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Abstract- Electrical problems that often occur, such as in industry, one of which is caused by the low working power factor so that the 

electric current becomes high and reactive power (VAR) must be paid and charged to consumers, this is certainly a problem and losses 

to PLN consumers have been widely discussed but in the reality is that the power factor is still low and not ideal. This research aims to 

design, create, control, and evaluate a trainer that can improve power factor on electrical loads and can monitor it in real time and can 

even be controlled remotely using the internet. The method used is through the Analysis, Design, Development, Implementation, 

Evaluation (ADDIE) approach. The results show that this trainer is feasible to use because based on experiments this trainer is able to 

work well and provide convenience for users and can monitor in real time current, voltage, energy, frequency, power factor, real power, 

apparent power, and reactive power both only using smartphones, laptops, tablets, or computers. It is hoped that in the future this research 

will be able to continue to be developed so that the use of electrical energy in industry can be much more effective and efficient. 

 

Index Terms- Trainer, Power Factor Improvement, Monitoring, ESP32, PZEM004t, Adafruit.IO. 

 

 

I. INTRODUCTION 

In this research a real-time IoT-based power factor monitoring and power factor improvement trainer was designed to improve electrical 

energy efficiency so that the use of electrical energy can be optimized and high reactive power (VAR) payment losses from low power 

factors can be avoided[1][2]. The advantages of this trainer include being able to improve the power factor automatically because it is 

based on IoT[3] this system can be interconnected with digital devices that support the internet such as smartphones, laptops, tablets, or 

PC computers so that usage is more flexible because it can be monitored from anywhere and anytime as long as it is connected. with 

internet access[4]. Users are not limited, meaning that as long as users have access to the server using a username and password, they 

can access multiple people at once (multiuser) to monitor electrical loads and improve power factor[5]. It's not difficult to use because 

users only need to wire and connect the trainer to the electrical load to be tested, then just log in to the Adafruit server[6].  

 

This research aims to design, create, control, and evaluate a trainer that can automatically improve power factor on electrical loads and 

can monitor it in real time and can even be controlled remotely using the internet[7]. The method used is through the Analysis, Design, 

Development, Implementation, Evaluation (ADDIE) approach, namely by studying the literature to analyze the research object, then 

designing and developing the design results and implementing the design results and then implementing it on the research 

object[8][9][10]. improvement of this system, the novelty of this research is to help users monitor electrical loads in real time and make 

power factor improvements automatically and without the need to use applications or software that must be downloaded first[11], users 

only need to enter the AdaFruit website, this is certainly far easier and more flexible in its use, unlike in previous studies that have been 

carried out the user must first download a software or application and this system is also equipped with the use of sensors so that this 

system can work more efficiently[12]. 

 

The term "internet of things" refers to the idea in which items or objects are embedded with software and sensors for the purpose of 

interacting, connecting and sharing data with other devices as long as those devices are connected to the internet[13]. The idea behind 

the Internet of Things is that anything can transmit data over a network without requiring human-to-human or human-to-computer 

communication[14]. The degree of convergence of wireless technologies, microelectromechanical systems (MEMS), the internet, and 
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QR (Quick Response) Codes provides insight into the growth of the Internet of Things. RFID (Radio Frequency Identification) is another 

communication technique that is often associated with the Internet for everything. Along with its development, the internet of things has 

modernized many electronic equipment by changing systems that still use traditional programming into systems that can be controlled, 

monitored, or monitored remotely[15]. 

 

NodeMCU is an open source IoT platform. Consists of hardware in the form of an on-chip ESP32 system made by Esperessif System. 

NodeMCU can be analogous to an Arduino board connected to the ESP32[16]. The ESP32 microcontroller is made by a company called 

Espressif Systems[17]. One of the advantages possessed by the ESP32 is that it already has Wi-Fi and Bluetooth in it, so it will be very 

easy when we learn to create an IoT system that requires a wireless connection[18]. The ESP32 microcontroller has the advantage of a 

low-cost, low-power system with a WiFi module that is integrated with the microcontroller chip and has dual-mode bluetooth and power-

saving features making it more flexible[19]. 

 

Adafruit IO is an MQTT server service provider for the Internet of Things, this service can be used to make ESP32 NodeMCUs can be 

controlled remotely by using subscribe and publish facilities[20]. Without the need to use other applications or software, users only need 

to access the available websites, the advantage of Adafruit IO is that users are not charged when creating an account and using it as a 

server that will be connected to the NodeMCU ESP32[21]. 

A. Literature Review 

 

                      
 

    a).       b). 
 

Figure 1 a). power triangle before repair b). power triangle after repair 

 S = V.I             (1) 

 P = V . I . Cos 𝜑           (2) 

 Q = V . I . Sin 𝜑           (3) 

S = Apparent Power 

P = Active Power 

Q = Reactive Power 

 

The effect of changing cos is getting closer to 1 ; 

- S getting down 

- I  getting down 

 

 Qc = Q – Q’            (4) 

           = P tg 𝜑 – P tg 𝜑′           (5) 

                   = P (𝜑 – P tg 𝜑′)           (6) 

 
Based on the Figure 1 , Power factor or work factor is the ratio between active power (watts) and apparent power/total power (VA), or 

the cosine of the angle between active power and apparent power/total power (see power factor improvement figure). High reactive 

power will increase the angle and consequently the power factor will be lower[22]. A good power factor ranges from 0.85 to near perfect 

or one. In theory, if all the power loads supplied by the state electricity company (PLN) have a power factor of one, then the maximum 

power transferred is equivalent to the capacity of the distribution system[23]. Thus, with an induced load if the power factor ranges from 

0.2 to 0.5 [12][22][24]then the capacity of the electricity distribution network becomes depressed and the current will be higher as a 
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result PLN equipment will become ineffective because this high current is a loss for PLN so that PLN will charge reactive power costs 

(VAR) for companies or industries that have a power factor below 0.85, which is required by PLN[25]. So the reactive power (VAR) 

should be as low as possible for the same kW output in order to minimize the total power requirement (VA) and lower the electric 

current[26]. The power factor or work factor describes the phase angle between the active power and apparent power. Low power factor 

is detrimental because it results in high load currents[27]. This power factor improvement uses KVAR capacitors[28]. Capacitors to 

improve power factor can be done by paralleling KVAR capacitors to improve power factor on electrical loads in factories or 

industries[29]. 

B. Power Factor Improvement Concept 

 

               
    a)      b) 

 

Figure 2 a). circuit not with capacitor b). circuit with capacitor 
 

Based on the Figure 2 , it can be seen that a power source with mixed loads is generally in the inductive load industry, the dominant 

inductive load will result in a low power factor of the installation system used[30], this of course results in high electric currents that 

work as well as safety equipment and electrical components used. becomes ineffective, this is certainly a problem that needs to be 

solved[31], the solution to this problem is to install a KVAR power factor improvement capacitor in parallel with the electrical load as 

shown in the figure, then by installing it in parallel the power factor will increase and result in a decrease in electric current due to a 

good power factor or more than 0.85[32]. 

C. Example of Calculation Case for Power Factor Improvement 

 
Figure 3 example of calculating the condition of the closed switch S 

 

 𝑍1 = 𝑅 + 𝑗𝑋𝐿 = 60 + 𝑗80 = 100 < 53,13𝑜        (7) 

𝑍2 = −𝑗𝑋𝐶 = −𝑗125 = 125 < −90𝑜         (8) 

𝑍𝑡𝑜𝑡𝑎𝑙 = 𝑍1 ∕ 𝑍2⁄ =
𝑍1.𝑍2

𝑍1+𝑍2
=

(60+𝑗80)(−𝑗125)

(60+𝑗80)+(−𝑗125)
        (9) 

𝑍𝑡𝑜𝑡𝑎𝑙 =
−𝑗7500−(−10000)

60−𝑗45

10000−𝑗7500

60−𝑗45
=

12500<−36,87𝑜

75<−36,87𝑜        (10) 

𝑍𝑡𝑜𝑡𝑎𝑙 = 166,67Ω           (11) 
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 𝐼�̅�𝑓𝑓 =  
𝑉𝑒𝑓𝑓

𝑍𝑡𝑜𝑡𝑎𝑙
=

100<0𝑜

166,67<0𝑜 = 0,6 < 0𝑜 𝐴𝑚𝑝𝑒𝑟𝑒        (12) 

 𝑃 = 𝑉𝐼𝑐𝑜𝑠↘𝐼

↗𝑉
= 𝑅𝑒[�̅�𝑒𝑓𝑓𝐼�̅�𝑓𝑓

∗
] = 𝑅𝑒[(100 < 0𝑜)( 0,6 < 0𝑜)]      (13) 

𝑃 = 100 . 0,6 cos(0𝑜) = 60 cos 50𝑜 = 60 . 1 = 60 𝑤𝑎𝑡𝑡      (14) 

 𝑄 = 𝑉𝐼𝑠𝑖𝑛↘𝐼

↗𝑉
= 100 . 0,6 sin(0𝑜) = 60 sin 0𝑜 = 60 . 0 = 0      (15) 

 𝑆 = 𝑉𝑒𝑓𝑓𝐼𝑒𝑓𝑓 = (100)(0,6) = 60 𝑉𝐴         (16) 

 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑝𝑓 =
𝑃

𝑆
=

60 𝑤𝑎𝑡𝑡

60 𝑉𝐴
= 1  and 𝜑 = 𝑐𝑜𝑠−1(1) = 0𝑜     (17) 

II. METHODS 

The research method used in this research is using the ADDIE method (Analysis, Design, Development, Implementation, and 

Evaluation) using this research method is expected to produce industrial products and can also be used to produce learning media. In 

this study, the learning product made was a trainer monitoring power factor improvement. These learning products are used as learning 

media in electrical circuits and IoT courses. The research procedure in this study can be seen in Figure 4. 

 

 
Figure 4 research method block diagram 

 

Based on Figure 4, the research procedures and stages are explained, at the analysis stage the researcher conducted a literature study by 

observing and collecting information and analyzing the needs of learning media in electrical circuits and IoT courses. At the design 

stage, the researcher designs learning media products according to the needs of the results obtained from the analysis in the first stage. 

At the development stage, the researcher compares the learning products that have been made with the planning in the previous stage, 

then the trainer monitoring the power factor improvement is tested functionally, and the instrument is tested for validity. The 

implementation phase consists of two stages, namely functional testing and limited testing and seeing the response of the Adafruit 

dashboard whether it is connected properly or not. Limited tests to determine the extent to which the reliability, effectiveness and 

accuracy of the trainer's measurement results are carried out so that when the tool is used the specifications of this tool are known. 

Finally, an evaluation and analysis of the performance of the tools and systems that have been made is carried out to obtain the level of 

feasibility. 
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III. RESULTS AND DISCUSSION 

A. Trainer Architecture 

 
Figure 5 trainer architecture 

 
Based on the Figure 5 it can be seen that the architecture of this system consists of 3 main parts, namely, users, internet servers, as well 

as trainers and electronic equipment loads. Users can use smartphones, laptops, tablets, or PC computers to monitor electrical loads and 

make power factor improvements and control them directly and in real time just by logging in to the Adafruit IO mqtt server which can 

be accessed via the website without the need to download an application first, The internet and servers are liaisons through the internet 

network between users and electronic devices which will later be monitored and controlled remotely as well as multiuser.  

The function of each part of the architecture:  

a) Internet in this case is a liaison between users and trainers 

b) The NodeMCU ESP32 used in this trainer works as an interface liaison via wifi to the Adafruit.IO mqtt dashboard 

c) Mqtt Adafruit.IO is a dashboard that functions to display the results of measurements as well as a controller via pushbatton available 

on Adafruit.IO 

 

 
Figure 6 trainer usage flow 
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B. Flowchart of Trainer Usage 

 

 
Figure 7 flowchart of trainer usage 

 

Based on the Figure 6 it shows the flow of using the trainer which includes registration and creating an account if you don't have an 

account to be able to login to the adafruit dashboard, after having access to the adafruit dashboard, the next step is to prepare the trainer 

and do the wiring first according to the circuit drawing, connecting trainer with an input supply voltage of AC 220 - 240 volts then turn 

on the trainer by activating the power switch on the trainer, the next step is if you don't have a program to run the trainer, you can make 

a coding program on the Arduino IDE first, the program can also continue to be developed by adding functions or components that are 

deemed necessary (continues improvement), if the trainer does not work as planned, it can be checked again on the Arduino IDE coding 

program or check the wiring. 
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C. Functional Tests and Limited Trials  

 
Figure 8 electric load monitoring trainer and power factor improvement 
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Figure 9 graphical display of results from functional test measurements and limited trials 

 
Based on the Figure 9 it can be seen that the graph shows that there is a decrease in current by 0.4 A from the previous 0.54 to 0.14, 

there is also a decrease in apparent power from 40 VA to 32 VA but there is an increase in the power factor from the previously not 

installed repair capacitor. the KVAR power factor is 0.5 and after the capacitor is installed the KVAR power factor improvement 

becomes 0.61. This is certainly in accordance with the concept of improving the power factor. 

IV. CONCLUSION IS  

Based on the results of the research, it can be concluded that the electric load monitoring trainer and power factor improvement function 

well, can take measurements in real time on the electrical load, can monitor and control it remotely as long as it is connected to the 

internet. The results of the limited trial also show that the measurement results displayed through the Adafruit dashboard are in 

accordance with the concept of power factor improvement, the results before and after the installation of KVAR power factor 

improvement capacitors show an increase in power factor of 0.11 in a limited trial using an inductive load with a power of 20 Watt. This 

trainer has a lot of room for future research and development. This trainer is expected to be able to solve problems related to energy 

regulation and saving electrical energy. Although in this project there are still many shortcomings that must be investigated in the future. 
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