
ABSTRACT- The application of communication and 
information technology for monitoring household and building 
activities is one of the exciting topics in future smart city 
development research. This paper presents the design of 
electrical energy monitoring using the PZEM-004T energy 
sensor and Raspberry Pi 4 as a web server. The system designed 
for measuring current, voltage, power, and energy and send it to 
a database as the purpose for display on infographics web pages 
in real-time. The web pages interface has a responsive design, so 
the stored data in the database can access on both desktop and 
mobile phone for flexibility. Based on the results for various 
loading, it can be concluded that the design of the electrical 
energy monitoring device is working well with an average error 
of less than 2%. The user interface also shows the real-time 
electrical parameter on both desktop and mobile phone.

Keywords: Electrical energy monitoring, Arduino 
PZEM-004T sensor, and the Raspberry Pi.

1. INTRODUCTION

Home automation systems are developing rapidly, along with 
advances in electronic and information technology. One 
application of the home automation system that is growing 
more and more today is the smart home system to assist 
homeowners in monitoring and controlling the function of 
energy consumption automatically, remotely, and centrally.
Based on the Ministry of Energy and Mineral Resources, 
electricity consumption in Indonesia increased year by year 
[1], one of the reasons for the increase in electricity 
consumption is the improvidence of home electricity usage. 
This happens because the time of use is often incorrect, 
ineffective, and lack of consumer awareness to save 
electricity, due to consumers cannot directly monitor the use 
of electrical energy they use.

Nowadays, the electrical energy monitoring system that has 
been used is by installing conventional electrical measuring 
devices on the electrical circuit. However, this method has 
shortcomings because to find out the results of the monitor, 
and consumers must be directed at the location where the 
measuring instrument is installed. This method is considered 
inefficient because the electrical energy monitor results are 
not immediately known. Then it is necessary to design a 
system that can be used for monitoring electricity 
consumption using the IoT concept in real-time and 
long-distance [2].

Various studies have been conducted to monitor the electric 
power system, including the implementation of energy 
management and monitoring systems based on wireless 
sensor networks, where this system uses the ACS712 current 
sensor based on the Arduino Uno microcontroller [3]. Other 
studies for the household scale have also been carried out 
using the ACS712 Flow sensor which is connected to the 
Arduino Uno microcontroller via Wemos DI wifi so that it can 
monitor web-based energy consumption [4] [5]. Next [6] is an 
electrical monitoring system used explicitly in street lights, 
this system uses GSM wireless communication via SMS using 
the ACS712 current sensor and a voltage sensor that uses a 
voltage divider circuit in the monitoring system circuit. Then 
another study also designed a system for monitoring energy 
consumption data electricity using the ESP8266 wifi platform 
with the PZEM-004T sensor [7][8]. Furthermore, the 
electrical energy consumption monitoring tool in real-time 
based on a microcontroller monitors electrical energy 
consumption by utilising a stepdown transformer to measure 
the source voltage from the PLN while for measuring the load 
current utilizing the ACS712 current sensor [9] however, in 
other functions this tool does not work by the planned due to a 
voltage drop.

Based on existing research, the microcontroller used has 
several limitations on the features compared to the Raspberry 
Pi controller. So Raspberry Pi has advantages including it can 
be a web server, has a larger memory, and has a real-time 
clock without the need to use additional components. 
Likewise, the analogue sensor ACS712 current and voltage 
sensors are less precise when compared to the PZEM-004T 
sensor, which has integrated the ADC system in one 
integrated circuit [10]. In another study [11], the accuracy of 
the four sensors (ACS712, WCS1800, SCT013, and 
PZEM-004T), the results obtained stated that the PZEM-004T 
sensor can provide the best performance results and also an 
assessment in terms of relatively lower prices compared to 
other sensors. Therefore, this research proposed a Raspberry 
Pi-based monitoring system using the PZEM-004T sensor as a 
voltage, current, and power reading device for electrical 
energy measurement. The design of this system aims to 
monitor the home electrical energy consumption so that 
consumers can find out the energy usage data.
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2. RASPBERRY PI BASED ENERGY MONITORING

The energy monitoring system uses to observe the voltage, 
current, and power of the electrical system. This study takes 
the PZEM-004T to measure the energy usage, Arduino Uno as 
an acquisition system, and Raspberry Pi 4 that perform as a 
web server for data storage and user interface. The Arduino 
Uno was used as a repeater for transmitted data from 
PZEM-004T to Raspberry Pi 4 due to incompatibility 
communication format of PZEM-004T and Raspberry Pi. The
Raspberry Pi 4, Arduino Uno, and PZEM-004T are connected 
through serial communication, as shown in Figure 1.

Figure 1: Block Diagram of Raspberry Pi 4 Web-based Energy 
Monitoring System

There are three main subsystems on Raspberry Pi web-based 
energy monitoring system, namely energy measurement, data 
transmission and the webserver. First, PZEM-004T measure 
voltage and current flow on the load, where this voltage and 
current used by PZEM-004T for energy measurement. Then, 
Arduino Uno sends request bytes to PZEM-004T. After that, 
PZEM-004T transmit the voltage, current, power, and energy 
data to Arduino Uno using serial communication. 
Subsequently, Arduino Uno forwards its data to Raspberry 
Pi4. On the last subsystem, Raspberry Pi store its data to the 
database. Furthermore, the data stored in the database show 
on a web-based user interface.

Schematic of Raspberry Pi 4 web-based energy monitoring 
system shown in Fig. 2. Firstly, the AC power source and the 
CT sensor connect to the PZEM-004T for voltage and current 
sensing, which used for calculating power and energy. After 
that, RX and TX pin of PZEM-004T connect to digital pins of 
Arduino Uno.  Afterwards, these Arduino digital pins 
configured as serial communication pins using software 
serial, so it allows data transmission from PZEM-004T to 
Arduino Uno. Arduino Uno processes the data so that it's 
compatible with Raspberry Pi 4 communication protocol. 
Then, Arduino Uno and Raspberry Pi 4 to be connected using 
the USB interface so that Arduino Uno can forward the data to 
Raspberry Pi 4. Accordingly, by using this schematic, the 
voltage, current, power, and energy data can be transmitted 
into The Raspberry Pi 4. So, this system allows the monitoring 
of electrical energy by employing the Raspberry Pi 4 web 
server.

Figure 2: Schematic of Raspberry Pi 4 Web-based Energy
Monitoring System

 
3. EXPERIMENTAL SETUP

The electricity monitoring system that observed in this study 
is on a household load scale. So, there are six types and two 
categories of load used at the research for representing load on 
the household scale, namely 25W, 40W, 75W incandescent 
lamps for representing the small load, and 200W, 300W, and 
400W incandescent bulbs for representing large loads. These 
two loads category tested in two places. Retrieval of research 
data for small loads was carried out in Graha Bungo Housing 
in the Tunggul Hitam area of Padang city and carried out five 
times iteration, while for the large load is done in the Andalas 
University in Padang city and is done three times iteration.

The experiment starts by measuring the accuracy of electrical 
parameter measurement, that is the current, voltage, and 
Power. The Multitester VIP 8106 was used as a comparison to
the designed monitoring measurement. By comparing both 
measuring, the deviation of measurement of the proposed 
monitoring system can be investigated. Its deviation value 
converts into a percent (%) by utilizing 
this formula.

%100__ x
MeterV

MeterDMeterVError (1)

where:
V_Meter = Multitester VIP 8106 reading
D_Meter = Designed monitoring measurement reading

Experiments are continued to verify the proposed web-based 
monitoring system. This monitoring system is designed to be 
accessible on the local network by a variety of platforms. Two 
types of platforms use to access the monitoring system 
designed, namely The Windows 10 to find out the interface on 
the desktop system and The Android to find out the interface 
on the mobile phone system.

4. RESULTS AND DISCUSSION

A. Measurement Accuracy 
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The measurement accuracy was observed using 6 types of 
loads as described in the previous section. The first test is at a 
load of 25 Watts. Table 1 is the result of tests conducted using 
25 Watts incandescent lamp loads. Based on research that has 
been done, the data obtained from measuring devices with an 
average value of voltage (V) = 245.16 V, the value of current 
(I) = 0.09A, the value of Power (P) = 22.06 watt. As for the 
results of the data from the tool designed for the average value 
of the voltage (V) = 245.19 V, rated current (I) = 0.09A, rated 
power (P) = 22.04 watt. Then the two data results are then 
compared so that the error value (deviation) will be obtained 
by 0.11%. Based on references sourced from[12], the 
mismatch value is still within reasonable limits because an 
average error less than 2%. Therefore, the results of testing 
data can be received.

Table 1 Testing PZEM-004T with Measuring Instruments
Multimeters Using Philips 25W Lamp Load

Trial
PZEM-004T Multimeter Error 

(%)V (V) I
(A)

P
(W) V (V) I

(A)
P
(W)

Data 1 244.85 0.09 22.04 245.10 0.09 22.06 0.09
Data 2 245.76 0.09 22.04 245.50 0.09 22.10 0.25
Data 3 245.05 0.09 22.04 245.00 0.09 22.05 0.05
Data 4 245.05 0.09 22.04 245.00 0.09 22.05 0.05
Data 5 245.25 0.09 22.04 245.20 0.09 22.07 0.13

The second test was carried out on incandescent lamps with a 
40 Watts load. Based on Table 2, it can be seen the results of 
data from measuring devices with an average voltage value 
(V) = 246.00 V, rated current (I) = 0.14 A, rated Power (P) = 
34.44 watts. As for the results of the data from the tool 
designed for the average value of voltage (V) = 245.94 V, the 
value of current (I) = 0.14 A, rated Power (P) = 35.11 watts. 
So that it can be calculated the value of the error testing the 
tool that is equal to 1.94% in average. Existing reading 
mismatch values are acceptable because an average different 
still less than 2%.

Table 2 Testing PZEM-004T with Measuring Instruments
Multimeter Uses 40-Watt Philips Lamp Load

Trial
PZEM-004T Multimeter Error 

(%)V (V) I
(A)

P
(W) V (V) I

(A)
P
(W)

Data 1 245.05 0.14 35.42 245.40 0.14 34.36 3.10
Data 2 245.76 0.14 35.42 245.60 0.14 34.38 3.01
Data 3 245.96 0.14 35.42 246.00 0.14 34.44 2.85
Data 4 246.66 0.14 34.64 246.60 0.14 34.52 0.34
Data 5 246.26 0.14 34.64 246.40 0.14 34.50 0.42

Furthermore, the third test was carried out on incandescent 
lamps with a load of 75 Watts Power. In Table 3 it can be seen 
a comparison of the results of data obtained from multitester 
VIP 8106 and designed measuring devices. For measuring 
devices, the average value of voltage (V) = 245.90 V, current 
value (I) = 0.27A, power value (P) = 66.39 watt. As for the
results of the data from the tool designed for the average value 

of voltage (V) = 245.94 V, the value of current (I) = 0.27 A, 
the value of Power (P) = 67.23 watts. Furthermore, the two 
data results are then compared so that an error value 
(deviation) of 1.32% will be obtained. 

Table 3 PZEM-004T Testing with Measuring Instruments
Multimeter Uses a Philips 75-Watt Lamp Load

Trial
PZEM-004T Multimeter Error 

(%)V (V) I
(A) P (W) V (V) I

(A) P (W)

Data 1 246.36 0.27 67.70 246.50 0.27 66.56 1.72
Data 2 246.26 0.28 67.70 246.30 0.27 66.50 1.80
Data 3 246.36 0.27 67.70 246.20 0.27 66.47 1.84
Data 4 245.25 0.27 66.12 245.30 0.27 66.23 0.17
Data 5 245.45 0.27 66.91 245.20 0.27 66.20 1.07

The fourth test using a large load of incandescent lamps with 
load power 200-watt, using three-time repetition is done in the 
process of taking data. Based on Table 4, the results obtained 
data on multimeter VIP 8106 measuring devices with an 
average value for voltage (V) = 216.43 V, rated current (I) = 
0.80 A, rated power (P) = 173.15 watts. As for the results of 
the data from the tool designed for the average value of 
voltage (V) = 216.31 V, the value of current (I) = 0.79 A, rated 
Power (P) = 171w.02 watt. So that it can be calculated the 
value of the error testing the tool that is equal to 1.22%. 

Table 4 Testing PZEM-004T with a Multimeter Measuring
Instrument Using a Philips 200-Watt Lamp Load

Trial
PZEM-004T Multimeter Error  

(%)V (V) I(A) P (W) V (V) I (A) P (W)
Data 1 216.51 0.79 171.18 216.60 0.82 177.61 3.62
Data 2 216.31 0.79 171.02 216.50 0.79 171.04 0.01
Data 3 216.11 0.79 170.86 216.20 0.79 170.80 0.04

Then the fifth test is carried out for the load incandescent lamp 
with 300-watt power. Based on Table 5 can be seen the 
acquisition of readings from multimeter VIP 8106 measuring 
devices with an average voltage value (V) = 216.13 V, the 
value of current (I) = 1.20A, the value of Power (P) = 259.36 
watts. Whereas the reading of the measuring instrument is 
designed for the average value of the voltage (V) = 216.08 V, 
current value (I) = 1.19A, power value (P) = 256.68 watts. 
Then the second result of the existing data (deviation) error of 
1.03%. Then the sixth test is the last test carried out using 
weights incandescent lamp 400 watts.

Table 5 PZEM-004T Testing with Measuring Instruments
Multimeters Using Philips 300-Watt Lamp Load

Trial
PZEM-004T Multimeter Error  

(%)V (V) I(A) P (W) V (V) I (A) P (W)
Data 1 216.01 1.18 254.90 216.20 1.20 259.44 1.75
Data 2 216.01 1.19 257.45 216.00 1.20 259.20 0.68
Data 3 216.21 1.19 257.69 216.20 1.20 259.44 0.67

From Table 6, it can be seen for the average voltage measured 
on VIP 8106 measuring instrument of 215.60 V, and the 
average voltage measured on the design tool is 215.41V. 
Whereas for the average current in the multimeter VIP 8106 
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measuring instrument is 1.63 A and the average current in the 
design tool is 1.58 A. For the measured power in the 
multimeter VIP 8106 measuring instrument is 351.43 watt, 
and the average power measured in the design tool is 340.62 
Watt. 

Table 6 Testing PZEM-004T with Measuring Instruments
Using Philips 400 Watt Lamp Load

Trial
PZEM-004T Multimeter Erro

r (%)V (V) I
(A) P (W) V (V) I (A) P (W)

Data 1 215.80 1.63 351.75 215.21 1.58 340.30 3.26
Data 2 215.60 1.63 351.43 215.61 1.58 340.94 2.99
Data 3 215.40 1.63 351.10 215.41 1.58 340.62 2.99

Based on the results of the acquisition of test data that has 
been done on incandescent lamp loads: 25W, 40W, 75W, 
200W, 300W, and 400W obtained that total average error less
than 2 %. Therefore, the results of this design measurement 
tool can be accepted because this value within IEC-61724 
standard [12].

B. User Interface of Raspberry Pi 4 Web-based Energy 
Monitoring System

The user interface of Raspberry Pi 4 web-based energy 
monitoring system is shown in Fig 3. This system designed 
for access to a local network. On this research, Raspberry Pi 4 
set to static IP Address 10.28.148.247. By write down the 
Raspberry Pi 4 IP Address in the browser, the monitoring
system can be accessed from a desktop or mobile phone. 

(a)

(b)
Figure 3: User Interface of Raspberry Pi 4 Web-based Energy 

Monitoring System Accessed using (a) Windows 10 (b) Android

This user interface shows the real-time voltage, current, and
power. It also displays energy usage along with the estimated 
cost. Moreover, it also informs the daily load curve so that the 
user knows for daily energy usage. It show that the designed 
user interface work fine form both desktop and mobile phone.

5. CONCLUSION
Based on this research, it is obtained that the combining of 
Raspberry Pi 4, Arduino Uno, and PZEM-004T can be used as 
a monitoring tool for household electrical energy usage. The 
monitoring system can measure and read the electrical 
parameters of voltage, current, and power as well as electrical 
energy with a good level of accuracy. The result shows the 
average deviation of measurement on the small load at 25W, 
30W, and 75W consecutively 0.11%, 1.94%, and 1.32%. 
While the test results for large loads at 200W, 300W, and 
400W sequentially is 1.22%, 1.03%, and 3.08%. Based on the 
data obtained by the measuring instrument the design has 
worked well, and the test results can be accepted because for 
all loads the error value (deviation) is at average value of less 
than 2%. Furthermore, the result shows that the user interface 
works well from both desktop and mobile phone. This 
indicates the Raspberry Pi 4 web-based electrical energy 
monitoring system can be work correctly.
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