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DESALINATION OUTLOOK

In the EU, a small fraction of freshwater is obtained through seawater desalination. EU facilities can supply up to 2.89 
billion m3 of desalted water a year (active capacity). 
71% of the water produced is used for public water supply, (equal to the 4.2% of total). 
17% of the desalinated water produced in the EU is used for industrial applications, 
4% in power plants, and 8% for irrigation.
EU desalination plants are mainly located in Mediterranean countries, where they will be mostly needed in the 
future: about 1,200 plants provide 82% of total EU desalination capacity

There are currently around 16,000 
desalination plants worldwide, with a 
total global operating capacity of roughly 
95.37 million m3/day.
Currently, desalination is largely used in 
the Middle East and North Africa (70% of 
global capacity / 48% of production), in 
the US, increasingly in Asia, and only to a 
limited extent in Europe (about 10% of 
global capacity). 

Edward Jones, Manzoor Qadir, Michelle T.H. van Vliet, Vladimir Smakhtin, Seong-mu Kang, The state of desalination and brine production: A global outlook, Science of The 
Total Environment, Volume 657, 2019, Pages 1343-1356, ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2018.12.076.



WATER QUALITY (INPUT and OUTPUT)

Haya Nassrullah, Shaheen Fatima Anis, Raed Hashaikeh, Nidal Hilal, Energy for desalination: A state-of-the-art review, Desalination, Volume 491, 2020, 114569, ISSN



DESALINATION TECHNIQUES
Electrically driven technologies

• Reverse Osmosis (RO) 
Sea Water Reverse Osmosis (SWRO) / Brakish Water Reverse 
Osmosis (BWRO).
•Mechanical Vapour Compression (MVC) 
•Electrical Dialysis (EDR).

Thermally driven technologies: thermal desalination process 
uses energy to evaporate water and subsequently condense it 
again.

•Multi Stage Flash (MSF), 
•Multi Effect Distillation (MED), 
•Thermal Vapour Compression (TVC) , 
•Membrane Distillation (MD).

Main KPI
RR:  Recovery Ratio
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REVERSE OSMOSIS (RO)

.

•Uses a semi-permeable membrane to remove salt 
and impurities from seawater, driven by high 
pressure.
•EDR (Energy Recovery Device) can be used to 
recover pressure (up to 90%)
•Highly effective in producing potable water from 
seawater, with recovery rates typically ranging from 
30-50%.
•Maintenance: Requires regular cleaning and 
replacement of membranes to maintain performance 
and prevent fouling.
•Scalability: Flexible in design, suitable for both 
small-scale and large-scale desalination plants.
•Limitations: Sensitive to feedwater quality; 
pretreatment is often necessary to prevent damage to 
membranes. 
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MAIN THERMAL DESALINATORS
Multi Effect Distillation MED Multi Stage Flash MSF

• Operates in temperatures between 70°C and 90°C
• Requires 145-230 MJ/m3 of thermal energy
• Presents GOR between 10 and 13
• Requires large heat exchange surfaces
• Suffers from severe fouling and corrosion problems

.

• It operates at temperatures with a TBT of 90°C and 120°C;
• Requires 190-282 MJ/m3 of thermal energy;
• It has GOR between 6 and 9;
• No large heat exchange surfaces required (MED/2)
• Less prone to fouling and corrosion problems;

Definendo GOR=
𝑚𝑓𝑤 ℎ𝑓𝑔
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DESALINATION TECHNIQUES
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DESALINATION TECHNIQUES

Edward Jones, Manzoor Qadir, Michelle T.H. van Vliet, Vladimir Smakhtin, Seong-mu Kang, The state of desalination and brine production: A global outlook, Science of The 
Total Environment, Volume 657, 2019, Pages 1343-1356, ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2018.12.076.

The most widely used 
thermal desalination 
technology is MSF. It 
replaced MED within a few 
years of its introduction 
due to size/maintenance 
=> cost consideration.
The return of MED in recent 
years is due to coupling 
with low temperature 
waste heat  recovery / solar 
in small applications and 
better Effiency / GOR

RO is the most adopted 
technology due to its 
higher efficiency / lower 
specific energy 
requirement



RES HYBRID DESALINATION TECHNIQUES

Yanjie Zheng, Rodrigo A. Caceres Gonzalez, Kelsey B. Hatzell, Marta C. Hatzell, Large-scale solar-thermal desalination, Joule, Volume 5, Issue 8, 2021, Pages 1971-1986, ISSN 
2542-4351, https://doi.org/10.1016/j.joule.2021.07.005.

Electrically driven technologies Reverse Osmosis (RO) 
• Exploiting RES produced electricity: PV + WIND (+ Electrical Storages)

Thermally driven technologies: Multi Stage Flash (MSF), Multi Effect 
Distillation (MED),

• Solar Still
• Solar Thermal: Solar Thermal Panel or CSP (+ Thermal Energy Storage) Solar Still



RES HYBRID DESALINATION TECHNIQUES

IRENA, RENEWABLE DESALINATION: TECHNOLOGY OPTIONS FOR ISLANDS. 2015

CSP-MED-RO is a possible 
solution to increase 
production flexibility



RES HYBRID DESALINATION TECHNIQUES (PV+RO)

IRENA, RENEWABLE DESALINATION: TECHNOLOGY OPTIONS FOR ISLANDS. 2015
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POSEIDON 
Photo-driven Optima Seawater Elecrolysis for energy-IslanDs OperatioN 

The integration of rSOC, variable 
RES generation with RO 
desalination allows the 
maximum degree of flexibility in 
managing Electrical, Hydrogen 
and Tap Water Demand 
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The integration of rSOC Waste 
Heat with solar thermal power 
is used to reduce in variability 
of the heat available for 
desalination.

Desalination plant sized on 
the night/ SOFC use, when the 
waste heat is maximum.

During the daily RES 
production phase, both SOEC 
and Solar Thermal Panel  
contribute to water production 



CONCLUSION
•The use of desalination plant is expected to grow in the next decades
Efficiency
•Thermal-based solutions, are energy-intensive due to the need for phase change (evaporation and 
condensation). Hybrid designs with solar thermal or Waste Heat recovery can improve efficiency.
•Electricity-Based solutions are more energy-efficient overall, especially when paired with energy recovery 
devices (ERDs). Can achieve lower Primary Energy Consumption with renewable electricity inputs.
Environmental Impact
•Both produces brine as a byproduct, requiring proper disposal to minimize ecological impact. For Thermal 
solution Brine discharge has thermal pollution effects. Moreover higher greenhouse gas emissions if 
powered by fossil fuels.
Scalability and Suitability:
•Thermal: Suitable for large-scale applications, particularly in areas with access to cheap waste heat or 
co-generation plants.
•Electricity-Based: More versatile and scalable for both small and large operations; renewable hybrids are 
especially advantageous in remote or off-grid areas.
Cost Considerations:
•Thermal: High operational costs due to fuel dependency but may benefit from co-generation setups (e.g., 
using excess heat from power plants).
•Electricity-Based: Lower operational costs with renewables, but upfront costs for renewable hybrid 
setups (e.g., solar panels, wind turbines) can be significant.



Evento di disseminazione del progetto POSEIDON - Piano Nazionale di Ripresa e Resilienza Missione 
4 Componente 2, Investimento 1.1 Fondo per il Programma Nazionale di Ricerca e Progetti di Rilevante 
Interesse Nazionale (PRIN) - Avviso MUR pubblicato con Decreto Direttoriale n. 1409 del 14 settembre 
2022 (PRIN 2022 PNRR) - “POSEIDON - Photo-driven Optimal Seawater Electrolysis for energy-IslanDs 
OperatioN” – Settore PE8, Codice progetto P2022ER7KM CUP I53D23006440001 
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