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Cleaning strategies for reverse osmosis membranes fouled 
with swine wastewater 

Fouling resistance modelling

Swine manure is a valuable source of nitrogen, phosphorus and potassium that can be used as a fertilizer in agriculture (1). Due to its high water content and unbal-

anced nutrient distribution, solid-liquid separation can be a good strategy to obtain a solid fraction rich in phosphorus and a liquid fraction rich in nitrogen and potas-

sium, which can be concentrated by reverse osmosis (RO). The main disadvantage when using reverse osmosis is fouling, namely fouling resistance (Rf). Masse et al. 

(2) reported that Rf of RO membranes processing swine wastewater tended to increase with increased feed conductivity or volumetric concentration level. The fouling 

resistance (Rf) accounts for a variety of phenomena such as concentration polarization, gel layer formation, and cake attachment to the membrane surface. 
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Effect of chemical cleaner and cleaning step 

I) To measure and model foulant accumulation on thin-film
polyamide RO membranes processing swine wastewater.

(II) To evaluate the efficiency of three cleaning strategies (SDS, a mixture
of SDS and EDTA and NaOH at high pH and temperature) to remove
foulants and restore flux on RO membranes

PARAMETER 
SWINE 

WASTEWATER 

pH 6.76 

DM (%) 6.1 

Conductivity (mS/cm) 15.9 

TAN (g/L) 1.66 

ITEM Reverse osmosis experiments 

Membrane material Polyamide spiral wound 

Membrane model SW30, DOW FILMTECTM 

Membrane area 7.4 m2 

Salt rejection 99 % 

Operating pressure 50-60 bar

Operating feed velocity 4.4 cm·s-1

Operating Temperature 20 oC 

Reverse osmosis experiments using swine wastewater 

1. Fouling step

 Swine slurry was separated using a mechanical, in-barn, solid-liquid 
sepa-ration system (characteristics in Table 1)

 Fouling tests consisting of concentration and full recycling steps 
were performed (Table 2)

 2. Cleaning step (Table 3)

A) Membrane rinsing with tap water

B) Hot water cleaning (30 min, 40oC)
C) Chemical cleaning with SDS, EDTA and NaOH (1-2 h, pH 11-12 

and 35-40oC depending on chemical used) 

Fouling  - daily cleaning sequence 

1.Initial Water test (30min)
2.Pre-cleaning (with the corresponding cleaner) (30min)
3.Concentration - Filtration tests (20h)
4.Flushing (4min)
5.Hot water cleaning (30min, 40oC)
6.Chemical cleaning (1-2h, pH 11-12 and 35-40oC)
7.Water tests (30min)

Reverse osmosis setup
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   CONCLUSIONS

Concentrate 

Figure 1: Feed (left), RO concentrate (centre) and permeate (right) 

Permeate 

 Most of the fouling occurring during RO swine wastewater processing is due to
the formation of a transient gel layer and concentration polarization that is re-
moved when rinsing the membrane with water.

 Most of the initial permeation flux could be reestablished by combining all four 
cleaning steps, i.e. rinsing, hot water, chemical cleaning and soaking, regardless 
of the cleaning strategy used. The addition of EDTA to the SDS cleaning solution 
did not further improve membrane flux recovery. 

 The chemical cleaning efficiency can be enhanced by a weekly soaking period
to remove recalcitrant foulants to chemical cleaning.

Figure 2: RO pilot plant 

Table 1:  Swine wastewater composition 

Table 2: Membrane characteristics and experimental condi-
tions during fouling 

Figure 4:  Fouling resistance measured during two typical fouling cycles on day 1 and 4, respective-
ly. The arrow represents the end of the concentration period and the beginning of the full-recycling 
mode period.  

Figure 3: Flux recovery of membranes fouled with swine wastewater for each cleaning strategy; 
error bars represent the 95% confidence interval based on the standard error; within each clean-
ing step (i.e. rinsing, hot water and chemical cleaning), bars with the same letter during the 
same cleaning step are not different at p < 0.05.  

Effect of chemical cleaning and cleaning day

Feed 

Cleaning step Conditions 

Flushing Tap water at 20oC 

Hot water DI water, 40oC 

Chemical cleaning 

- NaOH 35oC, pH 12, 2h 

- SDS or SDS/EDTA 40oC, pH 11, 1h 

Table 3: Membrane cleaning procedure 

* where Rf,t is fouling resistance at time t; A (m
-1

), B (h
-1

 m
-1

), and C (cm mS
-1

 m
-1

) are
the model parameters ; t is time (h); and Λfeed,t is the feed conductivity at time t 
(mS·cm

-1
).  

Equation 1: Semi-empirical model* 
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Figure 2:  Flux recovery of membranes fouled with swine wastewater for each cycle day; error bars repre-
sent the 95% confidence interval based on the standard error; within each cleaning step (i.e. rinsing, hot 
water and chemical cleaning), bars with the same letter during the same cleaning step are not different at 
p < 0.05.  

𝑅𝑓 ,𝑡 = 𝐴+ 𝐵(𝑡) + 𝐶(𝛬𝑓𝑒𝑒𝑑 ,𝑡) 

 Rapid increase in Rf during the concentration period (left of ar-
rows on Figure 3), mainly caused by concentration polarization 
and gel layer thickening as swine wastewater was increasingly 
concentrated (3). 

 During the full-recycle period (right of arrows on Figure 4), there
was a slow but steady increase in Rf, suggesting an increase in
the thickness of the fouling layer with time, without significant
differences between the four cycle days or the three cleaning
strategies.

 Rf at the end of the concentration period (at arrow on Figure 3)
was only slightly higher on day 1 than on the other three days,
suggesting that, during that period, fouling was mainly a function
of wastewater strength.

𝑅𝑓 ,𝑡 = 𝐴+ 𝐵(𝑡) + 𝐶(𝛬𝑓𝑒𝑒𝑑 ,𝑡) 

 Flux recovery after rinsing higher on days
3 and 4 for all cleaning strategies.

 Flux recovery after hot water cleaning
higher on day 4

 Flux recovery after chemical cleaning in-
creased with cycle days

 Soaking the membrane for 3 days in per-
meate water increased flux recovery by
an average of 3.9% ± 2.3 % for all clean-
ings.

 Most of the initial permeation flux could
be reestablished by combining all four
cleaning steps, i.e. rinsing, hot water,
chemical cleaning and soaking.

 Flux recovery after rinsing higher
when using SDS chemical than with
NaOH.

 Cleaning with hot water further in-
creased flux, being significantly
higher when SDS was used as a
cleaning agent. 

 After chemical cleaning, flux recov-
ery averaged 99% for all cleanings
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