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ABSTRACT

ABSTRACT

Keywords: storm water detention facilities, smart monitoring and operation, storm water

management

1. Purpose of the research

Due to climate change, the number of heavy rainfall has increased dramatically,
causing increasing urban storm water discharge and frequent flooding in recent years.
In face the uncertainty of future climate change and urbanization development, many
studies at domestic and abroad have tried to find the solutions and related policies to
solve the urban storm water problems. In the Article 4-3 of Architecture Design and
Construction section of Building Technical Regulations in 2013, it requires that storm
water harvesting systems should be installed in newly, expanded and renovated
buildings in urban areas. All local governments have set up their local requirements for
storm water detention volume and minimum allowable discharge according to the
standard released by the central government. Water Resources Agency, Ministry of
Economic Affairs, has added "Runoff Allocation and Outflow Control" chapter to the
Water Law in 2017 and finalized the relevant sub-laws in 2018. Therefore, storm water
can be mitigated by means of detention facilities and surface areas in the catchment
area. The risk of extreme rainfall events can be reduced. At present, a large number of
storm water detention facilities have been constructed in recent years in different
counties in Taiwan.

Traditionally, storm water detention facilities in buildings are operated based on
mechanical operation depending on the initial and final water levels in the detention
facilities. With this operation rule, effectiveness of storm water mitigation can’t be
improved and time duration of pumping period can’t be reduced. Also, the operation

conditions for existing systems are all unknown. Therefore, very few operation data can
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be collected and feed back to modify the existing systems. To improve the current
circumstances, the research project titled "Research on the Implementation of Smart
Monitoring and Operation for Existing Detention Facilities in Buildings" was carried
out by the Architecture and Building Research Institute, Ministry of the Interior in 2021.
The project had completed the demonstration site selection. For the selected site,
hardware and software selection and indoor testing of unit of hardware and system have
been examined. But overall system planning including hardware and software, system
layout and monitor at the selected site are not completed. In order to enhance the system
integration, system stability and feasibility of regional implementation and promotion
of the smart monitoring and operation system for storm water detention facilities in
buildings in the future, the purpose of the project in this year is to develop a holistic
approach for system planning and assess the effectiveness of the system. The results
obtained by this research will provide as a corner stone to develop a smart storm water
management in buildings and improve flood resilience in urban areas.

This research takes ten and half months. The contents of the research include
planning the smart monitoring and operation system and effectiveness evaluation for
the selected detention facility in the building. Based on the results of the 2021 project,
the feasibility of smart monitoring and operation of field rainfall events and integration
of management of ICT (Information and Communication Technology) platform for
smart building will be examined. Furthermore, the storm water management benefits
of community or regional scale system will also be evaluated. Recommendations for
constructing smart monitoring systems for future communities and regional scale and
connections with local government platform technology will be proposed. Also, future
application and implementation strategies (bring into urban design review or green
building certification, etc.) for installation of smart monitoring system will be discussed
by widely invited communities. With the results of this project, the smart management
system developed by this project will provide as the important reference and platform

for local governments and for future urban storm water management.

XVI
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Methodology and procedures

Five research items are included and are listed as followings:

Analysis, review and revise the current development of the smart monitoring
operation system for storm water detention facilities in buildings.

Research and planning of information integration of monitoring data and system
evaluation with the ICT smart building platform.

Assess the effectiveness of runoff mitigation for rainfall events and compare the
differences between smart operation and traditional operation.

Assess the storm water mitigation benefits of the smart monitoring and operation
system for community-based.

Assess and propose the system installation, connection platform for local
governments and future implication and application for communities a/o regional

scales.
Major findings

Analysis, review and modification of the existing smart monitoring and operation
systems for the storm water detention facilities in buildings

This project has analyzed the existing operation rules of monitoring system of

the storm water detention facility in the case of public housing construction project in

Guangci located in Taipei City. In accordance with the construction progress of the

case, the smart storm water monitoring system has been established; the existing ICT

smart building management platform for the selected case has been analyzed and

reviewed; and the appropriate revisions, adjustments, repair and maintenance for the

smart monitoring and operation system have been made. The detailed contents of the

results are explained as followings:

® Analysis, review and modification of the existing smart monitoring and operation

systems —review the operation of the on-site smart monitoring and operation

system of the selected case including sensing equipment, control and data
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transmission equipment, system host, the communication system lines and
operations, repair and maintenance.

® The public housing construction progress, facilities and status—shortage of
workers and construction materials at the beginning of this year has deeply
affected the progress of the construction project. The installation of the storm
water detention facilities and the central control center for the construction project
had completed in middle of May this year. The acceptance and point delivery had
finished in early June. The construction of the smart monitoring system of this
project is coordinated with the construction schedule. This project has continuous
tracking the construction progress and communicating and coordinating with the
people in charge. Modifications of the smart storm water monitoring system are
based on the factors of on-site drainage conditions, storm water detention
facilities and construction site variations, etc.

® The construction progress of the ICT smart building integration management
platform — After the acceptance and point delivery had completed in early June,
the ICT smart building working team has continued to set up and adjust the
information platform and related host equipment on site. This project research
team has actively discussed with the ICT smart building team and the property
management unit on the issues related to the placement of the industrial computer
host, network connection, line direction and follow-up information integration

and connection methods at the site.

(2) Integrate monitoring data and conduct information planning and system evaluation
with the ICT smart building platform

The major components of the smart monitoring system are generally divided into

four parts which include sensing, transmission and control, management and decision-

making, and application. In this year, the communication link between the sensing,

transmission and control, management and decision-making, and after the
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construction of the case ICT smart building information management platform have
been completed. Future research and development in the areas of function expansion,
subsequent application or display projects and information sharing should be
considered the factors of the requirements of the ICT smart building information
management platform, data format and connection method and review the
management and decision-making side of the smart monitoring system.

For considering the stability of the long-term operation of the system, the
industrial computer has adopted; the Linux Ubuntu 20.04 has been used as the
operating system; and the system has been built with Python programming language
software. The major components of the API of the smart monitoring and management
system platform is mainly divided into six modules: RS-485 Communication Module,
Control Module, Decision Module, Data Module, Analysis Module and Transport
Module. The host platform of smart monitoring and operation system is connected
with the ICT smart building information integration platform through the Transport
Module for information connection and technology integration which is connected by
Ethernet and the ICT smart building. The information integration platform conducts

testing task such as data reception and system evaluation and analysis.

(3) Examine the existing storm water detention facilities and compare the
effectiveness of storm water mitigation for rainfall events between smart
monitoring operation and traditional operation systems

The traditional storm water detention facility of the selected case was pumped
and drained system. It operated bases on the float-type liquid level gauge and water
level. For smart monitoring operation system, it operated based on the real-time water
level and the surplus space for detention facility which were calculated based on the
inflow forecast to carry out smart decision-making operation.

The existing operation system of the detention facility for the selected case has
been transformed into the smart monitoring and operation system. For comparison the

XIX



ERAL R CR TR F R RO E R SUE AR SR

difference between the smart and the traditional systems in storm water mitigation,
the measured rainfall data were used. The parameters of water level changes, runoff
volume reduction and time period of pump operation were used. The results show that
the storm water volume reduction rate was about 25% higher for smart system
compared to that of traditional one. Time period of pumping for smart system was
much less than that of traditional one which also had the benefits of energy saving and

carbon emission reduction.

(4) Establishment the information integration model of the ICT smart building
platform and assessment the functional benefits of the smart monitoring and
operation system for community-based

The management contents of the central control center of the selected case
include electro-mechanics and energy management, information network system,
indoor environmental quality system, parking control system, monitoring system, etc.
Those systems are integrated into the ICT smart building information platform and
will be transferred to the property management unit. The storm water detention facility
is part of the water supply and drainage system. The platform provides the function of
that system with warning signal when water level reaches the warning water level.
Water level can be divided into normal water level and warning water level. The
people in charge need to follow the warning signal and manually open and close or
maintain the electric valve a/o the electromagnetic switch of the pump.

When the smart monitoring and operation system successfully integrated with
the ICT smart building information platform, the function of the original manual
operation mechanism will be reserved to respond the emergency condition. Therefore,
the central control center will provide information including real-time water levels
and pumping and drainage conditions of the detention facility. With these information,
people in charge can soon determine whether the system is malfunction or not and

asks for repairmen if needed. This will improve the efficiency of the property
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management unit.

()

Recommendations for the planning, promotion and application of smart
monitoring and operation system for the storm water detention facility at the
community- or regional-scale in the future

At present, the monitoring and operation system for storm water detention

facility developed by this project is for a single building. For the community or

regional scale, three aspects should be considered: monitoring and communication

equipment installation, system platform development and integration, and

maintenance management planning. They will be discussed as followings:

Monitoring and communication equipment installation — Before the planning and
installation of hardware, the site conditions of the case should be considered.
With the drainage plan at the construction site, the design content of detention
facilities and drainage can be collected and analyzed. Then, the feasibility of
equipment installation can be confirmed with the personnel in charge in the
property management unit. For the detention facility of a new building, pipelines
or trunking for communication equipment should be reserved during the
construction period. For those existing buildings, a wireless communication
method and combination of Internet Of Things (IOT) technology for
communication link should be used because on-site communication line is
difficulty to install.

System platform development and integration — For the smart monitoring and
operation system of storm water detention facility used in community or regional
scale, the application and value-added benefits should be considered. It is
recommended that existing platform should be expanded as cloud information
integration platform system and then developed a joint manipulate strategies and
carried out cloud computing and big data analysis for monitoring data. With great
amount of data, the ability of the smart storm water management system can be
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improved. Also the continuous reviewing and optimizing the forecasting models
and systems for data transmission performance and stability, system flood control
benefits, adaptive Al adjustment of decision-making programs, expansion of big
data database, system functions and other related operations are needed.

® Maintenance and management plan — Development a comprehensive
maintenance and management plan for storm water detention facilities is needed.
At present, some local governments have formulated relevant laws and
regulations but have not introduced the relevant content of smart monitoring and
operation management concepts. In the future, a business operation model for
smart monitoring and operation and management of storm water detention

facilities should be developed.

4. Major recommendation items

Through this research, following two recommendations are made for immediate and

short- to middle- term period:

Recommendation 1

Feasibility analysis of combination of smart monitoring and management for storm

water detention facilities at buildings with legal system: immediate

Organizer: Architecture and Building Research Institute, MOI

Co-organizer: Construction and Planning Agency, MOI.; Water Resources Agency,
MOE; Local governments.

For those newly constructed, renovated and expanded buildings, storm water
detention facilities are required. But only limited local governments have issued a
decree for maintenance, sending staff to inspect and penalty and fine for storm water
detention facilities. Also management and operation of storm water detention facilities

has not linked to owners of buildings or property management units. Therefore, the
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ABSTRACT

proper management, operation and repairman of storm water detention facilities are
generally ignored after storm water detention facilities are constructed. Hence, the
expected benefits of storm water detention facilities cannot be achieved. For those
reasons, it is recommended that smart monitoring and management system for storm
water detention facilities at buildings should be include into legal system. With more
field investigations, the key directions for amending the law will be obtained. In the
meantime, more professional personals should be cultivated with those architect,
hydraulic and other associated associations. This will provide as a corn stone for

sustainable storm water management in the urban areas.

Recommendation 2

Economics and Benefits analysis of smart monitoring and operation system for storm
water detention facility at buildings: short- to middle- term
Organizer: Architecture and Building Research Institute, MOI

Co-organizer: Construction and Planning Agency, MOI

In the project, installation of the smart monitoring and operation system for storm
water for detention facility and primary analysis for the smart control using rainfall data
have completed. The system has also primary linked and shared data with the ICT smart
building platform. The system can timely control the inflow condition, carry on smart
drainage operations, improve the system's flood storage capacity, reduce the volume of
runoff and achieve satisfied storm water management results. Due to COV-19 epidemic,
construction for buildings and the smart operating system installation schedule were
delayed. Therefore, implementation of short- to middle-term smart monitoring and
analysis for the system for various rainfall events, system stability analysis of operation,
as well as system management and repairman cannot be studied properly. In the short-
to middle-run, the study and analyze the operation benefits of the system, system
evaluation, operation and maintenance costs, etc. also need to be studied. They can
provide as an important reference for implementing the smart management of storm

water detention facility systems in buildings.
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functionIO==1:
Qin(t) ~ L(Y) %
AL H PR IKAL 7
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Flood reduction rate = Qm;ﬂ X 100% (4-2)
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