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Reverse Osmosis Desalination 
WHAT IS REVERSE OSMOSIS?
Desalination is the removal of dissolved salts from water. 
Desalination can take place through the process of reverse 
osmosis (RO) or distillation. In most applications, reverse osmosis 
is the most practical way of desalinating water.

OVERVIEW
Osmosis is a process found in all biological systems, resulting in 
water from a dilute solution passing spontaneously through a 
semi-permeable membrane into a more concentrated solution on 
the other side.

Reverse osmosis achieves the separation of dissolved salts and 
impurities from a water solution by means of pressure exerted on 
a semi-permeable membrane. 

The salts are unable to pass through the membrane and are 
collected in a concentrated form. 

Treated water is known as permeate and the process can be 
repeated one or more times to further concentrate the brine and 
reduce the percentage of rejected concentrate water.

Reverse osmosis desalination is the most technologically advanced 
method of purifying water from a range of sources including: 
sea, river, mains, bore, artesian or surface. MAK Water’s reverse 
osmosis systems ensure the highest levels of productivity gain, 
equipment longevity and improved water recovery.

The diagram on the next page shows a vessel with two 
compartments that are separated by a semi-permeable 
membrane. On one side of the membrane there is fresh water and 
on the other side a salt solution. 

Important Terms

The following terms which are used 
fairly consistently throughout the 
industry. Reasons for their names are 
added to make memorizing them easier:

PERMEATE  
The desalinated water is called the permeate, because it has 
permeated through the membrane.

CONCENTRATE  
The discharge to waste is called the concentrate because it has 
been concentrated as it passes through the membrane vessels. 
This discharge is also sometimes called the Reject.

FEED 
The flow entering the membrane from the high pressure pump is 
called the feed.

SYSTEM PRESSURE 
The operating pressure of the system.

FLOW CONTROL VALVE  
As the water passes through the flow control valve the pressure 
reduces to atmospheric pressure again.

RECOVERY RATIO 
The ratio of permeate flow rate to feed flow rate is called the 
recovery ratio because it denotes the proportion of product 
water recovered from the feed. It is usually expressed as a 
percentage. 

REJECTION 
The percentage reduction of salt in the permeate with respect 
to the feed supply. For example, a permeate of TDS 200 from a 
feed supply of TDS 10,000 would be referred to as a rejection of 
98%. It is dependant on both the membrane itself and the RO 
system design in general.
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OVERVIEW CONT.
By normal osmosis, water will pass from the pure water side, 
through the semi permeable membrane, into the salt solution.  
The level will fall on the left and increase on the right. 

If we close off the compartment containing the salt solution 
in Figure 1, thus restricting any increase in volume and install a 
pressure gauge as shown below, this gauge will soon read the 
osmotic pressure of the salt solution. It is this value of pressure 
that we have to overcome before reverse osmosis can occur.

OSMOTIC PRESSURE

As an example, if we placed seawater in the right hand compartment, 
the pressure gauge would quickly rise to about 2,600 kPa (about 
360 psi) and so we say that the osmotic pressure of seawater is 
about 2,600 kPa.

If we wished to produce fresh water from the seawater in this 
apparatus, we could mechanically apply in excess of 2,600 kPa 
to the right hand chamber to force the fresh water out of the 
seawater through the membrane as shown in Figure 3; in fact a 
typical Reverse Osmosis seawater desalinator uses 5-7,000 kPa 
(i.e. up to 1000 PSI) to do just this. The excess pressure over 
the osmotic pressure is utilised to overcome the natural flow 
resistance of the membrane.

For practical purposes, the osmotic pressure of salt water may be 
regarded as directly proportional to the salt concentration. 

This means that if the seawater in the above illustration was 
diluted 50/50 with fresh water, the osmotic pressure would fall to 
only 1,300 kPa, or half that of undiluted seawater. 

Conversely, if the concentration of salt doubles, the osmotic 
pressure doubles. It becomes obvious therefore, that the lower 
the salt content of the water, the easier it is (i.e. the lower the 
pressure required) to desalinate it. This is an extremely important 
point to understand.

It can readily be seen that the process described above would not 
be a practical desalinator because the salt concentration would 
quickly rise in the right hand chamber of Figure 3 as a result of the 
fresh water passing out through the membrane to the left and 
leaving the salt behind. 

This would result in a higher osmotic pressure to be overcome by 
the piston to maintain the flow and the process would quickly be 
brought to a halt when the osmotic pressure reached the applied 
pressure. One could of course stop the process, empty out the 
concentrated seawater and replace it with a further quantity of 
untreated seawater before repeating the procedure. 

This would be a cumbersome process and in practice reverse 
osmosis is carried out as in Figure 4.

Salt water is forced by the high-pressure pump along the upper 
chamber and out via the let-down valve which is set to maintain 
the desired operating pressure of the particular system. 

In passing along the upper chamber, some of the water passes 
through the membrane into the lower chamber as the product, 
leaving the salt behind. The salt concentration of the feed water 
therefore increases as it passes from left to right before being 
directed to waste, carrying the concentrated salts and other 
impurities with it. 

The actual proportion of fresh water removed from the salt water 
feed varies depending on the design of the machine and the type 
and quality of the salt water being processed. 

This ratio of the permeate flow rate to the feed flow rate is called 
the Recovery Ratio and typically varies from about 25% to 75%.
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DEMINERALISED WATER 
REVERSE OSMOSIS 

Treat fresh water to achieve high purity 
demineralised water. Standard process 

includes pre-treatment, two-pass RO  
desalination, permeate polishing with ion 
exchange or continuous electro-deioni-

sation (CEDI), and a clean-in-place (CIP) 
system for membrane cleaning. Add 

additional treatment steps as required.

BRACKISH WATER 
REVERSE OSMOSIS

SEA WATER 
REVERSE OSMOSIS

Treat sea water or high salinity ground 
water to achieve potable water 
quality. Standard process includes 
pre-treatment, RO desalination, 
auto flushing and a clean-in-place 
(CIP) system for membrane cleaning. 
Add additional treatment steps as 
required.

Treat brackish ground, surface or 
industrial water to achieve potable water 

quality. Standard process includes pre-
treatment, RO desalination and a clean-

in-place (CIP) system for membrane 
cleaning. Add additional treatment steps 

as required.
(Basic option also available) 

MAK Water RO Products

Checklist:
1. Feed water analysis available? Yes  No

Refer to addenda 1 for list of parameters for testing

2. Required treated water quality/end use: Yes No
Refer to addenda 2 for list of target parameters

3. Required treated water flow rate

(m3/24 hour day)

4. Disposal path available for brine? Yes No
(i.e. return to ocean, evaporation pond)

5.  Suitable power supply available?
(typically 3P, 415VAC)

6. Containerised plant required? Yes No
if no, is a suitable building available for installation?

7. Comments or questions?

Help us, help you.

Use this handy 
checklist to prepare all the 

information we need 
to quote you!
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FEED WATER - PROPERTIES

Temperature (min/max) °C
State min. and max. water temperature for design basis

Turbidity NTU

Total Suspended Solids mg/L

Particle distribution curve -

pH pH 

Total Dissolved Solids mg/L

Hardness mg/L

Chlorine (Cl2) mg/L
If raw water is known to be chlorinated (e.g. scheme water)

BOD (as O2) mg/L

COD (as O2) mg/L

TOC (as C) mg/L

Calcium (Ca) mg/L

Magnesium (Mg) mg/L

Sodium (Na) mg/L

Potassium (K) mg/L

Ammonium (NH4) mg/L

Barium (Ba) mg/L

Strontium (Sr) mg/L

Bicarbonate (HCO3) mg/L 

Sulfate (SO4) mg/L 

Chloride (Cl) mg/L 

Fluoride (F) mg/L 

Nitrate (NO3) mg/L 

Boron (B) mg/L 

Silica (SiO2) mg/L 

Dissolved Iron (Fe2+) mg/L 

Dissolved Manganese (Mn2+) mg/L 

Addenda 1: Feed Water properties
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TREATED WATER - PROPERTIES

End use -
State end use (e.g. drinking water / boiler feed water etc)

Flow Rate m3/day

Total Dissolved Solids mg/L

<500 for drinking water, otherwise state acceptable maximum

pH pH

6.5~8.5 for drinking water, otherwise state acceptable range

Free chlorine mg/L

0.2~2.0 for drinking water, otherwise state 0 mg/L

Hardness mg/L
Minimum hardness level required? If not, state <200 mg/L

LSI LSI

Neutral LSI required? If not state no target

Additional target 
parameters -

List here, if required (e.g. Chloride <10 mg/L etc)

Addenda 2: Treated Water properties
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Client Services

Call for a quote today
1300 669 032

makwater.com.au
info@makwater.com.au

WA
Perth 
36 Beringarra Ave
MALAGA WA 6090
T +61 8 9249 8007
 

Karratha
Bayly Avenue
GAP RIDGE WA 6714
T +61 8 9185 4118
 

NSW
Unit 28, 17 Lorraine Street
Peakhurst, NSW, 2210
T +61 2 9584 3687
 

NT
75 Woods Street
DARWIN NT 0800
T +61 8 8981 4042 
 

QLD
16/2-4 Focal Avenue
COOLUM BEACH QLD 4573
T +61  7 5455 1400
 

SA
20 Dewer Avenue
RIDGEHAVEN SA 5097
T +61 8 8395 6122 
 

VIC
17/167 Princes Highway
HALLAM VIC 3803
T +61 3 9314 9181

MAK Water are packaged plant specialists, providing industrial waste 
water, sewage and water treatment solutions in Australia and overseas. 

For more than 20 years, our solutions have been helping clients achieve 
cleaner water solutions that are both cost-effective and regulatory 
compliant. 

MAK Water offers customised water management systems, owns 
a substantial hire fleet, and provides service and maintenance for all 
types of water and wastewater treatment systems. A wide variety 
of consumables and chemicals for ongoing system performance and a 
complete range of standard products are also available.

MAK Water has built a reputation for delivering superior service and 
high performing systems, enabling clients to reduce operating costs and 
extend equipment life-cycles.

 Design
 Project Management
 Procurement 
 Manufacturing 
 Installation 
 Commissioning 

 Operation 
 Service & Maintenance
 Consumables
 Spare Parts
 Equipment Hire


