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DESALINATION OUTLOOK

There are currently around 16,000

desalination plants worldwide, with a =
total global operating capacity of roughly

95.37 million m3/day.

Currently, desalinationis 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 ca paCIty). Capacity (m%d) Customer Type - 5}7
i o 1,000 - 10,000 ® Municipal '
O 10,000 — 50,000 ® Industry
O 50,000 — 100,000 ® |rrigation
() 100,000 -250,000  © Power
() >250,000 o Rt

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

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)

S 60 million | L
E 50 million -

£ 40 million g

a @..-‘5""

S 30 million - P

4 @

£ 20 million ~

=

£ 10million =

O (‘? o=k

0 :
1990 1995 2000 2005 2010 2015 2020
Year
—e— Brackish water —e— Brine —o—River water
—o— Seawater —o— Wastewater

Source: Eke et al. 2020

Table 1

Required energy for producing 1 m® of drinking water from different
water sources.

Reproduced from Ref. [12, 13].

Water source Energy (kWh,/m?)

Surface water (lake or river) 0.37
Groundwater 0.48
Wastewater treatment 0.62-0.87
Wastewater reuse 1.0-2.5
Seawater 2.58-8.5

Red Sea - 40 ppt
Mediterranean
Sea - 38 ppt

Average sea-
water - 34.7 ppt

Black Sea - 18 ppt

Baltic Sea - 8 ppt [ENRL e

Limit on agriculture
Irrigation - 2 ppt

Drinking
water - .1 ppt

*traditional ways to express salinity is in “parts
per thousand” or ppt

seawater, salt lakes
30-50 ppt

brackish water

estuaries, mangrove swamps,
brackish seas and lake, brackish
swamps

.5-30 ppt

sl waker

ponds, lakes, rivers, streams,
aquifers

0-.5 ppt

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. Main KPI

*Multi Stage Flash (MSF), RR: Recovery Ratio

*Multi Effect Distillation (MED), Outout m

*Thermal Vapour Compression (TVC), RR = bt _ w

«Membrane Distillation (MD). Input Msw

GOR Gain Output Ratio SEC,.iv : Specific Energy Consumption Equivalente
resh water latent heat mg,, h
Gor =~ _ Tyw Apw E +Q* (1= To/T)

Thermal input Q SEC = Output water SEEC + STEC * n¢py



REVERSE OSMOSIS (RO) RO System -

71 %

Product Water Delivery

k- (2.54 kWh/m®) |8 5.0 %
Pletllzagﬁfnt & (0.18 kWh/m?)
. y—
(0.39 KWh/m) - L

eUses a semi-permeable membrane to remove salt
and impurities from seawater, driven by high
pressure.

‘..;'_"5.". Other Facilitie/
7.6 %

*EDR (Energy Recovery Device) can be used to —
recover pressure (up to 90%) (0.27 kWh/m®)

eHighly effective in producing potable water from

seawater, with recovery rates typically ranging from -

30-50%. - 1 kWh/m?)
eMaintenance: Requires regular cleaning and
replacement of membranes to maintain performance
and prevent fouling.

eScalability: Flexible in design, suitable for both
small-scale and large-scale desalination plants.
eLimitations: Sensitive to feedwater quality;
pretreatment is often necessary to prevent damage to
membranes.

—RO SEEC
—Min Theor. Energy (3.5% salt)

o N B~ OO 00 O

SEEC [KWh/m3]
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MAIN THERMAL DESALINATORS

Multi Effect Distillation MED
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 Operates intemperatures 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

wh
Definendo GOR=u

desal,in

Multi Stage Flash MSF

Vacuum
Steam e ——" | )

Seawater In

First stage Second stage Third stage
N

Condensate Out

Brine Out
E

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;



DESALINATION TECHNIQUES

Comparison between thermal and membrane-based processes.
Reproduced from [7,9,16,81,93,99-101].

Properties MSF MED SWRO BWRO ED
Typical plant size (x 1000 m*/day) 50-70 5-15 Up to 624 Up to 98 2-145
Recovery ratio (%) 30-45 30-45 35-50 50-90 50-90
Tolerated feed salinity (ppm) No restrictions No restrictions  30,000-60,000 500-10,000 < 5000
Brine temperature (°C) 90-120 50-90 Same as inlet Same as inlet < 45
Electrical energy (kW-h/m*) SEEC 2.5-5 2-2.5 4-6 with ERD 0.5-2.5 0.7-5.5
7-13 without
ERD
Thermal energy (MJ/m?) STEC 190-282 145-230 None None None
Equivalent electrical to thermal energy at heat conversion efficiency of 30% 15.8-23.5 12.2-19.1 None None None
(kW-h/m®)
Total energy (kW-h/m>) SECequiv 18.3-28.5 14.2-21.6 4-6 1.5-2.5 2.64-5.5, 0.7-2.5 at low
TDS
Product water quality (ppm) 2-10 < 10 300-500 200-500 150-500

for single pass

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.



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

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

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.



RES HYBRID DESALINATION TECHNIQUES -

Electrically driven technologies Reverse Osmosis (RO) Solar Radiation \\ Glass Cover
* Exploiting RES produced electricity: PV + WIND (+ Electrical Storages) \\\\\\\,
Frash Water \Lff Condenzation Basin
Thermally driven technologies: Multi Stage Flash (MSF), Multi Effect ,f*’f—fr*?’}*’f’ﬁ’af?ﬂﬁ
Distillation (MED), K‘\ Insulation
* Solar Still Water ':"-"“EE;:}"' Trough ] Saline Water
* Solar Thermal: Solar Thermal Panel or CSP (+ Thermal Energy Storage) Solar Still
Power grid
EI;ctﬁciy +heat | _ﬁTn_n neratic -1-;
Q i -i- D—I Feedwater Waste heat
T LT |1 |l;_“‘—L~‘ et 4
ot =
storage
Solar
mll&c:::r ! - Heat R N T 1
+ exchanger Deﬁi::ﬁ:“m —_— ” Enhanced pretreatment |

Solar energy harvesting  Heat storage and transfer  Heat processing (desalination)

n, n, GOR, SEC,_, UPR_,, 1,

|

|| Pretreatment | I |

| Heat} Desalination : :\M
| ==

More stages/effects l
|

Concentrated solar collector

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.



RES HYBRID DESALINATION TECHNIQUES

CSP-MED-ROQO is a possible

-
O
E solution to increase
= Solar production flexibility
Z || 5 still
S | 7 Solar RO s
= | 5 Thermal % act
510 "may
= K
>
a
0O e
o Off Grid PV-RO without Battery

Capacity Range

Very Small Scale Small Scale Medium Scale
<10 m?/day <100 m?*/day <1,000m?/day

IRENA, RENEWABLE DESALINATION: TECHNOLOGY OPTIONS FOR ISLANDS. 2015



RES HYBRID DESALINATION TECHNIQUES (PV+RO)

Table20: PV-RO Systems Installed with Support from the Pacific Environment
Community Fund

15 plants for fresh _ Toyota
Marshall PV-RO water supply to .18 m*/day §OO—1,2OO Inusesince  T5usho
Islands schools in outer litres/day 2014 Corporation,
islands Toray
PV-RO & Fresh water supply . . In use since  Hitachi Plant
N . 100 d 100 d i
aurd power to community m*/day m*/day end 2013 Technologies
Japan
Palau PV-RO &  Fresh water supply . 150 litres per Inuse since  Hitachi Plant
; : 100 m*/day Technologies
(Peleliu) power to community person/day March 2014 9
Japan
Tuvalu PV-RO Fresh water supply 120 m¥/da X100 m*/day - inusesince  Hitachi Plaf‘t
(Funafuti) to community Y 2x10 m*/day September  Technologies
2013 Japan
Vanuatu Fresh water supply X100 m3/day -  In usesince HitachiPlant
(Ambae, PV-RO to hospital/ 10 m?/day 1X10 m3/day 2014 Technologies
Aniwa) population Japan
Fiji (Kia, Fresh water supply NBK
. . I i
Viwa, PV-RO on four islands 136 m*/day 7x20 m*/day " operation Corporation
Vanuavatu, (174 households) since 2014 Japan
Kavewa) seven plants

IRENA, RENEWABLE DESALINATION: TECHNOLOGY OPTIONS FOR ISLANDS. 2015



POSEIDON
Photo-driven Optima Seawater Elecrolysis for energy-IslanDs OperatioN

Renewable generators
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POSEIDON
Photo-driven Optima Seawater Elecrolysis for energy-IslanDs OperatioN

OPTION 1a Th

Seawater

Renewable generators

RES | Zssmy
Thermal| #EERR
Energy =
By-product El
) Sunlight
Energy

Tap
water

water

Thermal
— Desalination
Unit

Thermal
Energy

El. Energy
From RES

rSOC
PhCat

Energy

O2-rich

air

Hydrogen

H2
Storage

—

o By ® MW S

Users demand

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

eThermal-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.
eElectricity-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

eBoth 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:

eThermal: Suitable for large-scale applications, particularly in areas with access to cheap waste heat or
co-generation plants.

eElectricity-Based: More versatile and scalable for both small and large operations; renewable hybrids are
especially advantageous in remote or off-grid areas.

Cost Considerations:

eThermal: High operational costs due to fuel dependency but may benefit from co-generation setups (e.g.,
using excess heat from power plants).

eElectricity-Based: Lower operational costs with renewables, but upfront costs for renewable hybrid
setups (e.g., solar panels, wind turbines) can be significant.
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