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Membrane-based seawater desalination: Reverse Osmosis

Seawater intake Pretreatment Reverse osmosis Post-treatment
- Subsurface intake - Conventional: - Spiral wound modules - Remineralization
- Open ocean intake coagulation & filtration with high-permeability - Boron & chloride
- Membrane-based membranes removal
- Disinfection

Energy Consumption

Brine discharge

- Offshore ocean outfall

- Dilute with plant discharge
- Multiport diffuser
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Reverse Osmosis: principles

Semi- Applied Semi- Applied
permeable  pressure (Ap) permeable  Pressure
membrane membrane\ (Ap)

Dp =Dp

Osmotic equilibrium

Dp >> Dp

Reverse osmosis

4 ~ Permeate @p




The ‘Achilles heel’ —fouling...

Since the membrane acts as a separation barrier,
things tend to accumulate and stick to ité




Produced water and condensate: potential risks

Permeate quality

Incomplete rejection of heavy metals and dissolved organics
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Pb 0.77 0.0083

Cd 0.77 0.046

Cu 0.02 0.082

Hg 0.03 0.02

Ni 0.19 1.651

2018x 1.~ >s | .Uk et &l, Chédmosphere, 1999

Seawater RO membranes have >95% rejection for most of these,

with the exception of Hg (can be as low as 60%).

Rejection of uncharged hydrocarbons can be ~90%, or lessé




Produced water and condensate: potential risks

Membrane operation - fouling

Scaling by sparingly soluble salts i Fe, Cu, Pb, Cr, Ni, Hg, Cdé

A low viscosity oil such as condensate can emulsify —
creating stable droplets dispersed in the water
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