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Abstract

In response to escalating climate change and water scarcity, smart wastewater
treatment is a key strategy for sustainable water management. This study exam-
ined the A Wastewater Treatment Plant, using high-frequency continuous moni-
toring data and a range of machine learning models-including linear regression,
random forest, and gradient boosting-to evaluate the impact of data quality,
downsampling, and time-lag treatment on predictive performance. Results show
that outlier removal and sensor calibration increased R2 to 0.977, and a voting en-
semble model with 60-minute downsampling reduced MAPE to 5.4%, further op-
timized to 4.7% under an 11-hour lag. Trends in AloT and digital twin applications
underscore the importance of data quality assurance, model interpretability, and
cross-site data sharing. This study demonstrates the critical value of high-quality
data and multi-model integration in smart wastewater management and proposes
a digital twin —reinforcement learning optimization framework as a practical and

globally relevant reference.

Keywords : smart wastewater treatment, data quality, downsampling, machine

learning, digital twin
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Abstract

This study elaborated on the results of Al empowerment technologies in wa-
ter resource management systems, this article also shared the experience of build-
ing Al empowerment of sewage and wastewater treatment plants, hoping to lay a
foundation for the development direction of smart water services. In addition to
providing operation and maintenance management solutions and improving op-
erational management performance, Al empowerment of sewage and wastewater
treatment systems can reduce operational management risks and create opportu-
nities for low-carbon and green transformation. It can help sewage and
wastewater treatment systems accelerate dual-axis transformation, drive net-zero
carbon emissions, and move towards ESG sustainable development goals.

Keywords : Al empowerment, smart water, Net-Zero emissions, dual-axis trans-

formation, ESG sustainable development goals.
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Abstract

The Taichung City Government is actively promoting household sewer con-
nection projects, with the Water Resources Bureau adhering to core principles of
"systematic planning, phased implementation, and comprehensive public service."
By integrating Geographic Information System (GIS) and Management Infor-
mation System (MIS) technologies, a visualized management platform has been
developed to enhance policy transparency and operational efficiency. This plat-
form consolidates project management, data integration, progress tracking, and
multi-layered graphical analysis, enabling authorities to track project advance-
ments in real-time, reduce manual workloads, and ensure timely completion.
Moreover, the system incorporates reminder functions and spatial analysis to en-
hance management efficiency. A sequential mapping tool for household sewer
connections provides an intuitive visualization of policy outcomes and reinforces
public confidence. Going forward, the city government plans to further optimize
its management approach by refining data integration, incorporating historical
project data and household registration updates to enhance the precision. In ad-
dition, efforts will be made to accelerate household sewer connection construc-
tion and promote water resource recycling, fostering a sustainable and healthy ur-
ban environment while fully realizing the citizen-centered governance approach.

Keywords : Taichung City, sewer system, household sewer connection, GIS
(Geographic Information System), MIS (Management Information

System)
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Abstract

The construction of sewage systems is a key infrastructure for urban develop-
ment and a crucial indicator of competitiveness, affecting sanitation, water re-
source circulation, and industry. With climate change and water shortages,
wastewater management now extends beyond treatment and discharge, focusing
on carbon reduction, energy efficiency, sludge reuse, and smart monitoring. These
efforts promote recycled water use and smart water management to ensure sus-
tainable water supply and industrial stability. The Fengshan Water Resources Cen-
ter in Kaohsiung City has implemented remote water quality monitoring and CCTV
license plate recognition to detect illegal discharges and pipeline anomalies, en-
hancing the stability of supply facilities. The system could help the development of
re-claimed water in Taiwan’' s circular economy, integrate |oT, cloud computing,
big data, and Al for predicting wastewater treatment efficiency and operational
stability, highlight the value of smart water management. Looking ahead, sewage
systems will advance in alignment with global net-zero trends. Governments and
industries must strengthen smart water management, drive innovation in recycled

water technology to build a resilient and sustainable water resource system.

Keywords : Reclaimed water, monitoring for early warning, circular economy,
Water Resilience
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Abstract

To achieve net-zero emissions by 2050 in Taiwan, the National Land Manage-
ment Agency plans to develop device verification requirements for high-energy-
consuming units, such as assessing the oxygen transfer efficiency of diffusers dur-
ing aeration in wastewater treatment plants (WWTPs). This study summarizes key
parameters influencing aeration efficiency through a literature review and evalu-
ates the hydrodynamic mixing patterns and corresponding oxygen transfer per-
formance under various flow rates and aeration densities. These evaluations were
conducted using both pilot-scale tests (ina 1.5 m x 1.2 m tank with a height of 7
m) and Computational Fluid Dynamics (CFD) simulations. The results indicate that
both the Standard Oxygen Transfer Rate (SOTR) and the Standard Oxygen Transfer
Efficiency (SOTE) are primarily affected by flow rate, followed by submergence
depth. A linear correlation was observed between the SOTE and submergence
depth. Moreover, a minimum aeration density of 4.2% was recommended to en-
sure homogeneous mixing in clean water oxygen transfer tests. Additionally, the
spatial distribution of activated sludge and dissolved oxygen, induced by bubbly
flow through diffusers in WWTPs, was investigated. Consequently, this study has
demonstrated the potential of multiphase CFD models in evaluating aeration mix-

ing performance.

Keywords : oxygen transfer rate, oxygen transfer efficiency, computational fluid

dynamics (CFD), mixing time.
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Abstract

This study compiles and analyzes the common problems of vortex grit cham-
bers in Taiwan based on years of "Wastewater Treatment Plant Performance Evalu-
ation Program" results. Improvement strategies are also proposed to ensure the
proper design and operation of such facilities. Key recommendations include: (1)
ensuring appropriate hydraulic conditions for influent, (2) verifying proper instal-
lation of mixing blades and dynamically adjusting operational parameters, (3)
providing sufficient hydraulic retention time and uniform flow distribution, (4) en-
hancing fine particle removal and integration with subsequent treatment process-
es, and (5) establishing routine inspection and maintenance systems, including a

checklist for common operational issues in vortex grit chambers.

Keywords: Vortex Grit Chambers, National Wastewater Treatment Plant Perfor-
mance Evaluation Program, Vortex Grit Chamber Operation Checklist.
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Abstract

In response to climate change, countries around the world are gradually
strengthening their carbon reduction efforts. In addition to incorporating the
2050 net-zero target into Article 4 of the Climate Change Act, Taiwan has progres-
sively expanded its goals of carbon reduction. The 2030 emission reduction target
has been raised from the originally planned 24+1% reduction compared to the
2005 baseline to a more ambitious 28+2% reduction. The targets have also been
simultaneously increased across six major sectors: energy, manufacturing, trans-
portation, residential and commercial buildings, agriculture, and the environment.
Domestic wastewater discharge falls under the management of environmental
sector. In 2022, carbon emissions from environmental sector ac-counted for ap-
proximately 0.98% of the total emissions, with domestic wastewater contributing
approximately 16.9% of the sector. Although emissions from domestic wastewater
may appear relatively low, every sector must share the responsibility for emission
reductions under the national targets.

The construction of sewerage systems aims to increase wastewater treatment
rates and reduce carbon emissions from domestic wastewater. However, the mate-
rials and machinery used to expand the sewer infrastructure contribute to in-
creased emissions in other sectors. Additionally, the operation of wastewater
treatment plants involves energy consumption by equipment, further increasing
the burden on other sectors.

Therefore, the long-term carbon management of sewerage systems should
adopt a life cycle carbon management framework, incorporating carbon reduction
strategies at every stage of the lifecycle to contribute meaningfully to the nation’

s goal of achieving net-zero emissions.

Keywords : Carbon emission, net-zero emissions, lifecycle carbon management.
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Abstract

In accordance with the Sixth Phase of the Sewer Construction Project, Taiwan
continues to accelerate the development of various aspects of its sewerage infra-
structure to enhance national competitiveness. Among the key initiatives is the es-
tablishment of sustainable and intelligent systems to address challenges arising
from labor shortages and increasing operational complexity. This study compiles
the latest international research. According to findings published by the Interna-
tional Water Association, smart water technologies can be employed to detect
sewer sediment blockages. The application of RFID sensors, known for their effi-
ciency and low cost, enables rapid and accurate detection of potential clogging
sites, thereby enhancing the efficiency of blockage management. Meanwhile, re-
search from the American Water Works Association highlights the use of hydraulic
modeling technologies to assess water supply risks associated with the reuse of
reclaimed or recycled water. These evaluations provide valuable insights for poli-
cymakers regarding the potential risks of water reuse. In Japan, scientific projects
have focused on developing Al-driven analysis of sewer pipe imagery to detect
and interpret potential structural damages. Results indicate that Al results closely
align with those made by experienced technicians, allowing for the swift execution
of damage identification tasks and the acceleration of maintenance operations.
The insights gathered in this study serve as valuable references for future techno-
logical solutions to critical sewer system management challenges in Taiwan, aim-

ing to continually enhance system performance and management efficiency.

Keywords : sewage system, technology solution, management efficiency
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