruments to achieve sustainable water
consumption under the prevailing socio-economic,
environmental, cultural, and political conditions in the
GCC countries.

Exchanging experiences and best practice case studies in
the GCC countries and other countries in the region on
achieving economic efficiency and financial sustainability
in the water sector.

plants and the desalination sector as a whole in the
GCC countries.

On Surface Water and Groundwater

5. Improving groundwater reserves through managed
aquifer recharge (MAR) various schemes (Aquifer
Storage and Recovery, Aquifer-Storage-Transfer-Re-
covery, Soil Aquifer Treatment, rainfall harvesting),
while taking into account health and environmental
risks when using treated wastewater and the purpose
for which it is stored, in order to assist in efforts to
rehabilitate aquifers and to provide a strategic reserve
of groundwater for emergency conditions, or for
other uses such as meeting the requirements of the
agricultural sector.

6. Regulating the use of groundwater basins through
enacting and implementing comprehensive legisla-
tion that reaffirms the state ownership of ground-
water and considers well owners as water users,
establishing an appropriate institutional mechanism
for stakeholder participation, and implementing eco-
nomic stimulus tools by imposing appropriate tariffs
on groundwater use on the basis of its economic value
in order to provide a price-signaling mechanism and
to raise awareness of the value of groundwater to aid
groundwater rehabilitation efforts.

7. Maximizing surface water utilization through the
development and implementation of rain and flood
water harvesting programs to mitigate and take ad-
vantage of extreme events caused by climate change.

On Municipal Wastewater

8. Increasing wastewater collection rates, raising treat-
ment levels, and maximizing reuse rates in the ap-
propriate sectors through integrated strategies and
plans for its reuse, developing required health and
environmental risk management plans for the treated
wastewater reuse, and motivating the private sector
to use this renewable source through appropriate
economic incentives.

9. Support research and development efforts related
to maximizing wastewater utilization in areas other
than irrigation, such as waste-to-energy programs
and the beneficial use of sludge in the fertilizer in-
dustry.
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10. Ensure the separation of medical wastewater (i.e.,
those generated from medical institutions, such as
dispensaries, hospitals and medical complexes) from
domestic wastewater, as well as educating the public
not to dispose pharmaceutical wastes into domestic
sewage systems (as well as chemicals), to reduce the
possibility of transferring pharmaceutical substances,
hormones and other medical substance into treated
wastewater when reused.

11. Conduct research on the possibility of the transfer
of emerging substances and compounds such as
pharmaceuticals, hormones, heavy metals to plants
when reusing treated wastewater in the final product
in the long run.

On Municipal Water Management

12. Achieving best practices and international standards
for drinking water supply and sanitation utilities in
the GCC countries, which include customer satis-
faction, service quality, capacity development and
leadership programs, rationalization of operation
and resilience, financial sustainability, infrastructure
stability, and environmental commitment.

13. Management of non-revenue water levels in ac-
cordance with best international best practices and
benchmarks to enhance the efficiency of municipal
water supply and reduce its costs to contribute to
enhancing the financial sustainability of municipal
water supply utilities.

On Agricultural Water Management

14. Raising irrigation efficiency through the use of mod-
ern farming and irrigation systems and techniques
and adopting smart farming systems and selecting
drought- and salt-tolerant crops appropriate for the
region.

15. Supporting research and development efforts to en-
hance water productivity and water efficiency in the
agricultural sector, and integrating drylands-desert
farming curricula into academic and vocational
programs with the aim of reducing overall water
consumption in the agricultural sector.

16. Providing farmers with incentives and appropri-
ate training to adopt modern farming systems, and
support their participation in the decision-making
process, with the aim of raising their awareness and
facilitating the implementation of administrative
procedures.

On Industrial Water Management

17. Increasing water use efficiency and demand manage-
ment in the oil and industrial sector, and enforcing
industrial wastewater treatment and reuse programs
through the enactment of appropriate legislation.

18. Ensuring that industrial wastewater is not discharged

into the municipal wastewater collection networks
by formulating and enacting necessary legislation as
well as in the general land use planning and zoning.

On Addressing Climate Change Impacts

19. Inviting and encouraging governments, research
institutions and researchers to benefit from the tech-
nical outputs of the project of the “Regional Initiative
for the Assessment of Climate Change Impacts on
Water Resources and Socio-economic Vulnerability
in the Arab Region (RICCAR)” through the Regional
Knowledge Platform to assess the vulnerability of the
water sector to climate change and to help formulate
Adaptation plans.

On Management of Water Information and Decision
Support Systems

20. Effective planning and management of water re-
sources and making effective and sound decisions
depends mainly on the availability of reliable water
data and information for all major components of the
water management system, including water sources,
water users, water infrastructure, water quality, and
system characteristics, spatially and temporally.
Therefore there is an absolute necessity to establish
a comprehensive national, or basin-wide, water man-
agement information system (MIS) to be used in the
monitoring and modeling process and is linked to
the decision-making and planning process.

21. To take advantage of the rapid developments in
modern technologies in all aspects of hydroinformat-
ics, such as data collection from on-site and remote
sensors, cloud analytics and artificial intelligence,
interactive dashboards and advanced access plat-
forms, which are providing a new world of data and
analytics open in the public domain. The GCC coun-
tries should take advantage of these developments to
modernize all aspects of the water information data
value chain - from data to information to knowledge
- to generate insights to support decision making at
all levels for planning and day-to-day operations.

The conference authorizes the Board of Directors of the
Water Science and Technology Association (WSTA) to submit
these recommendations to the Secretariat General of the Coop-
eration Council for the Arab States of the Gulf (GCC SG) for
presentation at the Water Ministerial Committee meetings and
to follow up on their implementation progress. The conference
also requests WSTA to circulate these recommendations to
relevant regional and national organizations and water-related
forums, and to the Arab regional preparatory meeting for the
comprehensive mid-term review of the International Decade of
Action on Water for Sustainable Development (2018-2028).



¢| Desalination and Water Treatment 263 (2022) xi—xii
www.deswater.com July

O doi:10.5004/dwt.2022.28827

Contents
Volume 263

Hybrid desalination technologies for sustainable water-energy nexus:
Innovation in integrated membrane module development

Hyuk Soo Son, M.S. Nawaz, S. Soukane, N. Ghaffour ..........ccccoviiiiiiiiiiicc e 1
Levelized cost analysis for desalination using renewable energy in GCC

H.K. Abdulrahim, M. Ahmed (KUWAIL) c..c.coiririiiiieiieieeeeeree ettt sttt ettt be bt besbenee 3
Prospect of utilization of solar energy in SWCC existing multi-effect desalination satellite plants

A.S. Al-Ghamdi, A.M. Mahmoud, K. Bamardouf (Saudi Arabia) ........ccccecereririirinenieieinesieieceeneeeeeese e 9
Toward developing key performance indicators (KPIs) for desalination processes

LS. AI-MULAZ (SAUAT ATADIA) .eveveuieiiriiieieiieiesietet ettt ettt ettt e b s b et et eb e s b et et e st s besbenteseeseebensenteneesensen 15

Performance and cost analyses of hybrid diesel-photovoltaic powered small brackish water

reverse osmosis system in Saudi Arabia

A K. Al-Rubayan, R. Ben Mansour, F.A. Al-Sulaimana (Saudi Arabia) ...........cccooiviiiniiniiiciiccee 25
Sustainable desalination: how to produce sufficient water towards the future,

while protecting the marine environment

R. Morelissen (The Netherlands) ........ccccueirirerieieiriieieeseeee ettt ettt ettt b sttt b et e s e be s et eseesesen 32
Characterization of the water mass dynamic changes surrounding a seawater reverse osmosis

desalination plant on the east coast of the Kingdom of Bahrain

A. Al-Osaimi, T.S. Ali, W. Al-Zubari, H. Nasser (Bahrain) ........c.ccccoceeiririerrieininicineeriecseeecseeseeie e 35
Evaluating the reuse and recycling options of end-of-life reverse osmosis membranes

in Tajoura desalination plant

B. Brika, A.A. Omran, N. Greesh (Libya), A Abutartour (China) .........ccccccccoiviininiriiiiiiiniinccccceceeae 45
Assessment of freeze melting technology for brine concentration

Y. Al-Wazzan, M. Ahmed, Y. Al-Foudari, A. Al-Sairafi (KUWaIt) ......cccceceriririeinineneereeeeeeee e 52
Produced water reuse enabling circularity in oil operations

S.A. Ahmed, M.A. Al-Jeshi, K.K. Al-Yousef (Saudi ATabia) ........cccceeerieirirenieieininieietseseeetsieste ettt 60

Database for total petroleum hydrocarbon in industrial wastewater

generated at Sabhan area in Kuwait

A. Al-Haddad, M.E. Ahmed, A. Abusam, A. Al-Matouq, M. Khajah, R. Al-Yaseen (Kuwait) ..........cccceuviriuennnnnes 70
Cost-benefit analysis of the shift from traditional irrigation systems to modern irrigation methods

by small farmers in Al-Ahsa and its role in the dissemination of modern irrigation techniques

S.M. Sidahmed, M.A. Alomair (Saudi ATabDia) ......cccceerierieirinieieirieseieteeet ettt sttt ettt sttt esessesaeseesessens 78
Natural resources management in southern Tunisia: sustainable exploitation and degradation issues

of the oasis agro-systems

L. Dhaouadi, H. Besser, N. Karbout, M. Moussa (TUNISIA) .....ccoeueririeriririeirieiiieietrieieriei ettt 87
Risks associated with treated wastewater in greenhouse cooling system
Ahmed Al-Busaidi, Azhar Al-Busaidi, S. Dobretsov, M. Ahmed (Oman) ..........ccceeerreinnennieinreeneecseeneeenens 98

Role of efficient management of non-conventional and brackish water resources

in sustaining agricultural production and achieving food security in the United Arab Emirates

Ko AMMAT (UAE) ettt ettt et a e bt et b e e bttt e e bt e st et e e bt e st e b e s bt eaeeabenbeeseea b e beeseeatentenueeaeen 108
Impact of deficit irrigation strategies on water use and productivity for vegetable crops

in a semi-arid context of Tunisia

S. Yacoubi, S. Adel, R. Azzi, T. Oueslati (TUNISIA) ..veererrerireeriririeiinieiertet ettt ettt 109
Economic and environmental evaluation of different irrigation systems for date palm production

in the GCC countries: the case of Oman and Saudi Arabia

B. Dhehibi, M. Ben Salah, A. Frija (Tunisia), A. Aw-Hassan (Egypt), H. Al Wahaibi, Y. Al Raisi (Oman),

A.Z.Dewidar, Y. Al Fuhaid (Saudi Arabia), A. Nejatian, A.A. Niane (UAE) ......ccccccevvinniiiniiiiccce 116



Xii Contents | Desalination and Water Treatment 263 (2022) v—vi

Challenges and prospects of using treated wastewater to manage water scarcity crises

in the Gulf Cooperation Council countries

A.S. QUIESIIE (UAE) ittt ettt sttt sttt sttt n et es
The future of wastewater treatment and reuse in Kingdom of Saudi Arabia

M.A. Dawoud (UAE), H.A. Ewea, S.O. Alaswad (Saudi Arabia) ......cccccceceeirirririeueuerieirinininieierereeeneseseeeeseneseneeenes
Fate of estrogens in Kuwaiti municipal wastewater treatment plants

A. Abusam, T. Saeed, N. Al-Jandal (KUWaIL) ......cccccoeerririeiiieuiiiiniriiiecccttnreeseeteeeete sttt eaees
Investigations on pharmaceuticals and radioactive elements in wastewater from hospitals in Kuwait

A. Mydlarczyk, A. Al-Haddad, H. Abdullah, A. Aba, A. Esmaeel, R. Al-Yaseen (Kuwait) .........cccccceuvnenrrccnnne.
Testing of an optimization model for optimal sewer layout and wastewater treatment locations

F.M. Alfaisal (Saudi Arabia), L.W. Mays (USA) .....cccoeriiiiiiiiniiiccee e
Feasibility of anaerobic digestion as an option for biodegradable and

sewage sludge waste management in the Kingdom of Bahrain

S.Y.H. ADDAS (BANTAIN) ..eviieuieiiitiieieiieieieteteiee ettt ettt sttt ettt a e bt e e st e s e s b et e st eb e st e s e st esessesenteneesesenseneeneens
Adsorptive removal of chromium (VI) using Cu/Fe impregnated activated carbon

prepared from solid sludge

W. Al Rawahi, A.S. Al Rahbi, M. Al Hashmi, M. Al Riyami, H. Al Aameriya, M.K. Al Hinai,

S.S. Al Hatmi, ML.H. AL ISMaili (OMIAN) c.eeutiiiiiiriiieieiieieieieieiesieteeeieste et ettt sttt sb sttt esesse s et eseesessenseneenene
Hydrometeorological study on the impact of the weather condition "Rahw" on the water resources

in southwestern regions, Kingdom of Saudi Arabia

Y. Mattar, A. Al Ghamdi (SAUAT AT@DIA) ...covvveveveueueiiiiniinieiciceecttrr ettt ettt et es
A hydroecological technique to improve infiltration of clogged bed of recharge dam in Oman

A. Al-Maktoumi, A. Kacimov, H. Al-Busaidi, A. Al-Mayahi, S. Al-Ismaily,

S. Al-Khanbashi, M. Al-Battashi (OIMan) ........ceceeerieirinienieinirieieeeieset ettt ste ettt sttt esessesae st eseesessenseneenens
Flood damage assessment of vulnerable area in Riyadh city, Saudi Arabia — case study:

Al-Thumama Bridge

L.H. Elsebaie, A.S. Al-Turbak (Saudi ATabia) ........cccccerrrieuereuieiriniririeieieiectrtrtneese ettt sttt eees
Groundwater in the Arab Region: making the invisible visible

Z. Khiyat (LEDAION) ..ottt
Using electricity consumption as a tool for groundwater abstraction in Abu Dhabi Emirate farms, UAE

M.A. DAWOUA (UAE) ittt sttt sttt sttt sttt et ae et es
A numerical approach for the evaluation of sustainable yield of shared aquifer basins:

a case study from the Mediterranean countries

AL ATIEWT (KUWATL) 1ottt ettt sttt a et st e e st e b e be st et e s e e b e b e st e st ebe b enteneebessenseneesessensenseneesens
Understanding saline water dynamics in coastal aquifers using sand tank experiment

and numerical modeling

S. Al-Yaqoubi, A. Al-Maktoumi, A. Kacimov, O. Abdalla, M. Al-Belushi (Oman) ........cccccccevurniiicccnnnininccnns
Artificial recharge via injection wells for salinity ingress control of Salalah plain aquifer,

Sultanate of Oman

ML SHaMMAS (OIMNAN) c.virtirieiiriiieieieierieteteteete st et eteese st e te e st s beste st esestesseseeseesessensestesessensensestesessenseneesessenseneesassensansenessens
Equilibrium states of groundwater chemistry in coastal region of Kuwait

C. Sabarathinam, T. Rashed, F. Dashti, H. Bhandary (Kuwait) .........cccocoviiiiiiiiiiicccccces
Monitoring of inorganic and organic pollutants in the desalinated water from thermal desalination plants

A.A. Al-Hamzah, G.A.H. Aldowis, M.M. Rahman (Saudi Arabia),

C.M. Fellows (Saudi Arabia, Australia), P.K. Kurup, ]. H.M. Alfefei (Saudi Arabia) ........cccccevvviiiiccnnninicnes
Advancing water sustainability in Bahrain through water resource management knowledge platforms

D. Salazar, M. Escobar, D. Yates (Sweden), M.Y. Aljanahi, A.K. Alqattan (Bahrain)..........c.cccccoeoeeevnnncinccnnne.
Development of water information system for the Kingdom of Bahrain

M.A. AI-NOGIMI (BANTAIN) c..eeriiiieiiciciciiiieeccct ettt ettt ettt bttt ettt es

BN R4 aTe) a5 T <5 TR



