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Desalination

— What is desalination?

— Types of desalination technologies

— Need for desalination

— Desalination limitations and advantages
Desalination Technologies

— Thermal Desalination

— Membrane Desalination

— Energy Consumption

Desalination Challenges

Reverse Osmosis (RO) and Forward Osmosis (FO)

Desalination for Irrigation (FDFO)

Center of Excellence for Water - Exchange, Training, and Scholarships
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Classification of Water according to Salinity

< 1,500 mg/ 1,500-10,000 mg/I > 10,000 mg/

Center of Excellence for Water - Exchange, Training, and Scholarships
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Seawater Composition

Seawater includes mainly
ions of Na, Ca, K, Mg, Ba,
SO, Cl and CO;

All ion:f, INn nature can be
found in seawater

The chemical composition
of open sea is constant

However, total dissolved
solids changes subject to
local conditions

Center of Excellence for Water - Exchange, Training, and Scholarships
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saline water

seawater, salt lakes

30-50 ppt

brackish water
, Mangrove swamps,

estuaries, mangrove
bracki as and la

resitwater
ponds, lakes, rivers, strea

aquifers
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Seawater Composition
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Compound Composition Mass Percent ppm
Chloride Cl- 55.03 19,810.8
Sodium Na* 30.61 11,019.6
sulfate (S04~ 7.68 2,764.8
Magnesium Mg*+ 3.69 1,328 4
Calcium Cai 1.16 417.6
Potassium K" 1.16 417.6
Carbonic Acid (CO3)™ 0.41 147.6
Bromine Br- 0.19 68.4
Boric Acid H3BO5™ 0.07 25.2
Strontium Srtt 0.04 14 .4
Total 100% 36,000

(Ettouney, 2002)

Center of Excellence for Water - Exchange, Training, and Scholarships
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Why Desalination?

* Desalination can play
an important role in
Increasing the suppl
of fresh water in Bot
developing and
developed nations

* Desalination not only
pertains to sea and
ocean water but also
to brackish water
such as agricultural
and industrial waters

Center of Excellence for Water - Exchange, Training, and Scholarships
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What is Desalination?
Desalination is defined as the process of
removing salt and other dissolved solids
from water in order to produce water
suitable either for human consumption or
agricultural purposes or industrial
processes @

Center of Excellence for Water - Exchange, Training, and Scholarships
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Desalination

Multidisciplinary science
— Mechanical Engineering / Thermodynamics
— Chemical Engineering
— Environmental Engineering
— Process Engineering
— Hydraulics / water resources / water treatment
— Material Science (membranes)
— Electronics Engineering (PLCs)
— Energy
— Costing / Life cycle Assessment

Center of Excellence for Water - Exchange, Training, and Scholarships
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Historical Background of Desalination

Back in the first century A.D,, 7

— Siphons used to pass salt
water through wool threads
trapping the salt

— Romans filtered seawater
through clayey soil

— Greek sailors boiled seawater, ¥4
collecting the vapor in
: : N\ ;
sponges to quench their thirst LU

Center of Excellence for Water - Exchange, Training, and Scholarships
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Historical Background of Desalination

* In 1869, the first complete distillation
process was built in England to provide fresh &
water to vessels stopping at the port g

* The first land based plant was installed in
1912 In Egypt

« Start of the oil industry increased the
production capacity (1929-1937)

* Exponential growth followed (1935 to 1960)

 In 1957, the landmark installation of flash
desalination plant in Kuwait

Center of Excellence for Water - Exchange, Training, and Scholarships
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World Desalination Status

18,426 The total number of
desalination plants worldwide

86.8 million Capacity of desalination plants
m°/day

150 The number of countries where

desalination 1s practiced

300 milion The number of people around
the world who rely on

desalinated water for some or all

their daily needs

Center of Excellence for Water - Exchange, Training, and Scholarships
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esalination in

Governorate Location 2018 Capacity
(m®/day)
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North Sinai  A] Arish Government 13,960
Al Arish Private 2800
Al Hasana Private 300
Nakhel Private 200
El Kuntilla Private 150
Abu Aweigila Private 100
South Sinai ~ Tgha Government 600
Taba Government 2000
Nuweibh Government 300
Dahab Government 500
Sharm El Shaihk ~ Government 500
Sharm El shaiekh ~ Government 4,000
Nuweibh Government 2,000
Taba Private 4,750
Nuweibh Private 540
Sharm El shaiekh Private 20,000
o Bl—ta Bdonl Sillaea
Dahab Private 4,800 Aol poms olie Al Sillaces
Red Sea Hurghada Government 40,000 3::‘:.:‘:: :‘::
Safaja Government 6,000
Matruh Alamine Government 150,000
El Galala Government 150,000
Mountain

Center of Excellence for Water - Exchange, Training, and Scholarships
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Accumulative Design Capacity For
Desalination Plants

793.86

1000 m3/d

1992-1997 1997-2002 2002-2007 2007-2012 2012-2017 2017-2020

| Years |
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Plant site Current

(m?/day)
North Sinai 13,960 138,960
South Sinai 45,000 247,000
Red Sea 20,600 490,870
Matruh 64,500 232,500
El Galala - 150,000
mountain
Alamie — 150,000
Total (m’/day) 144,060 1,559,330

Center of Excellence for Water - Exchange, Training, and Scholarships
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Fundamentals of Desalination Process

Fundamental Desalination Process

Form of Energy
Thermal
Mechanical
Electric Potential
Product
Separation Unit . Fresh

Feed

Thermal Water
Sea or or
Brackish Water Membrane

» Rejected Brine

Center of Excellence for Water - Exchange, Training, and Scholarships
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Desalination Technologies

Desalination Processes

Y

y

Memb

Vapor Compression

Brine Mixing

MEE

TVC:Thermal Vapor Compression
MVC:Mechanical Vapor Compression
ADVC:Adsorption Vapor Compression
ABVC:Absorption Vapor Compression
CVC:Chemical Vapor Compression

Most Widely Used Processes

J—l Once Through
MSF : .

. Brine Circulation

> TVC
f MVC
SEE — s ADVC
i ABVC
» CVC

rane
RO <J L» ED
Seawater <J
7 TVC
Low Salinity Tl Parallel
Surface / _ Feed
Brackish Well Water "
ADVC  |a—fel Forward
RO:Reverse Osmosis Feed
ED:Electro-Dialysis ABVC | -
MEE:Multiple Effect Evaporation l«| Vertical
SEE:Single Effect Evaporation - Stack
MSF:Multistage Flash cve

Y

Freezing

L

Humidification-Dehumidification

Solar
stills

(Ettouney, 2002)
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Desalination Technologies

Desalination

Thermal Membrane
Evaporation Separation

Reverse Osmosis
A Applied Pressure Pure Water

¢

= Multistage flash (MSF) Pressure Driven

Multi-effect distillation

(MED) Electric Field Driven

Vapor compression
distillation (VCD)

Concentration Gradient
Driven

Riirer of Excellence jor warter - rxcnange, I raining, ana scnotarships — (Wetterau, 2011)

Distilled Water Going Out
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World Desalination Technology Capacity Distribution

ED 3.6% Hybrid 0.8% _ EDI 0.3% Other 0.3%
I

MED 8.0% =

—_—

MSF; 26,8; 27%
RO 60.0%

MRO WMSF WMED W®WED wmHybrid ™EDI (Electrodionization) ™ Other

Center of Excellence for Water - Exchange, Training, and Scholarships
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Natural Desalination (Water Cycle)
Ma-jor StageS: * Condensation

— Evaporation ‘
— Condensation e -
PR

surface Runoff

=

— Preci P itation Transpiration
— Collection

P a'f-";"":
http://water.usgs.gov/edu/watercycle.html

Center of Excellence for Water - Exchange, Training, and Scholarships
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Thermal Desalination Principle

AAAA
(¢ VYV —lg
A Cooling =
Vapor | ‘
Fresh water
¢ ¢
Sea water
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Simple Solar Still

Glass

----------

Solar Radi\liol\ \ \lSimple solar still [31]. I/

e A i A A
........

CCCCCd

S‘b))))

Fresh Water Tank Brine Tank
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Thermal Evaporation

Vapor compression
distillation (VCD)

Distilled Water
Heat Exchanger

Distilled Water Going Out

https://youtu.be/cdf-fKOMGR8 https://youtu.be/5nDcxhkq8ls https://youtu.be/GVDKimUkHj4

Center of Excellence for Water - Exchange, Training, and Scholarships
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Energy consumption of different
desalination technologies

Desalination Method Total equivalent electrical
energy (kWh/m?)

Multi-stage Flash MSF 13.5-25.5
Multi-Effect Distillation MED 6.5—11
Mechanical Vapor Compression 7-12
MVC

Reverse Osmosis RO 3-5.5

Center of Excellence for Water - Exchange, Training, and Scholarships
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Brine Disposal

Old Brine Outfalls

Center of Excellence for Water - Exchange, Training, and Scholarships
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File Edit View Tools Help
DEDEs her wrB LT @E RO

New technology of Brine
Outfalls ensuring rapid brine
dilution b :

Discharge Excess (ppt)
0.10 022 0.50 1.12 2.50 5.60 12.5228.00

Center of Excellence for Water - Exchange, Training, and Scholarships
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Principle of Membrane Process

Membrane unit

Feed Rejected Stream:
Stream Concentrated
stream OR
Retentate

Permeate
Stream

Center of Excellence for Water - Exchange, Training, and Scholarships
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Membrane Process as a Function
of Particle Size

(10-0.1pm)
Bacteria, suspended particles

L6 L &
e e e B e e ] e e e e e e e el e e e e e e e e e e e e e e I e e e e e e e e e e e e e e e e e B e e T e e e e B e e e e e B e R e e e B e e e T e e T e e e B e B e T e B e e B e e e e e B e e e e e e e B T B e T e e e e e e e e e

Tk Ultrafiltration (UF)
S (0.05-0.005m)

Colloids. macromolecules
Nanofiltration (NF)

S5e3-5.e* um

Sugars, dyes, divalent salts

EHEEREHEEHEHEFHEFEFHER CEHERIFERERE, JEHERHEHEEHEHEEHEE EHEEHEHEFFEFEEHEFEEHEHFEHEHPEHEHEEHEHEEHEHEEHEEEHERFEHERFEFEREEREREEEHEEHEREEHEEEEHEREEHERPEREEEERIFE

Reverse Osmosis (RO)
(1.e4-1e-? um)
Monovalent salts, ionic metals

Micro Filtration (MF)
e,
2
:- 1>

Water
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Membrane Process as a Function
of Particle Size

Microfiltration Nanofiltration

‘ Ultrafiltration ‘ Reverse Osmosis
|

® E. coli @ Viruses > lons

¢
A Oil ¥ Proteins *% Small
@ Macromolecules Compounds
© Colloids
W Suspended
Particles

Center of Excellence for Water - Exchange, Training, and Scholarships
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General Info about RO

Developed in the 1950's
Very popular and used nowadays
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Pore size < 1 nm
Driving force: pressure difference

Operating pressure between 10-25 bar (brackish) and
40-80 bar (seawater)

(1 Bar = 0.98 atm = 100 kPa = 100 kN/m? = 14.5 psi = 750 Torr)
Water molecules freely pass (0.2 nm)

Average flux: 5-40 L /m?/h.

Center of Excellence for Water - Exchange, Training, and Scholarships



;USAID

FROM THE AMERICAN PEOPLE UREVEE a11 S

2o ANV ol .
RIS =\ The American
ALEXANDRIA IT\A

N && University in Cairo

Membrane

Modules

|
Hollow

FeedWarerW S N Product s
Feed Spacer
RO Membrane

Center of Excellence for Water - Exchange, Training, and Scholarships
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https://www.youtube.com/watch?v=aVdWqbpbv_Y
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Mechanism of Reverse Osmosis
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s containing
_ impurities

Only the water to which external pressure
is applied filters through

Water moves to the side with higher salt content

Center of Excellence for Water - Exchange, Training, and Scholarships
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Mechanism of Reverse Osmosis

Osmosis
Concentrated
- solution
Water Osmotic K o 1B Reverse
(solvent) pressure - i
% ¥ OSMosis
|
4 External
pressure
.
@
e
.
3 o ©
¢ e ?‘ ‘
Fresh & “
¢« ©  Seawater
Semipermeable e \g "t '8

membrane
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smosis facility

Center of Excellence for Water - Exchange, Training, and Scholarships
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RO video

* https://www.youtube.com/watch?v= H8ED
LENDtl (6 min)

Center of Excellence for Water - Exchange, Training, and Scholarships
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Fouling

Transmembrane
Pressure (AP ) O Particles
Cake
0 Resistance, Rc

Membrane

Membrane Resistance, RM

Blocking
Resistance, Rf

J : Permeate flux

Center of Excellence for Water - Exchange, Training, and Scholarships
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Degrees of Fouling
 Reversible fouling

— removed by backwash and/or chemical
cleaning of membrane

— flux restored
— surface fouling

* Irreversible fouling
— Permanent
— pore fouling

R W -
(i MSU-CBE C.Wend & C. Abernathy

Center of Excellence for Water - Exchange, Training, and Scholarships
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How to Control Fouling

e Pre-treatment

» Increased cross-flow velocity and turbulence on concentrate side of
membrane

« Chemical cleaning

« Back pressure

— Alternate pressuring and de-pressuring and by changing the flow direction at a given
frequency

— After a given period of time, the feed pressure is released and the direction of the
permeate reversed

PERMEATE PERMEATE

LA 2

SUSPENSION SUSPENSION

]
®

4 & & & X 3} [

PERMEATE PERMEATE

Center of Excellence for Water - Exchange, Training, and Scholarships
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Energy Consumption and Pressure

Bar Kwh/m3 Heat
UF/MF 0.5- 2 0.1-0.2 -
NF 5-10 0.3 -0.5 -
RO Brackish 10 - 20 05 -1 -
RO Seawater 50-90 2 -4 -
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Advantage and Disadvantages of different
Desalination Technologies

Advantage

Disadvantage

Technology
MSF

MED

VCD

RO

* Simple

* Produces high quality water

* Cost drops at large capacity

* Can be semi-operational so limiting down time

* Wide selection of feed water

* Produces high quality water

* Less energy consumption than MSF

* Requires lower temperature operation; thus
reducing scaling and energy costs

* Low energy consumption

* Less energy consumption compared to MSF
and MED

* Low thermal impact of discharges

* Less problem with corrosion

* High recovery rates (about 45% of seawater)

* Removal of unwanted contaminants such as
pesticides and bacteria

* Small plant footprint

* Flexible to meet fluctuations in water demand

* High energy consumption

* Air pollution

* Slow response to water demand fluctuations
* Scaling in tubes

* Higher energy requirements than RO
* Slow response to water demand fluctuations
* Lower capacity than MSF

* Expensive form of energy (electricity) is required
* High capital cost (compressors)

* Sensitive to feed water quality

* Membrane fouling requiring for chemical cleaning thus loss
of productivity

* Complex to operate

* Lower product water purity



SUSAID  [JESaT @It
Desalination Challenges

* High initial cost

» Know-how of membrane Technology

* High energy consumption

» Membrane fouling

* Brine Disposal

Center of Excellence for Water - Exchange, Training, and Scholarships
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Typical RO Initial Components Cost

High pressure pump 36.8%
Membrane (element & vessel) 15.8
High pressure piping 2.6%
Controllers 4%
Design, construction & testing 5.3%
Containers 10.5%
Pre-treatment (pumps, filters, network piping 22.4%

and controllers)

Center of Excellence for Water - Exchange, Training, and Scholarships
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Forward osmosis is the predominant method of water transport across cells of all living organisms. Root cells of
mangrove trees are a great example of a naturally occurring FO process. The cells utilize a highly concentrated
internal solution of sugars to extract fresh water from the surrounding seawater.

Center of Excellence for Water - Exchange, Training, and Scholarships
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What i1s Forward Osmosis (FO)?

Osmosis is defined as “the natural diffusion of solvents or
water through a semipermeable membrane while preventing
the passage of solutes”

Feed
Water

=)

Forward Osmosis

(FO)
(Coday et al., 2014)

Center of Excellence for Water - Exchange, Training, and Scholarships 43
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Forward Osmosis Reverse Osmosis
Force
— (AP)
Osmotic
Pressure
— %
oW Pure
Water
\ Semi-permeable

Membrane

Center of Excellence for Water - Exchange, Training, and Scholarships 44
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Hydraulic pressure gradient Osmotic pressure gradient (FO)
(RO) - No hydraulic pressure gradient
\ Water = Product ’ Water # Product J
N - S -
-— - S P
: ) A
eawater Seawater -1 Draw solution
(feed) ==1% NaCl (feed) > A
' = » « OIS ﬁ y i - ’
- frp---- » NaCl
(\Thlck sub- Iayer) Thin sub-layer)
~ -
The RO membrane is deASiM8d under (Chung, etal., 2012)  The FO membrane 1S [ose under
high pressures no or low pressures

Center of Excellence for Water - Exchange, Training, and Scholarships 45
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FO vs. RO
RO FO

U

* Low energy requirement
* Low reversible fouling

* Low operation pressure
* Simple equipment

* Easy membrane support

* Energy intensive

* Significant irreversible
membrane fouling

* High operation pressure

46
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Forward Osmosis

Feed Draw solution

Energy
3 - I
—y
| s~

, Draw solutlon
, regeneration

yv‘»//s }’“K /v‘ N
JUSAID [t @i
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|

[

FO - PE
membrane

i

i

i

Fresh waig®
el resh v
] ¥
Concentrated Diluted draw
feed solution

(McCutcheon et al., 2005)

Center of Excellence for Water - Exchange, Training, and Scholarships 47
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Desalination Energy Requirements

6 5.75

MSF MED RO RO (energy NH3-CO2 FO
Recovery)

Center of Excellence for Water - Exchange, Training, and Scholarships (Phuntsho, 2012) 48
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Phase Inversion- Thin Film Chemically
Formed Cellulosic Composite (TFC) Modified

(McCutcheon et al., 2005) (Yip et al.,, 2010) (Setiawan et al., 2011)

Center of Excellence for Water - Exchange, Training, and Scholarships 49
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FO Application in Water Industry

Potable Irrigation P : S
Water Water WW Applications Industrial Applications

Osmotic
Membrane Leachate Pharmaceu-
Bioreactor Treatment tical
(OSMBR)

Food and
Beverage

Center of Excellence for Water - Exchange, Training, and Scholarships
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FO for Potable Water

Bracki
ckish Drafn :
water solution

FO membrane Reconcentration

unit
Concentrated

bri - Dl NE » Drinking water
rine . .
Diluted draw solution

Center of Excellence for Water - Exchange, Training, and Scholarships 51
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https://www.youtube.com/watch?v=2GhyelwTPyg

Center of Excellence for Water - Exchange, Training, and Scholarships

UNIVERSITY g UniverSity in Cairo
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FO for Potable Water - Hydration Bags

HTI company has commercialized hydration bags for military, recreational
and emergency relief situations to provide drinking water that contains a
nutrient rich solution when potable water becomes inaccessible.

Center of Excellence for Water - Exchange, Training, and Scholarships 53
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FO for Potable Water - HydroPack™

™
H YD R O PAE K Self-Hydrat\ing Drink Pouch Emergency Water Filter

Produces a refreshing drink while removing
viruses, bacteria, cysts and parasites from water.

vs. Each pouch produces up to 1/2 liter of cle:
, LLC.All Rights Reserved.

Center of Excellence for Water - Exchange, Training, and Scholarships >4
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FO for Potable Water - Emergency Hydration

A e el —‘
. PR
d i

— =y

N\

|7 % -
N

iy s &) Mission Atlantis - STS 135

Center of Excellence for Water - Exchange, Training, and Scholarships 55
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FO for Irrigation - Fertilizer Drawn Forward Osmosis
(FDFO)

e Concentrated fertilizer WL e
solution is used as the draw
solute

e Diluted fertilizer solution
after desalination can be
directly applied for
fertigation

* No need for separation and
recovery of the draw solution

sl A
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Typical FDFO Setup

EQunit process

r ?.‘

. AR
vy -~ - s
N: [SREDsss (Bxfal
&
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e

To fertigation

#Concentrated
fertilizer,

(Phuntsho et al., 2011)
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FO for Irrigation - Advantages
* Low energy desalinating 5
process .
oy . . . 4
 Fertilized irrigation
— minimum loss due to leaching, 3
N : £
— optimizing the nutrient =
balance, Z,
— control of nutrient
concentration in the soll 1 0.84
solution, 0.24
— savings in labor and ener 0 | | — -
9 9y RO RO (energy  NH3-CO2 FO FDFO

Recovery)

(Phuntsho, 2012)
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Fertilizers Performance as DS
LI Stream Analyzer Software

&5 OllAnalyzer - [Ammonium Sulphate.oad]
51 File Edit Streams Calculetions Chemistry Tools View Window Help

[EEN E= R |
[-I=]x]

DEME|[ e 5 R MM e w (@ | MEGBE
Navigator T aix
AnalyzerStudiol &
Ammonium Suiphate 0ad | || J Description | &¥ Definition |§lt Piot | ] Report|
48 Streams
S b Sem Variabie T Vaiue B Surveyby
ey = Stream Parameters B [ Compostion =]
ot Stream Amount (mo) T w502 T
ream-1 Tomperature (C) | 25.0000
Amanism Sulghete Pressuro @m) \ o000 Spece
ream-2 ~ nflows (mol) Vay
o = ‘ e © depedry a SRS Fon =
ream-3 Calcum nirale | Together Chemistry Tools View Window Help =]
&4 Colcium Nitrate | | (mavalSe) > Re o % «[f)s | b B G R v
& & Stream-4 Caledate @
5 Am. Nitrate
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A Sulphote escription efinition epo
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Caumnirae a
Range  0.0to 70 mol
Stepsize 0.5 mal
o steps. 14 12.0 T T T T T T 500
No secondry suvey st 15[
four selected ferlzers.oad Unkt Set: etric (meles) 110L § .
—_— 1] p—— - ~+—Nitrate ion(-1) [mol] 1450
v AQ (He ion) Databanks: 105 T
Actions > Public —&—Calcium ion(+2) [mol]
25.0000°C 1.00000 atm a5 —a—Calcium mononitrate ion(+1) [mol] - 400
Calculation complete. : .
9.0+ —+—Hydroegen ion(+1) [mol]
Cal clapsed time: 0.488 560 85l .
. —«—Hydroxide ion(-1) [mol] 4350
80 .
—+—Osmotic Pressure [atm] (Y2) o)
o 751 g
S 70t 4300 3
| —— 3 o
ot Template Hanager g 6.5 2
£ 60 1250 @
g ss5f 2
£ L @
5 50 1200 w
N 2 45f 3
= 40} =
mt [T [z [3 [4 [5 [ [z e [s [uw [u [z [13 [4 [ 35[ 1150
. Advanced Seaich | Add ssSteam || Export U 2: r
For Help, press FL M . 71100
[Plot Template Manager & = x| 20f
[Default Plat] 151 50
10
05F ~
0.0 0"* 0
(OLI SyStemSI 2015) Calcium nitrate [mol]
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Fertilizers Performance as DS

Osmotic Pressure and Speciation
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: Ammoni ( )IE‘ate]' 1) mol 4 240
g " mmcn#um su ion(-1) [mol] / - 1990
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74 114
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Y - 1100
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340 240
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2 e
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Experimental Bench—scale Setup

PUMP

HEAT EXCHANGER — &

”il

ADJUSTABLE LIMITS B — a4 )
. - f /

_‘3/

/

BALANCE

TEST STAND BASE
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FS

Na* 669.99 mg/| SAR = — = = (Fipps, 2003)
) | [Ca™™ + Mg
C 1,041.25 mg/ "~,|| 2
NH,* 2.1 mg/I
SO,* 2,224.8 mg/I .
u 8 Sodium Hazard of Water
Ca%* 564.8 I
Mg?2* 215.4 mg/| | ] ] r < ] N
K+ 41.73 mg/I Low Medium High Very High \
1<SAR<10 10<SAR<18 18<SAR>26 SAR>26
Fe 3+ 0.036 mg/I ’/
Mn2* 0.016 mg/! N -
NO, 29.75 me/| Classes of Irrigation Water
(EC,, in mS/cm ; TDS in g/I) -
HCO, 17.08 mg/| y 2 \ y N
). [ I ] I
C03 0 mg/l Excellent Good Permissible Doubtful Unsuitable ‘
ﬁ EC, <0.25 0.25<EC;,<0.75 0.75<EC;,<2 2<EC;,<3 EC,, >3
‘p e ; Ny TDS<0.175 0.175<TDS<0.525 0.525<TDS<1.4 1.4<TDS<2.1 TDS>2.1 I
& i« 7.32ms/cm " &y T
( DS 3.66 g/l Water is unsuitable for irrigation due to a very high Sodium Adsorption Ratio (SAR). If
such water is used without proper treatment will cause sodium toxicity and loss of soil

Center of Excellence for Water - Exchange, Training, and Scholarships

structure which will eventually lead to soil degradation and poor crop yield.
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_Salt affected Soils and Crops
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FO for Irrigation - Fertilizers Performance

Osmotic pressure
—¢=Urea =m=Ca(NO3)2 =#=(NH4)2504 ===NH4NO3

Net osmotic
pressure range
provided by
/ fertilizer DS
W B SWRO Pressure Range
o ' ' ' ' Osmotic pressure of seawater ~ 28 atm
0 2 4 6 8 10

Fertilizer Concentration (Mole)
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Fertilizers Performance as DS

1000] 1 1
Water Extraction Capacity, V=M ’.:DJE‘.:M.J

o
*M,, : molecular weight of draw solute
*Coe : the molar concentration of the DS that generates same bulk osmotic pressure as that of the FS (mol)
Co Max : maximum solubility of the draw solute (mol)

=o—=Ammonium Nitrate  =#=Ammonium Sulphate  =#=Urea  =>Calcium Nitrate

[T,
(o]
=14
=
S
Q
o X
5 =2
)
© S
3 S
Y= T
o ¥
Qg
=
(@]
>
0 5 10 15 20 25 30 35
Feed TDS (g/L NaCl)
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Water flux using GW as FS

® Porifera Membrane
TFC Membrane

25.64 26.23
—— —9

Flux (Lm=2h-1)
[N
(O]

0.5 1 1.5 2 2.5 3
Molarity of (NH,),SO, in DS

Experimental Conditions: FS: GW, DS: (NH,),SO,, Temperature: 25 C, Membrane: Porifera and TFC, crossflow velocity: 12.9 cm/s
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Feed Solute Rejection (%)
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Molarity of (NH,),SO, DS
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FO for Irrigation - FDFO Challenges

FDFO has some challenges
— Availability of efficient FO membranes
— Choice of a suitable fertilizer DS

— Lower-than-expected water flux

— Reverse movement of draw solutes (reverse
nermeation)

— Meeting irrigation water quality standards
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