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1. Introduction 

Biogas plants (i.e., anaerobic digestion) are widely 

used for the treatment of livestock manure and methane 

recovery. Digestate, which contains a large amount of 

nutrients, is often spread on the ground of the 

neighborhood of the plants. As a result, excessive 

accumulation of nutrients in the soil becomes serious. 

In contrast, there is generally a shortage of fertilizer in 

other farming areas. Therefore, it is reasonable to 

transport the digestate generated from biogas plants to 

areas facing to fertilizer shortage. However, digestate 

is mostly comprised of water and the transportation of 

it is very costly. To transport the digestate 

economically, the volume of it must be considerably 

reduced. As an effective concentration and resource 

recovery method, forward osmosis (FO) membrane 

treatment has attracted interest1). We applied forward 

osmosis concentration system to concentrate digestate 

generated from full-scale biogas plants. FO has several 

advantages such as high solute rejection, low fouling 

propensity and low energy consumption. However, FO 

system still needs to address decreasing of water 

permeability caused by membrane fouling. To use FO 

system for concentration of wastewater, pre-treatment 

and membrane cleaning strategies are still desirable for 

the low fouling operation1). It should be noted that 

insufficient shear force would cause severe membrane 

fouling in FO2). 

In this study, some pretreatments and in-situ physical 

membrane cleanings were examined to control 

membrane fouling. Also, cross-flow velocities were 

compared to optimize the performance of FO 

membrane for concentration anaerobic digestate.  

 

2. Materials and Methods 

The lab-scale FO batch experiments were conducted. 

In all experiments, CTA-ES (FTS, Inc., USA) 

asymmetric commercial FO membrane was used. The 

feed solution was anaerobic digestate collected from a 

full-scale livestock excreta digester used in Hokkaido 

University. After collected, it was processed by 

pasteurization at 75 ℃ for 1 hour as pre-treatment. 

Subsequently, the digestate was processed sieving (420 

µm, 105 µm, and 32 µm) or centrifugation (10,000 

rpm 30 min). As the draw solution, 70 g/L NaCl (Wako, 

Japan) was used. Volumes of the feed solution and the 

draw solution were 500 ml. The circulation flow rate 

was set at 300 ml/min (31 cm/sec). The batch 

experiments were conducted for 20 hours as one cycle.  

After each cycle, both of the feed and draw solutions 

were replaced with new one. Water flux was 

determined based on the increase in mass of the draw 

solution and the effective membrane area. The osmotic 

pressure was calculated by PHREEQC Interactive 

(ver3.2.0-9820). To use this software, equilibrium 

constant and solubility product were referred from 

Udert3). The permeability of the membrane was 

obtained by dividing the permeate flux by the osmotic 

pressure difference. In this study, membrane fouling 

was assessed by the changes of permeability.  

Cleaning options 

Application of osmotic backwash and flushing were 

examined as effective membrane cleaning in this study 

and cleaning efficiencies were compared. Anaerobic 

digestate sieved by 420 µm mesh was used as feed 

solution. After each cycle, osmotic backwash and 

flushing were conducted. Flushing means cleaning 

membrane by water cross-flow. Osmotic backwash was 

reported to be effective for FO membrane. When 

osmotic backwash is applied, draw solution and ion 

exchanged water are set opposite side compared with 

concentration term and water diffuse reverse direction 

by the osmotic pressure.  

Pretreatments 

For the mitigation of membrane fouling, sieving by 

three different meshes (420 µm, 105 µm, and 32 µm) 

and centrifugation (10,000 rpm 30 min) were carried 

out, and performances as pretreatments were compared. 

Feed solution was processed by those pretreatments, 

and four cycle experiments were conducted.  

Cross-flow selection 

To optimize cross-flow velocity, four cycle 

experiments were conducted under 3 different cross-

flow velocities (31 cm/sec, 10 cm/sec, 5 cm/sec). The 

cross-flow velocity on the feed solution side were 

examined. Four cycle experiments were conducted 

without any membrane cleanings and centrifuged 

anaerobic digestate was used as the feed solution. After 

experiments, fouled membrane was subject to by SEM-

EDS. And foulant extracted from membrane surface 

was also analyzed by ICP and FT-IR. 

 

3. Result and Discussion 

Cleaning options 

Fig.1 shows the changes of initial permeability in 



each cycle. In the experiment without membrane 

cleaning, permeability decreased significantly. 

Flushing and osmotic backwash were effective to keep 

high membrane permeability even at 4th cycle (about 

88 %). Flushing provides shear force on the membrane 

surface. It removed foulant from the membrane surface. 

Osmotic backwash promoted vertical movement of 

foulants and enabled to remove it easily. These 

preferable results of two in-situ physical cleaning 

methods were due to the anti-fouling characteristic of 

FO membrane.  

Pretreatments 

Fig.2 shows the changes of initial permeability on 

each cycle. Obvious effect was not seemed when mesh 

was changed. Almost all particles in sieved anaerobic 

digestate were smaller than the diameter of mesh. 

However, even the digestate sieved by tightest mesh 

examined in this study (32 µm) contained 12,000 mg/l 

of suspended solid. Such a high concentration of 

suspended solid caused this result. Centrifugation had 

a significant effect to mitigate membrane fouling. 

About 95 % permeability was maintained even at 4th 

cycle. After centrifugation, suspended solids in 

digestate were less than 100 mg/l and the grain size was 

also less than 20 µm. These two reductions helped to 

mitigate membrane fouling. 

Cross-flow selection 

Fig.3 shows the changes of initial permeabilities of 

each cycle under the 3 cross-flow conditions. When the 

slower cross-flow velocity was applied, the lower 

membrane permeability was observed at 1st cycle. 

When slow cross-flow velocity was applied, stirring of 

the digestate in the channel was not enough. It caused 

severe concentration polarization in the channel4). 

Increase in the concentration of the digestate on the 

membrane surface corresponds to decrease in of 

osmotic pressure. Then, low cross flow velocity 

resulted in the reduction of membrane permeability. 

The permeabilities gradually decreased under cross-

flow velocity at 5 cm/s. The lack of shear force caused 

membrane fouling. When severe concentration 

polarization occurs, the concentration of anaerobic 

digestate on the membrane surface becomes thicker 

than the bulk concentration. This situation is more 

likely to induce membrane fouling. 

After experiment at 5 cm/s, SEM-EDS observation was 

conducted to investigate the membrane surface. It 

revealed that membrane surface was covered by crystal 

substances and organic matter. The crystal substances 

contained Ca and P. They were presumed to be 

hydroxyapatite. 

 

4. Conclusion 

In this study, some pretreatments and in-situ physical 

membrane cleanings were examined to control 

membrane fouling. Also, some cross-flow velocities 

were also compared to optimize the operation 

condition. Centrifugation reduced suspended solids in 

anaerobic digestate and mitigated membrane fouling 

dramatically. Flushing and osmotic backwash were 

found to be effective to maintain membrane 

permeability. Low cross-flow velocities caused 

membrane fouling by accumulation of hydroxyapatite 

and organic matter. This study showed the importance 

of proper cross-flow velocity in FO performance. 
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Fig.3 Effects of cross-flow velocities on 

permeabilities 
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Fig.1 Effects of different cleaning options on 

maintenance of permeabilities 

Fig.2 Effects of different pretreatments on 

permeabilities 
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