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IMPORTANT DESALINATION TERMINOLOGY
AND ACRONYMS

Seawater and Brackish Water Concentrations
The mineral or salt content of water is defined in terms of total dissolved solids (TDS) using units of mg/l or parts per
million (ppm). The maximum concentration for potable water is 500 mg/l. Water with TDS from 500 to 15 000 mg/l is
generally classified as brackish, while water with higher concentrations is classified as seawater. The salt concentrations
in seawater can vary quite significantly. In the Pacific Ocean along the U.S. coast, concentrations vary from 33 000 to
36 000 mg/l, while the Persian Gulf sees concentrations as high as 45 000 mg/l.

Technologies
• Membrane Desalination
– Seawater Reverse Osmosis – SWRO
– Brackish Water Reverse Osmosis – BWRO
• Thermal Desalination
– Multistage Flash – MSF
– Multi-Effect Distillation – MED
– Thermal Vapor Compression – TVC (not covered in this document)
– Mechanical Vapor Compression – MVC(not covered in this document)

Market Segmentation by Technology and/or Plant Size
• SWRO <10 000 m3/d >> small and medium
• SWRO <50 000 m3/d >> large
• SWRO >50 000 m3/d >> extra-large
• Thermal >> MSF, MED, TVC, MVC
• BWRO and Nanofiltration
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A CLOSER LOOK AT DESALINATION TECHNOLOGIES
Membrane Desalination
In membrane desalination systems, dissolved
minerals are separated from the intake or source
water with a semipermeable membrane .

OSMOSIS

The dominant membrane technology used today
is Reverse Osmosis (RO) . If high and low salinity
water sources are separated by a semipermeable
membrane, water will move from the low salinity
side to the high salinity side by a natural process
called osmosis . The water being transferred exerts
a pressure on the membrane known as osmotic
pressure, which is proportional to the difference in
total dissolved solids concentrations on each side of
the membrane, and is also dependent on the source
water temperature and the nature of the dissolved
solids . The osmotic pressure does not depend on
the type of membrane used .

OSMOTIC
PRESSURE
SEMI-PERMEABLE MEMBRANE

WATER

With its inherently simple design, significantly
lower energy consumption and smaller footprint
than thermal technologies, the RO process is often
the choice for municipal and commercial water
supply . This applies to both SWRO and BWRO
applications . With its semipermeable membranes,

DIRECTION

WATER MOVES TO HIGHER
SALT CONTENT SIDE

FRESH WATER

This process can be reversed by applying pressure
to the salt water side of the membrane . This is the
operating principle behind all RO desalination plants .

FLOW

SALT WATER

the RO process requires a pretreatment to ensure all
larger particles and suspended solids are removed
from the feedwater to protect the membranes .
Pressurized feedwater is fed to the membranes where
the water stream is split into a high-quality product
water stream at lower pressure and a high salinity
discharge (reject) stream, which remains at high
pressure . Hydraulic energy is recovered from the
reject stream with different energy recovery devices
(ERDs) to lower the overall energy consumption of
the plant . To improve the operational flexibility and
minimize downtime, chemical additives are required
to prevent scaling and fouling of the membranes .
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Schematic diagram of SWRO desalination plant employing DWEER ERD technology
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In electrodialysis (ED) and electrodialysis reversal (EDR) systems, a direct electric current is used to transport the mineral ions
across the membrane. ED/EDR systems represent a very small part of the market and are not discussed further in this guide.

Membrane Principles

REVERSE OSMOSIS
APPLIED
PRESSURE

The RO section is one of the most vital steps in the
desalination process, as more than 80 percent of
the total energy required by the plant is used in this
section . RO membranes are considered the most
important equipment in the process .
The
membranes used in RO systems are designed
FLOW
to separate dissolved solids and cannot remove
or store large amounts of suspended solids .
If suspended solids are allowed to enter, the
membranes will foul quickly . As a result, RO plants
include sophisticated pre-treatment systems to
remove suspended solids before the source water
is introduced to the membranes .
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The most common RO elements currently in use
are 20 cm (8 in) diameter and 100 cm (40 in)
long . These are enclosed in a pressure vessel that
typically holds about seven elements . In such a
configuration, each element produces about 13 to
25 m3/d of permeate, and the whole vessel therefore
produces 91 to 175 m 3/d . Larger 16-, 18- and even
19-inch elements are commercially available but
have not gained popularity, partly because they are
too heavy to be easily handled by one person .
In large RO plants, anywhere from 100 to 200
pressure vessels are assembled in parallel into a
rack . When combined with the necessary pumps,
valves and energy recovery devices, this rack forms
an RO train . An extra-large RO plant would consist
of several independent trains, each capable of
providing a product water flow of 20 000 to 25 000 m 3/d .
The image below shows an installation with five
trains, where each train includes a rack of about
144 pressure vessels .

FEED IN

The spiral-wound membrane is the most common type
used in the industry today . They are produced in a flat
sheet sealed like an envelope and wound in a spiral .

Reverse osmosis
system with five
trains containing
144 pressure
vessels per train

5

Thermal Desalination
Multistage Flash Distillation
The first large commercial scale desalination plants
used the MSF process to produce potable water . In
this process, seawater is heated to 90°C to 115°C
by steam provided from a co-located power plant .
The heated seawater enters a chamber (called
a stage or effect), which is maintained at a lower
pressure, causing some of the seawater to flash to
steam . This pure distillate is condensed on tubes
that are cooled by the incoming seawater and
collected in trays to be transferred to product water
storage tanks .

The remaining brine concentrate passes through
several more effects, each operated at a lower
pressure, causing more seawater to flash . Each
stage produces about 1 percent of the total plant
product water volume . Commercial MSF plants
typically have 19 to 28 stages . As a result, the
recovery rate of an MSF plant (finished product, or
permeate, divided by seawater intake) is typically
in the 19 to 29 percent range .
After the last stage, a portion of the brine is
recirculated back into the source water stream,
reducing the total intake water requirements and
improving the thermal efficiency of the process .
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Schematic diagram of an MSF desalination plant
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Multi-Effect Distillation
Able to operate at temperatures as low as 62°C,
MED plants require less heat input and lower
pumping power (0 .8 to 1 .4 kWh/m3) than MSF
plants . The main difference between MED and MSF

systems is that in MSF systems the vapor is created
by flashing, while in MED systems the source
water is evaporated by heat transfer from steam
in condenser tubes .
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Schematic diagram of an MED desalination plant

As with MSF plants, MED plants require a large
source of steam and are therefore always colocated with a thermal power plant .
In the past, thermal desalination has been
economically advantageous where water salinity
is very high, because the energy required for
separation is practically independent of the salinity
of the source water . As a result, MSF and MED
have been particularly popular in the Arabian
Peninsula, which is bound by water bodies with
the highest salinity in the world and demand for
power and potable water has historically grown at
a compatible pace . Approximately 85 percent of
the global thermal desalination capacity is located
in the Arabian Peninsula, with 70 percent of that in
Saudi Arabia and the UAE .

There are new technology developments in
thermal desalination, including hybrid systems
that may bring about a revival in thermal plant
construction . For example, approaches that
combine desalination with concentrated solar heat
and electricity production are advancing . Longer
term, this could be an opportunity for Flowserve
due to its combined experience in desalination and
concentrated solar power . These technologies are
not covered in this document .
Note that because of significant improvements in
membrane and isobaric energy recovery technology,
most near-term growth in desalination will take place
in SWRO at the expense of thermal desalination .
Accordingly, this document focuses mostly on SWRO .
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OVERVIEW
In this section you’ll find a detailed listing and description of the key products and capabilities VERSA offers
for desalination plants. Because the market has shifted primarily to SWRO, the emphasis of this section is on
SWRO technology. But first, a quick summary of our product offerings for thermal desalination technologies.

VERSA Pumps in Thermal Desalination – MSF and MED
The diagrams below provide basic schematics of multistage flash distillation and multi-effect distillation .
The pump symbols in red provide a snapshot of the key applications for which VERSA has an offering .
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Seawater Intake Service
Arguably, the most important pump application in an MED or MSF plant is the seawater intake service .
Because of the relatively low recovery rate of these processes, these pumps are much larger than the ones
that may be found in an SWRO plant .
WET-PIT

DRY-PIT

SC / SCV Series

VT Series

Brine Recirculation

BRINE RECIRCULATION PUMPS

Another important application in MSF plants is
brine recirculation . MED plants also employ brine
recirculation in some cases . The most frequently
used product for this application is a TTMC pump .
Flowserve also provides pumps for brine
blowdown, distillate extraction and condensate
service . Pumps for these services may include
the VBS and TTMC Series .

VBS

TTMC
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VERSA PUMPS AND CAPABILITIES IN SWRO
As noted previously, the simple design, lower energy consumption and smaller footprint of the reverse
osmosis process have made this technology the choice for most municipal and commercial desalination
projects. The combined capability of VERSA to address all of the major pump and energy recovery
requirements makes seawater reverse osmosis particularly attractive to our business and customers.
This section contains an overview of the main processes for SWRO, followed by a summary of the major
Flowserve products used in these areas.

RO Process Applications Overview
This section focuses on SWRO . It should be noted that
brackish water reverse osmosis (BWRO) processes
follow the same principles as SWRO, but the necessary
pressure and conversion rates in the membranes are
different due to the lower salinity levels .
Seawater Intake and Filtration: This is the starting
point for desalination . There are two main intake
designs . The most common design is an open
intake where a large pipe is positioned at the sea
level about 20–100 meters from the shoreline .
The other design is referred to as beach wells . Close
to the shore line, large vertical pumps take the water
from the beach wells and pump the seawater to the
plant site . Beach wells are advantageous because
the seawater is pre-filtered to some extent . They are
less common, however, because of the destruction
of the landscape that occurs when building these
pumping stations at the shoreline .

If necessary, chemicals can be added to the
feedwater to ensure the plant operates at reasonable
recovery rates . This process can vary greatly from
location to location based on feedwater quality .
Seawater chlorination is used to avoid biological
fouling . Over time, chlorine blocks the membranes,
so a dechlorination process which injects sodium
bisulfite or metabisulfite is used to clean and protect
the membranes .
To further treat the feedwater and remove natural
organic matter, particles and colloids, plants may
employ additional steps such as coagulation and
deep media filtration . Based on water quality (pH)
and other process variables like time and velocity,
plants may also incorporate additional pretreatment
steps such as flocculation and sedimentation .
Newer, unconventional pretreatment steps might
include ultrafiltration .

Pretreatment: It is important to remove foreign
particles and organics before seawater enters
the desalination plant . RO membranes must be
protected against these particles to increase
performance and service life . Therefore, the
pretreatment process is viewed as very important
and constitutes a significant capital and operating
expense . It is often the largest performance and
operating cost variable .
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RO Process Applications Overview
Before the feedwater enters the membranes,
an additional antiscalant solution is injected to
protect membranes from scaling . As a last step,
many plants incorporate a final filtration step as
a safeguard against debris, sand or other foreign
particles that could damage membranes .
Reverse Osmosis: Feedwater is pressurized
and fed into semipermeable membranes (reverse
osmosis) . Here the feedwater is separated into a
permeate (product) stream at low pressure and a
concentrated reject stream which is still at a high
pressure . The pressure difference (ΔP) across the
membranes produces a lot of hydraulic energy
available for energy recovery . To reduce overall
power consumption, energy recovery devices are
incorporated to recover and use hydraulic energy
from the reject stream . Refer to where different ERD
methods are explained .

Post-Treatment: Industrial plants, agricultural
applications and public utilities have different
requirements for product water quality; therefore,
the post-treatment process used therein can vary .
In some cases, the first-stage process is sufficient
to achieve the water quality necessary for use . Most
often, a second-stage membrane arrangement
is used to reduce the remaining boron to an
acceptable level and further improve overall water
quality . Water stored in product tanks can be further
processed to fulfill specific industry requirements,
such as remineralization for public use .

SEAWATER
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DRINKING WATER
SUPPLY TANK

SEAWATER
INTAKE
SEAWATER CONCENTRATE IS SAFELY RETURNED TO THE OCEAN

Basic SWRO process diagram
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SWRO vs. BWRO
While SWRO and BWRO desalination operate on the same principles, there are significant differences. The table below
highlights some of the major differences.

DIFFERENCES

IMPLICATIONS

Source water differences:
• Source water for SWRO plants is surface
water from an ocean or sea .
• BWRO is usually, though not exclusively,
from saline streams or sub-surface
aquifers and artesian wells .

Submersible pumps are more important in BWRO applications than in SWRO .

High-pressure multistage pumps are key in the SWRO product portfolio .

RO driving pressure is dependent on
source water salinity.

Efficiency is extremely important in SWRO . In large plants, the membrane rack sizes are
largely determined by the availability of proven and competitive high-pressure pumps in
the market .
Opportunities also exist for critical service high-pressure valves in SWRO .
BWRO plants use IPO products almost exclusively. The high-pressure pumps are singlestage and technically less critical .
SWRO produces a higher volume of reject water (concentrate) at higher pressure,
resulting in strong emphasis on high-efficiency energy recovery devices .
CAPEX-driven projects still may consider using turbocharger or energy recovery turbine
technologies .

The desalinated water produced as
a percentage of intake source water
(recovery rate) differs.

High-pressure packages with high-pressure and ERD pumps are seen as an integrated
sub-system . SWRO is trending away from power recovery turbines and turbochargers
and toward isobaric energy recovery devices due to increasing energy costs .
Turbochargers and energy recovery turbines remain common in BWRO and small
SWRO plants .
Intake and pre-filtration systems are much larger in SWRO plants (three times larger than
BWRO) due to the lower recovery rate; the result is larger pumps and valves are used .
SWRO equipment needs to be made in duplex or super duplex stainless steels with
PREN1 >40 .

Seawater is much more corrosive than
brackish water .

Materials are a major pain point in the SWRO industry. Breakthrough non-metallic
technologies have the potential to be a major product differentiator .
The BWRO market mainly uses 316L stainless steel . Corrosion is less of a pain point,
though non-metallics are still of interest .

1 . PREN refers to Pitting Resistance Equivalence Number and is calculated from the percentages of key alloying components in the material .
PREN = %Cr + (3 .3 x %Mo) + (16 x %N)
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Pumps for SWRO
Source Water Intake Pumps
SWRO source water intake requires pumps that are
corrosion resistant and have the versatility to fit various
intake methods . VERSA offers several highly
efficient vertical and horizontal pump models with
proven performance to suit application needs .

VM

VERSA vertical source water intake pumps
include conventional line shaft or submersible motor
designs . Both options offer broad capacity ranges
to maximize system efficiency while minimizing initial
cost . VERSA also offers horizontal pumps for dry-pit
installation or space-saving vertical configurations
which provide the same premium efficiency with a
reduced footprint .
• Configurations: Wet-pit and dry-pit
• Materials: Duplex and super duplex stainless steels
• Models: SC, SCV, VT, VM

SC
VT

SCV
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Pumps for SWRO
Filtered Seawater, Low-Pressure Feed Booster, High-Pressure Feed
• Configurations: Single-stage, end suction or between bearings
• Materials: Duplex or super duplex stainless steels; non-metallic materials
• Models: SC, PF, PC, SCR, NM, V

SC

PF

SCR

PC

NM

V
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High-Pressure Membrane Feed
The heart of the SWRO system is the high-pressure
membrane feed pump . VERSA offers highefficiency membrane feed pumps, all utilizing the
latest technology and designed using computational
fluid dynamics to provide best system performance .
These critical pumps are manufactured in corrosionresistant materials to ensure long performance
life without degradation . Whether the design is
horizontal split case (SC) or ring section type (HP
or HPR), VERSA has the pump for this service .

• Configurations: Multistage, between bearings
• Materials: Duplex or super duplex stainless
steels; Alloy 885
• Models: HP, ASM, SPP

HP

ASM

SPP
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Pumps for SWRO
ERD Booster
VERSA high-pressure booster pumps are designed
to efficiently operate under SWRO system pressure
where suction conditions can exceed 60 bar (870 psi) .
VERSA offers horizontal and vertical inline designs
for these tough applications .
• Configurations: High suction pressure, end suction
or between bearings designs
• Materials: Super duplex stainless steels (PREN 40)
• Models: API-E, SCV

SCV

API-E
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High-Pressure Second Pass, Product Service, Potable Water
• Configurations: Single-stage end suction or between bearings
• Materials: 316 stainless steel or non-metallic materials
• Models: SC, PF, PC, SCR, NM, V

PF

SC

PC

SCR

V
NM
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Pumps for SWRO
Backwash and Flushing Pumps
• Configurations: Single-stage end suction or between bearings
• Materials: Super duplex stainless steels or non-metallic materials
• Models: API-E, PF, PC, NM

PF

API-E

NM

PC
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