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Battery Charging Monitoring System Using PZEM
004t Sensor and DC Voltage Sensor
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Abstract- Solar panels are designed to convert solar energy into electrical energy. This electrical energy is then sent to a
battery or an inverter, which converts it into usable power. The power produced by the panels cannot be monitored directly as
it is being generated. This system typically consists of a solar panel monitoring device that measures the voltage, current and
temperature of the solar panel. This data is then used to determine the efficiency of the solar panel and identify any potential
problems that need to be addressed. Monitoring the performance of the solar panel, it helps to ensure it is operating at its peak
efficiency and reducing the risk of potential damage. A 100 Wp panel and a 12V 45 AH battery are used in the solar power
plant battery charging process. The voltage sensor needs to be calibrated so that it can accurately measure the voltage from the
solar panel and the battery. This is important because the voltage must be within certain parameters in order for the battery to
charge safely and efficiently. By monitoring the performance of the solar panel and the voltage sensor, potential risks of
damage can be minimized. Calibration is followed by determining the programme and low and high values. Using the Arduino
IDE software, the programme is then input into Arduino. The results of the DC voltage sensor measurement and the
programme used were then compared. A 3-day monitoring process is carried out for PLTS battery charging. The average
voltage that rises during charging from 08.00 to 15.00 is 0.341 V after the monitoring process.

Keywords: battery, solar cell, monitoring system

1. Introduction majority of electricity used today comes from fossil fuels

(non-alternative energy). It is inevitable that fossil fuels will

Electronic devices are mainly powered by electricity in
the community. Among the many technological advances in
the field of electricity today, it is no wonder that there is such
a wide range of applications that meet the needs and demands
of the community in terms of electrical energy [1]. The

be depleted sooner or later. All the country has a lot of fossil
fuels and renewable energy resources that can be utilized for
generating electricity [2]. There has been a significant
amount of progress in developing renewable energy sources.
Solar Power Plant (PLTS) is one method of utilizing solar
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thermal energy as a source of electrical energy [3]. There is a
rapid expansion of PLTS, which will be able to produce 35
MW of electrical power in the near future. Furthermore, solar
energy sources can also be used as a backup power source for
homes, offices, government buildings, and can also be used
in conjunction with PLN electricity to serve as the main
source of electricity for homes, offices, and government
buildings [4]. There is no state electricity company located in
this area, because it is because of the location of the area that
it is impossible to access the electricity network from the
State Electricity Company (PLN). The use of solar PV in
remote areas is one way to provide electricity to those areas
[5]. Solar cells are thought to have a great deal of potential
due to the low electrification rate. The use of a solar power
plant (PLTS) with a modular system that is portable as an
alternative means of generating power can be seen as a
solution as an alternative power source [6]. A solar panel is a
device that converts direct current from solar energy into a
form that can be used in the home. This modern technology
has several advantages, including ease of maintenance,
cleaning, savings, and ease of installation. There is a need for
a tool to monitor the performance of solar panels and provide
notifications when a solar panel malfunctions so that damage
to the panels is avoided and the efficiency of solar panels is
decreased [7]. The PLTS has a monitoring system that can
display the voltage and current produced by the panels.
However, this system still has deficiencies, namely that it
does not have a noise monitoring and notification system that
might lead to a reduction in the performance of solar panels,
especially when it comes to air quality [8]. It has been shown
in previous research that solar power plants still require
significant short-term investments and that they can only
provide half a day's worth of electricity from the absorption
of sunlight for a single day, thus requiring expensive short-
term investments [9]. The optimum use of solar energy for
households, however, is still determined by the intensity of
sunlight. Solar panels' efficiency can also be affected by
varying loads. There have also been studies in which the
angle of solar panels was adjusted to get an optimum
intensity of irradiation to be received by the panels [10]. The
planning and analysis of solar home systems (SHS) for
residential solar power generation systems. A solar home
lighting system is one of the solar power systems used for
rural electrification, with an installed power of 4855 watts. A
total of 50 Wp is produced per household to meet lighting
and information requirements [11]. The Arduino
microcontroller-based solar power plant monitoring system
monitors the current and voltage of solar panels to obtain
current, voltage, and power values with data automatically
stored on an SD card. Data on panel output parameters are
only collected using this method [12]. It is, therefore,
necessary to make a solar panel charging monitoring system
with calibrated sensors so that the data acquisition system can
be integrated with the Arduino UNO 328 microcontroller-
based system so that it can be accessed in real-time [13]. The
battery is a device that uses an electrochemical process to
convert electrical energy into chemical energy when it is
charged and then converts chemical energy back into
electrical energy when the battery is discharged. The battery
life of a smartphone can be rapidly shortened if it is charged
and discharged improperly [14]. Therefore, it is necessary to

monitor the battery in order to pay special attention to these
two processes in order to maintain the battery's life. It is very
important to keep an eye on the state of charge of a battery
since it is one of the most important indicators [15]. An
expression of the state of charge of a battery, known as SOC
(State of Charge), is understood as the full amount of energy
capacity that can be stored and utilized by a battery with its
total capacity expressed as a percentage. Battery capacity is
expressed as a percentage when describing available energy.
In order to monitor the charging process of solar panel
batteries, the researcher designed a system that uses a DC
voltage sensor to monitor the charging process of solar panel
batteries [16]. As the battery is being charged, the voltage
sensor will take measurements of the voltage increase and the
capacity of the battery during the charging process, which
will be displayed on the LED as a reference when charging
the battery. The battery is composed of two electrodes, an
anode and a cathode, and an electrolyte that allows ions to
move between the anode and cathode. When the battery is
charged, the anode releases electrons which flow through the
external circuit and back to the cathode. This creates a flow
of ions from the anode to the cathode, storing energy in the
form of chemical bonds. When discharged, the process is
reversed, releasing the stored energy as electrical energy.
Charging and discharging the battery causes the ions to move
back and forth, which creates internal stress on the battery
and causes the chemical bonds to break down. This can lead
to decreased performance, shorter life span, and even
explosions if the battery is overcharged. Overcharging and
discharging the battery can cause the ions to move too fast
and too often, leading to the buildup of heat. This heat can
cause the battery to degrade over time, as it breaks down the
chemical bonds and can even cause the battery to overheat
and explode. Monitoring the battery is essential to keep it
functioning properly and to avoid any potential damage.
When a battery is consistently exposed to high temperatures,
the chemical components deteriorate more quickly. This
reduces the battery's charge capacity, leading to a shorter
lifespan. Additionally, heat can cause the battery to swell and
increase the risk of explosion. Monitoring the state of charge
helps to ensure the battery is not overcharged and can detect
when the battery is deteriorating. The State of Charge is
expressed as a percentage and is determined by the charge
level of the battery compared to the total capacity of the
battery. The higher the percentage, the higher the amount of
energy that can be used. The State of Charge is important
because it gives an indication of how much energy is
available to be used in the battery. A higher SOC means more
energy is available, and a lower SOC means less energy is
available. This helps users know when they need to recharge
the battery.

2. Methods

In this study, the PLTS battery charging monitoring
system is designed and manufactured to monitor the battery
charging process on solar panels through a voltage sensor.
With this system, the user can monitor the voltage of the
solar panel battery, as well as the amount of current being
drawn from the panel. This allows the user to understand the
performance of the battery charging process, and make
adjustments as needed to optimize the efficiency of the
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system. The voltage sensor measures the voltage increase and
battery capacity during the charging process and displays
them on the LED as a reference. As the battery charges, the
voltage increases [17]. The voltage sensor measures the rate
of change in the voltage and the capacity of the battery to
determine when the battery is fully charged. This information
is then displayed on the LED to provide an accurate reading
of the charging process. The circuit schematics and
mechanical design of the device were created using several
software tools. Figure 1 illustrates the circuit diagram of this
device created using Proteus software. The PZEM sensor has
a set of input pins as well as a set of output pins for RX and
TX. It is a PZEM sensor that is attached to Arduino pin 11
for the TX pin and Arduino pin 12 for the RX pin when using
the Arduino board [18]. The LCD pin has two i2c
communication pins, SDA and SCL, which are connected to
the Arduino SDA and SCL pins. An Arduino AQ pin is
connected to the DC voltage sensor. A circuit simulation
model simplifies the process of making tools and determines
how component pins interact.

Fig. 2. Hardware prototype

The mechanical design of the tool is made using
Sketchup software. The size of the mechanical design is 15
cm long, 12 cm wide, and 12 cm high. The material to be
used is acrylic material with a thickness of 2 mm. Figure 2
shows the hardware prototype. The data collected was
obtained in the form of sensor readings displayed by LEDs
over three charging days of eight hours each. During battery
charging, the readings displayed showed the DC voltage as
well as the available battery capacity [19]. Once the data was
collected, it was further processed and analysed to ascertain
the findings of the sensor readings. The average value of
voltage increase during battery charging can be calculated
based on equation (1).

The average increase in voltage = (the amount of
difference in voltage )/(charging time) -------- 1)

Testing DC voltage is carried out to verify the sensor
performance and determine errors in the sensor results.
Sensor readings are compared with measurements taken on
the measuring instrument to determine the proportion of
sensor readings that are inaccurate [20]. Equation (2) shows
how to calculate the percentage difference between the
sensors between the measuring instrument and the sensor
tested.

Tool failure value = (measuring instrument readings — sensor
readings )/( measuring instrument readings ) X 100%

------ )
Voltage
Regulator DC
Sensor Arduino
+ ® @ Al
= @ @crd
Multimeter

Fig. 3. DC sensor test circuit

Figure 3. illustrates the circuit schematic for
testing this sensor. As shown in the diagram, the circuit
consists of a power source, a voltage regulator, a voltage
divider, a transistor, a sensor, and an LED. The power source
is connected to the voltage regulator and then to the voltage
divider, which regulates the voltage going to the transistor.
The transistor is connected to the sensor, and the output of
the sensor is connected to the LED. The LED is used to
indicate when the sensor is activated [21]. The first step in
testing the sensor is to connect it to the power supply. After
connecting the power supply, the voltage regulator should be
adjusted so that the voltage being sent to the voltage divider
is within the range required to activate the sensor. Once that
is done, the LED should be illuminated when the sensor is
activated, indicating that the circuit is working properly.
This test is carried out with a voltage of 0-20 volts DC and is
done using the tested method. The second step involves
connecting both the sensor and multimeter to the power
supply [22]. The sensor readings and multimeter readings
will then be compared to determine if the sensor is operating
correctly. A mapping program was used to determine the
percentage of battery capacity charge during testing. The
software determines the minimum and maximum values for a
given value. A low value represents the voltage of the battery
when the inverter cannot be powered and a high value
represents the battery's voltage when fully charged. During
the charging process, the DC voltage sensor reading is
automatically used to calculate the percentage of the battery
based on low and high values [23]. The 100 Wp solar panel
was also tested, as well as the DC voltage sensor and
mapping program. Battery voltage is measured by a voltage
sensor as the solar panel begins charging the battery. The
battery is measured every hour until it is fully charged to
determine how much charge it has left. The voltage sensor
will not be connected in advance in order to avoid data
collection problems during charging. Generally, a solar panel
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with a capacity of 100 Wp will be powered by four batteries.
It is usually expressed as a percentage of the battery's depth
of discharge (DoD). A battery with a DoD of 80%, for
example, allows 80% of its energy to be used, while 20% is
held as a reserve. Solar panels that use four batteries are
assumed to be in 100% condition [24]. According to the
results of this study, the panel worked at 25% during testing
when a single battery was used. During operation, the solar
power plant outputs voltage and current as it charges the solar
panel battery, which receives solar energy and converts it into
electrical energy. The controller between the solar panel and
battery regulates or continues the output current from the
panel when charging occurs. The current then enters the
battery through the controller, causing the battery voltage to
gradually increase after the current enters the battery [25].
The battery condition will be checked every hour during
battery charging until the battery is fully charged.

3. Results and Discussion

The initial voltage value of charging the battery and the
final voltage value after the battery reaches full capacity
should be determined before charging the battery. This study
obtained an initial charging voltage value of 11.38 V and a
final charging voltage value of 14.11 V. The battery capacity
rating, as far as the battery is concerned, ranges from a rating
of 78% - 100%. The DC voltage sensor readings were
obtained for three days after the monitoring process was
completed when charging the battery [26].

3.1 Day one report of DC voltage

The initial voltage of the battery before charging is
11.38 volts, as shown in Table 1. Battery voltage rating is the
value when the battery can no longer supply the inverter with
power. The battery voltage rose to 12.55 V after one hour of
charging, with a difference of 1.71 V compared to the battery
voltage before charging. The battery voltage increased in the
same manner as the reading at 09.00 - 10.00 WIB at 11.00 -
12.00 WIB. It has been observed that the peak time of solar
irradiation (watt peak) does not influence the charging
process for 4 hours [27]. The battery's percentage value
increases due to the voltage reaching 13.01 volts, resulting in
an increase in the percentage value. Table 1 compares the
sensor voltage ratings. When the voltage rating on the battery
is still 12 volts at 09.00-11.00 WIB, the battery percentage is
not affected. If the voltage rating on the battery changes
dramatically enough, the battery percentage will change. A
graph of the magnitude of the increase in battery voltage is
shown in Figure 4, and it is clear that the greatest value
occurs between 08.00 and 09.00 WIB, or when the batteries
are charging for the first time, at 1.17 volts. However, for the
duration of 09.00 WIB until 12.00 WIB, the voltage that
increases is fairly the same as it does for the rest of the night,
between 0.19 V and 0.08 V respectively [28]. According to
researchers, this is caused by an increase in solar panel
temperature. The results are in agreement with previous
research findings that about 0.5% of the total power is
generated [9]. When the readings are taken at 1:00 p.m., this
is also reinforced. The large increase in battery voltage is
quite significant when compared with 1:00 p.m. readings
9.00 WIB until 12.00 WIB. The sun's heat is diminishing at
13.00 WIB, and the panel's temperature is also decreasing.

When determining the percentage of battery capacity
calculated by the mapping program, it is important to review
the calculation, because if the voltage value rises quite high
during the first and fourth-hour readings, the percentage of
the battery that is read will change [18]. According to
equation (1), the battery voltage increased by 0.341 volts on
the first day of testing.
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Fig. 4. Day 1 Variation of battery voltage and capacity with
time

3.2 Day two report of DC voltage
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Fig. 5. Day 2 Variation of battery voltage and capacity with
time

Table 2 shows the results of the DC voltage sensor
readings on the second day. The battery voltage rose to 12.74
V after 1 hour of charging with a difference of 1.36 V
compared to its initial voltage value before charging with a
7% increase in voltage. During the battery charging process,
the weather turned cloudy at 10:00-11:00 WIB, which
obviously impacted the solar panel's performance [16]. The
increase in voltage in the battery at 11:00 -12:00 WIB is the
same as that at 09:00 - 10:00 WIB. It is due to the peak of
sunlight (watt peak) still occurring between 12:00 and 13:00
WIB that battery voltage increases. The solar panel started to
charge the batteries optimally after six hours, based on the
readings taken at that time. The graph in Figure 5 of the
voltage increases shows that the greatest percentage increase
in voltage occurs between 8.00 and 09.00 WIB or during the
first hour of charging at 1.36V. The lowest voltage increase
occurred between 09.00 - 10.00 WIB. This is related to the
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sun having entered its first peak when the solar panel should
produce peak wattage based on its ability and capacity. In
the graph of voltage readings at this second hour, it can be
seen that the peak sun peak has little or no impact on battery
charging [14]. According to equation (2), the average
voltage increase on the second day of testing was the same as
the previous day.

3.3 Day three report of DC voltage

Table 3 shows the DC voltage sensor readings on the
third day of testing. As shown in Figure 6, the largest voltage
increase occurs at 08.00 - 09.00 WIB or at 1.36 for the first
hour of charging. According to the fourth-hour reading
(10:30 -11:00 WIB), the lowest value was obtained at 10:00 -
11:00 WIB. The battery voltage sensor reading value
increased from 12.87 V to 12.94 V in the fourth hour [21].
There has been no change in the percentage of the battery
since 12 V is still the voltage value. A large change in the
voltage rating will result in a change in battery percentage.
The battery charging process was carried out over three days
in different weather conditions. It has been found that solar
panels can be effectively illuminated by sunlight for 9 hours,
starting at 07.00 WIB and ending at 17.00 WIB. A battery
may not fully charge in a day because of various factors,
including clouds and rain. According to the data, the biggest
voltage increases always occurred during the first hour of
charging, and then the voltage decreased until the battery was
fully charged [8]. This tool entered the high and low battery
charge ratings into the software that will be fed into the
device, even though the results of the DC voltage sensor
tested were good enough. The sensor and battery are
connected during the battery charging process after the sensor
and software have been calibrated. In this study, the battery
voltage measured when it cannot supply the inverter is 11.38
V, while the battery voltage measured when the battery is at
full capacity is 14.11 V. The voltage rating of the battery
should be checked for more accurate readings [12]. The
voltage sensor reading is then compared with the
measurement instrument value for a more accurate reading.
Table 3 shows the error/error value for the reading sensors.
According to Table 3, the largest error rating is 0.228% for a
difference of 0.03 between sensor reading and measuring
instrument measurement. Table 3. shows an average error of
1.875% based on the data.
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Fig. 6. Day 3 Variation of battery voltage and capacity with

time

4. Conclusions

A battery charging monitoring system such as the 100Wp
PLTS battery charging monitoring system that uses a DC
voltage sensor can be configured to give accurate readings if
the DC voltage sensor has been calibrated before use after the
calibration process has been completed. The DC voltage
sensor measures the amount of voltage being sent to the
battery and is used to detect when the battery is fully charged.
By calibrating the sensor before use, it can detect the exact
voltage that the battery needs to be charged to and indicate
when the battery is fully charged. The sensor must be
connected to Arduino which has been programmed to work
properly with a fairly small reading error in order to display
reading results. When the battery is being charged, the DC
voltage sensor measures the exact amount of voltage being
sent to the battery, and then sends the data back to Arduino.
Arduino then compares the data to the calibrated voltage
given to the sensor before use and determines whether the
battery is fully charged with a fairly small reading error. DC
voltage sensor readings are quite accurate, as shown by a
comparison between sensor readings and measuring
instruments, where no more than 1% of reading errors are
observed. The number of batteries used for the PLTS should
be at least four in order to achieve optimal performance.
PLTS can use this information to support its performance
when supplying the load.
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Table 1. Day one report of DC voltage
Time Battery Voltage (V) |Battery Capacity(%0) Filling Description
08.00 11.38 78 Initial condition
09.00 12.55 85 First condition
10.00 12.74 85 Second condition
11.00 12.82 85 Third condition
12.00 13.01 92 Fourth condition
13.00 13.09 92 Fifth condition
14.00 13.92 92 Sixth condition
15.00 14.11 100 Seventh condition

Table 2. Day two report of DC voltage
Time | Battery Voltage (V) |Battery Capacity(%) Filling Description
08.00 11.38 78 Initial condition
09.00 12.74 85 First condition
10.00 12.82 85 Second condition
11.00 12.99 78 Third condition
12.00 13.09 92 Fourth condition
13.00 13.82 92 Fifth condition
14.00 13.99 92 Sixth condition
15.00 1411 100 Seventh condition

Table 3. Day two report of DC voltage
Time | Battery Voltage (V) |Battery Capacity(%o) Filling Description
08.00 11.38 78 Initial condition
09.00 12.74 85 First condition
10.00 12.82 85 Second condition
11.00 12.99 78 Third condition
12.00 13.09 92 Fourth condition
13.00 13.82 92 Fifth condition
14.00 13.99 92 Sixth condition
15.00 14.11 100 Seventh condition
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