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A B S T R AC T

This article focuses on the recent developments of forward osmosis (FO) for desalination and 
the challenges it faced. Issues discussed include membrane, confi guration, draw solution, 
integration with post-treatment, and energy and economic evaluation. In spite of the poten-
tial advantages of FO, there exist a number of technical barriers that impede FO’s application 
for water desalination. Further membrane development is needed to give high water fl ux, low 
reverse solute fl ux and material stability over the operating pH range. It is currently not eco-
nomically viable to use NaCl as the draw solute for municipal scale FO desalination in view of 
the solute loss through the membrane. Progress in post-treatment is also needed, because FO 
cannot stand as a single process, but has to be integrated with a post treatment to regenerate 
draw solution and produce desalinated water that meets the required standards. A FO–RO 
process is technically feasible, but economically unviable due to energy consideration. In order 
for FO to compete with the existing RO desalination technology, breakthrough is necessary in 
the three key areas of membrane development, selection of appropriate draw solution, and inte-
gration with a suitable post-treatment, and these need to be addressed based on a total system 
approach.
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1. Introduction

Osmosis, or forward osmosis (FO) process is a physi-
cal phenomenon known as the net transport of water 
across a semi-permeable membrane driven by a differ-
ence in chemical potential across the membrane, i.e., 
passage of water is from the lower to higher solute 
concentration side. Although the FO phenomenon was 
observed 260 y ago [1], little studies were conducted 
before the progress of membrane technology especially 

reverse osmosis (RO) was made in 1960’s. The interests 
in research on FO have increased rapidly in the past ten 
years. Fig.1. Shows a research publication trend of FO, 
based on searching results from Engineering Village.

The increasing attention on FO is mainly due to its 
potential to achieve high level of rejection for a wide 
range of contaminants without the need to apply 
hydraulic pressure for separation [2,3]. As such, FO may 
compare favorably to pressure-driven processes such 
as RO in that it may have lower demand on electrical 
energy, and potentially less foulant compaction since 
no hydraulic pressure is applied. Not surprisingly, FO 




