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Abstract

Keywords: rainwater harvesting, detention facilities, rainwater/stormwater management. smart

decision and operation

1. Purpose of the research

Due to climate change, the number of heavy rainfall has increased dramatically,
causing increasing urban stormwater discharge and frequent flooding in recent years.
In face of 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 stormwater problems. In the Article 4-3 of Architecture Design and
Construction section of Building Technical Regulations in 2013, it requires that
rainwater harvesting systems should be installed in newly, expanded and renovated
buildings in urban areas. All local governments have set up their local requirements for
rainwater 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, consequently the relevant sub-laws in 2018. Therefore, stormwater
can be mitigated by means of detention facilities and surface areas in the catchment
area. The risk of extreme rainfall events can be reduced. To present, a large number of
rainwater storage facilities have been constructed in recent years in different counties
in Taiwan.

Traditionally, rainwater detention storage facilities are operated based on
mechanical mechanism with initial and terminated water levels in the detention storage
facilities. Based on this operation rule, effectiveness of stormwater mitigation can’t be
obtained and time duration of pumping period can’t be reduced. Also, no information
about current status of those system is known after the rainwater detention storage

facilities having constructed. To promote the effectiveness and ensure the continuing
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operation of those systems, further research is needed. The purpose of this research is
to solve those problems by installing smart monitoring system in rainwater detention
facilities using smart IOT (Internet of Things) technology.

This research project period takes ten months. The contents of the research
include implementing the actual installation of intelligent monitoring equipment, the
connection of IOT technology in the building, conducting system platform testing and
analyzing and reviewing the results. For the installation of related equipment for
implementing smart stormwater management in detention facilities, public-owned
buildings will be the first priority as a demonstration site. And it will find the
opportunity to cooperate with local governments. Once demonstration site has selected,
preliminary planning, design, software and hardware equipment in detention facilities
will be conducted. Also, the software of operation and output of smart rainwater
management will be developed. The system installed will be evaluated and reviewed
through collected data. Once the system functions well, the benefits of the can be
analyzed based on those monitoring data and operation results. This system will provide

as the platform for local government and for future urban stormwter management.

2. Methodology and procedures

Nine items are required in the research and are listed and explained as followings:

® (Collect and analyze buildings with detention facilities, and select suitable cases
as demonstration sites.

® Planning and designing relative software and hardware required for smart IOT
monitoring and operation system.

® Related contents of software and hardware connection and control programing.

® Establishment of communication transmission link and intelligent stormwater
management system platform.

® Preliminary data collection, manipulation test, review and correction.

® Detention facility monitoring and remote control operations, and conduct

XII



effectiveness analysis and discussion through monitoring data.

® Analyze the benefits of the system installed in the community in terms of
economy, flood reduction, and water supply in dry seasons, to increase the
subsequent community promotion or combined application with property
management services.

® The system should have the function of linking with the local government
management platform in the future and cooperating with the intelligent regulation
of urban stormwater management.

® Smart stormwater management system evaluation, and recommendations for

future developments.

3. Major findings

During the construction stage of the intelligent management system platform for
detention facilities, the project originally expected to directly use the Arduino
development board completed in the previous year as the medium for data transmission
and control between the monitoring equipment and the system platform. During the
period of excessive operation of the Arduino development board, the system is prone to
garbled codes and data acquisition errors, and it is necessary to reset the system to
restore the system to normal. Therefore, it is suggested that the installation of this case
should consider the use of industrial-grade system host and control equipment.

In addition, in the communication transmission between the monitoring equipment
and the system host, if the MODBUS TCP transmission mode is used, only
instantaneous data (such as: instantaneous flow) can be transmitted, and the
accumulated data every 10 minutes required by this decision-making system cannot be
directly provided. Unless another program is written in the system platform for
integration or accumulation to increase the complexity of the operation; however, if the
MODBUS RTU transmission mode is selected, many equipment manufacturers already

have data receiving controllers for various monitoring equipment, which can directly

X1
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convert communication through them. The format directly provides the data required
by this decision-making system, and can also reduce the equipment required to be

installed.
4. Major recommendation items

Through this research, following recommendations are made for immediate to short-

term and long-term period:

Recommendation 1

Feasibility analysis of long-term intelligent monitoring and management of detention
facilities: immediate to short-term
Organizer: Architecture and Building Research Institute, MOI
Co-organizer: Construction and Planning Agency, MOL

Local governments
This year, the case construction of the intelligent management system for detention
facilities, and the analysis and discussion of the results of intelligent storage and
drainage control of actual rainfall events have been completed. The system can timely
control the inflow situation and implement intelligent drainage operations to improve
the system's flood storage capacity and reduce the volume of runoff. However, the
schedule of this year was delayed due to the construction period of the selected site and
the epidemic disease. In the future, it is recommended to study and analyze the long-
term operation benefits of the system, system evaluation and update, and operation and
maintenance costs, which can be used as an important reference for the development of
intelligent management of rainwater storage systems and future urban stormwater

management.

Recommendation 2

Establishment of community-scale a/o regional-scale smart rainwater management

XIv



system: middle to long-term
Organizer: Architecture and Building Research Institute, MOI
Co-organizer: Construction and Planning Agency, MOL
Local governments

For middle- to long-term, the communication technology, cloud-based data
operation, big data analysis and rainfall forecasting technology should be integrated to
establish a smart rainwater management system to increase the capacity of flood
mitigation and increase the benefits of this system. In the beginning, this system can be
applied in a building scale, then community scale and district scale and finally to the
urban scale. Finally, this system will become part of flood mitigation system in the
urban areas. It will also provide as a reference for local governments in initiating flood

mitigation policy and regulations.
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