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Water scarcity: Need for alternative water sources
1 Population Growth

Rising global populations increase water demand, 

demand, leading to water scarcity in many regions.

regions.

2 Climate Change

Changing precipitation patterns and increased 

drought exacerbate water stress.

3 Pollution

Contamination of existing freshwater sources 

further limits accessible water supplies.



Water is mainly in the oceans!
Most of the population near costal area!



Desalination: 

• Process of removing salt and other minerals 
from seawater

• Is a crucial solution for addressing water 
scarcity. 

• The technology has rapidly evolved, offering 
a sustainable and reliable source of 
freshwater for a growing global population.



Milestone Developments in 
Desalination

1 1950s-1960s

Reverse Osmosis (RO) technology emerged, offering a more efficient and cost-
effective method for desalination.

2 1970s-1980s

Significant advancements in membrane technology and energy efficiency further 
improved RO desalination processes.

3 1990s-Present

Increased focus on energy conservation and environmental sustainability has led 
to the development of more environmentally friendly desalination techniques.

https://gamma.app/?utm_source=made-with-gamma
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DOI: 10.2166/es.2023.135



Desalination plant in the world

>20.000 desalination plants in operation
50% in the middle east



Thermal desalination

Reverse osmosis

Energy recovery devices

Evolution of energy consumption



Desalination plant energy consumption

Shaffer et al. Journal of membrane sicence, 2012



Challenges for desalination?

Brine Discharge

Managing the discharge of 

concentrated brine is crucial to 

minimizing environmental impact.

impact.

Energy Consumption

Desalination is energy-

intensive, so reducing energy 

intensive, so 

consumption is vital for 

sustainability.

https://www.arte.tv/en/search/?q=desalination&genre=all



Mature and emerging desalination technologies



Improved energy efficiency

But some 
thermodynamic límits:



Limiting losses: membrane development

High permeability/ 
permselectivity membrane to 
límit pressure losses and 
membrane surface required

Low fouling /high chlorine 
tolerant membrane



Limiting irreversible losses

Multiple stage RO Closed-circuit RO Batch RO

Limiting irreversible losses (closer to theoretical 
mínimum energy)

https://doi.org/10.1016/j.watres.2016.09.029

https://doi.org/10.1016/j.watres.2016.09.029


Renewable energy

https://doi.org/10.1016/j.enconman.2023.117035

https://doi.org/10.1016/j.enconman.2023.117035


Brine discharge and valorization

High concerns regarding local ecosystems 
(high salinity + chemicals)
 and increase of oceans salinity



Brine discharge:

https://doi.org/10.1016/j.marpolbul.2024.116905

Hot topic!

Mainly local impact

Controversial statements 
on ecosystems

Can be limited through 
predilution, difusors, 
etc...



Brine discharge: salinity increase, case of arabian/persian gulf

https://doi.org/10.1038/s41598-022-25167-5

Worst case scenario: by 
2050, increase of salinity 
likely below 0.5g/L

Main concern for inland 
desalination: brine 
management!

https://doi.org/10.1038/s41598-022-25167-5


Brine as a resource: brine valorization



Challenges of seawater brine mining

Mineral Separation
Separating valuable minerals from the highly concentrated brine solution

Energy Consumption

The energy required to process brine can be substantial, leading to high operational costs and 

environmental concerns: one key issue is concentration

Valorization of ‘’products’’

Value of recovered products should compensate costs of extraction

What to do with the remaining NaCl?



Technology for brine concentration

Limitations of RO (pressure) for further concentrating brines:

DOI: 10.1021/acs.estlett.8b00274 



Technology for brine concentration
Limitations of RO (pressure) for further concentrating brines:
Space for alternatives membrane technologies which can reach higher osmotic pressure

Osmotically assisted RO

Membrane distillation

Forward osmosis

Electrodialysis



Seawater (desalination) and energy!

Osmotic energy: controlled mixing of seawater and river water to produce energy

Presssure retarded osmosis

Reverse electrodialysis



Desalination to provide water for ‘’green’’ hydrogen production



Desalination or water reuse?

Water reuse (including with RO polishing step 
requires lower energy than desalination.

Current push for water reuse

Possible to reach several quality of water 
through reuse depending on needs!



Conclusions

• Desalination is a key component in water supply and will continue to grow

• Energy/costs limitations will most likely be incremental given the currenst state of 
development and thermodynamic límits

• Environmental impact of desalination still to be further studied

• Seawater/ Desalination plants are more and more seen as platform for other 
resources

• Brine recovery
• Energy production



Thanks!

Why desalinating water?
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