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Motivation: By 2025, 60% of the population will inhabit water stressed areas [1]. Seawater and saline aquifers make up 97.5% of Earth’s water making

reverse osmosis (RO) desalination an attractive process to produce potable water. However RO has drawbacks: (1) High energy requirements and costs; (2)

High fouling propensity; (3) Loss of production time due to cleaning and discharge of harmful cleaning chemicals to the environment. Forward osmosis may

eliminate these drawbacks as illustrated in Fig. 1. In this FO process, two liquids are separated by a membrane (Fig. 2) and water permeates from the

wastewater feed solution of low osmotic pressure to the seawater draw solution of high osmotic pressure. FO is susceptible to fouling by contaminants present

in the feed, although due to lack of pressure it is less severe than RO fouling. To enhance water permeability and contaminant rejection, the protein aquaporin

(Fig. 3) has been embedded in polymeric FO membranes. This is a selective water channel forming protein where water molecules are transferred through the

aquaporin protein pore and ionic species are rejected.

Materials & Methods:
Experiments were carried out in the setup shown in fig.

4. For each experiment: Flowrate = 0.9L/min. Pressure

= 0.23 bar. T = 20oC
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Results:

AIM: To investigate the performance of aquaporin membranes in terms of …
1. Permeate flux : permeate water produced per unit area of membrane;

2. Contaminant rejection: capacity of the FO membrane to reject contaminants present in wastewater and seawater;

2. Fouling: propensity of FO membranes to foul from contaminants present in wastewater and seawater reducing membrane performance

3. Chemical free cleaning via osmotic backwashing: periodically swapping the FO solutions to reverse the permeate flux and remove fouling by backwashing
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Figure 2: Forward osmosis operation Figure 3: Water transfer through aquaporin pore [2]

The increasing osmotic pressure difference between the feed and the draw

results in an increase in permeate flux. The aquaporin based membrane

can out perform the traditional polymeric FO membrane. For a DS of 1M

NaCl the average flux is 7.75 L/m2h whilst Hancock et al. [3] report a flux of

5 L/m2h under the same conditions using a traditional polymeric FO

membrane without aquaporin.
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Fig 6. Membrane active layer (AL)

Alginic acid, a common polysaccharide foulant in wastewater, reduced

the permeate flux by 35% showing that significant fouling has occurred.

Osmotic backwashing reversed effects of fouling (restored 98% of initial

flux), showing a high recovery and removal of foulant from the membrane

surface. Mosta et al. [4] achieved similar results using a traditional FO

membrane.

Conclusion: 
• The Aquaporin InsideTM membrane achieves a higher permeate flux than 

traditional FO membranes.

• The membrane suffers from organic fouling with alginic acid. 

• Backwashing is an efficient method of cleaning the membrane.

Membrane = Aquaporin InsideTM

The dense active layer contains the 

aquaporin protein and is the 

selective layer (Fig 6). Fig 4. FO bench scale set-up
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Figure 4:

1. The feed and draw are held in tanks.

2. The solutions are weighed on balances to measure

permeate water flux.

3. The pumps circulate the solutions through the FO cell

and back to the tanks.

4. The cell containing the membrane (see fig 5). Here,

both solutions come into contact with the membrane.

Figure 8: FS: 200mg/L alginic acid and 0.5mM CaCl2; DS: 0.7M NaCl 

(seawater concentration) ; fouling duration: 24 hrs; Backwashing: 

duration: 1 hr; FS = deionised water; DS: 0.7M NaCl

Figure 7: Permeate flux variation with DS concentration. FS = 

Deionised water.

Future Work:
• Optimise backwashing conditions such as duration and solution 

concentrations.

• Test multiple fouling and cleaning cycles to assess cleaning 
efficiency of backwashing.
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Figure 1: Benefits of forward osmosis


