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pilot and full-scale operations

Nayoung Parka, Hyungsoo Kima, Yongsoo Leeb, Yongjun Choic,*, Sangyoup Leea,*
aDepartment of Water Resources, Graduate School of Water Resources, Sungkyunkwan University, 2066 Seobu-ro, Jangan-Gu, 
Suwon, Gyeonggi-do 440-746, Republic of Korea, Tel. +82-31-290-7542; Fax: +82-31-290-7549; email: sangyouplee@skku.edu 
bDepartment of Civil and Environmental, Engineering Graduate School of Hanyang University, 222, Wangsimni-ro,  
Seongdong-gu, Seoul, Republic of Korea 
cSchool of Civil and Environmental Engineering, Kookmin University, Jeongneung-Dong, Seongbuk-Gu, Seoul 136-702,  
Republic of Korea, Tel. +82-2-910-4529; Fax: +82-2-910-4939; email: choiyj1041@gmail.com

Received 4 January 2021; Accepted 1 April 2021

a b s t r a c t
Prediction of ultrafiltration membrane fouling using statistical models has been investigated. 
Statistical models employed in this study include artificial neural network (ANN), genetic 
programming (GP) and M5P tree model. Data obtained from pilot-scale (A plant) and full-scale 
(B plant) membrane plants were used for training and testing models. Fouling prediction by the 
classic Hermia model was also carried out for comparison with the statistical models. The Hermia 
model is used for simple estimating membrane fouling by data fitting but can provide information 
on the cause of membrane fouling according to the fitting trend. On the other hand, the statistical 
models can be used to predict the actual degree of membrane fouling rather than simple data fitting; 
however, these models do not provide information on the causes of membrane fouling. Therefore, 
complementary studies are possible by using these two types of models together. The ratio of the 
number of training and test data was varied to be 8:2, 6:4, 4:6, and 2:8 for prediction error control. 
As a result of applying the Hermia model, the ratio of training data to test data can be predicted 
up to around 8:2. Reliable predictions have been obtained up to the ratio of 4:6 in the ANN model, 
6:4 in the GP model and 4:6 in the M5P tree model. Except for the summer period where the cor-
rected trans-membrane pressure (TMP) at 25°C was unstable (in the full-scale plant B), the reli-
able prediction was obtained up to the ratio of 2:8 for the ANN model, 4:6 for the GP model and 
6:4 for the M5P model. It has been demonstrated that the statistical models can make acceptable 
fouling predictions despite a small number of training data in both the pilot-scale and full-scale 
plant. In addition, the time for membrane cleaning can be scheduled in advance as the models also 
predict the proper cleaning time in combination with fouling prediction.
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