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Abstract - There are two factors in the solar panel system that affect battery life, namely the 
battery discharge factor and the environmental factor temperature which the battery is placed in. 
The battery is damaged quickly if it is empty for a long time. The application of solar cells is 
widely used in street lighting and office buildings. However, in several research, it was 
observed there were deficiencies, namely both current and voltage measurements were still 
carried out manually using a multimeter so that the data taken had not been recorded 
continuously. The purpose of this research is to design the Solar Panel System Battery 
Telemetry to be a solution and to solve the problem of knowing the battery condition is 
monitored regularly. This system uses ESP32 as an IoT-based microcontroller that is connected 
to the internet. The website is used to display data from the output of a solar panel battery. 
Based on the results of the analysis and testing that has been carried out, the design system can 
run according to the initial concept and can record the current, voltage, and temperature in real-
time resulting from the performance of the solar panel system. The results of measurements on 
10 wp solar panel with an average power of 7.32 watts with a maximum current of 0.6 A and 
presentation of a solar panel efficiency of 0.82%. The use of solar panel system batteries with a 
power requirement of 9 Watt 12V (lamp load) does not experience losses during the charging 
process.  
 
Keywords - Battery, Solar Panel, Internet of Things, Real Time, Website 
 

1. INTRODUCTION 
 

The utilization of solar energy as a source of electrical energy can be generated using 
photovoltaic panels or concentrating solar rays. With the limited availability of fossil energy 
sources as a producer of electrical energy, it has encouraged research and development towards 
the use of alternative energy sources, one of which is solar energy sources. Many electronic 
devices use solar panel energy sources which are stored in batteries[1]. Solar cells are very 
effective for use in equatorial areas, which are areas with high sources of sunlight[2][3]. 

Solar cells are widely used in everyday life including main street lighting, office 
buildings, and housing[4]. However, the energy system that uses solar cells has a drawback, 
namely the use of a limited battery[5][6]. The problem with battery life is usually due to 
unmonitored battery usage so that with continuous use the battery will empty without being 
noticed[7-10]. Additionally, temperature and humidity can affect battery life. If the battery is 
damaged, the solar system does not work[11-13], where the battery functions to store electrical 
energy generated from the solar cell[14][15]. Therefore it is necessary to monitor [16] the use of 
batteries in solar power plants so that the use of power and current in solar cells can be 
monitored periodically[17][18]. If  a problem occurs in the system it can be detected from a 
damaged battery, as usual, the use of current and power in the battery can be observed via the 
internet from a long distance because direct monitoring at the generator site is less efficient[19-
21]. One of the concepts that can support remote monitoring is the Internet of Things (IoT)[22-
26]. 

This research builds upon previous implementations of solar power systems by 
integrating a real-time IoT-based monitoring platform for solar batteries, which addresses the 
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limitation in previous systems that still rely on manual measurements without continuous data 
recording [1][4][7][10][13]. Based on our literature review of over 20 relevant studies, there is a 
clear research gap in integrating low-cost, real-time telemetry systems using ESP32 and dual 
INA219 sensors for simultaneous current-voltage monitoring at both the solar panel and battery 
ends. This study contributes by providing a complete telemetry architecture (hardware, 
software, and web-based dashboard), with performance evaluation over multiple days and 
weather conditions. The novelty lies in its holistic approach using open-source tools, real-time 
monitoring, web interface, and autonomous battery status management (relay control) to 
improve battery efficiency and reliability. 
 

2. RESEARCH METHOD 
 

2.1. System Specifications 
System planning in the form of block diagrams is required before making a system that 

includes hardware and software. 

.   
Figure 1. Architecture of solar panel system telemattery batteries 

  
The voltage and current data collection use the INA219 sensor. The INA219 sensor is a sensor 
for measuring voltage, current, and power that are easily available on the market. Also, the 
INA219 sensor is a sensor compatible for use on the ESP32. In addition to the INA219 sensor, 
another sensor used is the PZEM-004T sensor which has more or less the same function, only 
this sensor is used for AC loads. Meanwhile, the temperature data collection uses the DS18b20 
sensor. From the system that has been designed, Esp32 functions as a microcontroller equipped 
with a Wifi module that will receive data from the sensor, after the data is obtained, the data is 
sent to the server. On the server part, coding has been made so that the program code sent by 
Esp 32 can be read and stored in the database, then after being stored it is immediately displayed 
on a web page so that it can be accessed by users via a web browser. 
 
2.2. Electrical Design 

The choice of the Offgrid type Solar Panel System is because this type of Solar Panel 
System is best suited to a system that is made of either a monitoring system. There are 3 sensors 
used to determine the condition of the Solar Panel System, namely INA219 which functions as a 
measure of the output value of the battery, both voltage and current values because the INA219 
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sensor is a sensor that is specialized for measuring the voltage and current of DC electricity, 
DS18B20 which functions as a gauge temperature conditions of the battery environment and the 
PZEM-004T Sensor to measure the voltage and current in AC loads. The design of the Solar 
Panel System is shown in Figure 2. 

 
Figure 2. Electrical Design 

 
2.3. Current and Voltage Sensor Circuit Design 
 This circuit functions as a measure of the output value of the battery, both the voltage 
value and the current value, because the INA219 sensor is a sensor that is specialized for 
measuring the voltage and current of DC electricity. Figure 3 explains how the connection 
between the ESP32 and the INA219 sensor on the system is made. 

 
Figure 3. Electrical System Between ESP32 and Voltage Current Sensor 

 
2.4. Temperature Sensor Electrical Circuit 

This circuit functions as a measure of the temperature conditions of the battery 
environment. Figure 4 explains how the connection between the ESP32 and the DS18B20 
sensor on the system is made. 

 
Figure 4. Electrical System between ESP32 and DS18B20 Temperature Sensor 
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2.5. Website Design 
 The media used in the monitoring system is web-based, there are 2 parts of this website, 
namely the first part of the database and the second part of the web page. The database used is 
MySQL, the database functions as a data store from sensors, while the web page functions to 
display data stored in the database so that it is easy for the user to read. This first display will be 
directed to the HOME menu because this menu is a web page that displays the latest monitoring 
values. In the HOME menu, there are 4 data values displayed, namely Voltage in V, current in 
mA, and temperature where the battery is stored in ° C. 
 
2.6.  Software Design 

This design starts with charging the battery using a solar panel system with an SCC 
controller. The battery connected to the SCC will activate the ESP 32 which then waits for the 
internet network connection to be transmitted through the website interface. When connected to 
the internet, ESP 32 directly processes the voltage and current measurement parameter data 
from the INA219 sensor. In designing this solar panel system battery telemetry uses 2 INA 219 
sensors where one sensor is for current and voltage telemetry from the solar panel system and 
the other sensor is for telemetry current and voltage from the battery or Accumulator. The solar 
energy obtained is stored in a battery which can convert chemical energy into electrical energy. 

 
Figure 5. System Work Process Design 

 
When the battery in the charging condition, it is fully charged with a voltage above 12 V, the 
user can control the on-off relay module which works to turn on the lamp load that was 
previously converted by the inverter to an AC load. The battery status on the website interface 
will change to Normal Battery. And when the battery voltage is less than 12 V, the battery status 
on the website interface changes to Battery Low. The parameter value of the AC load is also 
monitored on the website with the help of an AC Voltage Current sensor, namely the PZEM-
004T sensor. The value of electrical energy stored in the battery or Accumulator and current and 
voltage parameters from the solar panel system to the AC load can be seen in real-time by the 
Internet of Things based users using the Website interface 
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3. RESULTS AND DISCUSSION 

 
3.1.  10 WP Solar Panel Implementation 
This test is conducted to determine the characteristics of the solar panel against the output 
current and voltage on the solar panel. In designing a Solar Panel System battery, it receives 
input in the form of light which is converted into electrical energy. This test is carried out by 
placing solar cells under the sun exposure for approximately 8 hours of exposure from morning 
to evening so that the measurement results are obtained in the table in time units (seconds). 
 

Table 1. Solar panel test results 
15 Second to Vsp (V)  Isp (A) 

1 11.44 0.3 

2 11.55 0.3 

3 11.39 0.3 

4 11.85 0.3 

5 11.72 0.3 

6 11.72 0.3 

7 11.85 0.3 

8 11.72 0.3 

9 11.7 0.3 

10 11.71 0.3 

11 11.69 0.3 

12 11.7 0.3 

13 11.45 0.3 

14 11.29 0.3 

15 11.26 0.3 

16 11.56 0.5 

17 11.84 0.5 

18 11.42 0.5 

19 12.33 0.5 

20 12.24 0.5 

21 12.32 0.5 

22 11.77 0.5 

23 12.15 0.5 

15 Second to Vsp (V)  Isp (A) 

24 11.96 0.5 

25 12.3 0.5 

26 12.31 0.5 

27 12.21 0.5 

28 12.15 0.5 

29 11.96 0.5 

30 12.3 0.5 

31 12.55 0.6 

32 12.34 0.6 

33 11.88 0.6 

34 12.31 0.6 

35 12.34 0.6 

36 12.31 0.6 

37 12.13 0.6 

38 12.21 0.6 
39 12.31 0.6 
40 12.3 0.6 

41 11.96 0.6 

42 12.15 0.6 

43 11.77 0.6 

44 12.32 0.6 

45 12.24 0.6 
 

 
Solar cells in this Solar Panel System battery use Polycrystalline or polysilicon solar cells. 
Based on the testing phase, this type of solar cell is capable of producing a voltage between 11 
volts-13 volts DC with a maximum current of 0.6 A. The test results obtained are the results of 
tests carried out during the day with sufficient sunlight intensity, this proves that the amount of 
voltage generated by solar cells depends on the intensity of sunlight at that time. 
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3.2. Implementation of INA219 Sensor Testing 10 wp Solar Panel 
 INA 219 sensor analysis by taking the value of the voltage and current on the Solar 
Panel System. Tests were carried out to find out how long it would take for a 12 V 9 AH 
capacity battery and this observation was IoT-based or could be accessed via the website so that 
the data obtained would be displayed as many as 15 real-time historical data updated for 30 
seconds. Observation data on the time of charging carried out in the morning to noon starting at 
07.00 until the battery is full. The data collection was carried out three times or three days. The 
following are the Observation Results on first daya shown in table 2, the second day shown in 
table 3, and the third day shown in table 4. 
 

Table 2.  First day solar panel observation results 
First Day 

15 Seconds 
to 

Vsp 
(V) 

Isp (A) Weather Vsp X Isp (Watt) 

1 11.44 0.3 Cloudy 3.43 

2 11.55 0.3 Cloudy 3.47 

3 11.39 0.3 Cloudy 3.42 

4 11.85 0.3 Cloudy 3.56 

5 11.72 0.3 Cloudy 3.52 

6 11.72 0.3 Cloudy 3.52 

7 11.85 0.3 Cloudy 3.56 

8 11.72 0.3 Cloudy 3.52 

9 11.7 0.3 Cloudy 3.51 

10 11.71 0.3 Cloudy 3.51 

11 11.69 0.3 Cloudy 3.51 

12 11.7 0.3 Cloudy 3.51 

13 11.45 0.3 Cloudy 3.44 

14 11.29 0.3 Cloudy 3.39 

15 11.26 0.3 Cloudy 3.38 

Total Power that goes to the Solar Panel 52.21 

Average power per 15 seconds 3.48 

 
Table 3. Second day solar panel observation results 

Second Day 

15 Seconds 
to 

Vsp 
(V) 

Isp (A) Weather Vsp X Isp (Watt) 

1 11.56 0.5 Bright 5.78 

2 11.84 0.5 Bright 5.92 

3 11.42 0.5 Bright 5.71 

4 12.33 0.5 Bright 6.17 

5 12.24 0.5 Bright 6.12 

6 12.32 0.5 Bright 6.16 

7 11.77 0.5 Bright 5.89 

8 12.15 0.5 Bright 6.08 
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Second Day 

15 Seconds 
to 

Vsp 
(V) 

Isp (A) Weather Vsp X Isp (Watt) 

9 11.96 0.5 Bright 5.98 

10 12.3 0.5 Bright 
  

6.15 

11 12.31 0.5 Bright 6.16 

12 12.21 0.5 Bright 6.11 

13 12.15 0.5 Bright 6.08 

14 11.96 0.5 Bright 5.98 

15 12.3 0.5 Bright 6.15 

Total Power that goes to the Solar Panel 90.41 

Average power per 15 seconds 6.03 

 
Table 4. Solar panel observation results the third day 

Third Day 

15 Seconds 
to 

Vsp 
(V) 

Isp (A) Weather Vsp X Isp (Watt) 

1 12.55 0.6 Bright 7.53 

2 12.34 0.6 Bright 7.40 

3 11.88 0.6 Bright 7.13 

4 12.31 0.6 Bright 7.39 

5 12.34 0.6 Bright 7.40 

6 12.31 0.6 Bright 7.39 

7 12.13 0.6 Bright 7.28 

8 12.21 0.6 Bright 7.33 

9 12.31 0.6 Bright 7.39 

10 12.3 0.6 Bright 7.38 

11 11.96 0.6 Bright 7.18 

12 12.15 0.6 Bright 7.29 

13 11.77 0.6 Bright 7.06 

14 12.32 0.6 Bright 7.39 

15 12.24 0.6 Bright 7.34 

Total Power that goes to the Solar Panel 109.87 

Average power per 15 seconds 7.32 

 
In table 2, table 3, and table 4 it shows  the maximum current 10wp solar panel is around 0.6 A 
and the total power is 109.87 Watt. The following is a comparison chart of Solar Panel Power. 
From the three-day observation, there is a clear correlation between weather conditions and 
solar panel output. The highest average power output (7.32 W) occurred on a clear day, whereas 
on cloudy days the value dropped to 3.48 W. This demonstrates the system’s ability to log and 
reflect environmental impacts on solar generation.. Telemetry on the first, second, and third day 
shown in the following graphic image: 



 
Techno.Com, Vol. 24 No. 3, August 2025: 999 – 1011 

 

1006 
 

e-ISSN : 2356-2579 | p-ISSN : 1412-2693, DOI :10.62411/tc.v24i3.13499  

 
Figure 6. Comparison chart of solar panel telemetry power 

 
3.3. PZEM-004T Sensor Testing Implementation to AC Load 
 The test was carried out with an AC load of 9 Watt using a 9AH battery. This 
observation is to find out how long the lights can be on at night and what is the current and 
voltage at the inverter input-output. The following are the results of the PZEM-004T sensor trial 
on first day which is shown in table 5, second day which is shown in table 6, and the third day 
which is shown in table 7. 
 

Table 5. Observation results of load using the 9AH battery on the first day 
First Day 

15Seconds to Vload 
(V) 

Iload 
(A) 

Weather Vload X Iload (Watt) 

1 219,3 0,03 Cloudy 6,58 

2 214,6 0,03 Cloudy 6,44 

3 214,6 0,03 Cloudy 6,44 

4 222,5 0,03 Cloudy 6,68 

5 222,4 0,03 Cloudy 6,67 

6 220,6 0,03 Cloudy 6,62 

7 222,7 0,03 Cloudy 6,68 

8 222,8 0,03 Cloudy 6,68 

9 222,7 0,03 Cloudy 6,68 

10 222,5 0,03 Cloudy 6,68 

11 222,5 0,03 Cloudy 6,68 

12 222,4 0,03 Cloudy 6,67 

13 222,4 0,03 Cloudy 6,67 

14 222,5 0,03 Cloudy 6,68 

15 222,4 0,03 Cloudy 6,67 

Total Power going to Load 99,51 

Average power per 15 seconds 6,63 

 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

First Day 3,43 3,47 3,42 3,56 3,52 3,52 3,56 3,52 3,51 3,51 3,51 3,51 3,44 3,39 3,38

Second Day 5,78 5,92 5,71 6,17 6,12 6,16 5,89 6,08 5,98 6,15 6,16 6,11 6,08 5,98 6,15

Third Day 7,53 7,40 7,13 7,39 7,40 7,39 7,28 7,33 7,39 7,38 7,18 7,29 7,06 7,39 7,34
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Table 6. Observation results of load using 9AH battery on second day 
Second Day 

15 Seconds to Vload (V) Iload (A) Weather Vload X Iload (Watt) 

1 222,8 0,032 Bright 7,13 

2 222,7 0,032 Bright 7,13 

3 222,5 0,032 Bright 7,12 

4 222,5 0,032 Bright 7,12 

5 222,4 0,032 Bright 7,12 

6 222,4 0,032 Bright 7,12 

7 222,5 0,032 Bright 7,12 

8 222,4 0,032 Bright 7,12 

9 222,7 0,032 Bright 7,13 

10 222,5 0,032 Bright 7,12 

11 222,5 0,032 Bright 7,12 

12 222,4 0,032 Bright 7,12 

13 222,7 0,032 Bright 7,13 

14 222,5 0,032 Bright 7,12 

15 222,5 0,032 Bright 7,12 

Total Power going to Load 106,82 

Average power per 15 seconds 7,12 

 
Table 7. Observation results using 9AH battery on the third day 

Third Day 
15 Seconds 

to 
Vload 

(V) 
Iload 
(A) 

Weather Vload X Iload (Watt) 

1 222,7 0,036 Bright 8,02 
2 222,5 0,036 Bright 8,01 
3 222,5 0,036 Bright 8,01 
4 222,4 0,036 Bright 8,01 
5 222,4 0,036 Bright 8,01 
6 222,5 0,036 Bright 8,01 
7 222,4 0,036 Bright 8,01 
8 222,8 0,036 Bright 8,02 
9 219,3 0,036 Bright 7,89 

10 214,6 0,036 Bright 7,73 
11 214,6 0,036 Bright 7,73 
12 222,5 0,036 Bright 8,01 
13 222,4 0,036 Bright 8,01 
14 220,6 0,036 Bright 7,94 
15 222,7 0,036 Bright 8,02 

Total Power going to Load 119,41 

Average power per 15 seconds 7,96 
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From table 5, table 6, and table 7 shows that a 9AH capacity battery, it can activate an AC load 
of 7 watts with the highest power of 8.02 watts. The AC load data shows that despite battery 
discharge during nighttime, the system maintains voltage stability at ~222V. The output current 
remains below 0.04A, consistent with a 9W load. The efficiency of the inverter and battery 
health is indirectly confirmed through consistent power delivery over three nights. The 
following is a comparison chart of Load Power Telemetry with 9AH Batteries on the first 
second and third days shown in Figure 7. 

 
Figure 7.Comparison graph telemetry load power with 9AH batteries 

 
3.4. Function Testing 
In the interface, there are the results of telemetry on the output current and voltage from the 
solar panel, battery current, and voltage during the charging process, current and voltage from 
the AC load during the discharging process, the temperature around the Solar Panel System 
battery environment, low and/or normal battery status and relay control to turn on-off the light. 
The following is the overall website interface. 

 
Figure 8. Website display when the relay is on normal battery status 

 

 
Figure 9. Website display when relay on low battery 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
First Day 6,58 6,44 6,44 6,68 6,67 6,62 6,68 6,68 6,68 6,68 6,68 6,67 6,67 6,68 6,67

Second Day 7,13 7,13 7,12 7,12 7,12 7,12 7,12 7,12 7,13 7,12 7,12 7,12 7,13 7,12 7,12

Third Day 8,02 8,01 8,01 8,01 8,01 8,01 8,01 8,02 7,89 7,73 7,73 8,01 8,01 7,94 8,02
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Figure 10. Website display when relay off the normal battery 

Figure 8 shows the initial display when entering the URL http://energi-terbarukan.info/ by 
inputting the username and password, namely 'admin' and 'admin'. In Figure 9, and Figure 10 
are the overall display and when the relay control is on and off the lights are with two battery 
status indicators, namely normal and low. The telemetry system successfully visualizes key 
parameters in real-time, such as battery voltage, solar panel current, and AC load consumption. 
The relay module reacts to battery status thresholds automatically (e.g., <12V triggers ‘Battery 
Low’). This proves the system can assist in preventive actions (e.g., reducing load before full 
discharge), validating the system's objective for continuous battery health monitoring. The 
following is a visual prototype of the solar panel system battery telemetry design. 

 
Figure 12. Setup components for testing 

 
4. CONCLUSION 

The telemetry results for the parameters of the Current, Voltage and Temperature of the 
Solar Panel System Battery which were carried out for the first 3 consecutive days for the 
measurement of 10 wp solar panels, the total average power was 3.48-7.32 Watt with a 
maximum current of 0 6 A and with measured solar panel efficiency of 0.82% under maximum 
irradiance conditions. Second, for the measurement of the 12V 9Ah battery, the total average 
power is 13.45-29 Watt with a maximum current of 1.4 A, and for the total average temperature 
is 26.23- 27.02 ° C. Third, to measure the 9 Watt AC load, the total average power is 6.63 - 7.96 
Watt with a maximum current of 0.036 A. Fourth, the use of a solar panel system battery with a 
power requirement of 9 Watt 12V (lamp load) does not experience losses or losses during the 
charge process means the battery is functioning properly. The benefit of this research is that  
makes it easier for each user to check the condition of the battery, voltage, and others 
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