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 1-Surface water 4k ol
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1- lon exchange (& s2¥) Jalall
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3-Vapor Compression s_tadl bzl
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Preferred water source

Final product salinity

Land usage

Capital costs

Operating temperature

Energy cost
Feed-to-product ratio

Pre-treatment

Influent requirement

Seawater — brine

5 mg/L < TDS <
50 mg/L

Large area
High

High (~100°C)
High
7.0-12.0:1
Not required

Not required

Quality of water produced RHUI{E

Susceptibility to scaling

Bacterial contamination

Low
Unlikely

High salt content
and corrosive

Seawater — brine

5 mg/L < TDS <
50 mg/L

Large area

High

Moderate (~70°)
High

6.0-10.0:1

Not required
Not required

Pure

Low
Unlikely

High salt content and High salt content

corrosive

Brackish

TDS < 500 mg/L

Small area

Medium

Not applicable
Moderate

1.2-2.0:1
Required
SDI<12

TDS of 350-500
mg/I

Low

Post-treatment
needed

Any

TDS < 500 mg/L

Small area

Medium

Not applicable
Moderate

2.0-2.5:1
Required

SDI<4

TDS of 20-50 mg/I

High

Possible

Low salt content



Table 10-3 List of Desalination and Associated Technologies

Technology Brief Description
THERMAL DISTILLATION
Multi-Stage Flash The thermal process by which distillation principles are employed
evaporation through chambers at slightly different atmospheric pressures to flash
(MSF) liquid water into vapor and immediately condense the vapor in adjacent

chambers as product water for use.

Multi Effect The thermal process by which distillation principles are employed

Distillztion through pipes rather than chambers as in MSF. Once evaporation has

(MED) occurred, water vapor is condensed within fubes (pipes) rather than
chambers.

vapor The thermal evaporative process where vapor from the evaporator is

Compression mechanically compressed and the heat from the compression activity

(VC) is used to evaporate additional feedwater. VC is capable of achieving

zero-iiquid waste discharge requirements, even with very high salt
concentrations in the feedwater.



MEMBRAME SEPARATION

Electrodialysis This technology uses an electrochemical separation process in

(ED) which ions are transferred through specially designed ion-exchange
membranes by the application of electrical current, leaving desalinated
water as the product.

Electrodialysis This technology uses the same electrochamical principles as

Reversal electrodiatysis, except EDR periodically switches the electrical current

[EDR) flow direction {reversal), which decreases fouling and scaling of the

elements.

Reverse osmosis

RO uses pressure to force water across a semi-permeable membrane

(RO) from the saline water side to the desalinated product water side, leaving
the salts and other impurities behind as brine reject.

Forward FO is a two-part process. In the first part, a semi-permeabie membrane

Csmosis separates the saline feedwater from an artincial “draw” solution of

(FO) higher salinity. Water is drawn across the membrane out of the saline
feedwater and into the draw solution. In the second part, the water
is separated from the draw solution, leaving desalied water and
regenerated chemicals reusable for new draw solution.

Nancfiltration This type of membrane will not remove salt ions but does remove other

[(NF) substances with very small particle sizes. Pores are near fo or smalier
than 0.001 micrometer (gm). NF may be used in pretreatment stages to
RO systems to prevent fouling of the RO membrane.

Lltrafiltration This type of membrane will not remove salt ions but is used to remove

Membranes larger particles and high-weight dissolved organic compounds, bacterna,

(LF) and some viruses. Pore sizes range of 0.002 to 0.1 pm. UF may be

used in pretreatment stages to RO systems.

hMicrofiliration
membranes
(MF)

This type of membrane will not remove salt and is used to reduce
turbidity and remove suspended particles, algae, and bactena. MF
membranes operate at lower pressures than the other types of
membranes and have pore sizes ranging between 0.03 to 10 pm.



- Phase change methods: i &b e
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Technology Brief Description

OTHER TECHNOLOGIES

lon Exchange lon exchange involves the selective removal of charged inorganic
species from water by use of an ion-specific resin designed for the
feedwater. The surface of the ion exchange resin contains charged
functional groups that hold ionic species by electrostatic atiraction.
As water passes by the resin, charged ions on the resin surface are
exchanged for the contaminant species in the water. When all of the
resin's available exchange sites have been replaced with ions from the
feedwater. the resin is exhausted and must be regenerated or replaced.
This process may not reduce TDS but is suitable to soften water and
remove specific undesirable chemicals.

Capacitive Capacitive deionizafion is an electrosorption process whereby ions

Deionization are removed from water by use of an electrical current to force flow.
The saline feed flows through electrodes compnsed of materials such
a5 carbon-based aerogels. Salt lons are separated in the process and
fresh water is developed. This technology is likely suitable for brackish
waters, not sea water.

Freeze This process relies on thermodynamic properties of water when

Desalination changing from liquid to solid state {freezing). lce crystals form as salt
water freezes and the salt is expelled in the process. The process
requires further innovation to perfect the process of salf separation
{washing) from the frozen fresh water without remixing of the salt
occurring. Freezing of water at atmospheric conditions requires
generally far less energy input (334 kilojoule per kilogram [kjfkg])
than evaporation (334 to 2,326 ky'kg), making this a still-promising
technology.

Source: Committes on Advancing Desalination Technology 2008



olaal) ddail ial) 48y phal) Ll 48 o AU JSA)
TDS s sl

: Distillation
+ 20000

i i
Reverse Osmosis
: : E

50000

Electro dialysis

300 i 10000

Ion Exchange

10 100 1000 10000 100000

Total Dissolved Solid (TDS) “mg/1”



Demineralization Processes 4daill dulas

e Selection of specific process depends on:
‘oY) 2l ulcmjaﬂ\ 2 g Jh.\;\é\_iu; (-.\33 .
1-Mineral Concentration in feed water: -3l slia A =Y 38 5
2-Product water quality required: 4 slaall sluall 52 52
3-Brine disposal options:aldl J saall (e (aladll 4:dsS
4-Pretreatment required: 4d ¥ dalladll
5-Need to remove other material (bacteria, viruses):
(a5l 5 SSAY (5 AY) 3 sall (e aliil] ) dslall-

6-Availability of energy and chemicals required for the process

Adail) dleal 4y sllaall iy Sl 5 48Ul jolias 3 5a 5 4aaldl
7-COST: 4alsall



Reverse Osmosis:sSall mualiill

e Osmosis: 4 ) sem¥) dnalal

Passage of a liquid from a weak solution to a

more concentrated solution across a semi-

permeable membrane. The membrane allows

the passage of water, but not dissolved solids.
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Osmosis — Normal flow from low to high concentration
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Reverse Osmosis: sxSall mualiill

* Reverse Osmosis — Flow reversed by
application of pressure to high concentration
solution
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Reverse Osmosis: Szl zaliill

elie A e (Al Jdaddl e Qiall el Juad dlac o
>alil) ol e pS) daria gudaty Slla g 3las 4uk

sy haall el aldll J sl
 Osmosis pressure depend on:
L A s hidal) dagd aalad
1-Total dissolved solids 7l slall (& =S¥ 3 5
2-Types of dissolved solids.  4alaall #3LaY) de 4

3-Temp . 5l oadl da o




 Osmotic Pressure =1.19 (Temp + 273) * Z (mi)

e mi=molar concentrations of all constituents in

solution

o) dag < S i) 8 dalise Jillaa sae e lalad) gl s

100 ppm
1,000 ppm
35,000 ppm

——

DS = 1 psi osmotic pressure
TDS = 10 psi osmotic pressure

DS = 350 psi osmotic pressure



Osmotic Pressure (kg/cm?)

- 150

= 125

- 100

// - 75

/ - 50

Osmotic Pressure (psi)

= 25

mg/L NaCl (Thousands)
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Filtration Spectrum” Comparing the rejection capabilities of reverse osmosis with
other membrane technologies and with the separation afforded by conventional

filtration.

4:27 PM Sat Dec 22
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Figure 1.1 “Filtration Spectrum”™ comparing the rejection capabilitices of reverse
osmosis with other membrane technologies and with the separation afforded by

conventional filtration.
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Separation Process

Separation Pore size Operating | Principle Substances
Process or Max. pressure of removed
MW range (MPa) separation
Microfiltration 0.1-10 pn 0.05-0.2 Size Bacteria, viruses, larger
exclusion Colloidal particles,
precipitates and coagulates
Ultrafiltration 2-10 nm 0.1-0.5 Size High molecular weight
1,000—- exclusion proteins, large organic
500,000 molecules and pyroxenes
Da
Nano filtration 2-70 A, 0.3-3 Size Large divalent and some
180-10000 exclusion, Monovalent ions,
Da diffusion colorants and odorants
exclusion
Reverse osmosis ~ 1-70 A 1-10 Solution All of the above in
diffusion addition to monovalent

mechanism ions



Basic Terminology
R.O oh).\ doalAll Colalls a4l - LX
* Feed Water 43l

The amount of water that enters the unit.

* Permeate g=iidll

The portion of pure water resulting from the unit.

* Recovery 4xaiill
Recovery is defined as the amount of feedwater that is recovered as
pure product to the feed water.

 Recovery generally ranges from about 50% to as high as 90%,
depending on the application. The most common recovery is 75% for

most industrial and commercial applications..

* Recovery(R)=permeate flow\Feed flow*100 %



e Membrane sliall

The material which separated the concentrated solution from the
product and allows only to pure water to pass through.

* Rejection uxd

* Rejection (or salt rejection) is defined as the degree to which a
given species is retained by the membrane. It is expressed in
terms of percent of feed concentration. The higher the rejection,
the more concentrated the product and concentrate streams
become.
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Salt rejection =(1-product concentrations/feed concentrations)*100 e



* Salt passage is opposite of rejection, such that
98% rejection corresponds to 2% passage of
the solute in question.

e Salt Passage=1-Salt rejection.



 Flux:

* Flux is defined as the volumetric flow rate of a
fluid through a given area. In the case of RO, the
fluid is water and the area is that of the
membrane. In the language of RO, flux is
expressed as gallons of water per square foot of
membrane area per day, (gfd).

* Flux = premate flow (gpm)

. (no of vessels)*(no of element per ves)*(Active membrane
area)
s 89 dima dihia jue Jilall _aaal) g8l Jare 3] o 30030 Cay ol oy o
slial) dahie oo dalidl g ele e B jle Bl S ¢ uSall il



e Recommended flux as a function of influent water
source:

Feed water Source SDI Recommended Flux gfd
R.O Permeate <1 21-25
Well Water <3 14-16
Surface Supply <3 12-14

Surface Supply <5 10-12



* because higher flux results in more rapid
fouling of the membranes.

* So, the lower the influent water quality, the
lower the operating flux of the RO system
should be. The table in previous slide shows
the recommended flux.

* When in doubt, a default flux of 14 gfd is
usually recommended.
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Concentration polarization:

As water flows through the membrane and salts
are rejected by the membrane, a boundary layer is
formed near the membrane surface in which the
salt concentration exceeds the salt concentration in
the bulk solution. This increase of salt
concentration is called concentration polarization.
This polarization is reversible and disappears if the
gradient of transfer is stopped. a8 sliall (1o d8iha
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Components of R.O Units: <laa g <l g<a

oSal) fealisl

1-Water Sources.4azill jolac -] e

2-Feed Pumps.43aill Cilaine-? o

3-Multymedia filter.<ladall s0aeia jiMall-3 o

 4-Injection systems. (iall dudail-4

5-Cartridge filter.4xs s Sull a5 e

6-High pressure pump. Al haall 4a.ne-6 o

7-Membranesisic ¥1-7

8-Drainage of reject.s S _jall sluall (30 aladll QUi e



 1-Water Source:
-Surface water sl slic

-Brackish water Ll ol (low salinity Lea2kal
i
-Sea water Ul sle(High salinity LSkl
Axdi ya)
-Ground water 42 s ol
-Brackish water Jle) ol ( L) (e 4u 8 low
salinity)

-Brackish Water _Jle) slae (ol (e 4w 8 high
salinity)



Water salinity Classification e

Class limits (TDS range, in mg/l)

Fresh water 0 to 1000
Brackish 1000 to 10000

water
Saline water 10000 to 100000
Brine more than 100000

« Fresh water - Less than 1,000 ppm

« Slightly saline water - From 1,000 ppm to 3,000 ppm

« Moderately saline water - From 3,000 ppm to 10,000 ppm
« Highly saline water - From 10,000 ppm to 35,000 ppm



Table 10-1 Measurements of Salinity

Salinity Metric

Common Units

Comment

Electrical conductnaity
(EC)

EC is a measure of the concentration of
dissolved ions in water, and s reported in
umhos/cm {micromhos per centimeter) or
pSicm (microsiemens per centimeter). A
pmho is equivalent to a ps. EC may also
be called specific conductance or specific
conductivity of a solution.

Total dissolved solds
(TDS)

mg/L or ppm

TOS is 8 measure of the all the dissolved
substances in water and its units are
milligrams per liter (mgiL) of solution.

Practical salinity units
(PSU)

Unit-less

PSU is approximately equivalent to
salinity expressed as parts per thousand
(e.0., salt per 1,000 g of solubion).
oeawater is about 35 PSU. lts actual
measurement is a complex procedure.
Oceanographers are likely to use PSUs.
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Pretreatment.

 The purpose of the pretreatment system is to adequately and

effectively remove foulants from the source water and to secure
consistent and efficient performance of the downstream reverse
osmosis membranes. The pretreatment system is typically
located downstream of the desalination plant’s intake facilities
and upstream of the reverse osmosis membrane system.
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» Components of pretreatment system:
1-Feed pump. il 4alh

2-Multymedia filter.clauall sodeia yidld
3-Chemical Injection systems.<ub slasSll jéa Aalail
A-Cartridge filter.asd sh )all 3ol
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Source Water Quality
Parameter

Pretreatment Issues and Considerations

Turbidity, NTU

Levels above 0.1 mg/L are indicative of a high potential for
fouling. Spikes above 50 NTU for more than 1 h would require
sedimentation or dissolved air flotation treatment prior to
filtration.

Silt density index (DI ;)

Source seawater levels consistently below 2 all year round
indicate that no pretreatment is needed. An SDI greater than 4

indicates that pretreatment is necessary.

Total suspended solids,
mg/L

Needed to assess the amount of residuals generated during
pretreatment. It does not correlate well with turbidity
beyond 5 NTU.

Chiorophyll 3

Indicative of algal bloom occurrence. If water contains more
0.5 pg/L, the source water may be in an algal bloom condition.

Algal count, cells per
milliliter

Indicative of algal bloom occurrence. If water contains more than
2000 cells per milliliter, the source water is in an algal bloom

condition.
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Filters Combined with Dissolved Air Flotation
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Parameter Concentration/Level

Turbidity (daily <0.1/0.5

average/maximum), NTU

Silt density index < 3 (at least 95 % of the time)
< 5 (at all times)

Total organic carbon, mg/L <1

PH (minimum/maximum) 4.0/9.0

Oxidation-reduction potential, mV < 200

Chlorine residual, mg/L <0.02

Total hydrocarbons, mg/L <0.04
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Cartridge filter:asi sha a1l ydlall

e Cartridge filters are fine micro filters of nominal
size from 1 to 25 micro meter made of thin
plastic fibers or other fine filtration media that
is installed around a central tube to form
standard-size cartridges.
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What are two types of cartridge filter:
1- Depth Filtration. el i 3l
2-Surface Filtrationadaud) el A,

Depth Filtration Surface Filtration

Particles Media Particles Media




» Cartridge filter can be surface or depth-
type filter: Depth-type filters capture particles
and contaminant through the total
thickness of the medium,

B A ISTSE DA e LG R

* while in Surface filters (that are usually
made of thin materials like papers, woven
wire, cloths) particles are blocked on
the surface of the filter.



Cartridge Filter Material Comparison:

Description Traits
Wire media wound tightly Oldest type of cartridge filter,
around the core in the center |[reliable, doesn't clog easily,
Wound | ¢ +he cartridge that effectively |cost effective
Cartridges |fiivers liquid or gas
Manageable synthetic filter Low pressure drop, long life,
media that uses pleated design |infrequent need to replace
Pleated |\, jhcrease surface area that is |cartridge
Cartridges filtered
Depth filter that uses many Hold large amounts of debris,
different layers that are a cost effective, filters particles
Meit Blown variety of densities to filter of a variety of sizes
Cartridges |p,ohiy contaminated liquid or
gas
Semi-permeable membrane Asymmetric pores, high flow
used to create high purity rate, resistance to bacteria,
Membrane |j;0.id or gas by filtering all extremely detailed filtration
Cartridges | ticles one micron and
higher
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Reverse Osmosis Membrane Structures, and Materials

I.Flbl T % %

Membrane element/module

Permeate flow

Saline feed water
flow Membranes (Qp)
- Connre
Concentrate flow
(Qc)

Ficure 3.16 Generzal schematic of an RO system.



Parameter Cellulose
Salt rejection
Feed pressure

Surface charge

Chlorine tolerance

Maximum temperature
of source water

Cleaning frequency

Pretreatment
requirements

Salt, silica, and
organics removal

Bio growth on
membrane surface

pH tolerance

Polyamide Membranes
High (> 99.5%)
Lower (by 30 to 50%) High

Negative (limits use of cationic
pretreatment coagulants)

Poor (up to 1000 mg/L-hours);
feed DE chlorination needed

High (40 to 45°C; 104 to
113°F)

High (weeks to months)
High (SDI < 4)

High
May cause performance

problems

High (2 to 12)

Acetate Membrane
Lower (up to 95%)
High

Neutral (no limitations on
pretreatment coagulants)

Good; continuous feed of
1 to 2 mg/L of chlorine is
acceptable

Relatively low (30 to 35°C;
86 to 95°F)

Lower (months to years)

Lower (SDI < 5)
Relatively low
Limited; not a cause of

performance problems

Limited (4 to 6)



Note: Mainly because of their higher membrane
rejection and lower operating pressures, polyamide
membranes are the choice for most RO membrane
installations today. Exceptions are applications in the
Middle East, where the source water is rich in
organics and thus cellulose acetate membranes offer
benefits in terms of limited membrane biofouling
and reduced cleaning and pretreatment needs.
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e Spiral-Wound RO Membrane Elements :
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e Commercially available RO membrane elements are
standardized in terms of diameter and length and
usually are classified by diameter. Spiral-wound RO
membranes are available in 2.5-in., 4-in., 6-in., 8-in.,
16-in., 18-in., and 19-in. sizes. A typical 8-in. RO
membrane element is shown in Fig. 3.12.

e At present, the most widely used and commercially
available RO elements have a diameter of 20 cm (8
in.), length of 100 cm (40 in.) and brine spacer
thickness of 28 mils (0.7 mm). Standard 8-in.
seawater and brackish water elements in a typical
configuration of seven elements per vessel can
produce between 13 and 25 m3/day (3500 and

* 6500 gal/day) and 26 and 38 m3/day (7000 and
10,000 gal/day) of freshwater (permeate),respectively
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Nomenclature of elements <8 inches

The element nomenclature for elements is for example as
follows:

TW30-40 40
Length of Element in inches

Diameter of Element, divided by 10, in inches

FT30 - Element Family

TW - Tap Water

BW - Brackish Water

SW - Seawater

SWHR - Seawater High Rejection




NOTES: Eight-inch elements are always 8 inches in
diameter and 40 inches in length. They are named
according to the actual active membrane area in
square feet, for example the BW30-400 element
has an active membrane area of 400 square feet.

Notes: Some elements types have an extension to
their name, e.g. FF or FR. These stand for special
element or membrane features:

FR: Fouling Resistant
FF: Full fit




Membrane :

The following membrane types are used with FILMTEC
elements:

NF270 — high productivity nanofiltration membrane for removal
of organics with medium salt and hardness passage

NF200 — Nano filtration membrane for high atrazine and TOC
rejection, medium calcium passage

NF90 — Nano filtration membrane for 90% salt removal, high
removal of iron, pesticides, herbicides, TOC

NF — Nano filtration membrane used in non-water applications

TW30 — High rejection brackish water FT30 membrane, typically
used for Tap Water RO

TW3O0LP — ‘Low Pressure’ version of the TW30 membrane

BW30 — High rejection Brackish Water FT30 membrane for
brackish water RO

RO — Reverse Osmosis membrane used in full fit elements for
sanitary applications



HSRO — Heat Sanitizable version of the RO membrane used in fullfit
elements

BW3O0OLE — ‘Low Energy’ version of the BW30 membrane

SG30 — Semiconductor Grade FT30 membrane for ultrapure water
RO

SG30LE — Low Energy version of the SG30 membrane

XLE — Extremely Low Energy RO membrane for lowest pressure
brackish water RO

SW30 — Sea Water RO membrane, typically used for low salinity or
cold seawater RO and high salinity brackish water RO

SW30HR — Sea Water RO membrane with High salt Rejection,
typically used for single pass seawater desalination

SW30HRLE — Sea Water RO membrane with High salt Rejection,
typically used for Low Energy seawater desalination

SW30XLE — membrane for Sea Water desalination with extremely
Low Energy consumption



Selection of Membrane according to
the feed salinity

Low conc. Brackish water

(up to 500mg/!) : BWRO (Low energy)
Brackish water (upto
5,000 mg/l) : BWRO (Standard)

Brackish water (more
than 5,000 mg/l), - SWRO
Seawater




Parameter

Chem Product:

Size (Approximate):

Flow Rate:
Applied Pressure:
Stabilized Salt
Rejection:

Minimum Salt
Rejection:

Boron Rejection:

Active Surface
Area:

Single Element
Recovery:

Feed Spacer:

Membrane Type

SW(seawater) Membrane

W 40-400 R
8" Dia. x 40"L
9,000 gpd (34.1 lpd)

800 psig (55 bar)

99.85%

99.7%
93%

400 ft2 (37 m?)

8%

34 mil

Thin Film Nanocomposite

1. BW( brackish water)
membrane

BW 30-400R

10,500 gpd (40 Ipd)

600 psig(41 bar)

99.6 %

99.5

400 ft2 (37 m?)

Polyamide Thin-Film Composite
(Filmtech)



e Standard and large-size spiral-wound thin-film
composite PA membrane elements have
limitations with respect to a number of
performance parameters:

1-Feed water temperature (45°C).
2-pH (2 to 10).
3- Silt density index (less than 4).

4- Chlorine content (no measurable amounts).
5- Feed water operating pressure (maximum of

41 or 83 bar/600 to 1,200 Ib/in2 for brackish
and seawater RO membranes, respectively).



* Types of membrane vessel: &Y 4 ) £ 4l

1-Typical hollow-fiber vessel.
Contain only two membrane.

2-Conventional RO vessel.
Contain seven or eight element

* Note: As a result, a typical hollow-fiber vessel contains
only two membrane elements but produces
approximately the same volume of water as a ( (2 ziu
(sl LxSconventional RO vessel. These features make
hollow-fiber membrane elements very suitable for high-
salinity waters with elevated scaling potential, .
Therefore, this type of membrane element configuration
has found a wider application in the Middle East than in
other parts of the world.



Membrane elements installed in pressure
vessel:

Pressure vessel

Membrane element

‘ O-ri
A —— Permeate tube

Interconnector

T T

End cap/anti-telescoping device/brine seal carrier

Ficure 3.8 Cross-section of an RO membrane element installed in a pressure vessel.

Pressure vessel Anti-telescoping support Brine seal

Product T [Snap ring
water outlet ® =% e End cap
Brine outiet e=—d e — element__ L 1 —_— S L Feedwater

inlet

Brine seals O-ring connector




* |nterconnector :permeate collector tubes of the
individual RO membrane elements installed in the
pressure vessel are connected to each other and to the
permeate line evacuating the fresh water from the
pressure vessel.

* Integral O-rings: between interconnector that seal the
connection points and prevent concentrate from
entering the permeate collector tubes.

* |nterconnector with O-rings: provide flexible
connections between the elements, which allow for
their limited movement within the vessel, for some level
of flexibility in loading membranes and also facilitate
handling transient pressure surges created in the vessels
as a result of abrupt shutdown and start-up of the RO
system



Parameter effect on membrane performance:

* 1-Sailinity.

* 2-Recovery.

* 3-Temp.

* 4-Feed pressure.

* 5-Preameate pack pressure.



e Effect of Salinity on Membrane Performance:

Higher feed water salinity reduces the net driving
pressure (assuming that the system is operating
at the same feed pressure and recovery) because
of the increased osmotic pressure of the feed
water, which in turn decreases permeate flux
(freshwater production).

In terms of salt transport, an increase in feed
water salinity increases the salt concentration
gradient (ACin Eq. 3.11), which results in
accelerated salt transport through the
membranes and therefore, in lower salt rejection
(deteriorating product water quality).



Permeate flux
—_—
Salt rejection

Feed water salinity

Ficure 3.20 Effect of salinity on RO system performance.



Effect of Recovery on Membrane Performance: e

* anincrease in recovery results in a slow decrease
in permeate flux until it reaches the point at
which osmotic pressure exceeds the applied
pressure and NDP is inadequate to drive flow
through the membrane; at that point, freshwater
flow production is discontinued.



Permeate flux
Salt rejection

Recovery

Ficure 3.21 Effect of recovery on RO system performance.



* Effect of Temperature on Membrane
Performance:

 The use of warmer water reduces saline water
viscosity, which in turn increases membrane
permeability. Some of this beneficial impact is
reduced by the increase of osmotic pressure with
temperature. However, the overall impact of
temperature foremost membranes is typically
beneficial. As a rule of thumb, the permeate flux
increases by 3% for every 1°C of temperature
increase. Because most RO membranes are made of
plastic materials (polymers), warmer temperatures
result in a loosening up of the membrane structure,
which in turn increases salt passage (i.e.,
deteriorates permeate

e water quality).



Permeate Aux
Salt rejection

-

Feed water temperature

Ficure 3.22 Effect of temperature on RO system performance.



Effect of Feed Pressure on Membrane
Performance:

membrane flux (productivity) increases along
with operating feed pressure at the same
source water salinity and temperature. This
occurs because the increase of feed pressure
results in a proportional increase of the net
driving pressure through the membrane (Fig.
3.23).



Permeate flux
Salt rejection

|

Feed water pressure

Ficure 3.23 Effect of feed pressure on RO system performance.



e Effect of Permeate Back Pressure on
Membrane Performance :

 would have a negative impact on plant
performance. The amount of permeate back
pressure is limited by the impact this pressure
can have on the thin film—if the pressure is
higher than 0.3 bar (4.3 Ib./in2), then it may
cause delamination of the thin-film membrane

layer.



* Reverse Osmosis Process Parameters:
D ooSall el dlee D lilag
Osmotic Pressure : ) sl hall
Permeate Recovery:
Membrane Salt Passage:
Membrane Salt Rejection:
Net Driving Pressure (Transmembrane Pressure):
Membrane Permeate Flux:

Specific Membrane Permeability (Specific Flux)



* Osmotic Pressure : ) semdl ozl

* The osmotic pressure Po of a given saline water is
calculated by measuring the molar concentrations of
the individual dissolved salts in the solution and
applying the following equation:

u.nhﬂ LSJJ'L’ Ce ‘\AJM dalla a\_\.AJPQ @m\_\ﬂ\ Jaz Al L_1\.u.a;
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Op=Rx(T+273) x>mi
 where:

« Op = Osmotic pressure of the saline water (in bars—1
bar = 14.5 Ib/in2)

* R = Universal gas constant [0.082 (L-atm)/(mol-K) =
0.0809 (L-bar)/(mol-K)]

* T= water temperature in degrees Celsius, and 2mi is the
sum of the molar.



Seawater Concentration., Mumber of Molar Concentration
Constituents mg. L milligrams per mole (), mol/L
Cations
Calcium 403 40,000 0.0101
Magnesium 1298 24 300 0.0534
Sodium 10,6893 23,000 0.4649
Potassium 387 39,100 0.0099
Boron 4.6 10,800 0.0004
Bromide T4 79,900 0.0009
Total Cations 12,859.6 — 0.5396
Anions
Bicarbonate 142 51,000 D.0023
Sulfate 2,710 96,100 0.0282
Chloride 19,287 35,500 0.5433
Ruoride 1.4 19,000 0.0001
MNitrate 000 62,000 Q0.0000
Total Anions 22,140.4 — 0.5739
Total TDS = 35,000 mg, L ¥m = 1.1135 mol/L

Tagle 3.1 Molar Concentrations of Pacific Ocean Water Salts

Notes: Depending on the source water quality and temperature, the osmotic
pressure may vary significantly from one saline source water to another.



* Permeate Recovery :

Due to mineral scaling, concentration
polarization, and standard equipment and facility
constraints, only a portion of the saline source
water flow fed to the RO membrane system can
be converted into freshwater (permeate).

* Pr=(Qp/Qf) x 100%
* Where :
Pr =permeate recovery
Qf=Feed flow
Qp=permeate flow



* for typical seawater reverse osmosis (SWRO)
systems the recovery rate is 40 to 65%.

 Brackish water desalination plants are designed
and operated at higher recoveries (typically 65
to 85%).



Membrane element/module

Qp = 40% to 65% Qf

TDS f=35000 mgl. ~ Membranes (Qpavg. = 30%)
(35 ppt) Concentrate, By p =200 - 500 mg/L.
. retentate, (2105 ppt)
ppt — (parts per thousand) reject
Qc = 35% to 60% Qf
(Qc ave. = 50%)

TDS ¢ =5010 70 ppt

% Recovery = Permeale Flow (Qp) x 100 = 50% Qf = 50%
Feed Flow (QD Qr

Ficure 3.17 Recovery of a typical SWRO system.



* Membrane Salt Passage :

e Salt passage Sp of a membrane is defined as the
ratio between the concentration of salt in the
permeate TDSp and in the saline feed water
TDSf (see Fig. 3.17); it is indicative of the
amount of salts that remain in the RO permeate
after desalination.

* Sp = (TDSp/TDSf) x 100%
* Where:
TDSp= concentration of salt in the permeate.
TDSf= concentration of saline feed water.



e Membrane Salt Rejection :

e Salt rejection Sr is a relative measure of how
much of the salt that was initially in the source
water is retained and rejected by the R.O

membrane
* Sr=100% - Sp = [1 - (TDSp/TDSf)] x 100%



* Net Driving Pressure (Transmembrane Pressure)

Net driving pressure (NDP), also known as
transmembrane pressure, is the actual press that
drives the transport of freshwater from the feed side
to the freshwater side of the membrane.

NDP = Fp — (Op + Pp + 0.5Pd)
Where:
Fp= Applied Feed pressure.
Op=osmotic pressure.(occure on the permeate side)
Pp=The permeate pressure existing in the membrane.

Pd= the pressure drop Pd across the feed/concentrate side
of the RO membrane.



e Membrane Permeate Flux :

Is defined as the permeate flow a membrane
produces per unit membrane area.

J=Qp/S
* Notes: The higher the quality of the source water

applied to the membranes, the higher the
acceptable design flux.

e Specific membrane permeability (SMP): also known
as specific membrane flux, is parameter that
characterizes the resistance of the membrane to
water flow.

SMP=j/NDP



R.O Design:

* The RO system includes a set of RO membrane
elements, housed in pressure vessels that are
arranged in a design manner. A high-pressure
pump is used to feed the pressure vessels. The
RO system is operated in crossflow filtration
mode, not in dead end mode, because of the
osmotic pressure of rejected solute.



* Single module system:

Feed Permeate
ol
Concentrate
Single module system with concentrate recirculation
Feed FPermeate

; -

Recirculation

Concentrate



Multi-Stage System :

Systems with more than one stage are used for
higher system recovery rates without exceeding
the single element recovery limit. Usually two
stages will be applied for recovery rate up to 75-
80%.

Stage 1 Permeate

Feed
-
i Stage 2 I
i Concentrate




The relation between recovery rate and the
stage number is as follows:

1 stage : < 50%;
2 stage : < 75-80%;
3 stage : < 85-90%



1 stage system: < 50%

»  Usual recovery SWRO (< 50%)

2 stage system: < 75-80%

»  Usual recovery BWRO (< 80%)

» High recovery SWRO (< 60%)

» High recovery 2nd pass (< 90%)

3 stage system: < 85-90%

» High recovery BWRO (< 90%)

» High recovery 2nd pass (< 95%)
(special case)

SWRO: seawater desalination, BWRO:
Brackish water desalination

Table 1.5: Relationship between recovery rate and
number of RO stage




* 2 Pass RO System :

A 2 pass RO system is used if a very high
permeate quality is required. In this system
configuration, the permeate of the 1st pass RO
is the feed of 2nd pass RO. The next Figure
shows a schematic flow diagram of the 2 pass
RO system. The concentrate of the 2nd pass RO
is recycled back to the feed of 1st RO because its
qguality is usually better than the system feed
water. And because the feed of the 2nd RO is
high quality, the recovery of the 2nd pass RO can
be as high as maximum (90-95%).



Feed Pass 1

Pass 2 Permeate

[ —

ﬁ—'

Recirculation 1,

Concentrate
Pass 1

Concentrate
Pass 2



* Permeate Blending with Feed Water :

Permeate blending is adopted when a certain
salinity of permeate is requested e.g. drinking
water. In this case, some additional system feed
water (blending flow) is taken and added to the
permeate (shown in Figure).

l Permeate
-

Feed
— ] r

Concentrate i




* Permeate Recirculation :

In the case that the feed temperature greatly
differs (e.g. summer and winter), the feed
pressure should be changed to keep the
permeate constant. This change in feed pressure
may cause permeate quality instability. To
prevent the instability, a part of the permeate is
recycled and added to the suction side of the
high-pressure pump (shown in Figure 1.6), when
the permeate flow is higher than the estimated
value. By keeping the feed pressure constant,
the permeate quality is kept constant.



Feed l Permeate
1 >

Concentrate



* Special Design possibilities:

There are a number of special design possibilities
for specific requirements:

1- Improve product quality:

— Use part or all seawater elements for brackish
feed water .

- Use seawater elements in one or both stages of a
permeate staged system .

— Recycle permeate of last stage into feed .



2- Increase system Recovery:

— Feed the concentrate to a second system, after
specific pretreatment .

3-Obtain high system recovery and uniform permeate
flow per element with medium salinity feed water:

- Use booster pumps between stages to compensate
for osmotic pressure increase .

- Use declining permeate back pressure from first to
last stage .

— Use hybrid system design with tighter membranes in
the first stage than in the second stage, e.g. BW30
membranes in the first and XLE membranes in the
second stage .



3-Produce different permeate qualities:

Separate the permeates from the different stages:
the permeate from the first stage has the best
quality—especially when the first stage is equipped
with higher rejection membranes .

4- Reduce the plant capacity to obtain just the
required permeate quality:

Blend the permeate with feed water .
5-Make provisions for later system extension:

— Use free space in pressure vessel (element spacer
to replace element)

— Design module support racks to accommodate
extra pressure vessels .



Types of membrane foulants
* Depending on their nature, membrane foulants
can be classified as follows:

1- Particulate foulants (mainly suspended solids
and silt).

2-Colloidal foulants.

3-Mineral scaling foulants(inorganic compounds)
4-Organic foulants (organic matter)

5-Microbial foulants.
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Reduction energy for SWRO

e 1-Pressure Exchanger Energy Recovery (PX).
(35 to 40 % Energy Reduction);

e 2-Turbo Charger.

* (35 to 40 % Energy Reduction);

e 2-Use of Alternative RO Membrane Vessel
Configurations.

(10 to 15 % Energy Reduction);

» 3-Application of Large RO Trains/Pumps.

(3 to 5 % Energy Reduction);

e 4- Use of warm power plant cooling seawater.
(5 to 10% Energy Reduction).



Cleaning Requirement

* Decrease in productivity by 10% from normal
productivity.

* |ncrease in salinity by 10% from normal
salinity.

* [ncrease in deferential pressure by 15% from
normal>



Cleaning Chem

icals
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NaOH : Sodmm Hydroxide

Na-EDTA : Sodmm Salt of Ethylene Dianune Tetraacetric Acid
Na-DDS : Sodmm Salt of Dodecylsulfate.

NasP;0y : Sodmm Triphosphate (STP).

Na;POg<12H,0 Trisodium Phosphate (TSP).

HCl ) Hydrochloric Acid.

H,PO, : Phosphonic Acid.

C;Hs (OH)(C EhH;} Citric Acid

NH,S0:H : Sulfamuc Acid.

Na,S,0, : Sodmm Hydrosulfite
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Permeate Salt
flow

passage

I
p T
ot
bt

Differential
pressure

ﬁ

Direct Cause

Oxidation
damage

Membrane leak

O-ring leak

Leaking Product
Tube

Scaling

Colloidal fouling

Bio Fouling

In direct cause

Free chlorine,
ozone, KMnO4

Permeate
backpressure;
abrasion

Improper
installation

Damaged during
element loading

Insufficient scale
control

Insufficient
pretreatment

Insufficient
pretreatment

Corrective
action

Replace
element

improve
cartridge
filtration

Replace O-ring

Replace
element

Cleaning
Scale control

Cleaning
Treat improve

Replace
element



Permeate Salt Differentia Direct Cause In direct cause Corrective
flow passage | pressure action

Compaction Water hammer Replace
—
1 1 1 element



Protection of R.O unit

Parameter Trip

Feed TDS Measure the TDS of feed water and trip if
exceed the programmed limit.

Feed Temp If exceed to 35c trip the unit.

ORP If residual chlorine > 0 Trip the unit.

Suction Pressure

Suction pressure low .

Discharge pressure

If exceed the programmed limit trip the

unit.

Differential pressure

Between the feed pressure and
concentrate pressure (Membrane Dp)

Product TDS

If exceed the programmed limi

unit.

t trip the

Chemical injection pumps

Trip the unit if the injection pumps off or

trip.

H.P pressure pump

1-Trip the unit if the pump trip
2-Exceed the time of start up.







