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Abstract. Online quality analysis technique of energy consumption is getting easier. It is because 

the sensor module and microprocessor are getting more simple, complex and possess high 

accuracy. This study offers an alternative to online electrical energy consumption monitoring 

technique by using Arduino. It is interesting to know the accuracy of the work of the Arduino- 

based energy quality monitoring system with high accuration measurments tool Kyoritsu power 

analyzer KEW 6315 and Hioki 328-20. The method of this research is the design of 1 phase 

electrical energy monitoring system by using current sensor type SCT-013 and voltage sensor in 

the form of transformator. EmonLib Library was used for processing voltage and current data in 

Arduino. The validation of measurement results was done by comparing the results of Arduino 

with  Kyoritsu KEW  6315  and  Hioki  328-20.  The  measurement reporting technique  was 

displayed online based on the website. The results provide a clear picture of the measurement 

performance of the developed system, that the system has a quality of performance close to 

Kyoritsu type kew 6315 that against Hioki 328-20 with an average error below 5% is acceptable. 

The results of the measurement of electrical energy consumption had been successfully displayed 

in the form of a website-based energy report. 
 

 
1.  Introduction 
The high demand for electrical equipent has caused the increasing use of non-linear loads. This 
increase of non-linear loads become one of the problems in electrical power quality [1]. Non-linear loads 
such as televisions, computer units, laptops, can generate high harmonics [2]. Electrical equipment may 
be damaged due to voltage drop in the supply line [3]. 

Internet-based electrical power quality monitoring system based on internet technology becomes 

important because this system is not only accurate and fast but also can provide early warning of the 

decrease of electric power quality. The integration of internet technologies and the online monitoring of 

electric power quality makes it easy for human beings to make energy management decisions so that 

energy users can perform the routine behavioural evaluation of energy usage quickly and easily [4]. 

Therefore, online energy monitoring has the effect of canging people's behaviour in using electrical 

energy, to be more prudent in making decisions [5]. 
 

2.  Methods 
The purpose of this research is testing or validating the accuracy of energy measuring devices made with 
Arduino involving the voltage sensors transformer-based and current sensors SCT013 then comparing 
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the quality of the measurement with a measuring device manufacturing Kyoritsu KEW 6315 and Hioki 
328-20. 

 
2.1. Current sensor YHDC SCT-013 
YHDC SCT-013 is a non-invasive sensor used as a measure of energy consumption [6]. The working 
principle of YHDC SCT-013 is by sensing (induced) induction of electric current and then dividing the 
current value to the number of coils on the sensor [7]. YHDC SCT-013 is capable of reading current 
from 0 to 13A consisting of 18000-turn coils with Non-linearity ± 3% [8]. 
The YHDC SCT-013 current transformer is suitable to be used with the Open Energy emonTx [7]. 
Power quality variables, such as power factor and VAR power, can be determined from the phase change 
of the electric current. In this case, YHDC SCT-013 has an important role in dealing with such a task. 

 
2.2. Electric energy consumption 

Electric energy consumption consists of three primary variables as follows: 

P = V  x I x cos θ (Watt) (1) 

S = Vt x I (VA) (2) 

Q = Vt x I x sin θ (VAR) (3) 

Wa = P x t (Watt − Hour)                                                                  (4) 
 

  
 

Figure 1. Sinusiodal of power characteristics. 
 

Figure 1 illustrates the transformation of the sinusoidal waveform voltage to the function of time into 

the form of angular frequency. The function is repeated every 2π radian. Assumed that Vm sin ωt is a 

function of t and the period is T, the period can be expressed in degrees’ form in (8), and θ is (ωt + θ). 
 

f =  
1                                                                          

(5) 
T 

ω = 2πf                                                                        (6) 

V(t) = Vm sin(ωt + θ)                                                                     (7) 

There are some laboratory-scale power quality measuring instruments researches such as Kyoritsu KEW 
6315  and  Hioki  328-20.  Kyoritsu  KEW  6315  is  a  power  quality  measurement  analyzer  with 
measurement accuracy ± 0.2% rdg ± 0.2% f.s. (sine wave, 40 - 70Hz) [9], while Hioki 328-20 has Basic 
accuracy: ± 1.0% rdg. ± 5 dgt [10]. Both of these tools are reliable measuring instruments manufactured 
in Japan. 

 
3.  Related work 
In this paper, we offer a conventional voltage sensing technique by using linear transformers as 
conducted by [11-14]. Meanwhile, the sensors utilized was YHDC SCT-013 as already used in [14] and
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[15]. Arduino Uno microcontroller and internet shield were used as data processing and communication 

interfaces between Arduino-Uno [16-17]. The communication network from the system to the server 

performed by using the 3G protocol. 
EmonLib Library, which was downloaded from openenergymonitor.org, was used as a method of 

power calculation algorithms in Arduino as it is believed to be more straightforward and easier [13, 18- 
21]. Some studies have also introduced voltage sensing techniques by using low-voltage sensors that can 
integrate directly with microcontrollers such as ZMPT101B [22-26]. There is also research introducing 
voltage and current sensing techniques simultaneously in one tool for example with PZEM 
004 module which is more practical than ZMPT101B. 

This research aims to conduct a system testing on load in 2 conditional modes. The first condition 
was an offline mode in which the testing was done on the power panel for 1 hour. Then, the measurement 
results were observed and compared with Kyoritsu KEW 6315 and Hioki 328-20. The second was an 
online mode in which the system was connected to the internet for 30 days. The test was conducted on 
residential buildings with a total power load of 2200VA. 

 

  

Figure 2. System architecture proposed.    Figure 3. Circuit Scheme of backup power proposed. 

Figure 2 is a system architecture, a complete architecture for energy monitoring with mobile web 

technology that has  been discussed by Galera (2018)  [27]. In  this study,  we  have  designed the 

architecture as shown in figure 2 where the dotted line is a neutral line, the black line is a single-phase 

AC 220V line voltage and the purple line is the low-voltage AC line. The red line is the DC 5V line 

voltage supplied from the main source and 9V supplied from backup power supply system. The yellow 

line is the digital data line, the blue line is the USB data path, the green line is the internet communication 

path using Local Area Network (LAN). 
Figure 3 is a backup power supply scheme in which the input is obtained from a 220V main power 

and a 9VDC battery. If the main power supply is off, the power supply is switched from the battery 
without pausing.
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Figure 4. Line diagram of the voltage sensor 
using a step- down CT transformer [14, 15, 19]. 

Figure 5. Line diagram of the current sensor 
using YHDC SCT-013 [14-15].

 
 

Figure 4 is the line diagram of the voltage sensor using a step-down CT transformer obtained from 

openeenrgymonitoring.org. The 220VAC input voltage was reduced to a voltage of 18.3VAC. The 

voltage value of AC as input to Arduino was determined by an equation (1) with the range between 0V 

and 5V. Then, a 100 μF capacitor serves to decrease the ripple voltage. The midpoint is the median value 

of the voltage dynamics of the target which will be processed by the Arduino in Pin 2. The voltage 

divider equation to obtain the Arduino input and midpoint values was done by using equation (1) with 

the current value connected to Pin 1 Arduino. The same is true for electric current sensors, where the 

YHDC SCT-013 sensor was the current transformer (figure 5) using the EmonLib Library function that 

is calcIrms to find the RMS current value [18].
 

Uout = 
R

 
R4     

U                                                                   (8) 
+ 4   p

3 

 

4.  Results and discussion 
The result of the tests that have been done is to prove that the voltage sensor with transformer and current 
sensor that has been carried by previous researcher [11-14].
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Figure 6. Testing of electrical current measurement system on linear loads. 
 

The result of measurement test with linear loads in of heating elements was started from 40W to 
240W with the power factor was assumed as 1 and then was compared with Kyoritsu KEW 6315 and 
Hioki 328-20 (figure 6). The Arduino-based measurement system showed results that resemble Kyoritsu 
KEW 6315 and Hioki 328-20. A nonlinearity occurred likely because there was a change in load 
resistance as a result of the heat that was held for a long enough period of time. 

 

 
 

Figure 7. Testing of electrical current measurement system on Non-Linear Loads. 
 

In the non-linear load test, some laptops from 130 Var to 780 Var with an average power factor of 
0.65 were tested. The Arduino-based measurement system showed the same results as the measurement 
of electrical energy with Kyoritsu KEW 6315 and Hioki 328-20 (figure 7).
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Figure 8. Testing of the accuracy of voltage measurement 
 

The accuration result of measurement error of the system against Kyoritsu KEW 6315 was 0.5%, 
while against Hioki 328-20 was 0.26%, see figure 8. 

 
4.1. Offline system test 
In offline testing on electrical power panel (figure 9) where the power measurement system with 
Arduino worked properly. Communication between current sensors and voltage sensors against Arduino 
could run normally. Table. 1 demonstrates the measurement error value of the system after it was 
compared with the other measuring instruments. In terms of voltage and current variables, the error 
value of the comparator was below 1%, while the error value of power factor and active power variables 
was below 2%. 

 

Table.  1.  Comparison  of  Arduino-based  error  measurement  values 
against the other measuring instruments. 

 

Parameter Ardu vs Kyoritsu (%) Ardu vs Hioki (%) 

Voltage (V) 0.24 0.17 

Current (A) 0.37 -3.44 

Active Power (W) 1.89 -2.19 

Power factor 1.33 -2.69 

 

 

Figure 9(a). Testing wiring procedure of the 

measurements on the power panel. 

 

Figure  9(b).  The  comparison  of  measurement 

results.
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Based on figure 11, the measurement results obtained between the system have been developed against 

the Kyoritsu kew 6315 and Hioki 328-20 as validator. Its found that they has the same characteristics in 

measurement. The average error of comparison between the Arduino and Kyoritsu for voltage 

measurements was 0.24%, while to the Hioki was 0.17% (figure 12). The average error of measurement 

of system based arduino against the Kyoritsu was 0.37%, while the Hioki was -3.44% (figure 12). The 

average error of comparison between the Arduino and Kyoritsu for power factor measurements was 
1.33%, while against Hioki is -2.69% (figure 13). The average error of comparison between the Arduino 
and Kyoritsu for active power measurements was 1.89%, while the Hioki is -2.19% (figure 14). These 
results provide a clear picture of the measurement performance of the developed system, that the system 
has a quality of performance close to Kyoritsu type kew 6315 that against Hioki 328-20. 

 

Figure   11.   Voltage   measurment   value   in 
comparison. 

 

 
 

Figure 13. The power factor value measurements 

in comparison. 

Figure  12.  Current  measurment  capture  in 
comparison. 
 

 
 

Figure 14. Active power measurment capture in 

comparison.

 

 

4.2. Online system test 

The online system testing strongly depended on the reliability of the Internet network. Using a 3G 

communication network as a communication medium between the LAN Shield in Arduino and the server 

service had caused a delay in the data transfer from the sensors to the user display. The greater the delay 

in the data communications from the sensor to the server, the greater the measurement error occurred. 

This condition resulted in an inaccurate energy report although based on the offline test the measurement 

system showed accurate results. These results provide a clear picture of the measurement performance 

of the developed system, that the system has a quality of performance close to Kyoritsu type kew 6315 

that against Hioki 328-20. The measurement system of electrical energy consumption that depends on 

internet service should be supported by reliable network quality. In other words, if the
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electrical energy measurement system is implemented in the rural area, where the quality of the internet 
network is not guaranteed, a system failure might occur as if the whole system fails. 

 

 
 

Figure 15. Power consumption in daily report dashboard. 
 

 
 

Figure 16. Power consumption in daily report chart. 
 

5.  Conclusion 
Online energy monitoring system can be built by using Arduino which is cheaper and has good accuracy 
as well. The use of linear transformer-based voltage sensors depends on the quality of transformers. This 
study shows that the use of YHDC SCT-013 current sensors and voltage sensors with linear transformers 
resulted in good performance. It also reveals that communication through internet from sensors to server 
can be performed by LAN Shield module for Arduino. With an average error below 5% it can be said 
that an arduino-based energy measuring device that has been built can assume it is suitable for use as a
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measure of electricity consumption. The test results both on offline and online conditions demonstrated 

satisfactory results. The communication between the Arduino and the server can run well as long as the 

internet network is available. Although the test results showed satisfactory results, it is essential to know 

if the energy monitoring sensors use multi-sensors on a 3 phase power network with a single server. 
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Abstract. Online quality analysis technique of energy consumption is getting easier. It is because 

the sensor module and microprocessor are getting more simple, complex and possess high 

accuracy. This study offers an alternative to online electrical energy consumption monitoring 

technique by using Arduino. It is interesting to know the accuracy of the work of the Arduino- 

based energy quality monitoring system with high accuration measurments tool Kyoritsu power 

analyzer KEW 6315 and Hioki 328-20. The method of this research is the design of 1 phase 

electrical energy monitoring system by using current sensor type SCT-013 and voltage sensor in 

the form of transformator. EmonLib Library was used for processing voltage and current data in 

Arduino. The validation of measurement results was done by comparing the results of Arduino 

with  Kyoritsu KEW  6315  and  Hioki  328-20.  The  measurement reporting technique  was 

displayed online based on the website. The results provide a clear picture of the measurement 

performance of the developed system, that the system has a quality of performance close to 

Kyoritsu type kew 6315 that against Hioki 328-20 with an average error below 5% is acceptable. 

The results of the measurement of electrical energy consumption had been successfully displayed 

in the form of a website-based energy report. 
 

 
1.  Introduction 
The high demand for electrical equipent has caused the increasing use of non-linear loads. This 
increase of non-linear loads become one of the problems in electrical power quality [1]. Non-linear loads 
such as televisions, computer units, laptops, can generate high harmonics [2]. Electrical equipment may 
be damaged due to voltage drop in the supply line [3]. 

Internet-based electrical power quality monitoring system based on internet technology becomes 

important because this system is not only accurate and fast but also can provide early warning of the 

decrease of electric power quality. The integration of internet technologies and the online monitoring of 

electric power quality makes it easy for human beings to make energy management decisions so that 

energy users can perform the routine behavioural evaluation of energy usage quickly and easily [4]. 

Therefore, online energy monitoring has the effect of canging people's behaviour in using electrical 

energy, to be more prudent in making decisions [5]. 
 

2.  Methods 
The purpose of this research is testing or validating the accuracy of energy measuring devices made with 

Arduino involving the voltage sensors transformer-based and current sensors SCT013 then comparing 

the quality of the measurement with a measuring device manufacturing Kyoritsu KEW 6315 and Hioki 
328-20. 
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2.1. Current sensor YHDC SCT-013 
YHDC SCT-013 is a non-invasive sensor used as a measure of energy consumption [6]. The working 
principle of YHDC SCT-013 is by sensing (induced) induction of electric current and then dividing the 
current value to the number of coils on the sensor [7]. YHDC SCT-013 is capable of reading current 
from 0 to 13A consisting of 18000-turn coils with Non-linearity ± 3% [8]. 
The YHDC SCT-013 current transformer is suitable to be used with the Open Energy emonTx [7]. 
Power quality variables, such as power factor and VAR power, can be determined from the phase change 
of the electric current. In this case, YHDC SCT-013 has an important role in dealing with such a task. 

 
2.2. Electric energy consumption 

Electric energy consumption consists of three primary variables as follows: 

P = V  x I x cos θ (Watt) (1) 

S = Vt x I (VA) (2) 

Q = Vt x I x sin θ (VAR) (3) 

Wa = P x t (Watt − Hour)                                                                  (4) 
 

  
 

Figure 1. Sinusiodal of power characteristics. 
 

Figure 1 illustrates the transformation of the sinusoidal waveform voltage to the function of time into 

the form of angular frequency. The function is repeated every 2π radian. Assumed that Vm sin ωt is a 

function of t and the period is T, the period can be expressed in degrees’ form in (8), and θ is (ωt + θ). 
 

f =  
1                                                                          

(5) 
T 

ω = 2πf                                                                        (6) 

V(t) = Vm sin(ωt + θ)                                                                     (7) 

There are some laboratory-scale power quality measuring instruments researches such as Kyoritsu KEW 
6315  and  Hioki  328-20.  Kyoritsu  KEW  6315  is  a  power  quality  measurement  analyzer  with 
measurement accuracy ± 0.2% rdg ± 0.2% f.s. (sine wave, 40 - 70Hz) [9], while Hioki 328-20 has Basic 
accuracy: ± 1.0% rdg. ± 5 dgt [10]. Both of these tools are reliable measuring instruments manufactured 
in Japan. 

 
3.  Related work 
In this paper, we offer a conventional voltage sensing technique by using linear transformers as 
conducted by [11-14]. Meanwhile, the sensors utilized was YHDC SCT-013 as already used in [14] and
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[15]. Arduino Uno microcontroller and internet shield were used as data processing and communication 

interfaces between Arduino-Uno [16-17]. The communication network from the system to the server 

performed by using the 3G protocol. 
EmonLib Library, which was downloaded from openenergymonitor.org, was used as a method of 

power calculation algorithms in Arduino as it is believed to be more straightforward and easier [13, 18- 
21]. Some studies have also introduced voltage sensing techniques by using low-voltage sensors that can 
integrate directly with microcontrollers such as ZMPT101B [22-26]. There is also research introducing 
voltage and current sensing techniques simultaneously in one tool for example with PZEM 
004 module which is more practical than ZMPT101B. 

This research aims to conduct a system testing on load in 2 conditional modes. The first condition 
was an offline mode in which the testing was done on the power panel for 1 hour. Then, the measurement 
results were observed and compared with Kyoritsu KEW 6315 and Hioki 328-20. The second was an 
online mode in which the system was connected to the internet for 30 days. The test was conducted on 
residential buildings with a total power load of 2200VA. 

 

  

Figure 2. System architecture proposed.    Figure 3. Circuit Scheme of backup power proposed. 

Figure 2 is a system architecture, a complete architecture for energy monitoring with mobile web 

technology that has  been discussed by Galera (2018)  [27]. In  this study,  we  have  designed the 

architecture as shown in figure 2 where the dotted line is a neutral line, the black line is a single-phase 

AC 220V line voltage and the purple line is the low-voltage AC line. The red line is the DC 5V line 

voltage supplied from the main source and 9V supplied from backup power supply system. The yellow 

line is the digital data line, the blue line is the USB data path, the green line is the internet communication 

path using Local Area Network (LAN). 
Figure 3 is a backup power supply scheme in which the input is obtained from a 220V main power 

and a 9VDC battery. If the main power supply is off, the power supply is switched from the battery 
without pausing.
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Figure 4. Line diagram of the voltage sensor 
using a step- down CT transformer [14, 15, 19]. 

Figure 5. Line diagram of the current sensor 
using YHDC SCT-013 [14-15].

 
 

Figure 4 is the line diagram of the voltage sensor using a step-down CT transformer obtained from 

openeenrgymonitoring.org. The 220VAC input voltage was reduced to a voltage of 18.3VAC. The 

voltage value of AC as input to Arduino was determined by an equation (1) with the range between 0V 

and 5V. Then, a 100 μF capacitor serves to decrease the ripple voltage. The midpoint is the median value 

of the voltage dynamics of the target which will be processed by the Arduino in Pin 2. The voltage 

divider equation to obtain the Arduino input and midpoint values was done by using equation (1) with 

the current value connected to Pin 1 Arduino. The same is true for electric current sensors, where the 

YHDC SCT-013 sensor was the current transformer (figure 5) using the EmonLib Library function that 

is calcIrms to find the RMS current value [18].
 

Uout = 
R

 
R4     

U                                                                   (8) 
+ 4   

p
3 

 

4.  Results and discussion 
The result of the tests that have been done is to prove that the voltage sensor with transformer and current 
sensor that has been carried by previous researcher [11-14]. 
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Figure 6. Testing of electrical current measurement system on linear loads. 
 

The result of measurement test with linear loads in of heating elements was started from 40W to 
240W with the power factor was assumed as 1 and then was compared with Kyoritsu KEW 6315 and 
Hioki 328-20 (figure 6). The Arduino-based measurement system showed results that resemble Kyoritsu 
KEW 6315 and Hioki 328-20. A nonlinearity occurred likely because there was a change in load 
resistance as a result of the heat that was held for a long enough period of time. 

 

 
 

Figure 7. Testing of electrical current measurement system on Non-Linear Loads. 
 

In the non-linear load test, some laptops from 130 Var to 780 Var with an average power factor of 
0.65 were tested. The Arduino-based measurement system showed the same results as the measurement 
of electrical energy with Kyoritsu KEW 6315 and Hioki 328-20 (figure 7).
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Figure 8. Testing of the accuracy of voltage measurement 
 

The accuration result of measurement error of the system against Kyoritsu KEW 6315 was 0.5%, 
while against Hioki 328-20 was 0.26%, see figure 8. 

 
4.1. Offline system test 
In offline testing on electrical power panel (figure 9) where the power measurement system with 
Arduino worked properly. Communication between current sensors and voltage sensors against Arduino 
could run normally. Table. 1 demonstrates the measurement error value of the system after it was 
compared with the other measuring instruments. In terms of voltage and current variables, the error 
value of the comparator was below 1%, while the error value of power factor and active power variables 
was below 2%. 

 

Table.  1.  Comparison  of  Arduino-based  error  measurement  values 
against the other measuring instruments. 

 

Parameter Ardu vs Kyoritsu (%) Ardu vs Hioki (%) 

Voltage (V) 0.24 0.17 

Current (A) 0.37 -3.44 

Active Power (W) 1.89 -2.19 

Power factor 1.33 -2.69 

 

 

Figure 9(a). Testing wiring procedure of the 

measurements on the power panel. 

 

Figure  9(b).  The  comparison  of  measurement 

results.
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Based on figure 11, the measurement results obtained between the system have been developed against 

the Kyoritsu kew 6315 and Hioki 328-20 as validator. Its found that they has the same characteristics in 

measurement. The average error of comparison between the Arduino and Kyoritsu for voltage 

measurements was 0.24%, while to the Hioki was 0.17% (figure 12). The average error of measurement 

of system based arduino against the Kyoritsu was 0.37%, while the Hioki was -3.44% (figure 12). The 

average error of comparison between the Arduino and Kyoritsu for power factor measurements was 
1.33%, while against Hioki is -2.69% (figure 13). The average error of comparison between the Arduino 
and Kyoritsu for active power measurements was 1.89%, while the Hioki is -2.19% (figure 14). These 
results provide a clear picture of the measurement performance of the developed system, that the system 
has a quality of performance close to Kyoritsu type kew 6315 that against Hioki 328-20. 

 

Figure   11.   Voltage   measurment   value   in 
comparison. 

 

 
 

Figure 13. The power factor value measurements 

in comparison. 

Figure  12.  Current  measurment  capture  in 
comparison. 
 

 
 

Figure 14. Active power measurment capture in 

comparison.

 

 

4.2. Online system test 

The online system testing strongly depended on the reliability of the Internet network. Using a 3G 

communication network as a communication medium between the LAN Shield in Arduino and the server 

service had caused a delay in the data transfer from the sensors to the user display. The greater the delay 

in the data communications from the sensor to the server, the greater the measurement error occurred. 

This condition resulted in an inaccurate energy report although based on the offline test the measurement 

system showed accurate results. These results provide a clear picture of the measurement performance 

of the developed system, that the system has a quality of performance close to Kyoritsu type kew 6315 

that against Hioki 328-20. The measurement system of electrical energy consumption that depends on 

internet service should be supported by reliable network quality. In other words, if the
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electrical energy measurement system is implemented in the rural area, where the quality of the internet 
network is not guaranteed, a system failure might occur as if the whole system fails. 

 

 
 

Figure 15. Power consumption in daily report dashboard. 
 

 
 

Figure 16. Power consumption in daily report chart. 
 

5.  Conclusion 
Online energy monitoring system can be built by using Arduino which is cheaper and has good accuracy 
as well. The use of linear transformer-based voltage sensors depends on the quality of transformers. This 
study shows that the use of YHDC SCT-013 current sensors and voltage sensors with linear transformers 
resulted in good performance. It also reveals that communication through internet from sensors to server 
can be performed by LAN Shield module for Arduino. With an average error below 5 it can be said that 
an arduino-based energy measuring device that has been built can assume it is suitable for use as a
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measure of electricity consumption. The test results both on offline and online conditions demonstrated 

satisfactory results. The communication between the Arduino and the server can run well as long as the 

internet network is available. Although the test results showed satisfactory results, it is essential to know 

if the energy monitoring sensors use multi-sensors on a 3 phase power network with a single server. 
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