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1. INTRODUCTION

In recent decades, the world economy in general has made great progress, leading to increasing
demand for energy [1], [2]. There is a significant contribution from the area of residential buildings [3]. People
are also looking for efficient energy management solutions for this area. In many countries, they still use
traditional electric meters, electromechanical meters or electronic meters. These types of meters require staff
to visit the meter location in each household for power readings and other administrative tasks [4], which causes
more work for them as well as difficulty in ensuring transparency in measurement. These problems will be
solved if an internet of things (10T)-based smart meter is utilized instead.

Nowadays, 10T is becoming the new technology trend [5], [6]. loT environment is increasingly being
researched for information security, so it is safer for users [7]. 10T aims at providing life easier and more
convenient by monitoring various activities, including energy management [8]. The loT enables a lot of smart
solutions for various problems and saves energy to a great amount. Real-time monitoring helps households
reduce more energy consumption than monitoring through monthly electricity bills [9], [10]. There have been
a great number of studies on electrical energy meters using 10T [11]. The statistics of the different technological
and functional aspects found in the literature review are illustrated in Table 1.

To know electrical quantities, it is necessary to measure two fundamental quantities which are voltage
and current. For electric current, there are two basic techniques: intrusive and non-intrusive. The ACS712
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sensor from allegro micro systems (USA) is an example representing the first technical group; and the current
sensor STC-013 of YHDC (China) is an example representing the second group. For voltage, there are the
following techniques: i) AC/AC step-down transformer and voltage divider, and ii) ZMPT101B sensor.

Table 1. Smart energy meter technologies comparisons

Technologies Functions
Ref. Sensor Microcontroller ~ Communication Egmﬁ Timing  Alert Billing Display 2ﬁggt|§
[12] ACS712 Arduino Uno, WiFi Yes No No Yes  Mobile App No
ZMPT101B  ESP8266
[13] ACS712 Arduino Uno, WiFi No No Email Yes Web No
ZMPT101B  ESP8266 (Adafruit)
[14] ACST712 Arduino Uno, WiFi Yes Yes Email  Yes  Mobile app, No
ZMPT101B  Raspberry Pi Web
[15] ACS712 Arduino Uno, WiFi No No No No  Blynk app No
ZMPT101B  ESP8266
[16] ACST712 ESP8266 WiFi No No No Yes  Mobile app No
ZMPT101B
[17] ACS712 ESP32 WiFi No No Mob. No  Blynk app No
ZMPT101B App
[18] ACST712 ESP32 WiFi No No No No  Web (Ubidots)  No
ZMPT101B
[19] ACST712 Arduino Uno, LoRa Yes Yes Yes No  Mobile app, No
ZMPT101B  Raspberry Pi, Web
LoRa Shield
[20] ACST712 - WiFi Yes No No Yes  Web, Mobile, No
ZMPT101B LCD
[21] ACST712 Arduino Mega, ZigBee No No No Yes  Web, Android No
ZMPT101B  ESP8266, app, LCD
ZigBee Module
[22] ACST712 Arduino Mega, WiFi Yes No No No  ThingSpeak, No
ZMPT101B  ESP8266 Blynk App,
LCD
[23] ACST712 Arduino Uno WiFi No No No Yes Web No
ZMPT101B  ESP8266 (Adafruit),
LCD
[24] ACST712 Avruino Nano, WiFi No No No No  Web No
ZMPT101B  ESP8266 (ThingSpeak)
[25] PZEM-004T ESP8266 WiFi No No Email No  Web (Grafana)  No
[26] PZEM-004T ESP8266 WiFi Yes No No No  Web (local No
host)
[27] PZEM-004T  Arduino Uno, WiFi Yes No Email, No LCD, No
ESP8266 Mob. Mobile App
App
[28] PZEM-004T Raspberry Pi, Lora Yes No No No  Web No
Lora gate ThingsBoard,
Mobile
[29] SCT-013 Arduino Uno, WiFi Yes No No No  Mobile app No
CT, Volt. ESP8266
transformer
[30] - Arduino Uno, GSM No No SMS No LCD No
GSM module
[31] - Arduino Uno, GSM Yes No SMS Yes LCD No
GSM module
[32] - ARM?7, ZigBee No No SMS Yes LCD No
ZigBee Module
Proposed PZEM-004T ESP32 WiFi Yes Yes Email, Yes LCD, Mobile Yes
paper Mob. App
App

After obtaining the current and voltage in one of the above ways, calculations are required to get the
electrical parameters like active power, and power factor. This adds to the processing time of the processor.
Instead of using the solution of individual sensors, using the PZEMO04T module makes it easier and more
convenient. This module helps to measure and calculate quantities of voltage, current, power factor, active
power and energy. In the investigated studies, the ACS712 current sensor and a ZMPT101B voltage sensor
were used in the studies [12]-[24]; the PZEMOO4T module used in the studies [25]-[28]; SCT-013 current
transformer (CT) and AC/AC step-down transformer and voltage divider used in the research [29].
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In order for the device works properly and fully perform its designed functions, a central processor is
required. With 10T devices, there is also a need for an additional component that sends data over the wireless
network to end-user applications. To perform both of these functions (data processing and communication)
there are two main technical solutions: i) using two separate microcontrollers, and ii) using microcontrollers
with built-in functions. Currently, the microprocessors commonly used in research include Arduino, ARM,
Raspberry Pi, ESP8266 and ESP32. Arduino microcontrollers have 3 main product families: Nano, MKR and
Classic. Arduino Uno is used in projects [12]-[15], [19], [23], [27], [29]-[31] and Arduino Mega used in
projects [21] and [22] are microcontrollers of the classic family and belong to the group of technical solutions
i) which means that communication modules are not integrated into. Despite using the same solution i) as
above, the article [28] uses a Raspberry Pi microcontroller while the article [32] uses the ARM7 microcontroller
which is a product of Arm Holdings Ltd. ESP8266, developed by Espressif Systems, is a microcontroller with
an integrated WiFi module and is widely used in loT projects [33]. ESP32 is an upgraded version of ESP8266
with more features and processing speed [34]. ESP8266 is used in projects [16], [25], [26]; ESP32 is used in
projects [17], [18] which are in the solution group ii).

Regarding communication technology, there are different communication methods such as WiFi,
LoRaWAN, Zigbee, and GSM [35]. As mentioned in the literature review, most smart metering systems use
WiFi communication networks, [12]-[18], [20], [22]-[27], [29] while only few systems use LoraWan [19],
[28], Zigbee [21], [32], or GSM [30], [31]. Communication over WiFi is realized in short range and suitable
for household applications while the remaining methods are suitable for projects that need longer signal
transmission distances.

For the functions of the surveyed meters, in general, these smart meters have basic functions such as
measuring and displaying quantities such as current, voltage, power and energy. In addition, some projects add
some features such as controlling the device remotely; controlling timer settings; sending alerts to users via
email, SMS, mobile app, or both email and mobile app; calculating electricity bills. To display the collected
and calculated data, some studies have solutions such as displaying on liquid crystal display (LCD), on the
website, on mobile applications, or a combination of the two or all three of the above solutions. For example,
the research team [12] presented a smart meter with the functions of remote control, electricity bill calculation
and parameter display via a mobile application. Moreover, the research team [13] implemented a power meter
that can calculate electricity bills, send alerts to users via email and display the data on the website via the
Adafruit 10 application. The research of the group [14] presents a device that can be remotely controlled, set
the timing, calculate the bills, send email notifications, and display data via website and mobile app. In general,
in those studies, each of the surveyed studies lacked certain features, especially not being able to export data
through the Google Sheets application, a popular application of Google. Google Sheets is user-friendly, easy
to access and process data anywhere and can be accessed by many people at the same time.

Following the previous studies, the motive for this research is to design and build a smart power meter
with more features. This device is not only capable of measuring current, voltage, power and energy;
calculating electricity bill calculation and presenting real-time display on Mobile App and LCD; but also
emailing and sending data via Google Sheets. In addition, the device can control and schedule the switch
remotely via a mobile phone. The device can send data via Google Sheets, which is a new feature compared to
the previous studies. Furthermore, this device can make a contribution to conserving energy and help
households calculate their bills.

The remains of this paper are organized as follows: The design of the proposed system in section 2.
The main contents involving the implementation and experimental results are given in section 3. Finally, the
conclusions are described in section 4.

2. METHOD

The development process of the proposed system includes the following steps: hardware design,
software design and testing and evaluation of device features. After testing the features of the device with stable
operation, the complete prototype will be built. The device's hardware is designed from today's common
electronic components. Software programming includes programming for the ESP32 microcontroller and
applications on Blynk application. The details of these processes are presented in the sections.

2.1. Hardware design

The system proposed in this paper consists of the main blocks as shown in Figure 1. The major components
of the device are the power PZEM-004T module, ESP32, relay, LCD and source module. The hardware design for
the smart energy meter is presented in Figure 2. PZEM-Z004T module as shown in Figure 3 is used to detect voltage,
current, active power, frequency, power factor and energy [26], [36]. PZEM-004T is chosen for its ease of use and
great performance [37]. Specifications of PZEMOOAT are described in Table 2. The device communicates with the
ESP32 using the universal asynchronous receiver and transmitter (UART) protocol.
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ESP32 as shown in Figure 4 is a low-cost microcontroller with many outstanding features. The module
supports SPI, UART, 12C and 12S communication standards. It is capable of connecting with many peripherals
such as sensors, amplifiers, and SD cards. ESP32 supports both Wi-Fi as well as bluetooth connectivity [38].
Table 3 describes the specifications of the ESP32 module.

The relay module used in this paper is shown in Figure 5. This is a 4-channel 5 V relay and the driving
current of each channel is 15-20 mA. This relay can be applied to control high-power devices. The relay's
operating current is below AC 250 V 10 A or DC 30 V 10 A. The relay can communicate with the
microcontroller to control the device programmatically.

In this project, the LCD module used is 20x4 type. The components in the circuit are fed by the power
module. The power module used in this study has a brand name of Hi-Link, it can convert 220 V ACto 5 V
DC power. Hi-Link is chosen because of its popularity and cheap price.

220 VAC IoT Based Smart Electrical Meter

N L » Energy monitoring
« Bill caculation
« Email
* Blynk App
+ Remote control
* Timer
» Google Sheet LCD Monitor
7| Mobile app
CT | - #,/" G .
[[[[=— Pzemoost ) TAaM I|
™ ESP32
Wifi Module e
N = Google
AC/DC-5V-700mA Sheets
Power Supply
Module —| Relays
Electrical
Devices

LOAD

Figure 1. General block diagram of the proposed device

Figure 2. Connection diagram of main devices

Table 2. Specifications of PZEMO004T

Parameters Specifications
Voltage supply 5V DC
Operating voltage 80-260 V AC/50-60 Hz
Operating current 0-100 A
Rated power 100 A/22000 W
Measurement accuracy 1.0
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Table 3. Specifications of ESP32 module

Parameters Specifications
Microcontrollers ESP-WROOM-32
GPIO 30
Peripheral UART, SPI, 12C, 12S, Capacitive Touch GPIOs, PWM, ADC, DAC
Flash memory 4 MB
SRAM 520 KB
Clock speed 240 MHz
Wi-Fi 802.11b/g/n Wi-Fi transceiver
Bluetooth Bluetooth 4.2/BLE
Supply 5V DC

Figure 3. The PZEM-Z004T module  Figure 4. ESP-WROOM-32 Figure 5. Relay module

2.2. Software design

Software design includes writing programs that can read electrical data, calculate electricity bills, control
equipment, display the data on the Blynk application, export data via Google Sheet and send emails. The Blynk
mobile application is used to monitor, control and display real-time electricity data. The interface of the mobile
application is shown in Figures 6-8. Blynk application displays energy consumption, electricity bill, power
capacity, current, voltage and frequency. The mobile interface of the control unit is shown in Figure 8. The
devices’ control interface has a drop box for device selection and an ON/OFF button. The interface also allows
setting the ON/OFF timer for each device by selecting the time picker.

In Vietnam, the selling price of electricity to households is calculated based on tiered pricing as
shopwn in Table 4. Accordingly, the more electricity a household uses, the higher the electricity price will be.
Therefore, when the consumption is high, the mobile application will display a warning and email to the
householder as shown in Figure 9.

The data exported to Google Excel are depicted in Figure 10. The displayed values include voltage,
current, capacity, power factor, bill and cumulative energy. The data are taken every an hour, users can get the
data for particular time periods. Google Sheet, which is an online application from Google, is popular with
many people. Therefore, when the data are exported to Google Sheet, it is very convenient for data statistics.

08:44:02

Figure 6. Monitor unit interface Figure 7. Real-time display of Figure 8. Control unit interface
electrical quantities
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Table 4. Electricity tariffs of urban areas in Vietnam [39]
Segment Tariff  Price per unit (VND/kWh)

From 0 to 50 kWh 1,678
From 51 to 100 kWh 1,734
From 101 to 200 kWh 2,014
From 201 to 300 kWh 2,536
From 301 to 400 kWh 2,834
Above 401 kWh 2,927

CONSUMPTION ALERT (external: »  Inbox x

MONITORING
“‘ tome v

Energy used: 187.89 kWh
Bill: 346099 VND
Warning Level: 3

Max. voltage: 225.9

Max. current: 9.5 A

Max. Power: 1786.45 W

Figure 9. An email alert sends to the household

1 Time Voltage (V) Current (A) Power (W) Frequency (Hz) Power Factor  Energy_now (kW) Bill (VND) Total_Energy (kWh)
26/11/2021 19:22 201.10 248 489.30 50.00 0.95 117.32 205478 146.77
26/11/2021 20:22 203.40 1.49 307.30 50.10 0.96 17.76 206372 147.21

o 26/11/2021 21:22 202.30 1.41 284.80 50.10 0.94 118.04 206924 147.49
5067 | 26/11/2021 22:22 204.40 1.30 267.10 50.00 0.95 118.35 207560 147.80
5068 | 26/11/2021 23:22 205.40 3.14 663.70 49.90 0.99 118.57 208010 148.02

26/11/2021 24:22 213.10 0.64 149.40 50.00 0.98 118.78 208418 148.23
5070 | 27/11/2021 00:22 216.70 2.26 592.70 50.10 1.00 118.95 208755 148.40
5071 12711112021 01:22 214.90 0.47 111.40 50.00 0.96 119.08 209027 148.53
5072 12711112021 02:22 217.10 0.48 114.40 49.90 0.94 19.17 209204 148.62
5073 127/11/2021 03:22 216.60 0.51 121.90 49.90 0.95 119.27 209407 148.72
5074 | 27/11/2021 04:22 209.90 0.46 71.80 50.00 0.64 119.37 209609 148.82
5075 | 27/11/2021 05:22 22040 1.24 229.60 50.00 0.79 119.73 210334 149.18
5076 | 27/11/2021 06:22 216.20 224 536.60 50.00 0.98 119.94 210761 149.39
5077 |1 27/11/2021 0722 216.30 0.59 108.20 50.10 0.75 120.11 211097 149.56
5078 127/11/2021 08:22 220.20 0.76 170.40 50.10 0.92 120.3 211492 149.75
5079 | 27/11/2021 09:22 223.00 0.93 208.40 50.00 0.93 120.5 211893 149.95
5080 | 27/11/2021 10:22 221.50 0.87 195.30 50.10 0.93 120.85 212579 150.30
5081 |27/1112021 11-22 21420 nRe? 173 30 &N NN ns| 121 DA 213N1A 180 51

Figure 10. Electrical quantities displayed on Google Sheet

2.3. Working principle

The proposed control and monitoring algorithm on the devices is shown in Figure 11. At the initial
point, the system is booted and connected to Wi-Fi. The data taken from the PZEM 004T are sent to ESP32
microcontroller. ESP32 plays the role of the central processing unit and Wi-Fi signal transmitter. Electrical
quantities including current, voltage, power, power factor, frequency and energy are sent to the ESP32
microcontroller. When receiving the data, ESP32 will calculate the cost of the consumed electricity according
to the electricity tariff regulated by EVN in Table 4. The data from the ESP32, after being processed, are
exported to the Blynk app, Email and Google Sheet. Google Sheet is a free application of the Google Company
which is popular with many people. From there, the collected data will be easily processed according to the
needs of the user.

Figure 12 depicts the flowchart of the algorithm for controlling remote devices via the relays. When
the system is connected to Wi-Fi and there is an ON/OFF command on the Blynk app, these relays can be
opened and closed remotely. There are four relays; therefore, four devices can be controlled. The ON/OFF
button of these devices can also be controlled by timing.
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Connect
__Internet WiFi

( Read data
from PZEM 004T

( Electrical energy cost
calculation

I

Transfer data to Blynk app

‘ Display data on the local LCD
Transfer data to Google Sheet

Figure 11. The proposed algorithm for measuring

electrical quantities

3. RESULTS AND DISCUSSION

Cstart>

Connect
internet WiFi

Is internet
enable?

Yes

Is relays
ready?

Yes

Receive control signals
from Blynk App

No

No

ON/ OFF
Relays

il

CEnd >

Figure 12. The algorithm for controlling the relays

Figure 13 depicts the installation of the internal components of the proposed device. An LCD is attached
to the device to monitor electricity indicators and electricity bills in a convenient manner. Figure 14 shows an loT-
based smart meter installed for testing. Figure 15 describes the test of a remote control device and the setting of the
on/off timers for the device. Figure 16 depicts the test with a refrigerator and the results are shown in Table 5.

Figure 13. Internal configuration of the device

Figure 14. The experimental setup

Figure 15. Testing device controls

Figure 16. Tested with a refrigerator
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Table 5. Test results with the refrigerator
Refrigerator Multimeter 10T Meter  Error (%)
U (V) 211 2116 0.28
1 (A) 0.52 053 1.90

To compare the device accuracy, the results are referenced with the commercial multimeter and
electric meter installed by Vietnam Electricity (EVN) for consumers. The test results with the welding rod are
shown in Table 6. The test results with the refrigerator show that the voltage error is 0.28%, and the current
error is 1.90%; the test results with the welding rod load show that the error of voltage is 0.049%, and the error
of current is 5%. This error level is lower than that of some studies like [18], [26]. In these two projects, the
error of voltage measurement is 1.16% and 0.616%; the error of measuring current is 17.6% and 21.027%,
respectively.

Table 7 describes the test results with the household's load. The value of the measured 10T meter is
compared with the EVN's kWh meter installed for the household. The data are collected from the two meters
once a day at the same time. The test results show that the maximum energy measurement error is 4.69% which
is slightly lower than that of the study [32] 5%.

Table 6. Test results with the welding rod
Soldering iron Multimeter 10T Meter  Error (%)
U (V) 203.9 204 0.049
1 (A) 0.19 0.2 5.00

Table 7. Test results with the household
Date  EVN Meter (kWh) Proposed Meter (kWh)  Error (%)

07/11/2021 0 0 0.00
08/11/2021 7.9 8.0 1.27
09/11/2021 113 115 1.77
10/11/2021 6.8 7.0 2.94
11/11/2021 6.4 6.5 1.56
12/11/2021 5.4 5.6 3.70
13/11/2021 7.0 7.2 2.86
14/11/2021 6.9 7.0 1.45
15/11/2021 51 53 3.92
16/11/2021 6.8 6.9 1.47
17/11/2021 6.4 6.7 4.69
18/11/2021 7.0 7.3 4.29
19/11/2021 7.9 8.2 3.80
20/11/2021 6.9 7.2 4.35
21/11/2021 6.6 6.7 1.52
22/11/2021 8.9 9.3 4.49
23/11/2021 6.6 6.7 1.52
24/11/2021 7.5 7.8 4.00
25/11/2021 7.2 7.4 2.78
26/11/2021 6.9 7.2 4.35
27/11/2021 6.8 7.0 294
28/11/2021 5.4 5.6 3.70
29/11/2021 6.0 6.2 3.33
30/11/2021 53 55 3.77
01/12/2021 5.8 6 3.44
02/12/2021 6.1 6.3 3.28
03/12/2021 6.0 6.2 3.33
04/12/2021 5.7 5.9 3.51
05/12/2021 6.5 6.8 4.62
06/12/2021 6.1 6.3 3.28

4. CONCLUSION

Power monitoring that helps increase the transparency in the measurement of electrical quantities is an
essential need not only for households but also for electricity companies. This study has designed and built an loT
power meter that can monitor electrical quantities such as current, voltage, capacity, power factor, frequency, and
electricity and calculate electricity bills; switch off the electrical equipment remotely via a mobile phone; send
emails; send parameters via Google Sheet. The device is compact and easy to install. The device works stably,
the error when measuring energy is less than 5%. This device is useful for households to monitor and manage
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energy more efficiently. In the future, it is expected that the system will be expanded with more features as well
as machine learning algorithms will be applied to effectively manage energy for households.
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