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Abstract— there are many natural resources, which we are 

using in our day to day life, water is one of the most 

important resources from all of them. Water is required to 

produce Energy, and Energy is required to produce potable 

water by reverse osmosis process. In this paper our main 

focus is to help in reducing the energy consumption by 

utilizing the energy stored in the reject water pressure. There 

are many methods to reduce energy consumption in various 

capacities reverse osmosis plants. Seawater reverse osmosis 

desalination plant with various energy recovery systems is 

studied using exergy analysis. These energy recovery devices 

and pressure exchangers as well as infinite area based single 

and two-stage pressure retarded osmosis units. 
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I. INTRODUCTION 

Water pollution is a major global problem which requires 

on-going evaluation and revision of water resource policy at 

all levels. Water scarcity is one of the most serious global 

challenges.Living without drinking water or in areas where 

it is difficult to obtain is a reality that many people face. 

Technology can help to improve this situation. One such 

technology is reverse osmosis, which is a process that uses 

membranes to separate salt from seawater. Typically, it uses 

pressure vessels (in parallel) housing these membranes that 

are often spirally wound. 35–50% of (potable) water can be 

recovered from seawater fed into the desalination plant. 

Other important parts of the plant typically consist of pre-

treatment, energy recovery system, pumps and post-

treatment system. There are many ways to reduce this such 

as: i) coupling the plant with other systems, ii) developing 

superior membranes, iii) using higher efficiency pumps ,and 

iv) employing new or improved energy recovery 

technologies, Commercially used energy recovery devices 

(ERD)like pressure exchanger device etc. 

A. Coupling the plant with other system 

A fluid coupling consists of three components, plus 

the hydraulic fluid: 

 The housing, also known as the shell[5] (which must 

have an oil-tight seal around the drive shafts), contains 

the fluid and turbines. 

 Two turbines (fan like components): 

1) One connected to the input shaft; known as 

the pump or impellor,[5] primary wheel[5] input turbine 

2) The other connected to the output shaft, known as 

the turbine, output turbine, secondary wheel[5] or runner 

The driving turbine, known as the 'pump', 

(or driving torus) is rotated by the prime mover, which is 

typically an internal combustion engine or electric motor. 

The impellor's motion imparts both outwards linear and 

rotational motion to the fluid. 

The hydraulic fluid is directed by the 'pump' whose 

shape forces the flow in the direction of the 'output turbine' 

(or driven torus). Here, any difference in the angular 

velocities of ‘input stage’ and ‘output stage’ results in a net 

force on the 'output turbine' causing a torque; thus causing it 

to rotate in the same direction as the pump. 

The motion of the fluid is effectively toroidal - 

travelling in one direction on paths that can be visualized as 

being on the surface of a torus: 

 If there is a difference between input and output angular 

velocities the motion has a component which is circular 

(i.e. round the rings formed by sections of the torus) 

 If the input and output stages have identical angular 

velocities there is no net centripetal force - and the 

motion of the fluid is circular and co-axial with the axis 

of rotation (i.e. round the edges of a torus), there is no 

flow of fluid from one turbine to the other. 

B. Developing Superior Membranes 

This research is expected to benefit the desalination industry 

by lowering the energy cost and membrane area required; 

simplifying pre-treatment processes; providing lower 

membrane maintenance costs; potentially achieving single 

pass RO desalination; and increasing plant capacity. In 

summary it promises to make signifi- cant reductions in both 

capital investment and operating costs. The development of 

polymeric membrane materials has gone through three main 

stages: (i) empirical trial-and-error testing of polymers; (ii) 

selecting suitable polymerisation reactants based on a better 

understanding of polymer chemistry; and (iii) closely 

monitoring membrane morphology with the aid of advanced 

characterization tools. Despite major earlier breakthroughs 

such as the Loeb-Sourirajan asymmetric membrane (1960s), 

fully cross linked aromatic TFC membrane (1970s to 

1980s), and controlling morphological changes by 

monitoring polymerisation reactions (1990s), the 

evolutionary improvement of a commercial RO membrane 

has been rather slow during the first decade of this century. 

Another key limitation of commercial RO membranes is the 

degradation by chlorine, which requires de-chlorination of 

the RO feed and rechlorination of the RO permeate. 

Furthermore, excessive pressure is required to overcome the 

resistance arising when membranes become fouled. The 

evolutionary improvement of membranes solely prepared 

from polymeric materials seems to be approaching 

saturation. 

Whilst nanotechnology is leading the way in the 

development of novel RO membranes for desalination, there 

are many fundamental scientific and technical aspects that 

have to be addressed before the potential benefits may be 
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realized. An example target is the development of single-

pass RO using multifunctional membranes, eliminating the 

need for pre-treatment. At this stage these novel 

technologies are still too expensive for practical application, 

and hence the development of novel RO membranes with 

improved salt rejection and permeability at a reasonable cost 

is still the key focus of RO desalination technology. 

C. Using Higher Efficiency Pumps 

It is clear that contractors involved in desalination business 

are already asking for high efficiency pumps, but we in 

Sulzer think that it is important for contractors to know how 

they can ask for that most efficient pump. The target of this 

presentation is to teach contractors about some basic 

principles (specific speed, suction specific speed and NPSH) 

of a centrifugal pump design that can affect to the right 

pump selection, not only in order to increase pump 

efficiency, but also to be able to keep efficiencies values 

through pump life cycle, decreasing maintenance periods 

too. Additionally, comparison between two different plants 

concepts, separated feed lines or common pressure centre, 

will be shown with different examples depending on plant 

size, indicating in every case the achievable efficiency. 

D. Used energy recovery devices (ERD) like pressure 

exchanger device 

The power required to drive the high-pressure pump(s) is 

typically the largest component of the operating cost of 

SWRO systems. Most of the pressure energy in the 

feedwater flowing to the SWRO membranes leaves the 

membranes with the brine reject water. A number of devices 

have been developed to recover pressure energy from the 

brine reject stream. These ERDs fall into two general 

categories: centrifugal and isobaric devices. Centrifugal 

ERDs, including Pelton wheels, turbochargers and reverse-

running pumps, are limited in capacity and have a maximum 

net transfer efficiency of approximately 82%. Furthermore, 

these devices are usually optimized for a narrow range of 

flow- and pressure-operating conditions such that their 

efficiency declines with seasonal or operational changes. 

Isobaric ERDs, including piston-type work exchangers and 

the rotary PX Pressure Exchanger™ device, provide 

unlimited capacity and a maximum operating efficiency of 

approximately 97%. The positive displacement pressure 

transfer mechanism used in these devices is similar to that in 

reciprocating pumps and assures high efficiency despite 

flow and pressure variations. Higher ERD capacity is 

achieved by operating multiple units in parallel, similar to 

membranes. In addition, SWRO systems with centrifugal 

ERDs require high-pressure pumps sized to handle the full 

membrane feed flow. In SWRO systems with isobaric 

ERDs, the ERD provides only the brine portion of the feed, 

thus the high pressure pump pressurizes only the quantity of 

water that results in permeate. 

II. CONCLUSIONS 

These all are the methods of energy recovery for various 

capacities reverse osmosis plant. All have its own 

advantages as according to its use. Energy recovery devices 

would be economically beneficial in most reverse osmosis 

systems. In contrast to seawater RO applications, the 

successful application of ERDs to brackish applications 

requires detailed analysis of the entire RO system. It’s 

indicated clear advantages for the application of ERD 

technologies without optimizing membrane projections to 

take advantage of the ERD. The energy cost savings and 

operating improvements will be even greater if all parts of 

the RO system, including membrane and pump designs, are 

considered in conjunction with ERD selection. So the 

outcomes must be in profit with the energy recovery in 

various capacities reverse osmosis plants. 
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