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Do you ever wonder how people in the driest parts of the world
survive? Where does their water come from, and how do they grow
their plants? They cannot rely on rain because it is so rare. Maybe
they use underground water wells, but wells often dry up and are not
sustainable for a large population. How do these people stay alive?
The answer is desalination, a process that turns salty seawater into
clean drinking water. But this life-saving process uses a lot of energy
and creates lots of bad emissions that can harm the environment.
Fortunately, by using a special tool called life cycle assessment, we
can understand how bad desalination is for the environment and
learn how to reduce its effects. This article will talk about desalination,
its environmental side effects, and how we use life cycle assessments
to make desalination more environmentally friendly.
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POTABLE
Safe to drink.

DESALINATION

A way removing salt
from seawater to make
it clean and safe to
drink.

REVERSE OSMOSIS

A way to clean salty
water using a special
filter (membrane).

DISTRIBUTION OF WATER AROUND THE WORLD

Although most of the Earth is covered by water, almost 97.5% of
it is seawater, meaning only 2.5% is fresh and potable (drinkable)
water. Furthermore, most of this freshwater (80%) is frozen in glaciers,
meaning that only 0.5% of the world’'s water is potable! This tiny
amount of water is spread unevenly across the Earth, and some places
have much less water than others. In the drier parts of the world,
such as the Middle East and North Africa, barely any water is stored in
the ground. The water reservoirs are rare and cannot support a large
population for a long time, because they will be used up faster than
they can be filled again. In fact, so much groundwater has been sucked
up by humans (around 2 trillion tons between 1993 and 2020) that the
tilt of the Earth has changed, and the North Pole has been shifting at
a speed of 4.36 centimeters per year!

WHAT IS DESALINATION AND HOW DOES IT WORK?

Let us break down the word desalination: “"de” means removal and
“saline” means salt, so desalination is the process of removing salts
from saltwater to form fresh water. While this may seem like a modern
technology, humans have been desalinating water for centuries. In
fact, there is an account by Alexander of Aphrodisias from 320 BC
(around 2,300 years ago) mentioning that sailors would boil seawater
and use a sponge to absorb the water vapor, which was then squeezed
for drinking [1]!

Desalination can be used to produce fresh water from salty water in
two main ways. One is membrane desalination, which uses a special
filter to separate salt from water. The other is thermal desalination,
which uses heat to evaporate water (like the ancient sailors did).

Most types of membrane desalination use a process called reverse
osmosis (Figure 1A). Reverse osmosis works by separating salty
seawater and fresh water with a membrane. The membrane has tiny
holes that water can fit through, but salt cannot. Pressure is applied
to the salty water, pushing the water through the membrane and
leaving the salt behind. This results in one side of the membrane
containing fresh water and the other side containing very salty water.
Thermal desalination works similarly to the water cycle. Water is boiled
until it evaporates, leaving behind salt. The resulting water vapor is
then cooled and condensed (like rain), and fresh water is formed
(Figure 1B).

Reverse osmosis is the most common desalination technology due to
its lower energy needs and costs. However, it faces challenges when it
comes to very salty water, like the Red Sea. This is because too much
salt can block the membrane. For saltier water, thermal desalination
works better. But new technologies are changing this trend. Most
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Figure 1

(A) In reverse osmosis,
a special filter
(membrane) is used to
separate salt from
water. The filter has tiny
holes that allow only
clean water to pass
through. This gives us
fresh water that we can
drink or use. (B) In
thermal desalination,
the salty water is
heated until it turns into
steam. The steam rises,
leaving the salt behind.
Then the steam is
cooled down and
changes back into fresh
water.
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new desalination plants now use reverse osmosis instead of thermal
methods.

ENVIRONMENTAL IMPACTS OF DESALINATION

All desalination processes are energy intensive. The saltier the water,
the more energy is required to remove the salt. To desalinate 1,000
liters of water, around 12.6 kg (28 lbs) of carbon dioxide are produced
[2]. Considering that the average person uses about 382 liters of water
each day, this may not seem like much. But agriculture and farming are
extremely water intensive—they use almost 65% of a country’s water!
Therefore, to produce enough food for just one person’s daily intake,
3,000 liters of water are needed. This means an average of 42.6 kg (94
lbs) of carbon dioxide is released per person per day, just to generate
clean water!

Additionally, many dangerous chemicals are needed throughout the
desalination process, which can become very harmful especially once
they are disposed of. For example, a chemical called an anti-foaming
agentis used to prevent seawater from foaming up, which disturbs the
desalination process. Chlorine is also used, like it is in swimming pools,
to disinfect the water.

A significant problem with desalination is brine. Brine is highly
concentrated salt water, formed when salt is removed from seawater.
Brine is pumped back into the sea, often mixed with the chemicals
used in desalination. Even after treatment, diluted brine is still harmful
to marine life. The excess salt and chemicals near desalination plants
cause many marine organisms to die, as they cannot tolerate the
higher salt levels and chemicals. In shallow seas, like the Gulf in the
Middle East, there are fewer waves and less sea circulation. This causes
salt to build up in dangerous concentrations when brine is dumped,
which worsens the harm to marine life over time. Luckily, some new
desalination plants are designed for lower brine discharge.
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LIFE CYCLE
ASSESSMENT

The analysis of the
environmental impact a
product or process has
throughout its life.

Figure 2

Effects of desalinating
seawater. In each step
of desalination, waste
products are produced
and some of them can
damage the
environment. Life cycle
assessment can
measure the amounts
and types of waste
products produced in
desalination, to
understand how bad
desalination is for the
environment.

OZONE DEPLETION

The thinning of Earth’s
ozone layer due to the
release of certain
chemicals.
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Desalination may seem like an excellent solution to the water problem.
However, now you can see that it has serious impacts on both
the environment and marine life. How can we help reduce these
effects?

HOW CAN LIFE CYCLE ASSESSMENTS IMPROVE
DESALINATION?

Earlier, we mentioned that reverse osmosis requires less energy
compared to thermal desalination. This means it is less harmful to the
environment. But how do we calculate how bad a desalination plant
is for the environment? We can use a special tool called life cycle
assessment. Life cycle assessment helps measure the impact a process
or product has on the environment. For example, we can measure how
bad desalination is for the environment by predicting the emissions
produced by the plant throughout its life. Using special software, we
enter all the steps and details in the desalination process. We mention
the type of fuel used (e.g., fossil fuels or wind energy), the machinery,
and the types and amounts of chemicals used. The software then tells
us the amount and types of emissions produced (Figure 2), as well as
what the emission’s final effect is.

INPUT: @
«  Chemicals
5 Electricity/heat
o Utilities
« Construction Resources

Sea water uptake

Figure 2

For instance, if fossil fuels are used to heat seawater, a lot of carbon
dioxide is produced, which contributes to climate change. If a lot
of chemicals are used, such as anti-foaming agents, they will cause
ozone depletion because they can damage the ozone layer high
above Earth. Impacts such as ozone depletion, which are calculated
by the software, are called midpoints. By using life cycle assessments,
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HUMAN TOXICITY

The potential harm a
chemical has on
human health.

Figure 3

The impact of a normal
desalination plant
compared to one run
using solar energy. You
can see that the
solar-powered plant
has 78% less CO»
emissions. This means
it is much better for the
climate. The solar plant
was also three times
less harmful to human
health because it does
not release as many
toxic gases as fossil
driven plant. Both
plants use the same
chemicals, so their
effect on the ozone is
similar. The solar plant
has a slightly higher
impact, 15% more
(figure adapted from
[3]).

we find out which steps of desalination release the most emissions and
then find alternatives to those steps, which can reduce the effects of
those midpoints.

For example, Figure 3 shows the result of a life cycle assessment
that compared a desalination plant using solar energy to a traditional
one using fossil fuels [3]. After entering all the necessary information
into the software, results showed that using solar energy instead of
fossil fuels could reduce CO» emissions by 10kg for every 1,000
liters of water produced. That is a 78% reduction. This means the
solar-powered plant, which has lower emissions, has less impact
on climate change than the traditional desalination plant. The
solar-powered plant’'s impact on human toxicity (the effect it has on
human health) was three times less harmful than that of the normal
desalination plant. This is because producing the fossil fuels used
by normal desalination plants releases lots of toxic emissions that
harm humans. This is not the case for solar-run plants. Both plants
use the same kinds and amounts of chemicals, such as anti-foaming
agents, and their effects on ozone depletion are almost the same.
However, the solar plant has a slightly higher impact because of the
construction of the solar farms. Scientists are working on improving
solar technology to make it even more eco-friendly, such as by
using more environmental friendly materials and recycling old solar
panels.

W Solar-Driven Plant m Fossil Driven Plant

66% LESS

Human Toxicity

15% MORE

Ozone depletion

78% LESS

Climate Change

0.0 0.5 1.0 1.5
Impact

Figure 3

This life cycle assessment showed that simply by switching to solar
energy instead of fossil fuels, the environmental impact of all aspects
of desalination plants, except ozone depletion, is much lower. Life
cycle assessments can thus not only measure the impact something
has on the environment but can also be used to reduce its effects.

CONCLUSION

Even though desalination has many negative environmental effects,
like the release of brine, chemicals, and CO,, it is still the main way
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millions of people around the world get clean water. However, we
can significantly reduce the environmental impact of desalination
using life cycle assessment! For instance, the study we described in
this article compared solar energy to fossil fuels. It showed that by
just transitioning to solar power, carbon dioxide emissions could be
reduced by 78%. These results show the potential of using life cycle
assessment in estimating environmental impacts. This analysis can
help governments and engineers to plan new policies and projects in
all kinds of industries, all over the world.
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YOUNG REVIEWERS

HRDAYA, AGE: 11

| am an avid book reader, and | am fond of writing critical reviews of books that |
read. English and Science are my favorite subjects. | like to play chess when | am not
reading. | am also curious to know more about things around me. | am an animal
lover, and | love to play with my pet birds and feed them.

VANSHIKA, AGE: 14

Hi, I am Vanshika. | am a 14-year-old girl with interests in playing the flute and
dancing. Apart from this, | am also a good orator and a fairly avid reader. | usually
opt for psychology and philosophy books as they improve my understanding of life.
| am very interested in archaeology, architecture, and different traditions, where |
believe there are numerous scientific concepts yet to be discovered. As for sports, |
am good at basketball and chess.

AUTHORS

SABRINA ALZAHRANI

Ms. Sabrina Alzahrani is an environmental researcher who has been interested in
protecting the environment from a young age. She has various interests in the
environment, such as measuring and reducing the carbon footprint of various
products and processes, as well as sustainable urban planning.

FURQAN TAHIR

Dr. Furgan Tahir is a sustainable energy and environment professional with academic
and industrial experience focusing on desalination, life-cycle thinking, sustainability,
energy and environment, decarbonization, and energy efficiency. He holds Ph.D. in
sustainable energy and is currently working as a postdoctoral fellow at King Abdullah
University of Science and Technology, Saudi Arabia.

SAMI G. AL-GHAMDI

Prof. Sami G. Al-Ghamdi conducts research on the complexities of the built
environment to reduce climate change and optimize energy, water, and material
use. He works on the five pillars of the built environment: transportation, water,
energy, materials, and indoor environment. He assesses the impact of urban systems
on the environment with the aim of sustainability, resilience, and decarbonization.
He develops computer models to understand the potential contribution to climate
change and many other environmental categories. Lastly, he helps make buildings
and communities stronger so they can handle and recover from natural disasters
and climate change. *sami.alghamdi@kaust.edu.sa

kids Volume 13 | Article 1510242 @ 7


mailto:sami.alghamdi@kaust.edu.sa
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2025.1510242
https://kids.frontiersin.org/article/10.3389/frym.2025.1510242
https://kids.frontiersin.org/article/10.3389/frym.2025.1510242

	Understanding the Environmental Impacts of Desalination
	Distribution of Water Around The World
	What is Desalination and How Does it Work?
	Environmental Impacts of Desalination
	How Can Life Cycle Assessments Improve Desalination?
	Conclusion
	References
	Young Reviewers
	Authors


