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ABSTRACT The use of prepaid smart electricity services from the State Electricity Company (SEC) for the general public in
Indonesia has increased. It is because prepaid electricity has several advantages compared to postpaid electricity. One of them
is that it is becoming easier for customers to manage and control their daily electricity usage. Customers can also estimate their
total electricity consumption each month. However, customers still have to manually view the information on the electricity
meter to find data and information on prepaid electricity. It can make it difficult for customers if the electricity meter is placed
outside the house, which is quite far away. Customers must also constantly monitor the use of electricity. This article discusses
a Prepaid Smart Energy Meter Monitoring System (Pre-SEMMS) design using Internet of Things technology. The design is
carried out without changing the SEC's standard prepaid electricity meter system. However, a KWH meter tool that combines
the Internet of Things technology and calculates and monitors electricity usage has been developed. During the experiment
running for 48 hours, the credit balance of electricity decreased by over 75%. The results also show that with this system,

customers can more easily find out and monitor their daily electricity consumption.

INDEX TERMS Prepaid, smart energy meter, monitoring, household uses, internet of things.

. INTRODUCTION

Electricity has become one of the primary needs of human
beings [1]. It is because almost all technology and electronic
devices require electricity to operate [2]. Electricity
consumption in Indonesia has risen year after year. Based on
data released by the State Electricity Company (SEC) of
Indonesia, the number of electricity customers at the end of
2021 was around 82.5 million. It has an increase of 4.49%
compared to the end of 2020. In addition, the data also shows
that there is a trend toward increasing the number of electricity
customers each year by around 4-5%. In fact, of the total 82.5
million electricity customers, 91% are for household uses,
which total about 75.5 million [3]. Therefore, it shows that the
demand for electricity for households in Indonesia is very
high.

Postpaid and prepaid electricity users both exist in
Indonesia [4]. The mode of payment is the primary distinction
between prepaid and postpaid services. Postpaid, as the term
suggests, refers to payment after use. Prepaid refers to
payment made in advance of use. People are thought to be able
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to reduce their expenses by using pre-paid electricity [5].
There is a credit system in place for this service. Customers
can purchase a credit amount to use electricity based on their
unique needs. A token number is typically used as the credit
and entered into the electricity meter. With each additional
watt of electricity used, the credit balance will decrease [4].
Customers are thought to be able to control their electricity
usage by doing this [5]. Customers can view the amount of
credit they still owe before beginning to save. Thus, the SEC
recommends that customers use prepaid electricity rather than
postpaid [6].

There have been numerous studies on prepaid electricity.
Among them is a study to design prepaid electricity in order to
prevent electricity theft [7]-[10]. Some researchers have also
utilized microcontroller technology and GSM modules to
design prepaid electricity systems to make them easier to
monitor [11]-[16]. Besides, there is also a prepaid electricity
study that uses RFID technology [17], [18]. With the
development of IoT, various research projects have combined
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0T, microcontroller, and cloud technologies to make prepaid
electricity more intelligent and efficient [19]-[22].

Prepaid electricity, on the other hand, presents numerous
challenges and it is a part from home automation systems [23]-
[25]. A monitoring system for credit balances is one of them.
The users must still manually check the balance on the
electricity meter. The electricity meter is typically located
outside the house. It is highly inconvenient for the users to
have to leave the house in order to check their electrical credit
balances. Another issue is that consumers cannot check their
electricity balance if they are out of town for an extended
period of time. Users occasionally fail to top up the cred-it
balance due to difficulty accessing the electricity meter,
resulting in the amount running out without their realizing it.
If this happens, then the power will go out.

This paper aims to discuss the design of a prepaid smart
electricity meter monitoring system for household use with
Internet of Things technology. Our contributions in this study
are: 1) we designed a simple system without changing the
standard prepaid electricity meter from the SEC; and 2) we
made a prototype of energy meter using the PZEM-004T
sensor and combined it with the Blynk IoT platform. It can
calculate and monitor the electricity usage without checking
the electricity meter manually.

The rest of the paper is presented as follows: related work
on prepaid energy meter studies is introduced in Section 2. In
Section 3, the proposed system of Pre-SEMMS is provided.
Results and discussion are described in Section 4. Finally, the
paper concludes in Section 5.

Il. RELATED WORK
In the last decade, there have been over twenty studies about
prepaid energy meters. For instance, Mohammad et al. in [8§]
conducted research on how to control and prevent electricity
theft with a smart prepaid energy metering system. They
equipped it with a GSM module. Users can easily top up their
credit balance for electricity using the Short Message Service
(SMS). Moreover, the system could prevent users from using
the electricity illegally. A similar study has also been done by
Preethi et al. in [7]. The authors implemented Zigbee
technology for communication between the energy meter at
the household and the substation. Other related studies on
preventing power theft can be found in [9] and [10]. In [9], the
research was only simulated with MATLAB, with no
hardware or implementation. Meanwhile, [10] implemented
the proposed system in real-time. The motivation for these
projects was because electricity or power theft is more
common in developing countries than in developed countries.
Microcontrollers and GSM modules were used by some
researchers to create prepaid energy meters [11-16]. [11]
wanted to design a system that works similar to the mobile
phone for paying the bill. The users will only pay for the
amount of electricity they use, and the credit balance of
electricity will be deducted. [12] designed and implemented
an affordable prepaid energy meter for domestic users in Sri
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Lanka. The authors created a single phase 230V/40A energy
meter and a prepaid module that connected to the server
through GSM technology. In order to ensure that the users will
pay the bills on time, [13] made a prepaid electricity meter
with Arduino and GSM communications. Its designed system
was an improvement over the traditional energy meter.
Meanwhile, [15] created a web-based portal for displaying
energy consumption data from the meter. They used Arduino
UNO and GSM for communications. In addition, [16] and [14]
also used Arduino UNO and GMS networks in their design of
a prepaid energy meter.

Some projects utilized RFID technology in the design of
prepaid energy meters. For instance, [17] studied how to
design a home automation system with a prepaid energy
meter. The meter was embedded with an RFID reader and a
GSM module. Therefore, it is possible for the meter to
communicate with a mobile phone and a RFID card.
Moreover, it is similar with the research that conducted in [18].
The proposed system was using Arduino UNO and GSM. The
meter can inform the energy consumption to the users via
GSM networks.

Furthermore, a lot of research on prepaid energy meters
combined the internet of things with cloud storage. Research
in [19], for instance, proposed a prepaid energy meter using
the ATMega328p and ESP8266. The system can generate
energy measurements and billing automatically. A web-based
GUI and mobile interactive interface were made based on
HTMLS5 features. This allowed the users to monitor and
control their energy usage. Another study [20] assumed that
the physical energy meter was outdated. They designed a
smart energy meter so that users can access the meters’
readings via customized web pages and smartphones. The
necessary information can be sent to users using SMS. They
built the system using Raspberry Pi devices. ThingSpeak, an
0T cloud platform, received the data. Other researchers [21]
proposed a smart IoT-based energy management system. This
system allowed users to control their home appliances
remotely. It also offered transparency and credibility to the
data. Energy consumption and its cost were calculated
automatically, and then the data was sent to a server in a
periodic manner. [22] developed a prepaid energy meter that
can detect used energy, record it, and store it in cloud
networks. Billing information and statistics on energy usage
can be provided in real time.

lll. PROPOSED SYSTEM

A. SYSTEM DESIGN

The general system of the prepaid smart energy meter
monitoring system (Pre-SEMMS) is shown in FIGURE 1. Pre-
SEMMS is constructed using an ESP32 microcontroller for
controlling the system and a PZEM-004T sensor for
measuring the energy consumed by home appliances and
electronic devices in households. The PZEM-004T is able to
measure electric current up to 100 amperes, meaning that it
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can, ideally, measure a maximum power of 22000 watts with
a voltage of 220 volts. The Pre-SEMMS can be used for
household purposes with these specifications. The ESP32
includes a Wi-Fi module for communication. Energy
measurement data from Pre-SEMMS will be sent to Blynk
cloud server through a gateway with Wi-Fi. As long as there
is an internet connection, users can access and monitor the data
in Blynk server using a smartphone.

Blynk Cloud
Server

Gateway

Pre-SEMMS
with loT

FIGURE 1. Design of Pre-SEMMS with loT for household uses.

The Blynk protocol allows any raw or processed data from
any sensor or actuator connected to the ESP32 to be delivered
to the Blynk cloud database using a data stream. Blynk is
informed what kind of data is flowing across a channel by a
data stream. The Blynk library firmware API and the HTTPS
API are the two ways that data can be sent with Blynk. For
devices that can be continuously linked to the internet, the
Blynk library firmware API is used. Ethernet or Wi-Fi are two
examples. The HTTPS API, on the other hand, is for mobile
devices or any other circumstance that necessitates the use of
the conventional HTTP protocol.

PIN PZEM-004T
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FIGURE 2. Schematic of Pre-SEMMS with PZEM-004T and ESP32.

The prototype design of Pre-SEMMS with IoT is illustrated
in FIGURE 2. It consists of two main components, such as the
ESP32 microcontroller and the PZEM-004T sensor. The
PZEM-004T sensor has four pins that can connect to the

Homepage: jeeemi.org

ESP32. In addition, the sensor will be connected to a terminal
socket to measure the energy consumption in the household. It
enables the system to measure a maximum of 22000 watts of
electricity energy at a standard voltage of 220 volts.

The flowchart of the Pre-SEMMS system is shown in
FIGURE 3. At the beginning, the system is started, and
ESP32 will read the credit balance of electricity on the
standard prepaid energy meter. Home appliances (e.g.,
fridge, air conditioner, washing machine, microwave oven,
rice cooker, etc.) and electronic devices (e.g., TV, personal
computer, laptop, printer, fan, lamp, etc.) will be turned on
as part of the daily routine. It will consume electricity.
PZEM-004T is going to measure the energy consumption in
households. Then, ESP32 will deduce the credit balance
based on the used energy and update the current balance of
electricity. The ESP32 will then either send the energy
consumption and current balance data to the Blynk cloud
server or return to measure the energy consumption. The data
on the Blynk server will be forwarded to the Blynk client
apps on the users’ smartphones for monitoring the system.

ESP32 read the credit balance of
the electricity

!

e N "
home appliances and electronic
devices are on and running in the

household
e ey

v

|PZEM-004T measure the energy
o consumption

l

~ T

ESP32 decrease
the credit balance based on the

L used energy )

!

ESP32 read current balance of
the electricity

h 4

rsend energy consumption data 7

and current balance to Blynk
cloud server

v

send the data in Blynk to
smartphone for user to monitor

FIGURE 3. Flowchart of Pre-SEMMS.
B. EXPERIMENTAL SETUP

For the experimental purpose, several home appliances (e.g.,
fan, TV, air conditioner, and fridge) will be used. In addition,
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Pre-SEMMS will measure their power consumption. The
scenario of experimental setup is shown in FIGURE 4. The
experiment is carried out for 48 hours. The home appliances
will be on and running for two days, and Pre-SEMMS will
monitor and measure the energy consumption during the
experiment. The fridge uses 70 watts, the AC uses 756 watts,
the TV uses 50 watts, and the fan uses 50 watts. In addition,
the household voltage is 220 VAC. Furthermore, Pre-
SEMMS will check the credit balance of electricity and
deduce it based on the energy used by home appliances. The
initial credit balance is set to 100 kWh. In the scenario, some
home appliances will not always be on during the
experiment. The AC is on at night and off during the day.
The TV and fan are set to be on during the day and off during
the night. Meanwhile, the fridge is always on during the
experiment. The result of Pre-SEMMS measurement is
compared to a commercial power or energy meter device for
the benchmark.

Standard Prepaid

S Pre-SEMMS
G Energy Meter

Electric Socket

fridge I

FIGURE 4. Scenario of experimental setup for Pre-SEMMS.

IV. RESULTS AND DISCUSSION

In this section, we present the results of an experiment on Pre-
SEMMS. The experiment was implemented at the author’s
household. The house is powered by 2,200 volts. Table 4
shows the measurement of Pre-SEMMS for an air conditioner
(AC) home appliance. Also, it presents the measurement of the
commercial power meter (PM) device. The table provides the
values of current, power, voltage, and energy of an AC home
appliance. From the table, it can be seen that the results of Pre-
SEMMS and PM have a different value. In addition, the
difference is very small and not significant, ranging
approximately from 1 to 2 points. That means that the Pre-
SEMMS is working and can do its jobs successfully. Its
performance is similar to that of a commercial power meter.
From the data in TABLE 1, the AC has a maximum of 756
watts of electric power. However, from the measured results,
the AC normally uses less than that, which is around 700
watts. For 24 hours of measurement time, AC consumes
around 16.891 kWh.
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TABLE 1
Measurement comparison between Pre-SEMMS and commercial power
meter device for air conditioner (AC) home appliance

. Current (A) Energy (kWh)
Time Pre- Pre-
(hours) SEl\r/fMS Power Meter SEMMS Power Meter
1 3.268 3.251 0.703 0.701
5 3.271 3.263 3.522 3.511
10 3.218 3.207 7.034 7.015
15 3.255 3.241 10.555 10.529
20 3.251 3.248 14.084 14.050
24 3.271 3.261 16.891 16.862

TABLE 2 presents the energy measurement for the TV
home appliance. The TV has, ideally, an electrical power of
50 watts. However, based on Pre-SEMMS measurements, the
table shows that the power of the TV ranges from 47 to 48
watts. The values are slightly different from PM
measurements, which range from 46 to 47 watts. Furthermore,
the TV consumed 0.2 A. For 10- and 24-hour measurements,
the total energy consumed by TV is 0.485 kWh and 1.154
kWh, respectively.

TABLE 2
Measurement comparison between Pre-SEMMS and
commercial power meter device for the TV home appliance

. Current (A) Energy (kWh)
}Tlme Pre- Pre-
(hours) SEMMS Power Meter SEMMS Power Meter
1 0.222 0.211 0.047 0.046
5 0.225 0.218 0.244 0.235
10 0.226 0.219 0.485 0.468
15 0.221 0.212 0.727 0.699
20 0.223 0.216 0.968 0.933
24 0.225 0.213 1.154 1.114

The energy consumption of the fridge, measured by Pre-
SEMMS and PM, is shown in Table 2. The refrigerator uses
66 watts for pre-SEMMS and 64 watts for PM. The fridge was
always on during the experiment, which lasted 48 hours. It
consumes 0.2 or 0.3 A to operate. The total amount of energy
consumed over the course of 48 hours is 3.194 kWh (TABLE
3).

TABLE 3
Measurement comparison between Pre-SEMMS and
commercial power meter device for the fridge home appliance

. Current (A) Energy (kWh)

Time Pre- Pre-

(hours) SE]\r/[eMS Power Meter SEMMS Power Meter
1 0.299 0.291 0.066 0.064
5 0.303 0.299 0.335 0.326
10 0.301 0.295 0.664 0.649
15 0.301 0.295 0.996 0.973
20 0.302 0.294 1.322 1.291
24 0.305 0.294 1.606 1.550
30 0.304 0.293 1.989 1.934
35 0.301 0.298 2.343 2.279
40 0.302 0.294 2.668 2.599
48 0.303 0.295 3.194 3.108
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TABLE 4 displays the Pre-SEMMS and PM measurement
results for a fan home appliance. In the experiment, the fan
was on for a total of 24 hours. It only operated during the day,
which was 12 hours. It has an electrical power of 50 watts.
However, in the measurement results in the table, it operates
at 36-38 watts and consumes around 0.19 A. The energy
consumption of the fan for 24 hours is 0.987 kWh.

TABLE 4
Measurement comparison between Pre-SEMMS and
commercial power meter device for fan home appliance

. Current (A) Energy (kWh)
Time Pre- Power Pre-
(hours) Power Meter
SEMMS Meter SEMMS

1 0.19 0.182 0.038 0.036

5 0.191 0.181 0.198 0.189

10 0.19 0.182 0.381 0.364

15 0.188 0.178 0.585 0.555
20 0.19 0.179 0.802 0.774
24 0.189 0.181 0.987 0.909

FIGURE 5 depicts the credit balance of electricity in the
Pre-SEMMS. The initial balance was set to 100 kWh. The
balance decreases over time based on the energy used by home
appliances (i.e., the fan, fridge, AC, and TV). After running
for 48 hours, the latest balance is 25.40 kWh. Furthermore, the
graphic shows that for the first 24 hours, the balance goes
down rapidly compared to after 24 hours. The reason is that in
the first 24 hours, all home appliances are working, and they
consume a lot of energy. Meanwhile, after 24 hours, only the
fridge is running. As a result, the balance decreases slowly.

CREDIT BALANCE OF PRE-SEMMS
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FIGURE 5. Credit balance of Pre-SEMMS.

FIGURE 6 illustrates the energy consumption among the
home appliances. It can be seen that the AC has the highest
trend line for the energy consumption, even though it operates
only for 24 hours during the experiment, followed by the
fridge. The AC consumes 703 watts of electrical power and
16.891 kWh of energy, so it is obvious. Meanwhile, the fridge
has the second highest energy consumption because it is
operated full time (i.e., for 48 hours) and has an electrical
power of 70 watts. Finally, the fan has the least of energy
consumption which is 0.987 kWh.
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Pre-SEMMS allows the user to monitor the system via
Blynk client apps that can be installed on the smartphone. Pre-
SEMMS sends all the information about the measurement to
the Blynk cloud server. Then, Blynk client apps can access the
data on the Blynk server. FIGURE 7 shows the monitoring of
Pre-SEMMS from Blynk client apps on the smartphone. It
presents the data for the current voltage, current, power, and
energy used, as well as the current credit balance of electricity.
With this, the users can have the latest information on the
balance and other information easily without checking the
energy meter manually.

Energy consumption of home appliances

FIGURE 6. Energy consumption of fan, AC, fridge, and TV.

FIGURE 7. Monitoring of Pre-SEMMS from Blynk client apps on
smartphones.

V. CONCLUSION

Based on the results presented in this paper, it can be
concluded that Pre-SEMMS is an effective and reliable system
for monitoring and managing home electricity usage. The
experiments conducted on various home appliances show that
Pre-SEMMS can provide accurate measurements of current,
voltage, power, and energy consumption. The system
performs well and is comparable to commercial power meters.
Furthermore, the graphical representations of energy
consumption and credit balance provide a clear picture of the
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energy usage patterns in the household. The Blynk client apps
also allow for easy monitoring of the system on a smartphone,
providing real-time information about the energy consumption
and credit balance. In conclusion, Pre-SEMMS can be a useful
tool for households to manage their electricity usage and
reduce their energy bills. It can also contribute to a more
sustainable future by promoting energy efficiency and
conservation.

Future research should focus on expanding the capabilities
of Pre-SEMMS to include more home appliances and
electrical devices. Additionally, the integration of machine
learning algorithms could provide users with personalized
recommendations on how to optimize energy usage and
reduce costs. Another potential avenue of research could be
exploring the implementation of Pre-SEMMS in larger
buildings and complexes to better manage energy usage on a
larger scale. Lastly, the development of more advanced and
user-friendly interfaces for the Blynk client apps could
improve the user experience and further promote energy
conservation.
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