
Desalination and Water Treatment 
www.deswater.com
1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2012.3016

*Corresponding author.

42 (2012) 295–303
April

Calculation of energy consumption for crossfl ow RO desalination processes

Cui Liu, Ken Rainwater, Lianfa Song*
Department of Civil and Environmental Engineering, Texas Tech University, 10th and Akron, Lubbock, TX 79409-1023, USA
Tel. +1 806 742 3598; Fax: +1 806 742 3449; email: lianfa.song@ttu.edu

Received 2 June 2011; Accepted 1 November 2011

A B S T R AC T

Reverse osmosis (RO) is an energy-intensive technology and consistent efforts have been made 
to reduce energy requirement of the technology in order to make it a more affordable means of 
water supply. There is an urgent need for a more accurate quantifi cation of energy consump-
tion in the crossfl ow RO process because it is the predominant confi guration used in water 
desalination and purifi cation. The energy required in the crossfl ow RO desalination processes 
is affected by a complex set of parameters or variables, including raw water quality, membrane 
property, operating requirements such as permeate fl ux and water recovery, as well as option of 
energy recovery device in the concentrate stream. The crossfl ow RO process is fundamentally a 
heterogeneous system that can only be well defi ned with the localized variables for the salt con-
centration, cross fl ow velocity, and permeate fl ux along the membrane channel. A theoretical 
framework was developed in this study for a more accurate quantifi cation of energy consump-
tion in the crossfl ow RO process by rigorously treating the process as a heterogeneous system 
as it is. An inverse problem was fi rst solved to determine the driving pressure for a RO process 
of given set of conditions. The resulted pressure was then used to calculate energy consump-
tion in the RO systems either with fully energy recovery from the concentrate stream or without 
energy recovery at all. It was demonstrated that the energy consumptions in both RO systems 
were limited by mass transfer mechanism at low water recoveries but was controlled by ther-
modynamic restriction at high recoveries. The specifi c energy (energy consumption for per unit 
volume of permeate) was calculated for seawater and brackish RO processes for wide ranges of 
water recovery while the permeate fl ux was maintained constant at different levels. The specifi c 
energy for the RO system with concentrate energy recovery was observed to increase with both 
increasing permeate fl ux and increasing recovery. However, there was a minimum at a particu-
lar recovery in the specifi c energy for RO system without concentrate energy recovery and the 
minimum specifi c energy shifted to the high recovery end with increasing permeate fl ux.
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1. Introduction

Reverse osmosis (RO) is one of the most promis-
ing technologies to meet the ever increasing world-
wide demand for water supply of adequate quality in a 

foreseeable future because of its ability to produce high 
purity potable water readily from the unconventional 
water sources, such as seawater, brackish water, and 
treated wastewater [1,2]. As an energy intensive pro-
cess, energy cost is usually one of the major cost compo-
nents of RO processes [3,4], which can easily be counted 
for over 50% of the total cost in seawater desalination. 
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