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Abstract

Domestic water supply and sewage facilities are rapidly aging and maintenance difficulties such as aging of operation
and management personnel are overlapping, so Digital Twin technology is attracting attention as an intelligent
means of process management. Digital twin projects for domestic water treatment processes include the smart
sewage treatment project promoted by the Ministry of Environment, projects independently promoted by some
local governments, and digital twin purification plant projects promoted by K-water. However, the content of
digital twin promotion is different for each institution. Therefore, in the water treatment process, technological
standardization and step—by—step implementation methods for digital twins must be preceded to reduce trial and
error in future business promotion. This study aims to provide an efficient promotion plan by prescribing the digital
twin element technology and composition method in the water treatment process and reviewing the contents
currently being promoted by the Ministry of Environment, local governments, and K—Water individually.
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Fig. 1. Configuration diagram of digital twin element technology in water treatment process.
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Table 2. The application of CFD technology in various unit processes of wastewater treatment

Unit Process CFD Application Areas of Improvement Design Considerations
Sereenin Flow and sedimentation Improved flow patterns for Optimal spacing and
& analysis better sedimentation inclination of screens
. . . Improved flow patterns for Optimal flow velocity and
Grit removal Flow and particle analysis p . bar P . Y
better particle settling inlet design
. . . Flow and sedimentation Improved flow patterns for Optimal tank dimensions and
Primary sedimentation . . : . .
analysis better sedimentation inlet/outlet design
. Flow and oxygen transfer Improved mixing and oxygen | Optimal aeration rate and
Aeration tanks . ve P . xy8 b .
analysis transfer efficiency diffuser design
. . Flow and sedimentation Improved flow patterns for Optimal tank dimensions and
Secondary sedimentation . . : ) .
analysis better sedimentation inlet/outlet design
. . . Improved membrane foulin; Optimal membrane layout
Membrane bio reactors Flow and fouling analysis b & P . 4
control and cleaning protocol
o .. . Improved mixing and organic | Optimal mixing rate and
Anaerobic digestion Flow and mixing analysis P 5 5 P . J
matter degradation tank design
. . . Improved nutrient removal Optimal flow patterns and
Nutrient removal Flow and nutrient analysis . . .
efficiency nutrient dosing strategy

Table 3. Artificial intelligence algorithms used in different applications:

AT Algorithm Application
Artificial Neural Network Prediction, classification, and control

Decision Tree Classification and prediction
Support Vector Machine Classification and regression

Random Forest Classification, regression, and feature selection

Clustering Grouping similar data points

Deep Learning Image and speech recognition, natural language processing

Reinforcement Learning Optimal control and decision—-making
Genetic Algorithm Optimization and search problems
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Table 4. The recommended artificial intelligence algorithms, learning methods, and applications for each unit

process in water treatment facilities.

Unit Process

AT Algorithm

Learning Method Application

Coagulation

Artificial Neural Network
Decision Tree, etc.

Real-time water quality

Learning from past data L .
monitoring and prediction

Sedimentation

Decision Tree

. Optimization of sedimentation
Learning from past data

Random Forest, etc. efficiency
Filtration Support Vector Machine Learning from past data Optimization of filtration
Artificial Neural Network & P efficiency

Disinfection

Random Forest
Decision Tree, etc.

Setting appropriate

Learning from past data - . .
disinfection concentration

Heavy Metal Removal

Clustering, etc.

Prediction of heavy metal

Real-time data learning .
concentration
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