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ABSTRACT Indonesia is one of the countries infected by the Coronavirus Disease 2019 (COVID-19) pandemic, which is caused by acute
respiratory syndrome virus 2 (SARS-CoV-2). At the end of March 2020, the provincial government of Bali appointed Udayana University
Hospital to handle COVID-19 patients because the province has experienced an increase in the number of positive cases. In September
2020, COVID-19 cases in Bali increased by more than 100%, resulting in a higher volume and content of hazardous liquid waste.
Furthermore, hazardous liquid waste is the residue of activities that contain substances that can pollute and damage the environment
and health, necessitating more efforts in managing the processing of hazardous wastewater produced by the hospital. Based on the
background above, this study developed and applied an Internet of Things (IoT) based monitoring system to the Wastewater Treatment
Plant (WWTP) in Udayana University Hospital. In principle, the IoT system can be used as a real-time monitoring tool and minimizes
direct contact activities of officers’ WWTP sites. Moreover, the Liquid Film Aerator (LFA) was applied to improve the efficiency of WWTP.
The developed IoT system successfully monitors pH, DO, and real-time temperature, and the monitoring results were presented in
a web-based user interface. The result shows better power usage efficiency than conventional aeration. Furthermore, conventional
aeration with a root blower requires 619.8 watts to produce 1 mg L' of DO, while LFA only requires 273.2 watts. The developed systems
can be applied to other hospitals or similar wastewater plants that handle COVID-19 cases.

KEYWORDS Udayana University Hospital; COVID-19; IoT-based Real-time Monitoring System; Liquid Film Aerator; Wastewater
Treatment Plant
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1 INTRODUCTION

The Severe Acute Respiratory Syndrome Coron- condition has affected the tourism sector, which is
avirus (SARS-CoV-2) first occurred in Wuhan City, the main business in Bali.

Hubei Province, China. It is transmitted from one

person to the other through respiratory droplets The provincial government of Bali specifically ap-
and contact routes (Ullah et al., 2021). Indonesia is pointed Udayana University Hospital to handle
one of the countries that is infected with the Coro- COVID-19 patients. However, the condition of
navirus Disease 2019 (COVID-19) pandemic. The COVID-19 patients increases every day, and in
government announced the first case of COVID-19 September 2020, cases in Bali increased by more
in Indonesia on March 6. This COVID-19 pan- than 100%, resulting in increased medical waste.
demic has affected people’s health and other as- The medical waste consists of body fluids, infusion
pects of their daily life. One of the provinces in In- bottles, antibiotics residual, expired medicines,
donesia that have experienced an increased pos- needles used, and radioactive fluids, all classified
itive number of COVID-19 patients is Bali. This as hazardous and toxic waste (Muliarta, 2016; Yu-

niti et al., 2020).
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Hazardous and toxic liquid waste is the residue
of activities that contain substances that can pol-
lute, damage, and endanger the environment and
health. Poor water waste management can in-
crease disease transmission, pollute the environ-
ment, and disturb health (Sutrisno and Meilasari,
2020). Meanwhile, during COVID-19, medical per-
sonnel have a high potential to be infected by
COVID-109.

Accordingly, the effort to manage the wastewa-
ter produced by the hospital has become essen-
tial work. One of the solutions to the problem is
using the Internet of Things (IoT) system, which
can help monitor wastewater performance in real-
time (Anh Khoa et al., 2020). The reviews about
IoT were well explained by (Hajjaji et al., 2021).
The basic concept of IoT is the connection of mul-
tiple devices via the internet and their interac-
tion with each other by sharing data or informa-
tion. Five core entities are identified and defined
in IoT, namely, social actors, things, data, net-
works, events, and processes (Lynn et al., 2020).
The explanation of each core is as follows:

(a) Social actors are mainly humans who design
and set up the entire IoT system.

(b) Things, in this case, are mainly physical ob-
jects, devices, targets, or sensors.

(c) Data are raw information or discrete artifacts
that can connect to other devices, including
other data, and may be obtained from first,
second, or third sources. It detects the exis-
tence of an IoT data chain.

(d) Networks are systems of interconnected de-
vices and accommodate networks between
different types of IoT systems, such as
machine-to-machine (M2M) networks.

(e) Events are the appearance of interest at a
given time, physical or virtual space.

(f) Processes are how devices interoperate in the
IoT and communicate in domain-specific pro-
cesses. It includes how the IoT creates, cap-
tures, and delivers value or data.

All components and processes mentioned above
take place in an infrastructural setting. It is de-
tected by the framework in the IoT system, and
auxiliary data and metadata is created and collated
at the infrastructural level.

The concept of an IoT system in this study is rather
simple. It is an interaction or connection of ob-
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jects or things (in this case, wastewater), sensors
(pH, DO, and temperature sensors), Networks (in-
ternet), and users (hospital officers). The IoT sys-
tem has been applied in many human activities,
such as agriculture (Guo, 2021), irrigation, port
management (Siroka et al., 2021), water quality
management and monitoring (Bria et al., 2020;
Oberascher et al., 2021; Rajalashmi et al., 2021;
Vasudevan and Baskaran, 2021), sewage wastew-
ater monitoring (Kumar and Hong, 2022), pollu-
tion monitoring (Arora et al., 2019), wastewater
monitoring in university, residential and restau-
rant (Wen et al., 2018; Anh Khoa et al., 2020;
Tanasiev et al., 2021). However, there is less imple-
mentation of the IoT to the wastewater problem
in hospitals, specifically for hazardous wastewa-
ter. The problem of monitoring wastewater dur-
ing the COVID-19 pandemic has been mentioned
by Pulicharla et al. (2021).

The 10T system developed in this study aims to
minimize direct contact activities of officers in the
field related to COVID-19 situations. IoT tech-
nology can also be used to monitor the quality
of wastewater remotely and reduce crowds at the
hospital. The efficiency of WWTP also needs to be
improved, necessitating the application of a Lig-
uid Film Aerator (LFA). The advantage of LFA is
that it can work optimally to increase oxygen and
increase OTE (oxygen transfer efficiency) roughly
5.3 times higher than conventional aeration (Zhu
et al., 2007a,b). Moreover, finely tuning the struc-
tural parameters of the LFAakes dissolved oxygen
(DO) saturation of more than 90% in the aeration
tank Zhu et al. (2007a,b). According to Hongpra-
sith et al. (2017), the LFA consumes good efficient
energy with 1.2 kg/kWh. In general, the mech-
anism of oxygen transfer in an LFA system can
be summarized into 4 patterns, namely 1) Con-
ventional, 2) Bubble collection, 3) Bubble recir-
culation, and 4) Bubble-Liquid Foam mechanism
(Hongprasith et al., 2017).

The Udayana University Hospital started operat-
ing in 2013, opening health services for the public
as a first-level health service provider. The gov-
ernment of Bali Province appointed Udayana Uni-
versity hospital to handle COVID-19 patients in
Bali in March 2020. Consequently, the hospital
generates an increase in toxic and hazardous lig-
uid waste. The wastewater management technol-
ogy through Wastewater Treatment Plant (WWTP)
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Figure 1 Monitoring design

is currently constrained because it requires high
cost and energy and does not have real-time mon-
itoring technology. Without a strong IoT-enabled
IT system, WWTP in Udayana University Hospi-
tal management suffered from multiple inefficien-
cies. Before the implementation of the WWTP
online real-time monitoring system, the Udayana
University Hospital was managed manually and
required daily site inspections. This management
framework resulted in multiple problems, and the
WWTP was difficult to supervise.

Based on the problems mentioned above at WWTP
in Udayana University hospital, a collaborative
study was proposed between Udayana University
Hospital (Bali, Indonesia) and Earth Creative Co.,
Ltd (Yamaguchi, Japan). This study aims to de-
velop and establish an IoT-based real-time moni-
toring system to reduce or minimize direct contact
activities of officers in the WWTP. It includes the
installation of Liquid Film Aeration (LFA) to im-
prove WWTP’s power consumption efficiency.

2 DESIGN AND METHODOLOGY

In collaboration with Earth Creative Co., Ltd., this
study developed the IoT-based real-time moni-
toring system and the Liquid Film Aeration (LFA)
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Figure 2 IoT system diagram

Figure 3 Location of WWTP Udayana University Hospital

to monitor and improve power consumption effi-
ciency. The field surveys and data collection of
WWTP were conducted first to create an appropri-
ate design for the IoT system. After analyzing the
surveyed and collected data from WWTP, the de-
sign of the IoT system is decided, as shown in Fig-
ure 1. This IoT system consists of pH, DO, and tem-
perature sensors installed on the inlet, aeration,
and outlet tank (the DO sensor is only installed in
the aeration tank). The LFA is also installed to im-
prove the aeration processes in Aeration Tank.

The pH, DO, and temperature data are collected by
each sensor and then processed by the microcon-
troller unit (MCU). The processed data or informa-
tion in MCU is then transferred to the Main Con-
troller Unit, as shown in Figure 2, through a wired
connection. The information of the Main Con-
troller Unit is transferred to the web-based data
center by wireless connection. Furthermore, au-
thorized users can access the information via the
website-based user interface. The database of this
website is managed by Earth Creative Co., Ltd. The
officers of Udayana University Hospital have full
access to this system to support their jobs in mon-
itoring and managing WWTP.
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3 SYSTEM IMPLEMENTATION, PERFORMANCE RE-
SULTS, AND DISCUSSION

3.1 Installation of IoT-based Real-time Monitoring
System

Figure 3 shows the location of WWTP in Udayana
University Hospital, which is the Northern part
of Udayana University Hospital. The sitemap of
WWTP in Udayana University Hospital is shown in
Figure 4. It is operated nonstop (24 hours a day),
and it consists of Inlet (red color), Aeration (yel-
low color), and Outlet Tank (green color). The type
used in Udayana University Hospital WWTP is an
activated sludge with a 150 m3 day !capacity.

Figure 5 shows the position of each sensor and
LFA. pH and Temperature sensors are installed in
the Inlet and Outlet Tank, while pH, Temperature,
DO sensors, and two units of LFA are installed in
the aeration tank. In general, each sensor from the
tank collects the data and sends the information
to the control box by a wired connection. The con-
trol box processes the collected data and sends the
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Figure 5 Sensors and LFA position in WWTP Udayana Uni-
versity Hospital

processed information to the data server by wire-
less connection.

Figure 6 shows the installation of an IoT-based
real-time monitoring system at Udayana Univer-
sity Hospital. As mentioned in “Design and
Methodology”, this IoT consists of three main sen-
sors, namely, pH, temperature, and DO sensors, as
shown in Figures 6(a), 6(b), and 6(c), respectively.

The combination of those three sensors, namely
pH, temperature, and DO, in a single floating case
is shown in Figure 6 (d). All three sensors are con-
nected to a microcontroller, as shown in Figure
6(e). This microcontroller receives data from each
sensor and transmits the pH, temperature, and DO
information to the main control box (Figure 6(f)).
Each tank has one microcontroller, and the main
controller sends the information from each tank
to the web server.

The users or officers can access the monitoring
results in a web-based user interface. This sys-
tem is very effective compared with conventional
or direct measurement. It reduces direct contact
among officers on the site and minimizes the in-
fection risk to the officers.

3.2 Installation of LFA

The installation of LFA aims to improve power
consumption efficiency in the aeration process.
Figures 7(a) and 7(b) show the LFA before and after
being installed into the Aeration Tank. This LFA
replaces the conventional root blower, which con-
sumes much more electricity than LFA. The effect
of LFA installation is presented in the next section.
This LFA combines two-unit air pumps (Yasunaga
type L240 air pump).
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Figure 6 Installation of IoT-based real-time monitoring
system; (a) pH sensor, (b) temperature sensor, (c) DO sen-
sor, (d) installation of three sensors (pH, temperature, and
DO sensors), (e) microcontroller, and (f) main controller

3.3 Monitoring Results in The Website-based User
Interface

The monitoring result is presented as a real-time
web-based user interface, as shown in Figure 8.
Furthermore, the information about pH and tem-
perature in Inlet and Outlet Tanks, as well as pH,
temperature, and DO in the Aeration Tank, are
shown in Figure 8. The users or officers can an-
alyze this information from their office or every-
where as long as they have devices (smartphones,
tablets, or laptops) connected to the internet net-
work. As long as the monitoring results (pH, tem-
perature, and DO) are under the permitted limit,
the users or officers are not required to visit the
WWTP site. This condition increases efficiency
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Figure 7 Installation of LFA; (a) LFA unit before installation,
and (b) Installed LFA

in manpower usage and keeps the officers from
COVID-19 infection.

In a case where one or more parameters exceed
their limits, the decision or action should be taken
by officers according to the statistical analysis of
monitored data. In the worst case, the officers may
require visiting the WWTP site directly.

Table 1 shows the comparison of conventional aer-
ation and LFA. Conventional aeration using a root
blower with a power input of 1500 watts has the
highest obtained DO of 2.42. After replacing the
root blower with a Yasunaga-type L240 air pump
and a total input power of 500 watts (250 watts for
each pump), the highest obtained DO is 1.42. Fi-
nally, using a two-unit air pump, Yasunaga type
L240 coupled with the LFA obtained the highest
DO of 1.83.

Table 1 shows that the DO value obtained by con-
ventional aeration with a root blower is higher
than LFA. However, a simple efficiency calculation,
such as DO/total power consumption, shows that
LFA has better power usage efficiency. Conven-
tional aeration with a root blower requires 619.8
watts to produce 1 mg L' of DO, while LFA only
requires only 273.2 watts.

3.4 Maintenance of IoT-based Real-time Monitoring
System

Maintenance works are very important to keep the

IoT-based real-time monitoring system at its best
performance. Based on the experiences in WWTP
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Table 1. Comparison of conventional aeration and LFA

Vol. 9 No. 2 (May 2023)

Parameters Conventional aer- Conventional aeration with Ya- LFA + Yasunaga
ation with root sunaga type L240 air pump type L240 air pump
blower air pump

DO 2.42mg L1 1.42 mgL! 1.83mgL!

Power consumption 1500 watts 500 watts 500 watts

Power consumption to produce 619.8 watts 351.2 watts 273.2 watts

1 mgL!of DO

Figure 8 The monitoring results IoT based real-time moni-
toring system presented in web-based user interface and
the effect of LFA installation in the Aeration Tank

in Udayana University Hospital, three main points
need special attention, namely:

(a) Sensor cleanness

(b) Stability of electric power supply to the IoT
system

(c) Stability of internet connection

Figure 9 shows the condition of the pH sensor in
Outlet Thank after a few months of usage. It re-
vealed some dirty parts in the main component of
the pH sensor. This condition can reduce the ac-
curacy of the sensor and may give inaccurate mea-
sured data. In this situation, a periodic cleaning
process for all sensors is essential, at least once a
month.

IoT monitoring systems mostly utilize electrical
devices that are very sensitive to the electric power
supply. In this study, when the electric power sup-
ply suddenly decreases, the IoT monitoring system
restarts automatically, thereby temporarily losing
some monitoring results. Moreover, the IoT mon-
itoring system is useless without a stable inter-
net connection. It does not require a special high-
bandwidth internet connection due to the very
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IFigure 9 pH sensor condition after a few months of instal-
ation

small size of the transmitted file. The most im-
portant is a stable internet connection (never dis-
connected).

4 CONCLUSION

The IoT-based real-time monitoring system and
LFA are developed and applied to the Wastewa-
ter Treatment Plan (WWTP) site in Udayana Uni-
versity Hospital. This system is proven very ef-
fective in reducing human contact at the WWTP
site, and it also minimizes the risk of Covid-19
virus transmission to hospital officers. Regarding
the installation of LFA, it is found to show bet-
ter power usage efficiency than conventional aer-
ation. Furthermore, conventional aeration with
a root blower requires 619.8 watts to produce 1
mgL! of DO, while LFA only requires 273.2 watts.
The maintenance points of this IoT-based real-
time monitoring system are sensor cleanness, sta-
bility of electric power supply, and internet con-
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nection. The IoT-based real-time monitoring sys-
tem was successfully applied in Udayana Uni-
versity Hospital and is useful in other types of
WWTPs, different from hospitals.
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