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extended abstract

The combination of a growing global population 
and climate change has raised global concerns about the 
availability and safety of drinkable water. Seawater de-
salination is emerging as a low-cost, high-efficiency solu-
tion to coastal water constraint [1,2]. There are around 
16,000 desalination plants in operation worldwide, 
spread over 177 countries, producing approximately 95 
million m3/d of fresh water. Nowadays, saltwater desali-
nation technology is divided into two types: distillation 
and reverse osmosis [3]. Distillation desalination uses 
distillation units to convert seawater to steam and then 
condense it. Reverse osmosis desalination entails press-
ing new water via membranes. High-quality feed water 
is required for the efficient functioning of desalination 
units [4]. Pollutants that bypass the saltwater intake 
and pretreatment processes and enter the downstream 
desalination operations diminish heat transfer efficiency 
in thermal desalination facilities while fouling and 
destroying membranes in reverse osmosis desalination 
plants. As a result, the quality of the produced water 
deteriorates [5]. Intensive flushing and equipment clean-
ing frequently need a substantial plant closure [6,7].

The world’s principal energy sources are oil and 
natural gas. Oil spills have emerged as one of the most 
important environmental concerns in recent years [9]. 
As seen in Fig. 1, there are various reasons of oil leaks. 
The majority of oil spills are caused by human error, but 

they can also be caused by fatigue loading, which occurs 
when fractures form in aging pipes as oil leaks. Fur-
thermore, military actions related to regional wars and 
disputes have resulted in comparable instances [10]. Oil 
spills in the marine environment undergo a range of pro-
cesses, including evaporation, dissolution, degradation, 
and emulsification [11]. Many types of oil can coexist in 
water, complicating oil spill cleanup [12]. Furthermore, 
waves and tides can exacerbate the problem by pro-
ducing additional unanticipated oil motions. Seawater 
intake portals are often found in shallow water, which 
is heavily influenced by wave and tide activity. Cur-
rently, most oil spill response tactics focus on limiting 

Fig. 1. Various causes of oil spills [8].
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marine environment damage rather than desalination 
shutdown [13]. Desalination facilities usually use open 
surface seawater intake and conventional pretreatment, 
but these methods cannot handle significant seawater 
quality deterioration induced by accidental or planned 
oil spills [14]. For example, in 2001, more than 1300 t of 
fuel oil leaked from a sunk ship, forcing the closure of 
two desalination plants in the United Arab Emirates and 
causing water shortages [15]. In 2017, an aging pipe in 
Israel released approximately 100 m3 of oil into the sea, 

resulting in an oil disaster that forced the closure of three 
desalination plants for 3 d [7].

The operation of desalination plants is highly de-
pendent on feed water quality, which is controlled by 
a variety of parameters such as raw seawater quality, 
saltwater intake processes, and onshore pretreatment 
methodology [16,17]. Existing desalination facilities 
must be re-evaluated and redesigned with all of these 
aspects in mind in order to remove oil contaminants and 
ensure the quality of feed water during catastrophic oil 

Countries  Causes  Consequences  Impact on 
human life 

United Arab 
Emirates (UAE) 

Diesel spilled from a damaged tanker 
(1997)

A spreading oil slick from a sunken barge 
(1998)

An oil slick reached the emirate’s beaches 
from the sunken tanker Zainab (2001)

Oil spill in the Arabian Gulf off the west 
coast of UAE reached the Al-Fujairah 
coast (March 2017)

Oil spill after attacks on 4 oil tankers in 
UAE waters (2019)

UAE oil spill causes 2 km of damage

Thick layer of oil affected a major desali-
nation plant at Fujairah (2013)

Shut down a water desalination plant and 
left Sharjah Emirate without water for a 
day

Forced Emirates of Sharjah and Ajman to 
close two desalination plants

Al Liyya water desalination plant was 
temporarily shut down to protect the 
inlets of the plant

Fujairah oil spills caused by tankers il-
legally cleaning their holds

Bunker spill from one of the four vessels 
attacked near Fujairah emirate. It affected 
a major desalination plant at Qidfa

SEVERE

Saudi Arabia  Oil spilled during Persian Gulf War (1991) 

Oil spills brought under control at Yanbu 
Port (2022) 

Shut down a desalination plant that 
provides drinking water to millions of 
people.  Authorities shut the desalting 
plant at Safaniya.

Pollution caused by an oil leak in Jeddah.

SEVERE

Kuwait  Oil spilled from an offshore oilfield (2017)  Shut down the desalination plant for two 
days.  

SEVERE

Egypt  Clean-up efforts in Egypt’s Red Sea under 
way following oil spill (Aug 2022) 

Jordan’s official news agency Petra 
reported an oil spill at the berth of a 
container terminal in the port of Aqaba. 
Preliminary investigations determined 
that the spill had been caused by a dock-
ing ship in the area.  

SEVERE 

Yemen  
(2015–2022) 

Very near miss 
The FSO Safer tanker had been rusting 
away off Yemen’s coast since 2015. It 
threatened to release roughly four times 
the amount of crude oil spilled off Alaska 
in the Exxon Valdez disaster of 1989. 

SEVERE

Table 1
Threat of oil spills to desalination plants in the Middle East
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spills. This is critical to preventing desalination shut-
downs and ensuring a continuous water supply. This 
article examines various oil/water separation technolo-
gies from the viewpoints of offshore oil spill cleanup, 
seawater intake, and onshore pretreatment. The benefits 
and drawbacks of each technology are discussed, as well 
as their applicability in various contexts. Due to the vari-
ety of oil types found in water, no single technology can 
remove all kinds of oil pollutants. Furthermore, because 
most oil spills occur by mistake and no one can foresee 
how badly, where, or when they would occur, a strong 
management plan to prevent desalination shutdown 
must take all of the aforementioned factors into account.

Fig. 2. 

Seawater desalination is an important technology uti-
lized to provide fresh water, but its safety is jeopardized 
by marine oil spill accidents. Historically, oil spills have 
caused entire shutdowns of desalination plants as well 
as serious disruptions in water supply. The functioning 
of desalination plants is sensitive to feed water quality, 
which is influenced by the following factors: (i) raw 
saltwater quality, (ii) seawater intake methods, and (iii) 
onshore pretreatment technology in desalination plants. 
As a result, this review paper thoroughly explores nu-
merous oil-removal strategies from the perspectives of 
(1) offshore oil spill cleanup, (2) seawater intake, and 
(3) onshore pretreatment. A comprehensive strategy 
that incorporates all components is proposed to protect 
seawater quality and desalination facilities, with the goal 
of preventing desalination plant shutdown during oil 
spill situations [17].
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