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First: Recommendations
Supporting initiatives and legislations that contribute to the development
of renewable energy in the Kingdom.
Taking further practical steps to reduce energy and water waste, for both
household and other uses.
Expanding the use of modern technologies in measuring energy and water use rates
both individually and institutionally.
Evaluating the impact of awareness-raising programs targeting individuals and institutions aimed
at reducing energy and water waste, and remedying the deficiencies included in this framework.

Second: The reality and future of water resources in Saudi Arabia.

Water scarcity threatens development in the Arab region in general, as both low and fluctuating rainfall,
high rates of evaporation, and frequent droughts result in a reduced ability to depend on water resources
and their availability. Although the Arab countries occupy about 10 percent of the world’s area, the
average annual rainfall is only 2.1 percent, and the amount of internal renewable water resources in the
region exceeds only 6 percent of the annual average of the annual global rainfall which is 38 percent.
Most of the area of the region is classified as arid or semi-arid (desert), where the amount of rainfall is
less than 250 mm annually, except for some regions, including southwestern Arabian Peninsula and
countries bordering the Atlantic Ocean and the Mediterranean Sea, due to scoring high rates of rainfall.

By focusing on of Saudi Arabia, we find that water resources are divided into five categories, including:
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Concerning desalinated water resources in Saudi Arabia, there are currently 35 stations based on the
Eastern and Western coasts of the Kingdom. The latest data indicate that the total production capacity of
desalinated water reached 6.28 million m3 per day in 2015.
It is expected that this capacity will increase to reach 7.4 million m3 per day by 2020. The Saline Water
Conversion Corporation owns the majority of water desalination stations in the Kingdom, representing 73%
of the existing total production capacity.
Three types of water desalination technologies are used including multi-stage flash distillation, reverse
osmosis, and multi-effect distillation. Presently, the multi-stage flash distillation technology is prevailing in
the desalination stations in Saudi Arabia, representing 62% of the existing total production capacity.

The quantities of desalinated water produced in Saudi Arabia during 1439/1440 H (2018 G) were around
(1803.1) million m3, scoring an increase by (11%) compared with the previous year that witnessed the
production of (775) million m3 from the Eastern coast stations, and by (43%) of the production of the
corporation, and (1028.1) ) million m3 from the Eastern coast stations by (57%). Regarding the
quantities of electrical power generated from the desalination stations (2018), they were around (40.75)
million MW/ hour, where (6.95) million MW /hour were generated from the Western coast stations by
(17.1%) of the total generation by the corporation, and (33.80 MW/hour) were generated from the Eastern
coast stations by (82.9%).
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Saudi Arabia has a non-renewable groundwater reserve that is found across several water layers. The
groundwater is gathered from 20 main and secondary underground layers at the level of Saudi Arabia
and serves many regions in the country. The renewable groundwater in Saudi Arabia is found in the
shallow and deep layers, in surface water resources and valleys. According to the preliminary
estimates, the estimated renewable groundwater resources are currently estimated at 2.8 billion m3
annually in the Arabian Shield Region.
As for the surface water resources, the usable total water reserve from dams is 1.6 billion m3 annually,
and 73% of the usable total water reserve from dams is found in Asir, Mecca, and Jizan. These regions
have abundant resources of renewable surface and groundwater resources, which is attributed to its
topography that is characterized by nonporous rocky areas at the level of the Arabian shield.

Saudi Arabia treats sewage water to be safe for use for different
purposes, including industrial operations, cooling, and agriculture.
Treated water represents a significant resource in a country suffering
from scarce water resources. Treated water should be considered in
the supply system.
The quantity of treated water reused in the Kingdom in 2015 reached
0.61 million m3 per day whereby 0.40 million m3 are used daily in
agriculture, and the average quantities of recycled water reached only
17%. In addition to the current resources, several water resources that
need more study to determine its full potential, including gray water
and rainwater harvest.
Indeed, Saudi Arabia is facing big challenges due to the nonsustainable use of water resources, as well as the limited nonrenewable underground water storage, which is witnessing
accelerating exhaustion. Under the arid weather conditions,
renewable water resources are very rare. Besides, the high demand
for water in the agricultural sector worsens the problem of water
scarcity in Saudi Arabia. As such, the government bears the high cost
of water production and sewage treatment in urban areas. The service
levels remain under the optimum, and the sector is suffering from
inappropriate organizational and governance mechanisms.
Saudi Arabia has a limited reserve of usable non-renewable
groundwater, as well as low feed rates, due to arid climatic conditions.
The water demands in Saudi Arabia, estimated at 24.8 billion m3 in
2015, witness a steady annual increase of 7%. It is worth noting that the
agricultural sector is the largest consumer of water in Saudi Arabia,
consuming 84% of the total water demand.
The use of water in the agricultural sector reflects an environmental
challenge due to its dependence on non-renewable resources, which
represent 90% of the total water supplied to the sector.
The high use of water in the agricultural sector is attributed to the gaps
in the policies of the water sector, legislations, and general
shortcomings in use, as feeds alone consume 79% of the water
demand in the agricultural sector, and irrigation efficiency is 50% at
present compared to more than 75% according to the global best
practices. In light of current consumption rates, some regions in the
Kingdom may face depletion in water reserves during the next twelve
years, which calls for immediate measures to be taken to solve this
problem. Despite water scarcity, treated wastewater is not sufficiently
utilized due to the limited infrastructure and challenges related to the
acceptability of the use of this water in some areas, and the limited
legislative supervision and pricing incentives.

Water consumption in the urban sector provides every individual with many opportunities for
improvement, and this can be achieved by reducing water losses in the network (estimated at over
25% in different areas) and in buildings, and by setting price indexes and incentives for water
conservation.
In light of the heavy dependence on water desalination (60% of the total water supply in the urban
sector), and in addition to the current support, this sector imposes many burdens on the national
economy, and the relatively high unit cost of production increases due to the high transportation
costs by pumping water from the coasts to the areas inside the Kingdom. The sector also depends
highly on fuel, as fuel consumption in water desalination represents more than 25% of the volume of
national fuel production. Besides, desalination leaves a broad environmental footprint, due to the
disposal of salt and mud sediments, as well as greenhouse gas emissions.

The Ministry of Environment, Water, and Agriculture (MEWA) in Saudi Arabia has undertaken the
task of developing a unified reference framework for the water sector, which includes a
comprehensive strategy for water. The framework also works to integrate directions, policies,
legislations, and practices in the water sector at the national level, with the main goal of facing the
main challenges and restructuring the sector. The scope of the framework includes many elements,
including the involvement of stakeholders, and evaluation of the current status of the sector across a
range of dimensions, such as water demand, water resources, sector operations, enabling factors,
and determining the nature and size of gaps between supply and demand, in addition to the
economics of the sector under different scenarios.

A framework of water national strategy 2030

Third: Water desalination methods, current status, and future prospects.
Desalination is the conversion of unsuitable water, whether as a result of salinity or otherwise, into pure
water that is free from salts and suitable for use. This is done through several methods of desalination.
The Arab region is at the forefront of the global desalination landscape, as it possesses more than half of
the world's desalination capabilities.
The main desalination processes available commercially:
- The most prominent commercial water desalination processes used are:
1- Thermal methods, including:
(multi-stage flash distillation, multi-effect distillation,
and vapor compression distillation).

2- The membrane methods, including:
(electrodialysis, reverse osmosis, nanofiltration,
electrodeionization, forward osmosis).

3- Minor processes:
including (freezing, membrane
distillation, solar humidification).

Desalination by Technology

Though RO accounts for over 60 % of the world desalination technology,
thermal processes like MSF and MED continue to dominate in the Middle East

A study on nanofiltration and reverse osmosis with low energy to expel radioisotopes and heavy metal ions from
drinking water sources indicated that while nanofiltration and low energy reverse osmosis process for expelling
radioisotopes and heavy metal ions are characterized by only moderate ability to expel monovalent salts, they
are highly effective in water dehardening and removal of polyvalent contamination species.

Technical challenges remain concerning the efficiency and cost of conventional methods for the removal of
certain contaminants in water. It is thought that nanofiltration offers high efficiency and leads to lower cost. The
separation of radium and uranium-238 or its complex negative carbon ions at pH 7.5 to 8, as well as other positive
ions from a mixture of solutions of salt, have undergone research as active agents in the composition and
concentration of water, using nanofiltration and reverse osmosis with low energy.

The results were compared with those obtained from separation by conventional methods by chelating resins
that exchange ions that were identified under the same conditions. The membrane desalination methods gave
higher rejection ratios from radionuclides and positive ions for heavy metals, and coagulation, as the ranges
ranged between 92% to 99%. The concentration of contaminants in the permeate water decreased compared to
the highest level of pollution approved by the American Environmental Protection Agency for systems
recoveries, where the percentage reached 90%. In the case of separation by the resins that exchange ions, a loss
of the process efficiency which attained 24% was observed because of interference with separation of similar
valency ions, such as calcium ion and sulfate ion. The higher the efficiency of the resin to retain the radionuclide,
the more its regeneration was difficult, resulting in a higher volume of contaminated spent solution.

Using nanofiltration and low energy reverse osmosis, on the other hand, parallel rejection of polyvalent
ions did not practically affect that radionuclides or positive ions for heavy metals, and membranes do not
require regeneration. The results of rejection of radionuclides or positive ions for heavy metals have
shown many significant advantages for membrane methods, as they outperform those of resins that
exchange ions, coagulation, chemical precipitation and softening.
This is due to the absence of chemicals for expelling the materials, the absence of contaminated clay
formation that requires disposal, a mechanism that does not require slow steps of settling, and there is no
need for subsequent filtration or installation of complex devices, and the ability to realize parallel water
desalination. As contaminants are concentrated in the water stream, an environmentally safe disposal
method will be selected.

Reverse osmosis is currently approved and is generally considered the most feasible technique for
desalinating groundwater which is also very economical due to its salinity compared to a wide range of
productive features, as well as its lowest energy requirements and ease of use.

The currently acceptable norm of recovery of desalted water in projects of brackish water reverse
osmosis ranges between 65 to 85% according to raw water quality, level of chemical pretreatment and the
design/operation of the facility, which could be intended as a sophisticated facility with low operation
costs or vice versa. The balance of 15%, or above, the desalination reject stream in which the reverse
osmosis rejected components are concentrated, is disposed of as wastewater.

Among the disposal options chosen to get rid of desalination reject stream are:

1) Sewer
stream

2) land application
including
percolation

3)deep

4) evaporation

well injection

ponds

The last option is the most common in the Middle East because of:
· The rather common high temperature.
· Low ambient humidity.
· The relatively low cost of land in the desert areas.
Disposal of reverse osmosis rejects water aims, in most of the alternatives, to just get rid of that stream
without further water recovery which wastes the cost of initial pumping and chemical treatment. It is,
therefore, evident that the increase of desalted water recovery is the main factor in determining the
process cost-effectiveness.

Prospects for the desalination industry:
- Enhancing desalination efficiency, cost-effectiveness and environmental safety
of reverse osmosis, nanofiltration, electrodialysis, electrodeionization, and forward
osmosis through the processing of desalination reject water.
- Development of the multi-stage flash system.
- Nanofiltration to replace hot or cold lime softening for efficient removal of hardness ions.
- Introduction of high-temperature reverse osmosis.
- Development of reverse osmosis, nanofiltration, and forward osmosis membrane
material and configuration.
- Development of application of solar energy in the desalination industry.

Future development of the multi-stage flash distillation:
- The integration of selective membrane processes as nanofiltration or forward
osmosis in thermal desalination processes will become a common practice.
- According to studies by the SWCC Research Center, nanofiltration removed most of the problem
making components from seawater to feed the multi-stage flash system. The nanofiltration removed
the scale-forming ions (calcium, magnesium, carbonic acid salts, sulfate ions) that led to an increase
in the highest degree of saltwater, that is, the efficiency of the process.
- Research also for innovative alloys of higher resistance to general and localized
corrosion to lower the dosing inhibitors and avoid a repeated shutdown.
- Adaptation of advanced technologies of corrosion inhibition as cathodic protection.
- The development will include rectification of subsystem in multi-stage flash plants
which are responsible for uneconomic fuel consumption.

Fourth: Energy transformation in the transport sector: indicators and future prospects.
Energy, especially oil, is the lifeblood and the driving nerve of many sectors. The transportation sector is
one of the main challenges facing sustainable development, as it is one of the most energy-consuming
sectors, and it is also a source of many pollutants that negatively affect the environment with all its
elements at the global, regional and local levels.
This is a dilemma that has long puzzled countries around the world. The transportation sector consumes
about 30% of the global final consumption of energy. This sector depends heavily on oil, with the notable
exception being the dependence on electricity in railway networks, and on natural gas in the operation of
oil pipelines.
In new policy scenarios, energy consumption increases by 1.3% annually to reach 3,300 tons of
equivalent oil in 2035 and compares this with a growth rate of 2.1% annually over the past twenty years.
An increase in rail travel and growth in air traffic and road travel is expected in the coming decades. In
this context, transport-related carbon dioxide emissions are increasing from 7 GT in 2011 to 9 GT in 2035,
which represents the fastest increase among all sectors.
The current global energy consumption is approximately 9.6 billion tons of equivalent oil annually, of
which 3.9 billion tons of equivalent oil or 41% comes from natural oil. In 2017, the transportation sector was
the primary consumer by 52% of total oil, and this share is expected to rise to 54% in 2040.

According to estimates of global oil demand growth until 2040, demand comes mainly from
transportation, as the European Union’s share drops from 8% to 5% or 4%.

According to the Global Energy Outlook 2018, there is a change in regional focus from 2017 onwards to
2040, occurring in demand in China, India and the Middle East, while it should decrease in Europe and
North America.

Many reasons drive decision-makers in most developing and developed countries to adopt a clear
strategy to rationalize energy use as one of the primary goals. The primary reason is the need to
rationalize spending. Then, burning fuel, whether in industry, transportation, or other sectors, produce
carbon dioxide, which is one of the greenhouse gases. Besides, working to achieve sustainable
development requires the necessity of reducing excessive use of multiple sources of energy, which
means working to rationalize its use in various sectors.

Fifth: The future of water and energy in a data-driven world.
The energy market is undergoing a transitional process, and this is not related to size; it is about
efficiency, affordability, and sustainability.
The energy industry has been in existence for more than a century now, and success has been achieved
during this period due to intense technical expertise. Given a mindset that has faced increased risks over
recent decades, this has made the energy industry the benchmark in both safety and compliance
standards.
The energy value chain is also very complex, making it impossible for individuals to maintain a clear
overview of the value chain from the energy extraction process up to consumption.
The combination of sophistication and inherent approach to projects and operations to avoid mistakes
leads to a parallel culture of innovation.
This comes in addition to the fact that the industry scored highly as it is slow to keep pace with new
technologies.

The power and water plants in the Gulf region are facing a major challenge, while smart and proactive
digital technologies offer great capabilities to reduce costs and enhance operational efficiency to meet
the rapidly increasing customer requirements.
With the momentum witnessed in the infrastructure projects, the Gulf Cooperation Council countries
have all the qualifications that enable them to take the lead among a new generation of energy operators
and producers of good water, who employ the best expertise in the field of software, industrial solutions,
and analytical tools in an integrated manner that ensures the achievement of the best results.
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