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•  Conclusions 
–  Can nanotechnology fundamentally change energy 

consumption in desalination? 
• Maybe, but we probably need to change the way we do 

desalination to best leverage the benefits… 

•  How did I arrive at this conclusion? 
–  Concepts and pitfalls associated with: 

•  Inorganic-organic nanocomposite membranes 

•  Hybrid protein-polymer biomimetic membranes 

•  Aligned carbon nanotube membranes 

•  How might nanotechnology best be leveraged to 
improve water treatment membrane technology? 



















pf /pd ratio of 
11.9, in good 

agreement with 
experimentally 
measured ratio 

of 13.2 for AQP1 
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•  FIELD OF THE INVENTION 
–  The present invention relates to a novel biomimetic water 

membrane comprising functional aquaporin channels or 
tetramers of aquaporin channels, suitable for transporting 
water from one side of the membrane to the other side, 
driven by an osmotic pressure gradient. Pressure retarded 
osmosis will be used in the production of salinity power. 

–  By this we use the principles of nature to produce pure 
and environmentally friendly energy. 

•  (WO/2007/033675) BIOMIMETIC WATER MEMBRANE COMPRISING 
AQUAPORINS USED IN THE PRODUCTION OF SALINITY POWER 
–  Aquaporin A/S 
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Y = 45%  

SEC = 3.7 kWh/m3 

Y = 45%; SEC = 3.8 kW-h/m3 

Aquaporin performance 
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Source: UCLA WaTeR Center 



Fouling: an undesirable change 
in separation performance due 
to accumulation of insoluble 
matter at membrane surface 
and/or within membrane pores 

Practical 
•  reversible / irreversible / unrecoverable 

Mechanistic 
•  internal (pore plugging, chemical degradation)  
•  external (cake, biofilm, and scale formation) 

Origin/nature  
•  inorganic (CaCO3, CaSO4, BaSO4, silicates, oxides, clays) 
•  organic (humic/fulvic acids, biopolymers) 
•  microbial (bacteria, algae, exopolymers) 
•  dissolved, colloidal, particulate 

Cake/Biofilm Formation Scale Formation 
resulting from heterogeneous 

crystallization of sparingly soluble 
mineral salts on the membrane surface 

resulting from convective deposition of 
colloids, organics, and microbes (and 
growth) on the membrane surface 

SEM images courtesy of UCLA WaTeR Center 
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AWT System at OCWD (GWRS) 
•  1° clarification 
•  biological AS 
•  2° clarification 
•  b.p. chlorination 
•  MF/H2SO4/AS 
•  RO (3:2:1) 
•  UV/H2O2 

@ OCSD 

@ OCWD 
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Tunable permeability and selectivity 

•  Nanotechnology-based membranes offer potential for: 
–  New degrees of freedom in designing RO membranes by 

(independently) engineering polymer and nanoparticle phases 
–  Tailoring, independently or in concert, separation performance, 

interfacial properties, and fouling resistance 
–  More efficient and effective process designs by strategically 

locating tailored elements throughout a RO system 
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