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abstract
Reverse osmosis (RO) water desalination is now well established as a mature water desalination 
technology. With the current generation of seawater and brackish-water RO membranes, it is now 
both economically and technically feasible to desalt brackish water and seawater on a large scale. 
In order to further expand the applications of RO desalting technologies, optimal process condi-
tions must be selected to minimize water production costs associated with energy consumption, 
membrane replacement costs, chemical usage, and residual brine concentrate management. In the 
present review, a multi-pronged process-optimization approach for reverse osmosis desalination 
is presented. A theoretical framework discussed for optimizing energy consumption with and 
without energy recovery devices (ERDs), considering the impact of membrane replacement and 
brine management costs. The approach enables quantification of the optimal water recovery of RO 
desalting, considering various factors including the use of energy recovery devices, the topological 
arrangement of membrane modules (e.g., single stage, multi-stage and multi-pass processes), and 
the costs associated with membrane replacement, brine treatment and brine disposal. Comparative 
analyses of single vs. two-pass RO desalting operation subject to temporally varying feed salin-
ity were carried out to demonstrate operational approaches for minimizing the specific energy 
consumption. In addition, the roles of brine treatment and disposal was analyzed to demonstrate 
the potential for optimizing RO desalting cost while taking into account the constraints imposed 
by antiscalant effectiveness against membrane scaling and the associated brine management chal-
lenge. The present analysis concludes that further reduction to RO desalination cost is less likely to 
arise from the development of membranes with higher permeability than the current generation, 
but is more likely to arise from optimal process configuration and control schemes, utilization of 
low-cost renewable energy sources, improvements in membranes’ fouling resistance and rejection 
with respect to specific contaminants, and developments of less-chemical intensive feed and brine 
treatment strategies. 
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