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 Electrical energy is one of the basic human needs whose use continues to 

increase along with the increase in daily activities. Uncontrolled electricity 

consumption can lead to energy waste and increased costs. Therefore, a 

system is needed that can monitor and control the use of electrical energy 

effectively. In this final project, we develop an Internet of Things (IoT)-

based tool that is able to monitor and control the use of household electrical 

energy in real-time. This system uses ESP32 microcontroller, PZEM-004T 

current sensor, LCD to display the sensor output, and Relay as an automatic 

switch to regulate the on or off of electronic devices. Blynk platform is used 

as an intermediary between microcontroller and smartphone or PC to 

facilitate remote control. With this system, users can monitor daily energy 

consumption and control electricity usage efficiently, thus saving energy and 

costs. This research is expected to contribute to a smarter and more efficient 

management of household electrical energy. 
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1. INTRODUCTION  

One of the basic needs of humans today is electrical energy. Everyone needs electricity because 

almost every activity carried out by humans requires electricity. Household consumers also need electricity to 

carry out activities, which makes electricity consumption increasingly wasteful. Therefore, a system is 

needed that can monitor electricity usage so that electricity usage becomes more controlled [1]. Most 

electricity users still use electricity meters that have a monthly or postpaid payment system [2]. The use of 

prepaid electricity is also uncontrolled, such as electricity tokens that are filled with many kWh, but do not 

last long and cause users to usually not know how much electricity they use for 1 month [3]. Electronic 

devices will be damaged and costs will increase if there is often an electricity overload [4]. The increasing 

use of household electronics also causes an increase in electricity needs [5]. To facilitate saving electricity, 

information about the daily use of prepaid electricity is needed so that users understand the basics of 

electricity current needs [6]. This is necessary because uncontrolled household electricity use can lead to high 

or uncontrolled electricity bills. [7].  

The concept of the Internet of Things aims to increase the benefits of a continuously connected 

internet network. The uses it has, such as data sharing and remote control, also apply to real-world objects 

[8]. The Internet of Things can be used and applied to control, monitor electrical energy usage and improve 

home electrical safety [9]. Management of electrical energy usage is a major concern, considering the 

increasing energy consumption that continues to increase along with the increasing number of electronic 

devices. Inefficient management can lead to energy waste and high costs. Therefore, a system is needed that 

is able to control electrical energy usage intelligently and efficiently [10]. 

This Internet of Things-based electrical energy monitoring and control system functions to control 

the use of home electrical energy remotely in real time in order to save electricity by turning off electronic 
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devices remotely. This system can also be called a smart home. A smart home is a home that has equipment 

that can be controlled remotely via a mobile device connected to the internet [11]-[12]. This system uses an 

ESP32 microcontroller. The power and electrical energy usage meter uses PZEM-004T. Furthermore, the 

LCD is used as a place to see the sensor output value, and the Relay as an automatic switch to regulate the on 

or off of electronic goods. The Blynk platform is used as an intermediary for microcontrollers and 

smartphones or PCs as a medium for controlling the use of electrical energy remotely. 

 

 

2. METHOD  

In making a tool, the first thing to do is design. Tool design is a planning process before making the 

tool. The purpose of this design is to make it easier to make the tool. Because in the design, the right circuit 

selection and calculation and component selection will be carried out [13]. In principle, systematic tool 

design will provide ease in making the tool. The block diagram of the designed system is shown in Figure 1. 

  

 

 
 

Figure 1. Diagram block of monitoring and control system electrical energy usage based on IoT 

 

The system block diagram explains the input, process, and output of how the tool design works. The 

input used is the PZEM-004T sensor which functions to calculate the electrical load of electronic equipment 

that flows and sends data to the ESP32. The sensor on the PZEM-004T will output a value, namely Power 

(W) and Energy Used (kWh). The PZEM-004T sensor itself has a current transformer coil with a diameter of 

3 mm which can be used to measure a maximum current of 100A [14]-[15]. After that, the ESP32 as a 

processor of input values from the PZEM-004T sensor uses serial communication and is used as a Relay 

control system via the Wifi network owned by the ESP32 so that it is connected to the internet. After that, the 

ESP32 sends the input value obtained from the PZEM-004T to Blynk [16]. The ESP32 is a microcontroller 

that has the ability to connect to the internet network independently via a WiFi hotspot signal [17].  

The outputs used are Blynk, LCD, and Relay. Blynk as an Internet of Things platform uses 

smartphones so that homeowners can monitor home power anywhere. 16x2 LCD to display home energy and 

electricity being used. 16x2 LCD can display text according to program selection [18]. And relay as a control 

to turn on/off the electric current from Blynk, in this final project using 8 Relays as a circuit breaker on 

electronic equipment. Relay is a type of switch that is electrically controlled [19]. The explanation in the 

block diagram is Power (W) and Energy Used (kWh) which is drawn through the PZEM communication PIN 

to ESP32, the value will be processed on the microcontroller and sent to the Blynk application. Then, it will 

be displayed on the 16x2 LCD screen and the Blynk application on the smartphone. In addition, remote 

control on the Blynk application can be done to cut off the electric current using Relay.  

Figure 2 shows the flowchart of the Blynk and ESP32 applications where the Blynk application is 

where the Electric Power (Watt) and Total Energy (kWh) data are displayed. The data displayed is data read 

by PZEM and then sent to the Blynk application. In the Blynk application, the user can press the button to 

disconnect / turn on the Relay. Software for monitoring and control systems using Blynk. The monitoring 

system uses a local Wifi internet network [20]. Making monitoring using the Blynk application can be done 

easily by simply utilizing the features in the Blynk application, everything related to the Internet of Things 

can be completed [21]. The Internet of Things is a multidisciplinary field and a dynamic universal network 

infrastructure [22]. To be able to use the Blynk application, users only need to download the application on 

the Playstore. 
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Figure 2. Flowchart of monitoring and control system electrical energy usage based on IoT 

 

Figure 3 shows a hardware circuit that combines all the components used when assembled with each 

other. In the image you can see the PINs that connect the ESP32 to the Relay PIN, PZEM-400T Sensor, and 

I2C LCD PINs. 

 

 

 
 

Figure 3. Circuit of monitoring and control system 

 

This home electrical power monitoring tool is made in a rectangular shape with the components 

needed for monitoring on top. After designing the tool in a flat or two-dimensional (2D) shape, we will then 

design the shape of the tool. Figure 4 shows the shape of the tool that will be made. 

 

 
 

Figure 4. Hardware design of monitoring and control system electrical energy usage based on IoT 
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This tool uses ESP32 as a microcontroller. To be able to connect to the Blynk application, during 

registration there is a token that functions to connect the microcontroller and the Blynk application. Figure 5 

is a layout configuration that is installed on the electricity monitoring view display. How to create this 

application project, users simply drag and drop components [23]-[25]. The explanation of the components in 

the image is that the button-shaped component functions as a switch that controls the Relay to turn on the 

lights and sockets remotely. Then the display of components such as a half circle or measuring instrument 

functions to display the measurement results from the sensor in the form of images and numbers. 

 

 

 
 

Figure 5. Software design of monitoring and control system electrical energy usage based on IoT 

 

 

3. RESULTS AND DISCUSSION  

The test was conducted to determine whether the system was functioning properly [25]. This test 

was conducted to run the overall function of the tool. Starting from ESP32, PZEM-004T sensor, Relay, LCD, 

and sending data from ESP32 to the blynk application on the smartphone. The mechanical form of the 

electrical energy monitoring and control tool can be seen in Figure 6. This design uses a 60 x 40 x 10 cm box 

and wiring using a 1.5 mm NYA cable on the AC circuit and using a 0.12 mm ribbon cable on the DC circuit. 

Below is the form of the tool box design. 

 

 

 
 

Figure 6. Results of making the tool 
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The program design is done using the Arduino IDE application. The program that has been created 

on the Arduino IDE will be uploaded to the ESP32 using a USB cable. Program testing is done to prove 

whether the program created is in accordance with what was planned. Testing is done on all components 

connected to the ESP32. The components are the PZEM-004T sensor, relay, and LCD. After the program is 

uploaded, the ESP32 can be directly connected to the Wifi that has been specified in the program created. 

With that, the ESP32 can be connected to the Blynk application on the smartphone. Program testing on the 

first component is done for the PZEM-004T sensor. Figure 7 shows the results of software testing on the 

LCD and blynk. 

 

 

     
 

Figure 7. Software testing on the LCD and blynk 

 

Next, the relay test is carried out. The test is carried out to adjust the relay pin on the ESP32 with the 

virtual pin used in the Blynk application. This test is carried out by connecting the relay to the ESP32 pin that 

has been specified in the program. The button used to turn the relay on and off is a virtual button created in 

the Blynk application. Table 1 is the result of relay testing by pressing the button on the Blynk application. In 

the table it can be seen that the test results are in accordance with the relay sequence with the blynk virtual 

button and the lights turn on according to the button pressed. So with that the relay can be turned off by the 

user remotely if they forget to turn it off when traveling. 

 

 

Table 1. Test Results on Relay 
No Tombol 

Blynk 

Relay 
Load 

1 2 3 4 5 6 7 8 

1 Button 1 ON - - - - - - - ON 

2 Button 2 - ON - - - - - - ON 
3 Button 3 - - ON - - - - - ON 

4 Button 4 - - - ON - - - - ON 

5 Button 5 - - - - ON - - - ON 
6 Button 6 - - - - - ON - - ON 

7 Button 7 - - - - - - ON  ON 

8 Button 8 - - - - - - - ON ON 

 

Table 2. Monitoring test results 

No Time (minutes) 
LCD Blynk 

Watt kWh Watt kWh 

1 1 Menit 88,30 0,00 88,30 0,001 
2 5 Menit 84,80 0,01 84,80 0,007 

3 10 Menit 73,90 0,01 73,90 0,014 

4 15 Menit 75,9 0,02 75,9 0,02 
5 20 Menit 76,40 0,03 76,40 0,026 

6 25 Menit 75,5 0,03 75,5 0,033 

7 30 Menit 76,00 0,04 76,00 0,04 
8 35 Menit 57,50 0,04 57,50 0,045 

9 40 Menit 55,20 0,05 55,20 0,05 
10 45 Menit 55,00 0,05 55,00 0,055 

11 50 Menit 53,40 0,06 53,40 0,059 

12 55 Menit 54,30 0,06 54,30 0,064 
13 60 Menit 53,90 0,07 53,90 0,069 
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Next, an IoT-based energy monitoring test was conducted. This test was conducted to monitor the 

results of energy and power measurements from the PZEM-004T sensor if used for a long time. Monitoring 

was carried out for 1 hour and data collection was carried out every 5 minutes. The load used in this test 

consisted of 6 25 Watt lamps, 1 HP charger, and 1 laptop charger. Table 2 is the test result of energy and 

electrical power monitoring using the PZEM-004T sensor and the energy and power measurement data is 

sent to the LCD and the Blynk application. In the table it can be seen that the measurement data displayed on 

the LCD and the Blynk application are the same. It's just that the LCD cannot display 3 digits behind the 

decimal point in the energy measurement results. The energy measurement data increases over time. And that 

means the PZEM-004T sensor can function properly. 

 

 

4. CONCLUSION  

The test results show that the entire device has worked well according to its purpose and works as 

expected, where the measurement data from the PZEM-004T sensor is processed first by the ESP32, then 

produces output to the LCD and the Blynk application. And the virtual button from the Blynk application can 

also be used to turn on and off the relay connected to the ESP32. The Internet of Things-based electrical 

energy monitoring and control system has the potential to help manage and optimize the use of electrical 

energy. With information and being able to control it in real time, users can make better decisions in energy 

use and reduce waste of electrical energy. 
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