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Water Infrastructure Solutions for Digitalization in Water Services

Digital Technologies and Public-Private
Solutions for Water O&M

Japan’s water supply and sewage utilities are already facing a number of challenges,
including a decrease in the water supply population and decline in fee revenues due
to a shrinking population, increasing demand for updating of water supply facilities, a
review of plant operations to take into account the effects of climate change, and the
need to become carbon neutrality. Some measures being taken to address these chal-
lenges include public-private partnerships and wide-area implementation. When private
companies participate in water utilities, they can be expected to provide high-quality
services and to reduce costs by leveraging their technical capabilities and expertise,
which is effective in enhancing the operational infrastructure of water supply and sew-
age utilities. This article presents Hitachi’s continued efforts to improve technology
through work at contracted sites and elsewhere, with a particular focus on solutions

using digital technology.
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1. Introduction

'The total population of Japan peaked in 2010 (at about
128.06 million) and has been declining ever since!. This
is a major challenge that many water utilities are already
facing because it has led to a decline in the water sup-
ply population and fee revenues, as well as to the issue of
how to pass on technological expertise due to the aging of
skilled workers and staff shortages. In addition, the demand
for large-scale updates to aging waterworks facilities is
expected to peak in the 2020s and 2030s, requiring further
budget allotments and scheduled updates of facilities. As an
example, in recent years, there have been reported cases of
aqueduct failures due to aging and other factors, as well as
failures of water catchment facilities for headwater rivers®.
In response, the government ministries and agencies that
manage water utilities, in a follow-up to the Ministry of
Health, Labour and Welfare’s Water Supply Vision, have
been conducting studies for achieving safety, resilience, and
sustainability and their relation to the maintenance and

repair of facilities®, optimal layout planning®, carbon neu-
trality®, and other topics.

Public-private partnerships (PPPs) are one means of
realizing sound and stable waterworks operations. Methods
leveraging the technical capabilities and expertise of private
companies are incorporated into waterworks operations,
which until now have been mainly carried out by the public
sector (local governments), to enable the provision of higher
quality services and reduction of costs, thereby helping to
strengthen the operational infrastructure of waterworks
services. Moreover, this is also consistent with the “imple-
mentation of public-private partnerships” that is called for
in the revised Water Supply Act.

This article presents the operation & maintenance
(O&M) support digital solution, a technology that sup-
ports visualization, labor saving, efficiency, and passing on of
knowledge in operation and management and maintenance
tasks by utilizing digital technologies such as the Internet
of Things (IoT), artificial intelligence (AI), and analytics.
This also describes the verification efforts in the Hitachi
Group’s public-private partnership projects and the future
plans for implementation.



Figure 1 —Available DX Solutions for Water Utilities

The system collects operational data (water volume, water level, water quality, etc.) and inspection data from each water purification plant owned by
the utility and also shares the solutions with them for enabling wide-area implementation by water utilities.
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2. Water Service Solutions

To provide solutions to these challenges, Hitachi, Ltd. has
developed digital transformation (DX) solutions for the
water supply business. These DX solutions for the water
supply business include wide-area data collection, asset
management, and data utilization (see Figure 1). One of
the features of this system is the centralized management
of data and bi-directional monitoring and control on the
cloud while maintaining security, real-time performance,
and reliability. The following is an overview of each solution.

2.1
Support Options for Maintenance Work

(1) Visualization

The first step in a digital solution is to present the col-
lected data to the user in an appropriate format. The visual-
ization function integrates and visualizes the data collected
by the monitoring and control system, inspection data, and
water quality data. Also, since the measured values of vari-
ous additional sensors installed in rivers and pumps can
be easily imported, this is expected to enable enhanced
monitoring of equipment and facilities and advanced man-
agement through diagnostics as described later.
(2) Asset management

The Al-based equipment diagnostic function uses adap-
tive resonance theory (ART) to diagnose whether the cur-
rent state of the equipment deviates from the range of the
learned data. In addition to the data obtained from the
monitoring and control system, data that significantly indi-
cates the deterioration of equipment, such as the measured

values from vibration sensors and temperature sensors
installed on rotating machines is effective for diagnosis
(see Figure 2)©.

'This solution also provides a function that can calculate
an overall soundness index for equipment from inspec-
tion results that is used for the micro-management of
facilities and equipment. By extrapolating the actual result
of the soundness index, it is possible to estimate when
maintenance is required from a medium-term perspective.

Figure 2 —Facility and Equipment Diagnosis Using loT Sensors

In addition to data from existing monitoring and control systems, the
system also uses measurements from Internet of Things (IoT) sensors to
achieve more advanced diagnosis of equipment and devices.
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Furthermore, Hitachi has devised a method to determine
the health of equipment by combining the soundness index
with ART, and is currently evaluating the usefulness of this
method at a water purification plant that is under contract

for opcration and management.

2.2
Support Options for Operation and Management Work

(1) Operation support function

'The operation support function uses statistical methods
and machine learning to extract the operator’s know-how
(such as the types of equipment used and water level control
values) from past operational performance data™ ®. The
function then prepares an operation plan using the acquired
conditions and presents appropriate operation guidance to
the user (see Figure 3). Recently, Hitachi has added a method
for managing the amount of water intake, filtration reser-
voirs, and distribution reservoirs, respectively, to minimize
the number of operations while satisfying demand forecasts.
Although it depends on the specifications of the water puri-
fication plant, the site where the effectiveness of this solution
was verified used guidance where the number of operations
was set to five times per day. By adopting this function, stable
water volume control and more efficient operation can be
expected even when run by unskilled workers.
(2) Water quality management

For the management of items in the water quality stan-
dards and residual chlorine concentration for water supply
operations, it is important to predict the dosage of necessary
chemicals and the water quality before and after treatment.
'The water quality management function provides this infor-
mation as guidance by using physicochemical models and
Al Moreover, using the cloud to centralize information
from various locations enables even more data to be used
quickly. This has the advantage of facilitating the collec-

tion of data necessary for training Al and also allows more

precise tuning of even conventional prediction models in
response to fluctuations.

As described above, in its water service solutions, Hitachi
has built support functions mainly for maintenance work
and operation and management work. Hitachi will continue
to improve its solutions by taking into account on-site needs
and to develop and commercialize new functions.

3. Hitachi Group Initiatives

Various forms of business models for public-private part-
nerships are available, including partial outsourcing, in
which limited areas such as operation and management
are outsourced to the private sector, full-service outsourcing,
in which not only operation and management, but also a
wide range of maintenance and management are outsourced,
design build operate (DBO), in which design, construction,
and long-term maintenance of the facility after construc-
tion are outsourced to the private sector, private finance
initiative (PFI), in which even financing is provided, and
concessions (see Figure 4).

'The Hitachi Group is currently involved in a wide range
of projects, from partial outsourcing to DBO and PFI, with
the aim of realizing a sustainable water supply based on its
long experience in providing products and systems, after-
sales service, and technological development in the water
infrastructure sector.

3.1
Hakodate (Hokkaido) DBO Project

Hakodate City’s waterworks system was established in
1889 as the second modern waterworks system in Japan.
Since then, the Akagawa Koku Water Purification Plant,
Akagawa Teiku Water Purification Plant, and Asahioka

Water Purification Plant have been constructed, and in

Figure 3— Overview of Expertise
Extraction in Plant Operation Support
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Figure 4 — Public-Private Partnership Business Models Offered by Hitachi
Hitachi offers solutions in a variety of forms that make it the ideal partner for water utilities. These range from partial and full-service outsourcing to DBO

arrangements, PFIs, and concessions.
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collaboration in the water industry involving the private sector.

*Prepared based on a handbook produced by the Water Supply Division of the Health Service Bureau at the Ministry of Health, Labour and Welfare for comparing different forms of

Figure 5—Akagawa Koku Water
Purification Plant and Overview

of DBO Project

The scope of the DBO project extends from
upgrading mechanical and electrical equipment
at the water purification plant to its operation
and maintenance.

Hakodate City Enterprise Department, Hokkaido
22 years from April 1, 2019 to March 31, 2041
Hakodate City in Hokkaido

(2) 20-year contract for the operation and maintenance of small water

(1) Upgrading of mechanical, electrical, and instrumentation
equipment, primarily for the filtration tanks and overall monitoring

and control system at the Akagawa Koku Water Purification Plant

supply systems and the mechanical, electrical, and instrumentation
equipment at Akagawa Koku Water Purification Plant and other
related facilities, and also the management of the parks on water
purification plant sites and the trees grown to protect water sources

2004, nine smaller water supply systems were added as a
result of a merger with four neighboring towns and villages,
and these plants are currently providing water to approxi-
mately 240,000 people (as of August 2022).

One of the objectives of the DBO is for Hakodate City
to select and develop private companies as partners to
respond to future changes in the waterworks service envi-
ronment and to achieve a safe and stable supply of water
and more efficient facility operation over the long term. A
special purpose company, Hakodate Aqua Solution, Ltd.,

formed from three companies (two Hitachi Group com-
panies and a local company), is currently implementing a
22-year waterworks project from April 1, 2019, to March
31, 2041. This project includes the updating and improve-
ment of the facilities, machinery, and electrical instrumen-
tation of the water purification plants. In April 2022, the
updating and improvement of the filtration pond at the
Akagawa Koku Water Purification Plant, which is a key
water purification plant, was completed and operation was
started (see Figure 5).
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Figure 6 — Example of Results of Validation Test Using the Operation Support Function

Operation plans are prepared using statistical processing, machine learning, and optimization techniques, and guidance is provided at predetermined
times. The system is expected to achieve stable operation and management by also indicating any necessary additional operations.
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To verify the above-mentioned operation support tech-
nology, Hitachi ran it for a total of 10 days during water
operations (only at night) at the Akagawa Koku Water
Purification Plant and Akagawa Teiku Water Purification
Plant, for which operation and management services are
commissioned, in the form of guidance issued from a PC
not directly connected to the monitoring and control sys-
tem?. As a result, although additional operations were
required due to sudden changes in settings and distur-
bances such as water demand that was approximately 10%
lower than the annual average, operation was able to meet
the target water level with the target of two or less addi-
tional operations per day (see Figure 6). Hitachi will con-
tinue to contribute to the maintenance and development
of Hakodate’s waterworks system to resolve future issues

facing the city.

3.2
Full-Service Outsourcing for the Nakagawa Water
Purification Plant

'The Ibaraki Prefecture Public Enterprise Bureau has estab-
lished 11 water purification plants (three for water supply,
one for industrial water, and seven for joint water supply
and industrial water) for the purpose of providing wider
access to the water supply and expanding the industrial

water supply area, and manages and operates the water
supply business and industrial water supply business. Of
these, the Nakagawa Water Purification Plant is a dedi-
cated industrial water purification plant with a capacity
of 122,680 m*/day, which started supplying water in 1966.

Figure 7— Structure of Outsourcing Contract

The diagram shows how the joint venture between Hitachi and Akira Co.,
Ltd. has structured its full-service outsourcing contract for the Nakagawa
Water Purification Plant.
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Table 1 — Overview of Full-service Outsourcing Contract for Nakagawa Water Purification Plant
The full-service outsourcing contract for Nakagawa Water Purification Plant encompasses operation, management, and maintenance.

Project name

Operational outsourcing agreement for Nakagawa Water Purification Plant

April 1,2016 to March 31,2019 (phase 1)

Duration April 1, 2019 to March 31, 2024 (phase 2)
Operation and management . Ovperat|ons (centrql monl'tonng; on-site inspections; and the recording, reporting, and storage of data)
« Simple water quality testing
Maintenance inspections (instrumentation, monitoring and control systems, electrical equipment,
emergency generators, cranes)
L . « Periodic maintenance (electrical equipment, emergency generators, instrumentation™, water treatment
Description Maintenance

machinery™)
« Cleaning and other housekeeping (equipment cleaning, removal of silt from water intakes, management

of vegetation)

Proposals

« Use of data (collection and storage of data, maintenance support, operational support)
« Energy efficiency™ (energy-efficient operation, visualization and guidance)

*1Only during phase 1
*2 From phase 2

Due to the adoption of a policy to shift to full-service out-
sourcing in phases, a public tender was conducted for the
selection of a contractor for this water purification plant,
and Hitachi and Akira Co., Ltd., as a Hitachi-Akira special
joint venture (JV), were commissioned to provide operation
and management and maintenance services for the first
phase of the project in FY2016 and the second phase from
FY2019 (see Figure 7).

This JV is aiming for more efficient maintenance and
management of water purification plants through the inte-
gration of operation, management, and maintenance. It
is also making use of the resources of Group companies,
such as an emergency support system that integrates the
network of bases of JV-affiliated companies and central-
ized data management using the cloud. In addition, the JV
is implementing initiatives to optimize inspection details

and reduce costs through digital solutions, including

Figure 8 — Decision Map Based on Soundness Index and ART
(Conceptual Diagram)

A method for managing equipment and facilities using the soundness
index and equipment diagnostic technology was developed for contribut-
ing to maintenance and servicing work and its planning.

ART alarm level

-~
Zone C Reservoir ZoneB
No. 3
Reservoir No. 2
5 -
Reservoir No. 1 Zone A
0 2 3 4.3 Current

soundness index

examination of energy conservation in operation and man-
agement operations (see Table 1).

In the asset management initiatives described in the
previous section, a maintenance management method
that takes advantage of the respective merits of the sound-
ness index and equipment diagnosis is used, and periodic
evaluations are continued. The soundness index and ART
diagnostic results are plotted and used as indicators to
determine the state of equipment and future actions based
on their respective positions (see Figure 8). At the time of
writing, the system is in a favorable zone with a high sound-
ness index and low alarm level (zone A in Figure 8). Going
forward, Hitachi intends to use the declining soundness
index and increasing alarm levels as a basis for enhancing
daily inspections and adjusting the scheduled timing of
maintenance.

4. Conclusions

'This article has described the Hitachi Group’s vision for
systems in the waterworks field and its supporting tech-
nologies to be implemented, as well as examples of public-
private partnership solutions. The functions required for
waterworks services are expected to become increasingly
sophisticated, and the Hitachi Group will continue to con-
tribute to achieving sustainable waterworks services and
improving services as the best partner for water utilities by
providing water infrastructure solutions.
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