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Potential Benefits

Low Energy Costs

— Can use low temperature heat
— Low cost of heat favors low total water costs

Lower Energy Use than Other Thermal Methods

— Phase change of solute, not solvent

High Feedwater Recovery
— No osmotic pressure limitation to recovery
— Pretreatment to prevent scaling will be limiting factor

Reduced Brine Discharge

May be Effective for Difficult Feedwaters

— FO uses so far: food concentration, landfill leachate treatment,
anaerobic sludge centrate treatment
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Seawater Distillation

GOR — ngater z1 . I
. ’T

Image from Wikipedia



Multi-Stage Distillation
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Single Distillation Column
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Presenter
Presentation Notes
If steam temp is 40C, then bottom of reboiler operating at approx. 37C, depending on choice of temperature approach for heat exchange operations in FO plant


Multi-Stage Column
Distillation

 Benefits from Heat Reuse Efficiencies of
MSF / MED

 Reduces Quantity of Energy Required by
60-70%

 May use Higher Temperatures than MSF
or MED (to increase range of increased
efficiency)



Multiple Column Operation
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Multi-Stage Column Distillation
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McGinnis, Elimelech, “Energy Requirements of Ammonia—Carbon Dioxide Forward
Osmosis Desalination”, Desalination, 207 (2007) 370-382.



Modeling Methods

 AspenTech Hysys Chemical Process
Modeling Software

 OLI Electrolyte Property Database (high
lonic strength)

e Draw Solution Concentrations Based on
Experimental Flux Data
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Heat Duty versus
Temperature of Heat
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Presentation Notes
This GOR calculation assumes water returned at temperature of condenser. The enthalpy difference between hot water and 35C water increases as the temperature of the steam increases.


Equivalent Work

Decreasing Steam Pressure, Decreasing Ability to do Work

Mechanical work not done by steam — ||
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Equivalent Work vs
Heat Temperature (FO MSCD)
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Comparison of Desalination Technologies
Based on Equivalent Work
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Draw Concentration vs.
Energy Use
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Adapted from: McGinnis, Elimelech, “Energy Requirements of Ammonia—Carbon Dioxide
Forward Osmosis Desalination”, Desalination, 207 (2007) 370-382.




Concluding Remarks

« Availability of heat determines best
desalination method

— If heat Is available for cogeneration, FO is likely
preferable to RO in energy cost

— If only electricity or fuel is available, RO is best

» Multiple columns useful to produce the most
water yield for a given heat source

« FO membrane performance drives energy
use of FO
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