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,bsrracr — The web-based PV system monitoring to
measure electrical production and consumption to the
load or utility grid is presented in this paper. This
monitoring system consists of an Arduino Mega 2560
with two PZEM 004T sensor modules. The monitoring
system has been designed to store measurement data of
current, voltage, power and energy in the database and
display on the webpage in real time and infographics
history. The PZEM sensor measurement has been
tested with an average power difference 0.29% less
than TIEC-61724 minimum-accuracy. Realtime data is
obtained in the form of one-line data for every 2
seconds, with a data size of 375-byte and 75ms delivery
delay. For one day period testing, the electrical energy
that can be generated by the PV system is 5,925 kWh,
while the power consumed by the load is only 1,272
kWh so the accumulated electrical energy that can be
exported is 4.65 kWh. The test results show that the
system has been able to measure net energy export or
import by the PV system to utility grid.

Keywords — Web-based PV monitoring, Arduino
PZEM sensors, and Grid connected PV system.

1. Introduction

Increasing  electricity demand  affects in
diminishing energy reserves. Indonesia, with the
greatest potential for solar energy through the
government regulation No. 14, 2012 provides an
opportunity for owners to connect their PV Systems
into national utility network.
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Utilization of PV system in distribution network
requires bidirectional power meter to evaluate the
amount of electrical energy produced and the burden
used to reduce electricity bill. Therefore, the
utilization of communication technology, sensors,
and information to distributed generation metering
and control are the topics of interest in the
development of future smart grid [1],[2].

Several previous studies have discussed various
techniques for electrical energy production and
consumption monitoring. The research on integrated
data-acquisition system for photovoltaic blocks
mutualization monitoring using LabView [3], remote
monitoring  system based on GSM data
communication network for rural areas [4], LoRa
wireless sensor networks [5],[6] and web-based
through internet networks [7],[8], have been done
and reported. In a study conducted in [9], a Web-
Scada was implemented to monitor and control solar-
wind hybrid generator systems remotely through the
internet and based on LabView software via RS232
serial communication [10]. The connection to the
internet network is done through a server computer
with communication between sensors, remote
terminals, and the server computers in the study use
serial communication wired networks and Local Area
Networks.

This paper presents the proposed web-based net
energy meter system using two PZEM 004T modules
based on Arduino microcontroller. The monitoring
system is designed in real time measurement and
record in historical online data. So that the data
obtained can be monitored anytime anywhere and
saved for further analysis. The electrical data from
the power produced by the PV system and the power
used in the load demand with the utility grid are
obtained through PZEM 004T sensors measurements.
The results of this study are expected to help obtain
the use of electrical energy and energy generated by
PV system in real time and historical online data,
displayed on websites that can be accessed anytime
and anywhere, so as to optimize the use of electrical
energy to be more efficient.
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2. Hardware and Software of Web-Based PV
Monitoring

The web-based net energy monitoring system is
used to collect the electricity and energy generated
by PV system in real time and online. The collected
data is displayed on a website that can be accessed
anytime and anywhere for further evaluation,
optimized and made more efficient. The monitoring
system consists of two important parts hardware and
software.

The web-based monitoring systdfll consists of three
main hardware components i.e: an Arduino Mega
2560, two PZEW) 004T sensor modules and an
Ethernet shield PZEM 004T is a sensor used to
measure single phase voltage, current, power and
electrical energy. The PZEM-004T uses SD3004
energy measurement SoC chip from SDIC
microelec@nics, which has very good measurement
accuracy. This PZEM 004T operates for the use of
active energy with a frequency of 50 Hz and 60 Hz in
one phase of the circuit. This tool is equipped with 4
PINs that function as voltage and current input, 2
serial communication PINs and 2 PINs as a voltage
and current source to operate the sensor. In this
sensor, in measuring the flow carried out by the
installation of CT in one of the input circuits, the
ratio of the number of turns on CT is 1000: 1.

Ethernet shield is one of the Arduino output
devices for connecting Arduino microcontrollers
with internet networks. Ethernet shield uses a Wiznet
WS5100 chip that is able to provide network via an IP
address so that Arduino can communicate with TCP
or UDP. The Ethernet shield uses an RJ45 cable as a
data transmission path. It is also equipped with an SD
Card adapter that serves to store data via an SD Card.
In operating the Ethemet Shield, communication is
carried out serially through the SPI (Serial Peripheral
Interface) bus. The four SPI signals on the Arduino
Mega 2560 are Master in Slave Out (MISO) on PIN
51, Master Out Serial In (MOSI) on PIN 50, Serial
Clock (SCLK) on PIN 52 and Chip Select (CS) on
PIN 10.

Programming is done to read data from the PZEM
sensor using the Arduino IDE based on C ++
language structure, so that it can connect between
Arduino and PZEM 004T sensors and Ethernet
Shield. Next, executing programming arguments, the
digital data obtained by Arduino is using the PHP
programming language, while for data storage is
done with MySQL database management. Then it is
displayed in the form of infographics on the website
using Javascript programming language and HTML
marking language, so that it becomes more
interactive and can be displayed in real time.

The software is used in the monitoring process to
collect, save, process and display data in an
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interactive and attractive manner for the user. These
techniques are known as internet of things (IoT)
architecture which consists of: retrieving data in the
perception layer, storing and computing data in the
network layer, and displaying data in interactive form
(graphics or animation) to users on the application
layer [13],[12].

3. System Design

The system will read the voltage, current, and
RMS power at the inverter output and load using the
PZEM 004T sensor. Then the data is sent using a
TTL cable to Arduino with TTL serial
communication. After the data is obtained on
Arduino, it is processed based on algorithm
calculation and comparison then uploaded to the
website database using Ethernet Shield that has been
connected to the internet network. After the data has
been uploaded to the database, the measurement data
can be displayed in real time on the website.

ETHERNET

sapp |=============== 1
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ARDUINO MEGA 2560 1

- R —
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Figure 1. PZEM Based Net Energy Meter

Programming is done using the Arduino IDE
which uses the C ++ language structure to write
programs into Arduino, so that it can connect
between Arduino and PZEM 004T sensors and
Ethernet Shield. The program for website creation is
done using PHP language to connect between
databases and website views. The database
programming language uses the MySQL language
and real-time readings from the website so that it
becomes interactive using HTML, CSS and the
Javascript programming language. Thus, users can
access to get information of their energy
consumption via web application locally or via
Internet. The system overview is shown in Fig. 1.

This monitoring system test is carried out in the
electrical engineering department which has a solar
power plant connected to the grid using an grid-tie
inverter. The inverter will be monitored along with
the amount of load connected so that the type of
power flow used by the load is obtained. Testing
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system components consist of two parts, namely
testing with hardware and testing with software. The
system hardware is tested based on the installation of
Arduino Mega 2560 and PZEM 004T pins or cables
that are following the design. The system software
tested using Arduino IDE and Google Chrome
Developer Tools. The Arduino program tested using
Arduino IDE using monitor serial output parameters,
while on servers and clients it is tested using Google
Chrome Developer Tools software with output
parameters on the network.,

The overall system is designed as shown in Fig. 2
below.

Figure 2. Web-based Net Energy Meter Real Circuit

4. Result and Discussion

The PZEM 004T test used to determine the sensor
configuration system with the Arduino Mega 2560
microcontroller. This aim has been achieved. The
operation of the sensor required four TTL cables
consisting of one 5V voltage operating cable, one
ground cable, and a pair of cables that function as
senders (TX) and data receivers (RX) with serial
communication lines as shown in Fig. 3.

L
GND
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s PZEMD0AT
.;/ - -

Figure 3. Schematic diagram of PZEM 004T

OO0

Hardware testing is carried out by installing cables
directly through GND, TX, RX, and VCC pins on
pins that are available on Arduino Mega 2560.
Installation of two or more PZEM 004T requires a
project board to connect in parallel between VCC
pins and GND. The PZEM Pin connection is shown
in Table 1.

PZEM 004T (1) is installed in Arduino Mega 2560
Serial 2, and PZEM 004T (2) is installed in Arduino
Mega 2560 Serial 1 while VCC and GND on each
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sensor are connected in parallel through the project
board. When the Grid tie inverter successfully
synchronizes with low voltage distribution grid, then
PZEM 004T (1) and (2) will directly transmit
voltage, current, power and energy data to Arduino
Mega 2560 as real digital values.

Tahle 1. PZEM Connection

Init
Component Pin Final Pin Note
VCCon
vee project board 3V
GND GN'D on negaliw? po_larily
project board of circuit
PZEM 004T Pin 17 PZEM 004T (1)
(1) TX Arduino (RX | Transceiver data to
Serial 2) Arduino
. Receiver data of
Rx | PIRI6(TX | b eN1004T (1)
Serial 2) .
from arduino
VCCon
vee project board 3V
GND on negative polarity
GND project board of circuit
PZEM 004T . PZEM 004T (2)
(2) X PIS“ 1_91(110( Transceiver data to
erial 1) Arduino
. Receiver data of
rRx | PIS(TX | pypn 04T (2)
Serial 1) .
from arduino

The PZEM 004T digital reading is done by the
serial communication with Arduino Mega 2560 to
get the amount of voltage, current, power and energy
as show in Fig. 4. By the comparison of PZEM 004T
measurement and Hioki 3286-20 Clamp Meter, can
be concluded that the PZEM 004T sensor (1) and (2)
have worked well because the measured value is
close to the measured value of Hioki 3286-20 Clamp
Meter with an average power difference of 0, 29%.
Based on [EC-61724 standard [11] this value is
acceptable because the accuracy is less than 1 %.
Therefore, data obtained from current, voltage,
power and energy of PZEM sensor can be used for
PV system monitoring.

Monemdry v 9E0bED

Figure 4. Data read by PZEM 004T

Data obtained from each sensor will be stored in
the Arduino Mega 2560 program variable. The
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difference reading data of two PZEM will be
evaluated for determining the power state at the load,
whether in the import or export status. The export or
import status will be displayed in the monitoring
system through internet network access.

Fig.5 shows the three days measurement data that
the acquisition of data from the system works well by
sending data as much as 926 data with time delay for
storing data on average is 4 minutes 40 seconds.
Testing on the server is done by sending data to the

Realtime

wlilil 443 wan wlilil 101 watt
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,-‘.'L"‘ l : \n

client, while testing on the client is to display the
data into real time and infographics Fig 5. During
testing, the data server is sent by changing the
variable values that have been stored in the database
into the JSON data exchange format. Testing servers
is done with clients using Google Chrome Developer
Tools software. The data obtained is then displayed
on the website with the AJAX feature so that JSON
data can be updated regularly without having to
refresh the website page continuously.

342,00 Watt ulili EKSPORT

A J '
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Figure 5. Display of real-time and historical data monitoring

Website display shows data in real time conditions
at 10:37 WIB, PLTS will generate power of 443
Watts, with the condition of the load usage at that
time 101 watts, the excess power of 342-watts will
then be sent to the utility network as export power.
Historical data testing for three days shows that the

alilil 5,925 KWh althil 1.272 KM

current generated by PV system will be Export status
at 6.00 am until reaching the peak at 12 am, then it
will decrease and turn into Import status at 6.00 pm.
However, weather conditions and load demand are
important factors in determining the export/import
status of electrical energy of the utility grid.

alllil 465 KWh altl EKSPORT

Duta Hestory Energy Compotmion

Figure 6. Pie chart of Energy production, consumption and status import/export display
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The accumulation of power collected for a certain
time will be calculated as energy. The measurement
results have been displayed in the form of
infographics to show the composition of energy use
and energy production as well as net energy in one
day periodfirom 05/21/2019 to 05/22/2019 as shown
in Fig. 6. For one day measurement the energy that
can be generated by the PV system is 5,925 kWh,
while the power consumed by the load is only 1,272
kWh, so the accumulated electrical energy that can
be exported is 4.65 kWh.

5. Conclusion

The net energy meter system has read voltage,
current, power and energy generated at the inverter
output terminal and load terminal using the PZEM
004T sensors. Based on these data the net energy
export to utility or import from utility can be
determined. This system is equipped with a data
logger feature, so the measurement data can be
directly recorded on the client computer. The PZEM
004T obtained data have a good level of accuracy
with an average power difference of 0.2% compared
with Hioki 3286-20 clamp meter. For one day
measurement the energy that can be generated by the
PV system is 5,925 kWh, while the power consumed
by the load is only 1,272 kWh so the accumulated
electrical energy that can be exported is 4.65 kWh.
Based on these data, further investigation to calculate
the energy costs per kWh produced by a solar power
plant, saving the electrical energy obtained and the
length of investment costs return time achieved can
be performed.
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