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Abstract — The production technology of desalination and extracting mineral salts and other extracts from deep
seawater concentrates has been studied worldwide for sustainable supply of fresh water and high value-added
industries. This industry has evolved itself through various types of technologies from generation to generation
starting with the thermal-based method (1st generation), reverse osmosis (2nd generation), and membrane desali-
nation (3rd generation), etc. These technologies respectively have a certain degree of concentration limit. Thus,
facilitating multiple concentrate methods is inevitable for industries that handle a high portion of seawater concen-
trates. Especially, for the salinity from 7% to 11%, oil/electrical heaters are mainly used in industries to vaporize
and increase the salinity of the feedwater. However, this method costs a considerable price of electricity/oil and
loss of vaporized steam (which could be turned into desalinated water) when it comes to a significant amount of
mineral extraction. To improve this situation, a performance evaluation of a lab-scale VMD (Vacuum Membrane
Distillation) module is used to concentrate 7% feedwater to 11% feedwater and freshwater production. The desali-
nated water components, 11% concentrate and performance data results of the lab-scale VMD module are exam-
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ined. Results show that the VMD showed a power consumption rate for 0.36 m* feedwater concentration while the
evaporation method using a coal oil boiler with 90% efficiency showed 0.098toe, which lead to approximately

50% price saving.
Keywords: Vacuum Membrane Distillation(%! 3 9}
& F3), Chiller(3-2%), Deep seawater(3l| 1 5)
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Fig. 1. Process of deep seawater concentration.
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Fig. 2. Schematic diagram of Vacuum membrane distillation.
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Table 1. Specifications of VMD module

Category Specification Unit
Membrane specifications
Inner diameter 0.8 mm
Outer diameter 1.6 mm
Thickness 0.4 mm
Pore size ~0.2 um
Porosity ~45 %
Hydrostatic pressure 0.25 MPa
Module specifications

Membrane module size 4 inch
Membrane length 500 mm
Vacuum degree -0.095 MPa
Fresh water production 10 L/h
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Fig. 3. Schematic diagram of VMD system experiment.
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Table 2. Specifications of chiller module

Category Cooling Heating
Supply temperature (C) 10 75

Capacity [kcal/h] 16,340 28,552
Pump flow rate [L/min] 51 51

Table 3. Specifications of VMD experimental apparatus

Category Specification Unit
Concentrate water tank 400 L
Distillate water tank 50 L
Concentrate water pump 40.73 L/min
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