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Abstract 

 

The Electrical Design Laboratory is a facility where lecturers and students carry out various 

experiments, research and developments related to electricity. Monitoring electrical power can 

be a very smart move to manage expenses and also help reduce environmental impact. 

Electrical power usage that is not directly monitored during peak loads will result in excessive 

power usage. Therefore, MCB trips often occur in electrical design laboratories on 

switchboards with high loads, so the ability to monitor electric current usage is required. The 

PowerTag system was introduced to meet this tracking need for controlling Air Conditioning, 

Incandescent Lamps, Heaters, Dispancers and Vacuum Cleaner loads. The system is connected 

to the load to determine the magnitude of electrical parameters such as power, voltage, current, 

power factor, and then these parameters will be sent via the Zigbee communication protocol to 

the Concentrator. The concentrator receives data from PowerTag and then forwards it to a local 

server using the Modbus TCP/IP communication protocol to then be processed to the HMI for 

presenting data resulting from monitoring the system. The aim of this research is to design a 

tool that can detect current, voltage, power, power factor and frequency in real time. The 

research results show that the current flowing in the neutral conductor is 4.46 A and 6.69 A. 
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1. Introduction 

According to the Ministry of Energy and Mineral Resources (ESDM), electricity use 

continues to increase every year. Electricity is widely used in various industries, households, 

commercial buildings, transportation and other sectors. At the end of 2010, electricity 

consumption reached 90.35 billion barrels of oil equivalent (National Energy Council-

Indonesia Energy Out Look Secretary General Team, 2019). Ideally, the distribution of 

electrical power in a three-phase system must have phase balance and the magnitude of the 

neutral current is zero, but in the industrial sector which has a variety of loads, the nature of 

the load (non-linear load) and the asymmetry of the load ignition timing will cause an 

imbalance in the three-phase system. (N. On L, T Distribution, Pt DI, J, Electro Luceat, 2018). 

As a result of this, on the neutral current side it will cause the emergence of a neutral 

current that is three times the size of the phase current (Ruliyanto. -time. Based on this case, in 

order to realize the optimization of power imbalance monitoring for the emergence of neutral 

current, a system is needed that can determine the magnitude of this abnormal occurrence for 

the industrial sector. Therefore, the system for monitoring power imbalances and the 

emergence of neutral currents is a solution for carrying out real-time monitoring of every load 

in the sector (Setiana. H et al, J Electrical Automation and Renewable Energy, 2023) (Musthofa 

M, Energy & Electricity, 2020 ). 

To overcome this problem, the aim of this research is to develop a simulator and 

implement it using the PowerTag device. to monitor the amount of power, voltage, current, 

frequency and power factor with various single-phase and three-phase loads where the data is 

monitored in real-time using the HMI display on a PC screen, testing is carried out at the 

Electrical Design Laboratory of the Department of Electrical Engineering, State Polytechnic 

Bandung. 

Research conducted by Fanny et al regarding monitoring and control systems used 

Labview to see the imbalance of three-phase systems in case studies in industry. Voltage, 

Current and MCB control can be controlled on the HMI Labview screen (International Journal 

of Computer Applications, 2019). 

Research conducted by Hamdani et al regarding the design of an electrical measurement 

system using an augmented operator advisor on the switch panel for a control and monitoring 

system using a PLC using ecostructure software which can display imbalances on the HMI 

screen (Sentrinov, 2023). 

Study on designing a boarding house electricity monitoring system based on the Internet 

of Things (IoT) by Ivan et al. Currently technology is developing rapidly in various fields of 

science (Magazine, Volume 08, Number 01, 2019). Society continues to develop and research 

technology to make people's lives easier, one of which is the field of Internet of Things 

technology. 

According to Diah et al. Internet of Things (IoT) based study carried out by the Electrical 

Installation Laboratory of the Yogyakarta National Institute of Technology. His research 

monitors electrical loads in the form of voltage, current, power factor, frequency, power, and 

can also display real-time electricity usage graphs as long as the device is connected to an 

available Wi-Fi network, with average power measurements. error of 2.98% and maximum 

measurement error of 9.3% (National Proceedings of Industrial Engineering and Informatics 

XV, October 2020, ISSN: 1007-5995). 

Research conducted by Tohir T et al on designing a tool that can read current, voltage 

and power data in real time for testing three-phase short circuit motors. This research provides 

an alarm if the measurement results exceed the specified value or a voltage drop occurs. The 

monitoring system uses the PowerTag A9MEM sensor as software to measure the electrical 
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parameters Current, Voltage, Active Power, Active Energy and Power Factor. These 

parameters will be displayed in an HMI application. (Proceedings International: Innovation in 

Power and Advanced Computing Technologies (i-PACT), ieeexplore.ieee.org, 2023) 

 

2. Research methods 

 

The research method that will be applied is designing a system from a simulator by 

determining the specifications of the PowerTag type which is used as the object of 

implementing the monitoring system, then after carrying out the design process the next stage 

is testing on the simulator that has been designed. The following flow diagram describes the 

working system of the monitoring system that will be designed.  

 

 
Figure 1 Designing a PowerTag Type Simulator System 

 

3. Results 

 

Figure 2 shows the problem solution framework in designing a monitoring system 

simulator which is carried out to ensure that all initial system requirements can be met before 

the system is operated. Then the PowerTag A9MEM will start connecting to the Concentrtor 

using the Zigbee communication protocol wirelessly. If the connection is not successful, it will 

continue to be repeated until the connection is successful. 

 

 
 

Figure 2. Monitoring System Flow Diagram 

 



`   

       Vol3, No 3, (May - June 2024) 
 

 

 

175 

Then on the Concentrtor side it starts to open the ModbusTCP/IP path connected to the 

server. After the PowerTag and Concentrtor are connected to each other, the PowerTag will 

start sensing and processing the data and storing it in register memory. The parameter data that 

has been obtained will immediately be sent to the Concentrtor and the Concentrtor will receive 

the data and then forward it to the server. The data that has been received by the server will 

then be processed by the HMI software and the final process is displaying the data on the HMI 

 
Figure 3. Monitoring System Architecture Design 

 

Figure 3 shows the overall system design of the energy use monitoring simulator for 

single phase load testing. The grid source comes from a three-phase AC system network, which 

is then divided into two supplies, namely, one phase for the PowerTag concentrator voltage 

source and a 3-phase source for testing the load for each of the R, S and T phases. The simulator 

is equipped with an MCB functions as protection if disturbances occur due to short circuits and 

overloads. 

The power flow will pass through the current and voltage sensors which are an integral 

part of the PowerTag device, where the load voltage and current will be sensed and then the 

data will be sent via wireless communication to the PowerTag concentrator where the data will 

then be processed and sent to the PC/laptop using a cable. UTP. Electrical parameters such as 

inter-phase voltage, per-phase current, active power, reactive power, apparent power, power 

factor, energy will be read on the PC screen using ecostructure commission software. 

 

 
 

Figure 4. Electric Power Monitoring Simulator 
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Figure 3 is the layout of the electrical energy monitoring simulator for both single phase 

and 4 phase loads. Where the components used will be placed according to the design that has 

been made. The simulator designed for this suitcase is equipped with indicator lights for the 

voltage per phase and network frequency. 

 

 
 

Figure 5. Initial view of the HMI Ecostruxture Commission 

 

Figure 5 is the main display of the energy monitoring software, with the initial step being 

to determine the type of communication that will be used, 

Electrical power is the ability of an electrical device to do work within a certain time. Electrical 

power is measured in watts (W), which is the product of voltage (in volts) and electric current 

(in amperes). 

𝐷𝑎𝑦𝑎 𝐴𝑘𝑡𝑖𝑓 (𝑃) = 𝑉 𝑥 𝐼 𝑥 𝐶𝑜𝑠 ∅   (1) 

 

This management concept is important in many applications, including energy 

consumption calculations, electrical network planning, and electronic device design. Several 

important things related to electrical power include: (1) Active Power (P), namely the power 

actually used to do work, measured in watts, (2) Reactive Power (Q), namely the power stored 

in the electric and magnetic fields in the AC system. , measured in reactive volt-amperes and 

(3) Apparent Power (S), which is a combination of active power and reactive power, measured 

in volt-amperes. 

𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑃𝑜𝑤𝑒𝑟 (𝑄) = 𝑉 𝑥 𝐼 𝑥 𝑆𝑖𝑛 ∅   (2) 

 

𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑃𝑜𝑤𝑒𝑟(𝑆) = 𝑉 𝑥 𝐼   (3)  or   𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑃𝑜𝑤𝑒𝑟 (𝑆) = √𝑃2 + 𝑄2   (4) 

 

4. Discussion 

 

The results of electrical power monitoring tests for various loads consisting of 

incandescent lamps, AC, computers, blowers, projectors, vacuum cleaners, electric thermoses 

are shown in Table (1). Results of electrical power monitoring tests with PowerTag, Table (2) 

and Table (3). ) Electric power monitoring test results with PowerTag unbalanced load 
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Table 1. Electrical Power Monitoring Test Results with Powertag 

PowerTag testing with 1 phase load 

 
Voltage 

(V) 

Current  

(A) 

Power 

Factor 

Active 

Power 

(Kw) 

Reactive 

Power 

(Kvar) 

Apparent 

Power 

(Kva) 

Load 

Type 

Incandescent lamps 240W 221.30 1.17 0.99 0.999 0.000 1.017 

Incandescent lamps 120W 217.80 0.58 0.99 0.112 0.000 0.113 

Incandescent lamps 100W 214.70 0.50 0.99 0.092 0.000 0.093 

Incandescent lamps  40W 220.10 0.34 0.98 0.040 0.000 0.040 

Electric thermos 1000W 215.40 7.75 0.99 1.670 0.000 1.671 

Air Condisioner 213.60 4.95 0.98 1.042 0.000 1.059 

Vacuum cleaner 850W 217.10 4.16 0.95 0.859 0.181 0.903 

Heater blower 213.40 5.35 0.81 0.942 0.000 1.142 

Projector 220.80 1.25 0.97 0.259 -0.044 0.265 

Computer 214.40 2.18 0.96 0.45 0.000 0.046 

 

 

The test results show that the voltage magnitude is relatively balanced, the power factor 

shows a value above 0.8 and from each load the active power, reactive power and apparent 

power obtained from calculations using measurements are almost the same. 

 
 

Table 2. Test results 1 Powertag with unbalanced load 

PowerTag testing with unbalanced load 

  Phase 
Voltage (V) Current (A) Power 

Factor 

Active 

Power 

(Kw) 

Reactive 

Power 

(Kvar) 

Apparent 

Power 

(Kva) V-N R-S S-T T-R Phase Neutral 

Load 

Type  

Laptop 

Charger 
R 220.50 

374.20 373.10 377.20 

0.38 

6.69 

0.86 0.032 0.000 0.037 

Air 

Condisioner 
S 213.60 4.86 0.98 1.026 0.000 1.039 

Electric 

thermos 

1000W 

T 215.10 7.75 0.99 1.688 0.000 1.669 

 Total 2.185 0.000 2.745 

 

Based on the test results, it shows that there is a current flowing in the neutral of 6.69A. 
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Table 3. Test results 2 Powertag with unbalanced load 

PowerTag testing with unbalanced load 

  Phase 
Voltage (V) Current (A) Power 

Factor 

Active 

Power 

(Kw) 

Reactive 

Power 

(Kvar) 

Apparent 

Power 

(Kva) V-N R-S S-T T-R Phase Neutral 

Load 

Type 

Air 

Condisioner 
R 212.5 

370.30 374.50 376.10 

4,78 

4,46 

0.98 0.999 0.000 1.017 

Heater 

blower 
S 213.4 5,35 0.81 0.932 0.000 1.142 

Incandescent 

lamps 240W 
T 221.3 1,17 0.99 0.252 0.000 0.253 

 Total 2.185 0.000 2.413 

 

The test results show that there is a current flowing in the neutral of 4.46 A. 

 

Conclusion 

 

Monitoring of energy usage, power, voltage, current, power and power factor has been 

successfully designed and implemented. The test results show that all electrical parameters on 

all single-phase loads can be monitored by displaying real-time values with the HMI. Apart 

from using PowerTag as energy data processing and HMI as a facility for monitoring electrical 

parameters, the test is also equipped with a Volt meter measuring instrument, Ampere Tang. 

Cos phi meter. 
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