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F E A T U R E D  A R T I C L E S Water Infrastructure Solutions for Digitalization in Water Services

1. Introduction

In the water supply sector, the Water Supply Act was 

revised in 2018 to address issues such as declining demand 

for water due to the shrinking population, aging water 

supply facilities, and the shortage of skilled workers. Th e 

revised Water Supply Act sets forth eff orts for the system-

atic renewal of water supply facilities from a long-term 

perspective as a responsibility of water utilities, and clarifi es 

the importance of facility consolidation and reallocation.

When consolidation or reallocation of facilities is 

implemented to improve the effi  ciency of staff  allocation, 

a centralized monitoring system will be established from 

an integrated site. Th e number of utilities switching to 

this centralized monitoring system at an integrated site is 

expected to increase, but there are concerns that the real-

location of personnel will result in increased workload per 

operator and reduced judgment performance of operators 

due to management by inexperienced operators. Also, since 

the number of skilled operators is decreasing, it is becom-

ing more diffi  cult to pass on knowledge and skills to less 

experienced operators.

Th is article presents the latest eff orts of the Hitachi 

Group to address these issues, describes the current status 

and future prospects of digital technologies that replace the 

fi ve senses and experiences of operators with the Internet 

of Th ings (IoT) and artifi cial intelligence (AI), as well as 

operation support technologies for facilities and equipment.

2. Chemical Dosage Operation 
Support Technology 
Using AI and IoT

Th e fl occulation and precipitation process in water purifi -

cation plants is a highly individualized process, and when 

water quality fl uctuates, the amount of chemicals injected is 

changed based on the knowledge and experience of skilled 

operators. However, in recent years, the number of skilled 

operators has been decreasing, making it diffi  cult to pass 

on their knowledge and technology. Th erefore, to better 

pass on chemical dosage technology, Hitachi is developing 

an operation support technology that uses AI to learn the 

operation records of skilled operators and automatically 

calculate the fl occulant dosage, and a technology that uses 

sensors instead of an operator’s fi ve senses to determine 

whether fl occulation is acceptable or not.
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2. 1
Support for Flocculant Dosage Determination by 
Neural Networks

A neural network (NN) is an AI technology that can auto-

matically extract and model the driving operation tenden-

cies of skilled operators with high accuracy based on data. 

However, there is a concern that the margin of error could 

be large when the raw water quality is extrapolated beyond 

the data range of the training period. Another issue is that 

the readability of the calculation process is low and the 

obtained result is not easily explainable. Th erefore, Hitachi 

built an NN-based approximation formula that com-

bines NN with an approximation formula showing the 

relationship between raw water turbidity and fl occulant 

dosage, which are major infl uencing factors (see Figure 1)(1). 

Th is formula was expected to maintain the relationship 

between the values of raw water turbidity and fl occulant 

dosage even for extrapolated conditions and to prevent 

signifi cant deviations in the values. 

Also, a prediction model was developed to calculate the 

fl occulant dosage using the raw water quality (turbidity, pH, 

water temperature, alkalinity, etc.) and the change in raw 

water turbidity over time as inputs. Th e monitoring and 

control data were divided into training and evaluation data. 

Figure 2 compares the predicted values of raw water turbid-

ity, which is the main infl uencing factor, and the fl occulant 

dosage calculated by the NN-based approximation formula. 
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Figure 1 — Overview of Operation Support System for Calculating Flocculant Dosage
Hitachi provides an operation support technology that automatically calculates the flocculant dosage from the raw water quality. By combining an NN 
and an approximation formula that incorporates knowledge of the flocculation treatment process, operations based on the experience of skilled opera-
tors are automatically found and modeled.

Figure 2 — Comparison of Predicted Values for Raw Water Turbidity and Flocculant Dosage
It was confirmed that the correlation between raw water turbidity and flocculant dosage was maintained using the NN-based approximation formula, 
even when outside the range of the training data.

NN: neural network
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Th e predicted values of the fully-connected NN changed 

to a gradual downward trend when the turbidity exceeded 

the maximum turbidity (55 degrees) of the training data, 

whereas the NN-based approximation formula maintained 

an upward trend. Th is indicates that the correlation between 

raw water turbidity and fl occulant dosage can be main-

tained by the approximation formula even when outside 

the range of the training data.

Th e sensitivity was evaluated to understand the infl u-

ence of the rise and fall of raw water quality and raw water 

turbidity on the predicted results for the fl occulant dos-

age in the NN-based approximation formula (see Table 1). 

Changes in the predicted fl occulant dosage due to the 

rise and fall of the alkalinity, water temperature, and raw 

water turbidity were consistent with the fi ndings, and this 

is expected to improve the explainability of the fi ndings. 

It can be said that the NN-based approximation formula 

developed in this study was able to automatically fi nd the 

operation based on the experience of skilled operators and 

apply it in the model.

2. 2
Evaluation of Flocculation State from Floc Images

A convolutional neural network (CNN) is a machine 

learning technique widely used for image recognition, and 

when applied to images of fl ocs (particle clumps produced 

by fl occulation), it enables modeling to evaluate whether 

fl ocs are in a fl occulation state, which is conventionally 

done visually by skilled operators. Hitachi has developed a 

regression-type CNN model that predicts the sedimented 

Item Knowledge Results of sensitivity analysis Trend matching

Raw water quality

Alkalinity Low alkalinity reduces flocculation treatment 
performance Higher flocculant dosage at low alkalinity Yes

Water 
temperature

Low water temperature reduces flocculation 
treatment performance

Higher flocculant dosage at low water 
temperature Yes

Flow rate Insuff icient or excessive flow reduces 
flocculation treatment performance Higher flocculant dosage at low flow rate No

pH
Flocculation treatment performance is 
reduced when outside the preferred range 
(pH = 6 to 8)

Diff icult to evaluate due to lack of data when 
outside the preferred range No

Amount of 
turbidity change 
over time

When turbidity 
increases

Dosage is oft en too high in anticipation of 
further turbidity increase

Higher flocculant dosage when turbidity 
increases Yes

When turbidity 
decreases

Particle size tends to be smaller than normal 
and flocculant dosage is higher

Higher flocculant dosage when turbidity 
decreases Yes

Yes: Matches trend, No: Does not match trend

Table 1 — Comparison of Trend Extracted from Knowledge of the Flocculation Treatment Process and the NN-based 
Approximation Formula
The trend obtained from the sensitivity analysis of the NN-based approximation formula is consistent with the knowledge of the flocculation treatment 
process, and this is expected to improve the explainability of the findings.

Step 1: Collect expertise and build a knowledge system

Research step Image of built system

Status check
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No
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XXXXX ?
· Formalize expertise on operation and management
· Create flowcharts of response procedures for water quality and 

equipment abnormalities, etc.

Step 2: Automatic proposal of operator action knowledge by AI

· Verify and evaluate methods where the AI automatically proposes 
a response procedure based on accumulated knowledge and provides 
operation support

Step 3: Automatic accumulation of knowledge by AI

· Verify and evaluate methods of automatically storing knowledge 
where the AI learns anomalies that actually occurred and how to deal 
with them

AI: artificial intelligence

Figure 3 — Steps Taken in Joint Research with the Osaka Municipal Waterworks Bureau
Hitachi aims to establish an operation support and human resource development method that utilizes AI technology and a knowledge system that 
formalizes operation expertise.
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water turbidity by using the raw water quality and operat-

ing conditions (turbidity, pH, water temperature, fl occulant 

dosage, and intake fl ow rate) that aff ect the fl occulation and 

precipitation process as well as fl oc images as inputs.

Th e regression-type CNN model was evaluated using 

fl oc images and monitoring and control data obtained from 

underwater monitoring cameras at an actual site during 

the summer season. Th e results showed that the predic-

tion accuracy of sedimented water turbidity was improved 

during the period when the raw water quality was stable 

compared with the fully-connected NN estimation which 

only used the raw water quality and the operating condi-

tions as input. Th is suggests that the fl oc images can be used 

to detect changes in the fl occulation state that cannot be 

detected by the raw water quality and operating conditions 

alone. In this study, Hitachi will obtain fl oc images and 

monitoring and control data during the winter and snow-

melting periods at the actual site to evaluate the prediction 

accuracy of sedimented water turbidity throughout the year.

3. Accumulating and Utilizing 
Knowledge of Water Purification 
Plant Operations

Th e fl occulation and precipitation process as well as the 

operation and monitoring of water purifi cation plants 

depend heavily on the individual skills of operators, but 

the number of skilled operators has been decreasing due 

to the declining birthrate and aging population, making it 

diffi  cult to pass on knowledge and skills. Th is is what led 

Hitachi to start a joint research project with the Osaka 

Municipal Waterworks Bureau to build a knowledge system 

that formalizes the operation expertise of water purifi cation 

plants and to automate operator action proposals and accu-

mulation of expertise by using AI(2). Th e aim is to build a 

sustainable operation and management system with a small 

number of operators and utilize the knowledge system for 

human resource development.

Th is joint research aims to establish a knowledge sys-

tem that formalizes operation expertise by using Hitachi’s 

Lumada to analyze a wide variety of data through statisti-

cal analysis, AI, and other methods, based on the wealth 

of knowledge and data obtained by the Osaka Municipal 

Waterworks Bureau in the operation and management of 

water purifi cation plants to date. It also aims to establish 

an operation support and human resource development 

method using AI technology. Th e steps of the joint research 

are shown in Figure 3. First, in Step 1, formalization of 

operation and management expertise and fl ow of response 

methods for water quality and equipment anomalies are 

created. Next, in Step 2, Hitachi verifi es and evaluates a 

method for providing operation support by using AI to 

automatically propose a response method based on accu-

mulated knowledge. Finally, in Step 3, the AI automatically 

accumulates the relationships between “objects” including 

abnormalities and “items” such as related operations and 

operating conditions, and verifi es that the accumulated 

results are eff ective as knowledge. Also, Hitachi examines 

how to use the knowledge in training programs and other 

applications for human resource development.
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Figure 4 — Overview of Water Supply Planning System for Providing Variable Water Supply
Based on demand forecasting and water operation planning technology, a water operation plan is developed to meet various constraints such as pro-
jected water demand and upper and lower limits of reservoir storage capacity to develop its own leveled water supply pattern in advance. The leveling 
of a provider’s water supply enables downsizing of its own water facilities.
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4. Optimizing Water Use in the 
Water Supply Business

Th e water supply business is the business of supplying tap 

water to municipalities and other waterworks companies 

that supply water to general households. Th e Saitama 

Prefectural Public Enterprise Bureau acquires water sources 

through dam development to cope with rapid increases in 

population and delivers water treated at the water purifi -

cation plant to the water tanks of water service companies. 

Th e environment where waterworks operate is expected 

to come under more severe conditions in the future, with 

declining water demand resulting in lower fee revenues, 

aging facilities, and the retirement of skilled engineers. 

Hitachi believes that it is important for the water supply 

business and the waterworks business to work together 

to improve the waterworks infrastructure (including con-

solidation and elimination), optimize its operation, and 

improve the effi  ciency of its maintenance and management 

throughout the entire region.

One method of effi  cient cooperation between the water 

supply business and the waterworks business is variable 

water supply. Th is is a method that modifi es the current 

fi xed-quantity supply of tap water to water-receiving orga-

nizations (municipal and other water utilities) and fl exibly 

adjusts the amount of tap water supplied (amount of water 

received by municipalities) using the water distribution 

reservoirs at the water purifi cation plants and water distri-

bution plants of the receiving bodies as buff ers. Th is reduces 

fl uctuations in the amount of water that is withdrawn by 

the organization receiving water (its own water supply) in 

response to demand, and makes it possible to optimize 

(downsize) its own water supply facilities. Figure 4 shows an 

overview of the water supply planning system for enabling 

a variable water supply. Achieving a variable water supply 

for tap water will enhance the continuous maintenance 

of the water utilities by reducing the cost of updates by 

municipalities and other water utilities for their own water 

facilities and ensuring water supply demand for tap water 

by the water supply companies. A feasibility study of the 

variable water supply system is being conducted jointly with 

the Saitama Prefectural Public Enterprise Bureau(3). 

5. Applying Virtual Power Plant 
to Water Supply Facilities

With the growing awareness of global environmental issues, 

renewable energy equipment such as solar power generation 

and energy-saving devices are becoming more widespread 

and storage batteries are being installed to deal with power 

shortages. Th e concept of a virtual power plant (VPP) is one 

of the most effi  cient ways of using these devices and power 

sources. A VPP is a system that functions as a virtual power 

plant by bundling storage facilities such as storage batter-

ies and electric vehicles (EVs) and treating them as a large 

power source, charging and discharging them according to 

the power usage of the market.

Th e structure of a VPP is shown in Figure 5. Th e VPP 

consists of a resource aggregator (RA), which controls 

power adjustment resources such as storage batteries, and an 

aggregation coordinator (AC), which distributes and coor-

dinates surpluses or shortages of market power to the RA. 

Th e AC requests power adjustments as necessary according 

Storage 
battery

Storage 
battery

Electric 
vehicle

General power 
company

Power adjustment 
request

Power 
adjustment

AC

RA RA RA

Electricity 
retailer

Consumer

Sunlight Plant Water purification 
plant (pump)

Reservoir Consumer

Keeping the water 
levels in reservoirs

Power reduction 

request time

Po
w

er
 u

sa
ge

Power usage of water pumps

After 
adjustment

Before 
adjustment

Time

P: pump    AC: aggregation coordinator    RA: resource aggregator    VPP: virtual power plant

Figure 5 — Entry to VPP Market Using Water Supply Facilities
In response to a power reduction request from the AC and RA, power adjustment is performed by adjusting the pump operation time while maintaining 
the water level in the distribution reservoir.
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to market conditions, and the RA adjusts power by con-

trolling the charging and discharging of power adjustment 

resources. Water supply facilities are assumed to be used 

as a power adjustment resource. Water utilities use a large 

amount of electricity to operate pumps and have distribu-

tion reservoirs for storing water. For this reason, signifi cant 

adjustment performance can be obtained by controlling the 

operation time slots of water feed pumps while appropri-

ately managing the amount of water stored in the distribu-

tion reservoirs.

Hitachi provides a water operation planning system that 

predicts water demand and formulates stable and effi  cient 

operation plans for pumping facilities according to the 

conditions of the water supply facilities. By applying this 

technology, water supply facilities can be used as power 

adjustment resources for VPPs, thereby contributing to a 

reduced environmental burden.

6. Conclusions

Going forward, Hitachi’s water business will incorporate 

information and control technology into its monitoring and 

control systems and Lumada’s comprehensive digital solu-

tions for water and sewage utilities, and as a comprehensive 

water service provider, contribute to solving customer issues 

and creating a resilient social infrastructure.
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