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ABSTRACT 

Membrane based water treatment and desalination technologies have been gaining 
momentum in potable water production from seawater and brackish groundwater, municipal 
and industrial water reuse, as well as for management and reuse of agricultural drainage 
water. Considerable progress has been made since the early days of Reverse Osmosis (RO) 
water treatment/desalination regarding reduction in energy consumption, development of 
high performance fouling and chlorine resistant membranes, as well as improvements of in 
RO feed pretreatment. Given the increased level of water scarcity in various regions of the 
world and in particular in the Western US there has been growing efforts to expand the use of 
otherwise unutilized inland groundwater resources. Major challenges to reducing the cost of 
membrane-based water treatment and desalination technologies and their widespread 
deployment remain such as: reducing membrane fouling and mineral scaling (particularly 
with when water feed quality is temporally variable), reducing energy consumption, 
decreasing plant footprint, and reducing operational costs. Through fundamental analysis that 
considers the thermodynamic limit of RO operation and the present availability of high 
performance RO membranes it is apparent that optimal process configuration and plant 
operability (including feed pretreatment) are now the most critical elements to reducing the 
overall cost of water desalination. In addressing the above challenges, a multi-pronged 
approach will be described considering the following elements and their development from 
fundamental research to field deployment: (a) energy optimal operation of RO desalination, 
(b) membrane monitoring for early detection of fouling/mineral scaling and integration with 
plant control, (c) high recovery RO desalting of brackish water with salt harvesting, (d) self-
adaptive operation of UF and RO systems that integrates model-based process control, 
dynamic optimization, and fault detection and isolation. Various potential options to reducing 
the cost of RO desalination will be presented with a focus on flexible and robust operation 
that considers the path to high recovery and handling the variability of feed water quality. 
Examples of recent advances in the above areas will be discussed along with presentation of 
successful field demonstrations of seawater, brackish water, as well as industrial water 
treatment and reuse. 
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