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Abstract 
Membrane biofouling is the most challenging operational impediment to successful seawater reverse 
osmosis (SWRO) desalination. Membrane biofouling, caused by bacteria and organics in the seawater, 
reduces the membrane permeability (flux) and leads to higher operational pressure (specific energy cost). 
The ability to remove the bacteria and organics from the seawater feed is usually monitored by particulate 
fouling indices, such as silt density index (SDI) and the modified fouling index (MFI). Although these 
indices may indicate successful removal of organics and bacteria from the seawater feed, biofilm formation 
on the SWRO membranes still occurs. What this indicates is that indices, like SDI and MFI which monitor 
pretreatment effectiveness, are not useful in monitoring membrane biofouling. 
 
A more effective monitoring of SWRO membrane biofouling, other than SDI and MFI, is the use of 
monitoring membrane CP. There has been shown that CP has a direct correlation to membrane biofouling. 
As the membrane CP increases, bacteria begin to aggregate to form protobiofilms that are deposited onto  
the membrane surface and block the membrane pores which decreases the membrane permeability (flux) and 
increase the operation pressure. This deposition of the bacterial aggregates further enhances the CP resulting 
in a biofilm enhanced osmotic pressure (BEOP) effect.  
 
In SWRO desalination, most installations are single-staged plants consisting of pressure vessels (PV) with 6 
– 8 membranes per PV. Since CP controls biofilm formation, there exists a critical CP of between 1.11 and 
1.13 in SWRO that affects the fouling rate. An increase in CP above these critical CP values results in an 
increase in the rate of clean-in-place (CIP) treatments. Membrane CP is affected by the permeability of the 
membrane, the recovery rate (flux) and membrane crossflow velocity. In single-stage SWRO, recoveries 
must be below 40% in order to stay below the critical CP value and control membrane biofouling rate. 
 
To make SWRO cost-effective, recoveries must be between 50-70% which can only be attained by utilizing 
a bi-turbo brine-stage design, which keeps the recoveries in both stages below 40% and attains the lowest 
SEC along with controlling membrane biofouling. Brine-staged SWRO facilities now in use have 
demonstrated that recoveries up to 70% can be attained without the occurrence of any membrane biofouling, 
while achieving the lowest SEC. 
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