3. Desalination Plants — Science & Technology

In the wake of escalating geopolitical tensions in West Asiq, the vulnerability of desalination
infrastructure has become a focal point of regional security. For the Gulf Cooperation Council (GCC)
nations, these facilities are not merely industrial assets but the very lifeline of their civilization.

Desalination- The industrial process of removing salts and mineral components from saline water
(usually seawater) to produce freshwater suitable for human consumption or irrigation.

Brine- The highly concentrated salt solution that remains after freshwater has been extracted. Its
disposal is a major environmental concern.

The GCC- The Gulf Cooperation Council, comprising Saudi Arabia, UAE, Oman, Qatar, Kuwait, and
Bahrain.

Wadis- Ephemeral riverbeds that remain dry except during periods of rare, heavy rainfall.

The GCC countries face a unique set of geographical and demographic challenges that make natural

water sourcing nearly impossible.

Extreme Aridity and Scanty Rainfall-

1. The Gulf covers 2.67 million square km (roughly 81% of India’s size) but receives only 4 to 30 cm of rain
annually.

2. In 2018, the region’s total precipitation was approximately 281.91 billion cubic metres, a mere 7% of the
4,000 billion cubic metres India receives.

Hydrological Deficit- There are no permanent rivers in the GCC. Water security depends entirely on

groundwater (which is rapidly depleting) and "wadis" that only flow briefly after storms.

Rapid Urbanization & Growth- As of 2020, the GCC population stood at 5.7 crore, led by Saudi Arabia.

Continuous economic diversification and rising standards of living drive an exponential increase in water

demand.

The GCC is the global leader in desalination capacity. As of 2018, the region operated 172 major plants-

Country Number of Plants | Notable Projects

Oman 65 Extensive coastal coverage for remote areas.

Saudi Arabia | 44 Home to AlKhafji, the world's largest solar-powered plant.
UAE 40 Heavy reliance on co-generation (power + water).

Qatar 9 Critical for high-density urban cooling and consumption.
Kuwait 8 Long-standing history with thermal desalination.

Bahrain 6 Vital for the island nation’s limited land mass.

There are two primary ways to turn seawater into drinking water-

Feature Thermal Methods (MSF/MED) Membrane Methods (Reverse Osmosis -
RO)

Mechanism Boiling water to create steam, then Using high pressure to push water through a
condensing it. membrane.

Energy Usually heat from power plants (Fossil Electricity.

Source fuels).

Efficiency Lower; requires significant thermal Higher; considered the most modern and
energy. efficient.

Common Historically dominant in the Gulf. Growing rapidly due to lower carbon

Use footprint potential.




Intake- Seawater is drawn via massive pipes, using screens to prevent debris and marine life from
entering the system.
Pre-Treatment- Physical and chemical filtration removes sediments and microorganisms that could
clog or damage sensitive equipment.
The Core Process-
1. In RO- Pressure exceeds the natural osmotic pressure, forcing water through a semi-
permeable membrane that blocks salt.
2. In Thermal- Heat evaporates the water, leaving salt at the bottom, and the pure steam is
collected.
Post-Treatment- The "distilled” water is too pure to drink directly; manufacturers add essential minerals
(calcium, magnesium) and disinfect it for safety.
Distribution- Water is stored in massive reservoirs and pumped through thousands of miles of pipelines.
Brine Management- The leftover hyper-saline concentrate is returned to the seq, ideally diluted to
minimize ecological damage.

Climate Independence- Unlike dams, desalination does not care if it rains or not.

Unlimited Feedstock- The ocean provides a virtually inexhaustible supply of raw material.

Aquifer Protection- By providing an alternative, it prevents the over-extraction of ancient, non-
renewable groundwater.

National Resilience- Ensures a stable society even during extreme droughts or local emergencies.

Energy and Carbon Footprint- These plants are energy-intensive. When powered by gas or oil, they
contribute heavily to greenhouse gas emissions.

Environmental Toll- Brine disposal increases local salinity and lowers dissolved oxygen, which can
"suffocate” coral reefs and fish.

High Costs- The capital investment (CAPEX) and maintenance (OPEX)—especially replacing RO
membranes—is immense.

Geopolitical Vulnerability- Because they are large, coastal, and critical for survival, they are "soft
targets” in military conflicts. A successful strike on a desalination hub could trigger a humanitarian crisis
within days.

Source- https-//www.thehindu.com/news/international/iran-army-says-will-target-energy-

desalination-infrastructure-after-us-threats/article70771400.ece
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