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ABSTRACT 

 
Solar panels are alternative energy from renewable energy. The primary problem with solar panels is 

heat. Ideally, the solar panel temperature is 25oC. If the temperature of solar panels rises, the solar 

panel components will heat up. This results in a decrease in the performance of solar panels and causes 

the power output to be not optimal in the electricity production process. Therefore, we designed a device 

that could detect overheating early and monitor the power performance of solar panels based on the 

Internet of Things (IoT) using a smartphone. From the test results obtained by measuring the percentage 

comparison between measuring instruments and sensor applications, on the parameters of average 

voltage Vdc 1.32%, current 2.61%, temperature 2.14%, and power 3.89%. This research is expected to 

help monitor overheating early warnings and monitor solar panel parameters remotely via a smartphone 

without having to come to the location. 
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1.    Introduction 
 
Indonesia is an archipelagic country located on 
the  equator  where  the  daily  average  solar 
radiation level is relatively high, namely 4.5 
kWh/m2/day. This can be used as the principal 
capital  for  generating  electricity  using  solar 
cells.  The  main  components  of  a  solar  cell 
system are solar cells that function to change 
sunlight energy into electrical energy [1], [2]. 
The main problem with solar panels is heat. 
The temperature level dramatically affects the 
performance  of  solar  panels.  Ideally,  solar 
panels  work  at  a  standard  temperature  of 
25OC.  When  the  temperature  increases,  it 
causes  heat  in  the  solar  panel  components. 
Then it will experience a decrease in 
performance  which  causes  the power output 
produced is not optimal in the electricity 
production process from solar panels, Solar 
Panel Efficiency, and the life of solar panels will 
decrease [3]–[5]. 
From   the   above   problems,   a   solar   panel 
temperature monitoring design based on the 
Internet of Things was made using a smartphone 
to measure temperature, power output, and 
high-temperature warning notifications to 
applications generated by solar panels. So that 
from these results, we can find out the 
maximum performance of solar panels through 
the Internet of Things-based monitoring. 

 

2.    Material and Methods 
 
Internet of Things (IoT) is the communication 
technology concept which uses internet 
connectivity that connects various objects such 
as interactions between equipment, between 
machines,  and  between  other  objects.  IoT 
works with sensor applications to transmit or 
transmit data and can control objects over the 
internet. So that an integrated ecosystem can 
be created between objects.  The IoT concept 
is shown in Figure 1 [2], [5]–[11]. 
 

 
 

Figure 1: IoT Concept 
 

2.1. Solar Panels 
 
The word photovoltaic comes from the Greek 
word where light is voltaic, which was 
discovered by Alessandro Volta. A solar cell 
changes sunlight energy into electrical energy. 
The solar cell is made of cilium polycrystal
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rock, which is crushed into silica powder and 
then  compacted  into  a  rod  shape,  and  after 
that, it is cut into 0.3 mm thick sheets. Solar 
cells in a state without irradiation have a 
working principle like a diode. After the solar 
cell gets sunlight up to the N-S surface, this 
energy is commonly called a photon. Then, the 
energy will collide with negatively and 
positively charged silicon, as a result of this 
collision will cause heat energy in the solar 
cell. [1], [3], [4], [8], [10]–[14]. 

 

2.2. Power Sensor 
 
The   power   sensor   is   a   component   that 
monitors current and power with an I2C 
interface  system  or  a  compatible  interface. 
This sensor also monitors voltage and voltage 
drop (shunt voltage drop) and supply voltage 
(bus supply voltage) using multiplication 
conversion, which is implemented in 
programming and filtering. The calibration 
value of this sensor can be programmed in 
combination  with  an  internal  multiplication 
that allows the power sensor readings to 
measure current in amperes and voltage in volts. 
[2], [6], [8], [10], [11], [14]–[18]. 

 

2.3. Temperature Sensor 
 
Dallas Semiconductor manufactures the 
DS18B20 temperature sensor. The DS18B20's 
output is digital, so the DS18B20 no longer 
needs an ADC circuit. Speed of measurement 
and temperature value accuracy on the 
DS18B20 sensor is better when compared to 
the  LM35DZ  sensor.  For  temperature 
readings, The DS18B20 sensor has a single 
cable on the communication protocol. The 
DS18B20 sensor uses the following three pins: 
Data Input/Output, Ground, and +5V. The 
DS18B20  can  measure  temperature  in  the  - 
55°C to 125°C range and operates accurately 
with an error of ±0.5°C with a range from - 
10°C until 85°C. [7], [19]–[25]. 

 

2.4. Blynk Application 
 
Blynk is the application based on the iOS and 
Android operating systems that function to 
control a NodeMCU ESP8266 microcontroller 
and raspberry pi. This application can be 
connected with hardware components, 
monitoring/displaying data from sensor 
components, storing data, etc. 
In  this  study,  the  prototype  for  monitoring 
solar panels and overheating based on IoT uses 
the blynk application, which aims to monitor the 
voltage, current, and power of solar panels and 
temperature monitoring by providing 
smartphone  popup  notification  information. 
The following blynk app is shown in Figure 2 
[6], [8], [10], [11], [13], [15], [16]. 

 

 
 

Figure 2: Monitoring of Solar Panel Overheating 
Detection on the Blynk App 

 
2.5 Block Diagram of Overheating Detection 
and Monitoring of Solar Panel Performance 
 

 
This system flowchart functions as an 
overheating detection system and monitoring 
the   performance   of   Solar   Panels   with   a 
charging system (Off-Grid) to battery storage. 
With this system, it is capable of real-time 
monitoring of performance without using 
manual measuring tools. This system can be 
monitored via mobile phones via the Blynk 
application using the internet. The main 
components of the NodeMCU and the 
application must be connected to the internet 
to monitor all data using sensors to be 
monitored, namely: Current and voltage 
entering the solar panel, knowing the 
temperature of the solar panel in real-time. If 
there is a very drastic increase in temperature by 
the solar panel, it will send a notification in a 
popup  to  the smartphone. The communication 
used using the internet is functioning. Any data 
detected by the sensor will be sent data to the 
Blynk application. The flowchart of the system 
is shown in Figure 3.
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Figure 3: Flowchart of System 

 

The purpose of this block diagram is to detect 
overheating and monitor the performance of 
solar panels on an off-grid system for charging 
batteries as remote monitoring through internet 
connection. Sensor system works when it 
detects   the   solar   panel   parameters   from 
voltage, current, power and temperature to be 
monitored in real-time using the blynk 
application—overheating detection to notify 
when  the  temperature  on  the  surface  of  the 
solar panel has increased. All major components 
such as applications and NodeMCU ESP8266 
must be connected to the internet. The block 
diagram of monitoring of solar panel 
overheating detection could be shown in Figure 
4.

 
 

Figure 4: Block Diagram of Monitoring of Solar Panel Overheating Detection 

2.6. System Entire Circuit 
 
This   whole   circuit    works   to   read   the 
parameters of Solar Panel Voltage, Battery 
Voltage, solar panel temperature in real-time 
on the blynk application. This monitoring is 
carried out by controlling the system remotely 

though the internet connection to monitor 
charging on the solar panel. Then the system 
will  display  manual  parameters  that  can  be 
seen with a digital voltmeter and amper meter. 
The overall circuit of the system could be shown 
in Figure 5.
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Figure 5: The Overall Circuit of the System 

2.7.  Design  of  Blynk  App  for  Performance 
Monitoring of Solar Panel 

 
On the blynk application dashboard, users can 
monitor the output parameters of solar panel on 
DC  voltage,  DC  current,  power,  and  solar 
panel temperature. Users can monitor these 
parameters in real-time using a smartphone. 
Dashboard design can view graphs of DC 
voltage,  DC  current, power, and temperature 
on the blynk application. And users can receive 
notifications when the solar panel overheating 
is detected in the form of a popup to the 
smartphone. Users can monitor remotely via a 
smartphone without having to come to the 
location. Therefore, in this research, we 
implement  the  Design  of  Overheating 
Detection   and   Performance   Monitoring   of 
Solar Panels based on the Internet of Things 
(IoT) using Smartphones. 

 

3.    Results and Discussions 
 
At this stage, we will explain the testing of the 
overall device and the result of device 
performance.     The device testing uses 
monocrystalline solar panels to perform 
monitoring tests via the Internet of Things. The 
tests measured are the parameters of the power, 
current, voltage, and temperature of the solar 
panel. From the test results obtained the 
percentage comparison between measuring 
instruments   and   sensor   applications.   And 
testing monitoring of solar panel overheating 
detection, as shown in Figure 6. 

 
 

Figure 6: Testing Monitoring of Solar Panel Overheating 
Detection 

 

3.1. Testing of Solar Panel Voltage 
 
The  purpose  of  this  testing  is  to  retrieve 
voltage data on the monitoring system device 
in the blynk application. This is to determine 
the ability and performance of the sensor voltage 
test. Testing of solar panel voltage is measured 
using a voltmeter. This test compares the 
percentage of error between the voltmeter 
manual measuring instrument and the voltage 
sensor application. Testing of solar panel 
voltage, as shown in Table 1.
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Table 1: Testing of solar panel voltage 

 

 

 

sensor   application.   Testing   of   solar   panel 
current, as shown in Table 2. 
 

Table 2: Testing of solar panel current
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For calculating the percentage error of 
measurement between the voltmeter and the 
voltage sensor, it can be calculated using the 
following equation: 

 
 

 
 
Based on the calculation of the comparison 
obtained, the results of the test are the percentage 
errors of measurement. Testing of the solar 
panel voltage can be shown in Figure 7. 

 

 
 

Figure 7: Testing of Solar Panel Voltage 
 

3.2. Testing of Solar Panel Current 
 
The purpose of this testing is to retrieve current 
data on the monitoring system device in the 
blynk application. This is to determine the 
ability and performance of the sensor current 
test. Testing of solar panel current is measured 
using an ampere meter. This test compares the 
percentage of error between the ampere meter 
manual measuring instrument and the current 

 
 
For calculating the percentage error of 
measurement between the ampere meter and the 
current sensor, it can be calculated using the 
following equation: 
 

 
 
Based on the calculation of the comparison 
obtained, the results of the test are the percentage 
errors of measurement. Testing of the solar 
panel current can be shown in Figure 8. 
 

 
 

Figure 8: Testing of Solar Panel Current 
 

3.3. Testing of Solar Panel Power 
 
The purpose of this testing is to retrieve power 
data on the monitoring system device in the 
blynk application. This is to determine the 
ability and performance of  the sensor power 
test. Testing of solar panel power is measured

 
Time 

(minutes) 

 
Voltmeter 

(volts) 

Voltag
e 
sensor 
(volts) 

 
Difference 

 
Error 
(%) 

09.00 19,6 19,3 0,3 1,53 
09.30 20,4 20,1 0,3 1,47 
10.00 20,7 20,5 0,2 0,97 
10.30 20,6 20,2 0,4 1,94 
11.00 20,2 19,9 0,3 1,49 
11.30 20,7 20,4 0,3 1,45 
12.00 20,1 19,9 0,2 1,00 
12.30 20,4 20,1 0,3 1,47 
13.00 20,2 20 0,2 0,99 
13.30 19,9 19,5 0,4 2,01 

14.00 19,1 18,9 0,2 1,05 
14.30 19,2 19 0,2 1,04 
15.00 18,9 18,7 0,2 1,06 
15.30 18,5 18,3 0,2 1,08 

Average 19,89 19,63 0,26429 1,32 

 
Tim

e 
(minutes

) 

Ampere 
meter 

(amperes
) 

Current 
sensor 

(amperes
) 

 
Difference 

 
Error 
(%) 

09.00 1.07 1.04 0.0
3 

2.80 
09.30 1.09 1.06 0.0

3 
2.75 

10.00 1.18 1.16 0.0
2 

1.69 
10.30 1.28 1.26 0.0

2 
1.56 

11.00 1.39 1.37 0.0
2 

1.44 
11.30 1.49 1.45 0.0

4 
2.68 

12.00 1.42 1.39 0.0
3 

2.11 
12.30 1.27 1.24 0.0

3 
2.36 

13.00 1.
1 

1.07 0.0
3 

2.73 
13.30 0.92 0.88 0.0

4 
4.35 

14.00 0.81 0.78 0.0
3 

3.70 
14.30 0.78 0.76 0.0

2 
2.56 

15.00 0.71 0.69 0.0
2 

2.82 
15.30 0.69 0.67 0.0

2 
2.90 

Average 1.09 1.06 0.0
3 

2.61 
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using a watt meter. This test compares the 
percentage of error between the watt meter 
manual measuring instrument and the power 
sensor   application.   Testing   of   solar   panel 
power, as shown in Table 3. 
 

Table 3: Testing of solar panel power 

Time 
(minutes) 

Watt 
meter 
(watt) 

Power 
sensor 
(watt) 

 
Difference 

Error 
(%) 

9.00 20.97 20.07 0.9 4.29 

9.30 22.24 21.31 0.93 4.18 

10.00 24.43 23.78 0.65 2.66 

10.30 26.36 25.45 0.91 3.45 

11.00 28.07 27.26 0.81 2.89 

11.30 30.84 29.58 1.26 4.09 

12.00 28.54 27.66 0.88 3.08 

12.30 25.9 24.92 0.98 3.78 

13.00 22.22 21.4 0.82 3.69 

13.30 18.31 17.16 1.15 6.28 

14.00 15.47 14.74 0.73 4.72 

14.30 14.97 14.44 0.53 3.54 

15.00 13.42 12.9 0.52 3.87 

15.30 12.77 12.26 0.51 3.99 

Average 21.75 20.92 0.83 3.89 

 
For calculating the percentage error of 
measurement between the watt meter and the 
power sensor, it  can  be  calculated using the 
following equation: 

 

 
 
Based on the calculation of the comparison 
obtained, the results of the test are the percentage 
errors of measurement. Testing of the solar 
panel power can be shown in Figure 9. 

 

 
 

Figure 9: Testing of Solar Panel Power 
 

3.4. Testing of Solar Panel Temperatur 
 
The purpose of this testing is to retrieve 
temperature data on the monitoring system 
device  in  the  blynk  application.  This is  to 

determine the ability and performance of the 
sensor temperature test. Testing of solar panel 
temperature is measured using a thermometer. 
This test compares the percentage of error 
between the thermometer manual measuring 
instrument and the temperature sensor 
application. Testing of solar panel temperature, 
as shown in Table 4. 

 

Table 4: Testing of solar panel temperature 
 

Time 
(minutes) 

Thermo 
meter 
(oC) 

Temperature 
sensor (oC) 

 
Difference 

Error 
(%) 

9.00 44.8 43.5 1.3 2.90 

9.30 49.7 48.2 1.5 3.02 

10.00 51.3 50.5 0.8 1.56 

10.30 57.3 55.9 1.4 2.44 

11.00 59.7 58.6 1.1 1.84 

11.30 63.2 61.8 1.4 2.22 

12.00 64.2 62.9 1.3 2.02 

12.30 62.1 60.9 1.2 1.93 

13.00 62.3 61.4 0.9 1.44 

13.30 56.9 56 0.9 1.58 

14.00 50.9 50.1 0.8 1.57 

14.30 45.4 44.1 1.3 2.86 

15.00 44.9 43.7 1.2 2.67 

15.30 42.2 41.4 0.8 1.90 

Average 53.92 52.79 1.14 2.14 

 
For calculating the percentage error of 
measurement between the thermometer and the 
temperature sensor, it can be calculated using the 
following equation: 
 
 

 
 
Based on the calculation of the comparison 
obtained, the results of the test are the 
percentage errors of measurement. Testing of the 
solar panel temperature can be shown in Figure 
10. 
 

 
 

Figure 10: Testing of Solar Panel Temperature
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3.5.   Testing   of   Warning   on   Solar   Panel 
Overheating Detection 

 
This testing aims to send a notification popup 
warning to the smartphone that the temperature 
sensor detects, the solar panel overheating has 
exceeded 60o C. If this happens, the blynk 
application will display a notification popup on 
the smartphone "Solar Panel Overheating", as 
shown in Figure 11. 

 

 
 

Figure 11: Solar Panel Overheating Notification 
 

4.    Conclusion 
 
Based on the results of test, it is obtained that 
each sensor has a percentage comparison of 
measurement error between manual measuring 
instrument and sensor applications on the 
parameters of the average voltage 1.32%, current 
2.61%, temperature 2.14%, and power 
3.89%.  From  the  results  of  sensor 
measurements on solar panel monitoring with 
the blynk application, the parameters obtained 
are an average voltage of 19.63 volts, current 
1.06 amperes, power 20.92 watts, and 
temperature 52.79 oC. A strong Internet 
connection signal will significantly affect the 
performance of the device to be better for 
monitoring the performance of solar panels 
based Internet of Things (IoT). Our research is 
intended to help monitor overheating warnings 
and monitor solar panel  parameters remotely 
via a smartphone without having to come to the 
location. 
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