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 Today, the demand for electrical energy is paramount in various daily 

activities. Hence, individuals must be aware of the amount of electrical 

energy consumed to maintain the quality of electronic devices. Knowing the 

quality of electronic devices is essential since it can impact the performance 

and lifespan of electrical equipment. The value of electrical power is 

determined by the quality of electrical power and the number of hours. 

Monitoring electrical energy involves collecting or measuring data to assess 

the current level of energy consumption. The author is interested in 

researching the use of Datalogger Spreadsheets to monitor and gather real-

time information on energy use, which is made possible through integration 

with internet of things (IoT) and microcontrollers. Through data analysis and 

observation, solutions to existing problems are sought by comparing and 

matching data. Monitoring daily energy usage in a home setting produces 

output data that can be viewed directly and remotely with real-time results. 

This tool is expected to address current issues. 
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1. INTRODUCTION  

The utilization of electrical energy is crucial in many modern-day activities. Electrical energy is a 

necessity for nearly all electronic devices [1]–[3]. Individuals need to be aware of the amount of electricity 

required to uphold the standard of electronic devices. Being aware of this standard is crucial as it can impact 

the performance and longevity of electrical equipment [4]–[8]. Aspects that can influence the value of 

electrical power are the quality of electrical power multiplied by the unit of time (hours) [9]–[11]. 

As per the regulations mentioned in the Minister of Energy and Mineral Resources of the Republic 

of Indonesia (ESDM-RI), Number 14 of 2012, it is necessary to manage energy consumption for medium and 

long-term programs, including increasing equipment efficiency. A measurement stage is conducted to 

determine electrical energy usage [12]. Electrical energy monitoring is designed as a routine process of 

collecting or measuring information source data, which determines the level of achievement of electrical 

energy consumption in real-time [13], [14]. By using real-time information technology, the operating 

conditions of the hardware system and programs have clear time frames [15], [16]. 

A monitoring system that uses the PZEM-004T sensor to measure voltage and electric current has 

been designed. Nordin and Hassan [17] have provided input on this system. The system includes a 

NodeMCU module for transmitting data to a database and a relay for controlling operations. The calculated 

https://creativecommons.org/licenses/by-sa/4.0/
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electrical power is sent to the Firebase real-time database and can be accessed remotely from an Android 

device, making this monitoring system highly efficient. The sensor reading has a minor error margin, with an 

accuracy of ±1.8% compared to a digital multimeter. Based on the research results, the author developed a 

new idea for simplifying the measurement process by monitoring electrical energy using the Blynk platform, 

which is faster and more flexible [17]. 

Research in the internet of things (IoT), initially introduced by Kevin Ashton, the executive director 

of the Auto-ID Center at MIT, in 1999, has been conducted. IoT is a technology that enables devices to 

transmit data over a network without human intervention or a computer, and these devices can be accessed 

remotely from faraway locations. The IoT system allows users to monitor electrical energy usage without 

going directly to the area [18], [19]. 

The author is interested in researching the use of Datalogger Spreadsheets and obtaining sources of 

information about them. The research aims to monitor these spreadsheets in real-time, as they are integrated 

with the internet of things (IoT) and microcontrollers. This is what differentiates this research from previous 

studies that have been conducted. 

 

 

2. METHOD 

The data collection method in this research is observation and data analysis. These two methods 

were chosen based on the needs and suitability of searching for data in this research with this method. Below 

are the stages and details of each part. 

 

2.1.  Flow diagram 

The flow diagram was created to make analyzing and implementing an internet of things (IoT) 

based electrical energy monitoring and control system in homes easier. Block diagrams were designed to 

facilitate the process of completing research. Thus, it provides an overview of the relationship between the 

components' input, process, and output parts [20], [21]. Figure 1 shows the block diagram of a one-way 

electrical energy monitoring system: 
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Figure 1. Block diagram of the design system 

 

 

The following is a description of the flow diagram for the tool's working system: 

a. Input: The detectors of electrical parameter values are the current transformer (CTs) and source inputs 

present in each phase. These parameters are then regulated by the Relay and measured by the PZEM-

004T sensor. 

b. Process: The main component of the monitoring system is located here. It serves as a command 

processor, managing input and output data to produce and display the necessary information. 

c. Output: The tool for monitoring electrical energy has a final component that allows output results to be 

displayed on an LCD. The NodeMCU can provide IoT access to send data to a smartphone application for 

display through a Wi-Fi connection. 
Before entering the realization stage, it is necessary to understand the working system of the tool that will be 

made. This needs to be done so that the implementation of the design can be arranged according to what is 

desired [22]. The following is a flow diagram of the electrical energy monitoring work system in Figure 2. 
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Figure 2. Flow diagram of the tool working system 

 

 

The tool working system flow diagram can be described as follows: 

a. Input electrical parameters are measured using CT and source input from voltage, current, power, energy, 

and power factor sensors. 

b. Data acquisition is the electrical parameter values that have been measured, including voltage, current, 

electrical power, electrical energy, and power factor, which work according to commands. If successful, 

the data can be processed; if not, the sensor rereads the electrical input. 

c. Electrical parameter data transmission on the LCD and IoT access using NodeMCU is sent to the server 

via Wi-Fi. 
Next, identify needs with the aim of finding out what is needed at this research stage. The design tool 

includes hardware design and the programs used [22]. The following are the stages of each design. 

 

2.1.1. Hardware 

Hardware design, or what can also be called hardware, is divided into two stages, namely 

mechanical design for making electrical energy monitoring control boxes and electronic design, including 

electronic components used in the design of monitoring system equipment, with details as follows: 

a. The NodeMCU ESP8266 is used as a microcontroller to run each component; this module has sufficient 

pinouts for the needs used for research. 

b. The PZEM-004T sensor measures electrical parameters: voltage, current, power, energy, and power 

factor. This sensor is used because it can measure these parameters with only one sensor. 

c. Relays control electrical energy that you want to turn off or on. 

d. LCD and I2C display the output of electrical parameters from the control box. 

e. The power supply is used for each component that will be used in the control box. 

 

2.1.2. Program 

After the hardware design is complete, the next step is to design the program and software used to 

run the tool according to the existing problem identification. 

a. Arduino IDE is software that functions to create programs using C language, which are uploaded from the 

computer to the platform [23]. 

b. Blynk is a server for operating IoT principles designed to read quickly and easily in real time. It was 

chosen because it is easy to understand and can be run via a personal smartphone [24]. 

After knowing what needs are needed in this research, we continue designing an electrical energy 

monitoring design. Advanced design consists of three types, namely mechanical design, electronic design, 

and program design. In the description below it will be explained. 
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2.1.3. Design electronics 

The electronic design contains several components, including the PZEM-004T sensor, 16×2 I2C 

LCD, and Relay. The following is an explanation of each element: 

− Sensor PZEM-004T: The PZEM-004T sensor measures electricity by pairing a current transformer (CT) 

connected to the PZEM-004T sensor in each phase [25]. Parameters are calculated using a current 

transformer coil and input source. The PZEM-004T sensor has four connection pins connected to the 

NodeMCU [26]. The following can be seen in Figure 3 of the PZEM-004T pin configuration with 

NodeMCU. 

− LCD I2C: The LCD is used to display electrical parameter values. The I2C LCD has four pins: serial 

clock (SCL), serial data (SDA), ground (GND), and voltage common collector (VCC) [27], [28]. The 

connections on the I2C LCD and the LCD pin configuration on the NodeMCU can be seen in Figure 4. 

− Relay: Figure 5 shows the connection to the Relay and the Relay pin configuration with the NodeMCU. 

 

 

 
 

Figure 3. Scheme of attaching PZEM-004T pins to NodeMCU pins 

 

 

 
 

Figure 4. I2C LCD pin design scheme 
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Figure 5. Relay pin design scheme 

 

 

2.1.4. Program design 

Programming design for an electrical energy monitoring system using Arduino IDE software. In 

Figure 6 is the program flow diagram. Which discusses the stages of the program from start to upload. 

Program design flow diagram for the design of an electrical energy monitoring system, namely: 

− The Arduino IDE functions as command access that carries out all control components in the tool system. 

− The NodeMCU ESP8266 program is used for server serial access connections and can be accessed to 

connect to the PZEM-004T sensor, Relay, and I2C LCD. 

− The verify program aims to check for errors in the command program. If there are no errors in 

verification, the program can be immediately uploaded and tested for suitability. 
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Figure 6. Program flow diagram 
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3. RESULTS AND DISCUSSION 

An electrical energy monitoring tool, or what can also be called a tool, has been designed and built 

and has undergone testing. The testing stage is carried out by conducting functional and performance tests of 

the entire system to determine the level of success and accuracy of the monitoring tool. Once the tool works 

well, it can monitor electrical energy in the household. Home monitoring is done to see daily electrical 

energy usage to produce output data that can be observed directly and remotely with real-time output results. 

Data from testing and monitoring at home can be discussed as a reference in the conclusion. 

 

3.1.  Results of the design of an electrical energy monitoring tool 

3.1.1. Program design results 

The results of the program design work according to design. Programs or commands used to run 

components using Arduino IDE software. The design uses a NodeMCU microcontroller  is shown in  

Figure 7. 

 

 

  
(a) 

 

(b) 

 

  
(c) (d) 

 

Figure 7. Program for testing (a) voltage, (b) current, (c) power, and (d) power factor 

 

 

3.1.2. Results of designing electrical energy monitoring tools 

The initial stage of the control box installation process for the electrical energy monitoring system 

working system, as in Figure 8, is to first turn off the main switch in the house for security during the 

installation process. The monitoring device is installed by unlocking the source and supply keys in the 

electrical box. Installation at the source is used as input for electrical parameters, and CT is installed from the 

sensor at the supply to measure how much electrical energy is used. When the device is installed, continuity 

is established in the circuit for device safety. After that, you can immediately turn on the main switch at 

home. To see the success, you can see the output directly on the control box display, after which the remote 

output can now open IoT access on the Blynk server. Monitoring of electrical energy at home was carried out 

for five days. 
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Figure 8. A series of working systems for electrical energy monitoring tools 

 

 

3.1.3. Electrical energy monitoring equipment test results 

The system is tested for performance by reviewing input, process, and output values. Tests were 

carried out using a 75-watt incandescent lamp load and a source voltage of 220 V AC. The input for this test 

is in the form of measurement results sent by the PZEM-004T sensor to the Arduino UNO, which then 

processes the data to obtain electrical characteristic data. Then, after the data is processed, it will be sent to 

the system output, namely the LCD and IoT access, which has been connected to the spreadsheet server.  

Testing was carried out to determine the output results on the tool's LCD and IoT access on the 

spreadsheet. The LCD output will display voltage, current, power, and energy. Recording the output values 

on a spreadsheet, the researcher pays attention to the time from the start of the test to the end to find the 

difference in value or delivery time from the tool to the spreadsheet server to find the real-time value. The 

output data can be seen in Table 1, data from the device's LCD output, and Table 2, data from the production 

from IoT access via spreadsheet. 

 

 

Table 1. Output results from the tool display 
Voltage (V) Current (A) Electrical power (W) Electrical energy (kWh) 

220 

0.331 72.00 0.072 

0.332 72.50 0.073 

0.330 72.20 0.072 
0.310 71.90 0.072 

0.330 71.80 0.072 

Average 0.328 72.13 0.072 
Standard Deviation 0.007 0.26 0.000 

 

 

Table 2. Output monitoring results from Spreadsheet 
Time (t1) Time (t2) Time (Δt) Power on (S) Electrical energy (kWH) 

10:07:16 10:07:19 0:00:04 72.00 0.072 
10:07:18 10:07:22 0:00:04 72.50 0.073 

10:07:20 10:07:23 0:00:03 72.20 0.072 

10:07:23 10:07:26 0:00:03 71.90 0.072 
10:07:25 10:07:28 0:00:03 71.80 0.072 

10:07:28 10:07:31 0:00:03 71.90 0.072 

10:07:30 10:07:34 0:00:04 72.00 0.072 
10:07:33 10:07:36 0:00:03 72.20 0.072 

10:07:35 10:07:38 0:00:03 72.50 0.073 

10:07:38 10:07:41 0:00:03 72.50 0.073 
10:07:40 10:07:43 0:00:03 71.80 0.072 

10:07:42 10:07:45 0:00:03 71.90 0.072 

10:07:45 10:07:48 0:00:03 72.00 0.072 
10:07:47 10:07:50 0:00:03 72.20 0.072 

10:07:50 10:07:53 0:00:03 72.50 0.073 

Average 00:00:03 72.13 0.072 

Standard Deviation 00:00:00 0.26 0.000 
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The overall test results of the electrical energy monitoring tool obtained average values and standard 

deviations. Current has an average value of 0.32 with a measurement deviation of 0.007%, electric power has 

an average value of 72.13 with a measurement deviation of 0.26%, and electrical energy has an average value 

of 0.072 with a measurement deviation of 0%. Meanwhile, the output results on the spreadsheet server only 

display the electrical energy and power used. 

Based on Figure 9, it can be seen that there has been an increase in current from 0.331 to  

0.332 Amperes; this occurs because of an increase in power usage from 72.00 to 72.50 Watts. The same thing 

happened when the current decreased from 0.33 to 0.31 Ampere, caused by a decrease in power usage from 

72.20 to 71.90 Watts. It can be concluded that the amount of current greatly influences the power used. The 

output data from remote monitoring can be seen in Table 2. 

 

 

 
 

Figure 9. Graph of current versus power used 

 

 

Testing the entire system on IoT access can determine the difference in sending time values from the 

tool to the spreadsheet server to determine the actual time value. Where time (t1) is the serial monitor access 

time while time (t2) is the data entered in the spreadsheet, the difference in delay in sending data from the 

measurement results is obtained by a difference value of 00.00.03 WIB, with a deviation of 0%. So, from the 

overall test results, it can be concluded that monitoring electrical energy both directly and remotely produces 

the same output data with a delivery time delay of 3 seconds. 

 

 

4. CONCLUSION 

Conclusions can be drawn based on the results and discussions of the electrical energy monitoring 

system created, namely the PZEM-004T sensor, which was tested to evaluate its ability to measure electrical 

energy consumption. The research results show minimal deviation, namely voltage 0.31%, current 0.01%, 

electrical power 0.58%, and electrical energy 0.01%. This low deviation indicates that the PZEM-004T 

sensor is suitable for further observation or monitoring. In another aspect, the tool generates data that can be 

sent to a spreadsheet server via the NodeMCU module. This involves programming the module with a server 

URL, enabling real-time data transmission via serial communications, and leveraging internet of things (IoT) 

connectivity. However, please note that there is a 3-second time delay in real-time data output. The 

developed electricity monitoring tool is designed to measure daily household electricity usage and offers the 

convenience of live-view tracking and remote access via a dedicated spreadsheet server. The PZEM-004T 

sensor was tested to evaluate its ability to measure electrical energy consumption. The research results show 

minimal deviation, namely voltage 0.31%, current 0.01%, electrical power 0.58%, and electrical energy 

0.01%. This low deviation indicates that the PZEM-004T sensor is suitable for further observation or 

monitoring. In another aspect, the tool generates data that can be sent to a spreadsheet server via the 

NodeMCU module. This involves programming the module with a server URL, enabling real-time data 

transmission via serial communications, and leveraging internet of things (IoT) connectivity. However, 

please note that there is a 3-second time delay in real-time data output. The developed electricity monitoring 

tool is designed to measure daily household electricity usage and offers the convenience of live-view tracking 

and remote access via a dedicated spreadsheet server. 
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