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ABSTRACT

Indonesia is one of the countries with large solar energy potential, namely around 3,294.4 GW recorded
in 2022. However, solar energy utilization during 2022 is only 0,01%. Based on this problem, a research was
carried out which aimed to combine the power produced by solar panels. This research emerged as a response
to the need for energy efficiency and desires. With proper monitoring, solar panel owners can optimize their use
of solar energy, reduce waste, and ensure that their solar panels are working at maximum capacity. This research
is included in engineering research to determine the performance specifications and design specifications of the
system that has been designed. Performance specifications cover a series of system electronic components and
monitoring data displays displayed on Thingspeak. The design specifications in this research include sensor
characterization, accuracy and precision of the Power Monitoring System For 2 Solar Panels Based On
Thingspeak. From the results of the design specifications, the sensor used in the system has a high linearity value,
good accuracy of 98,735% (voltage), 97,027% (current), and 97,994% (light intensity) and good precision of
99,905% (voltage), 99,549% (current), and 99,874% (light intensity). The system's high linearity, accuracy, and
precision values, as indicated in the design specifications, confirm that it operates effectively and efficiently.
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I.  INTRODUCTION

The use of solar panels as a renewable energy source is increasingly popular in various countries, including
Indonesia. Solar panels can be used for various small-scale electricity generation purposes, such as lighting,
operating household appliances, and so on. Indonesia is one of the countries that has enormous solar energy
potential. This is because Indonesia is located on the equator, which means this country receives 6—10 hours of
sunlight every day. Based on what was recorded by the Dewan Energi Nasional (DEN) in the 2022 Indonesian
Energy Outlook released in December 2022, the potential for solar energy in 2022 is 3,294.4 GW . From this data,
it can be seen that there is a very large potential for solar energy in Indonesia that can be utilized as a renewable
energy source, namely solar panels. However, the use of solar energy recorded in the Outlook Energi Indonesia
for 2022 is only 0.01% [1]. This research emerged in response to demands for energy efficiency and sustainability.
With proper monitoring, solar panel owners can optimize their use of solar energy, reduce waste, and ensure that
their solar panels are working at maximum capacity.

A solar panel is a collection of solar cells that can convert sunlight into electrical power by utilizing the
photovoltaic effect [2][3]. Electric power, usually symbolized by P in the electrical equation, is the rate of delivery
of electrical energy in an electrical circuit per unit time. The general equation used to calculate electrical power in
an electrical circuit is [4]:

P=IxV 1)
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P is electric power in watts (W), | is electric current in amperes (A), and V is potential difference or electric voltage
in volts (V).

Solar panels have three different varieties: monocrystalline, polycrystalline, and thin film. The
monocrystalline solar panel type is created from thinly-sliced pure silicon crystal bars, which result in solar cell
parts that are highly efficient and similar to one another [5]. In order to generate the same amount of electrical
power, a polycrystalline solar panel needs a bigger surface area than a monocrystalline solar panel [6]. With a
module efficiency of up to 8,5% and a thin layer structure of silicon and amorphous microcrystals, thin film solar
panels require a larger surface area per watt of power generated than monocrystal and polycrystal solar panels [7].

The INA219 sensor is a circuit for measuring a power sources output. The INA219 sensor is used to calculate
the power generated by solar panels. It has a resolution of 0.8 mA and can detect direct current up to 26 V/3.2 A.
[8]. So that the power measured from the two solar panels is not combined, a two-channel relay is used to
alternately cut off the panel current [9]. To determine indicators of changes in sunlight intensity, the BH1750
sensor is used. The BH1750 sensor is an IC sensor that is used to measure changes in light intensity in lux units.
The detection range of this sensor is quite wide, namely between 1 and 65.535 lux [10][11].

The system is controlled using the Arduino Uno microcontroller. Arduino Uno is a combination of
development tools and hardware, a programming language, and a sophisticated Integrated Development
Environment (IDE) [12]. Arduino can work optimally on a voltage of 5 to 12 volts DC as input [13]. So that the
Arduino can use the input voltage from a 12-volt battery, a Buck Converter is used to reduce the high battery
voltage to a more suitable input voltage for the Arduino [14]. After being processed by the Arduino Uno, the data
is transferred to Thingspeak using the open-source 0T platform NodeMCU ESP8266. It is composed of hardware,
namely an ESP8266 System on Chip from Esperessif Systems [15]. NodeMCU can be analogous to an Arduino
board connected to the ESP8622 [16]. Thingspeak is an Internet of Things platform that facilitates the gathering,
storing, analyzing, visualizing, and acting upon sensor or actuator data. The channel, which has status, location,
and data fields, is the primary component of Thingspeak activity [17].

Gunoto's research on the Internet of Things-based solar panel power monitoring system design served as the
foundation for this research [18]. The ESP8266 microcontroller is connected to current and voltage sensors in the
system. The voltage, current, and power generated by the solar panels are the data that is shown on the LCD and
Blynk as a result of the monitoring results. The next research is design of a solar panel energy data logger system
featuring an RTC and SD card by Hadi is the subject of the following study [19]. And the last study by Wardhana
monitors 2 solar panels using 2 Solar Charge Controllers (SCC) and also 2 batteries [20]. From these studies, there
is still a research gap in the integration of this technology. The current study focuses on individual aspects of solar
panel monitoring, such as loT-based real-time monitoring and data logging with RTC and SD cards. However, a
comprehensive approach that combines both features to create an integrated and efficient monitoring and data
recording system of 2 types of solar panels has not been explored. Addressing this research gap will contribute to
the development of more sophisticated and holistic solutions for monitoring and recording solar panel
performance, thereby increasing the overall efficiency and usability of such systems. This research introduces a
stand-alone data logger device that can be used to measure solar panel power parameters. The energy produced by
the solar panels is measured and then stored using the RTC and SD Card installed in the device. The data is
recorded in CSV format compatible with MS Excel. The data logger was used to record measurement findings in
a real-time power monitoring system designed for two different types of solar panels based on the research
mentioned above.

Il. METHOD

This research is included in the type of engineering research that has six steps of research procedures: ideas
and task clarity; conceptual design; arrangement, geometry, and function; detailed design; creation of modeling
tools; and testing [21]. In this research, the data collected is data on current, voltage, electrical power, and sunlight
intensity. The measurement techniques used include two methods, namely direct and indirect. Direct
measurements are measurements that do not depend on other quantities, namely measurements of current, voltage,
and the intensity of sunlight. Meanwhile, indirect measurements are measurements whose value is influenced by
another quantity, namely the power produced by the panel.

At the arrangement, geometry, and function stage, all components of the designed system will be arranged
geometrically based on their function. The geometric arrangement of the block diagram of the Design Of Power
Monitoring System For 2 Solar Panels Based On Thingspeak can be seen in Figure 1.
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Fig. 1. Block diagram of solar panel power measurement and monitoring system design

From Figure 1, the INA219 sensor functions to measure the power produced by solar panels. The BH1750
sensor is used to measure the intensity of sunlight as a parameter for comparing the power produced by solar
panels. Arduino UNO functions to process data received from sensors and send it to the ESP8266 nodeMCU. The
RTC DS1307 functions to organize and store time data (seconds, minutes, hours, date, month, day of the week,
and year) so that the data stored is in real time. Micro SD functions to store data that has been measured and
processed by Arduino. NodeMCU ESP8266 functions as a WiFi module to send monitoring data to Thingspeak.

All components that make up the system are combined into one unit to form a related system to obtain the
desired results. At this stage, a software program was also designed to monitor power and sunlight intensity. The
following is the instrument design plan for the system, which can be seen in Figure 2.
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Fig. 2. Instrument design plan
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The system consists of several electronic components, namely solar panels, a circuit box containing a series
of current and voltage sensors, light intensity sensors, Arduino Uno, RTC, data logger, NodeMCU ESP8266, and
PC/smartphone. The process of sending data to Thingspeak by the NodeMCU ESP8266 can be seen in Figure 3

below.
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Fig. 3. Flowchart of sending data to thingspeak
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Figure 3 shows the flowchart of sending data to Thingspeak via the ESP8266 nodeMCU. The program starts
by declaring the SSID, WiFi password, URL, and API Key that have been input into the program. Next, there is a
looping program that functions to declare the SSID and password if the ESP8266 nodeMCU is still not connected
to the WiFi network. After the ESP8266 nodeMCU is connected to the appropriate WiFi network, the program
will start sending sensor reading data to Thingspeak.

To describe the capability or performance of the measuring instruments that make up the system for
measuring a parameter, characterization, accuracy, and accuracy tests are carried out on the sensor. Sensor
characterization aims to determine the linearity of the sensor against standard measuring instruments. Sensor
characterization aims to determine the linearity of the sensor against standard measuring instruments [22]. The
characterization of the INA219 sensor is carried out by observing the linearity of the parameters measured by the
sensor with the sensor output data. Meanwhile, the characterization of the BH1750 sensor was carried out by
observing the linearity of sensor measurements with standard measuring instruments capable of measuring the
same parameters, namely a lightmeter.

I11. RESULTS AND DISCUSSION

The research results obtained in this research on Power Monitoring System For 2 Solar Panels Based on
Thingspeak are performance specifications and design specifications. Performance specifications cover a series of
system electronic components and monitoring data displays displayed on Thingspeak. Based on the system design
block diagram in Figure 1, a circuit scheme is obtained, as shown in Figure 4 below.

Fig. 4. Design electronic circuit systems

In the circuit shown in Figure 4, an Arduino Uno is used as a microcontroller that reads sensor measurement
data, namely the INA219 sensor to measure panel output power and the BH1750 sensor to measure sunlight
intensity. Apart from that, the Arduino also functions to control the switching of the 2-channel relay for changing
solar panel measurements by the INA219 sensor every 1 second, recording the time from the RTC DS1307, saving
the measurement results data to the Micro SD module in.txt format, and transferring the sensor measurement
results data to the ESP8266 nodeMCU then be sent to Thingspeak. The system is also equipped with an SCC (Solar
Charge Controller), which functions to control charging from the solar panel to the battery and also the load, as
well as a Buck Converter, which functions to reduce the high battery voltage to a lower one so that it can be used
as a source voltage for the Arduino.

Data from power measurements by the INA219 sensor and sunlight intensity by the BH1750 sensor are
monitored via Thingspeak in graphic form, which can be seen in Figure 5.

Pillar of Physics, page 55-63 | 58



Hasanti, et al

Field 1 Chart Z o Field 2 Chart Z2 © Field 3 Chart zZ ©

Panel 1 Power Panel 2 Power Sunlight Intensity

&

Panel 1 Power (Watt)

Panel 2 Power (Watt)

Sunlight Intensity (Lux)

8
£

09:15 09:20 0925 0915 09:20 0925
Date Date

09:15 09:20 09:25
e
TringSpeak com ThngSpeak com

Fig. 5. Monitoring view on thingspeak

The first graph is a graph of the output power of solar panel 1, the second graph is a graph of the output power of
solar panel 2, and the third graph is a graph of measuring the intensity of sunlight. The data sent to Thingspeak is
in real-time, with a data sending time span of 15 seconds. The three graphs in Figure 5 above have a relationship
with each other. The graph shows that panel 1 is very sensitive to changes in light intensity which causes a decrease
in the power produced as the light intensity decreases. Meanwhile, panel 2 looks stable even though there is a
decrease in light intensity.

Next, design specifications. The design specifications in this research include sensor characterization,
accuracy and precision of the Thingspeak-based solar panel power monitoring system, which is an important factor
in knowing the system's ability to measure each parameter [23]. In this system, there are two types of physical
parameters whose design specifications will be explained, namely solar panel power parameters and light intensity.
The first design specification is system characterization. The results of system characterization in power
measurements can be known through system linearity tests in measuring voltage and current parameters. The
results of the voltage measurement characterization are depicted in Figure 5.
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Fig. 5. Graph of the voltage measurement linearity test in the system

In characterization of voltage measurements on the system, it was found that the system has a very linear
response to changes in voltage on the power supply. When the power supply voltage is increased or decreased, the
system provides a reading that is very close to the actual voltage. This is reinforced by linearity graph analysis
which shows an almost perfect linear curve, with an R-squared value of 0.9999, close to 1. These characterization
results illustrate the system's ability to provide very accurate and linear readings. in measuring power parameters.

Next, to determine the characteristics of the system in measuring power, a system characterization is carried
out in measuring current. The following are the results of the current measurement characterization in Figure 6.
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Fig. 6. Graph of the current measurement linearity test in the system
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In the process of system characterization in measuring power supply current, test results show that the sensor
shows a high level of linearity in responding to changes in current. As the current in the circuit increases or
decreases, the system gives a reading that is close to the actual current value. Analysis of the linearity graph shows
an almost perfect linear curve, with an R-squared value of 0,9985, close to 1. This shows that the system is able to
provide accurate and linear readings in current measurements. From figures 5 and 6, the results of the voltage and
current characterization show that the power measurements carried out on the system are very linear, this is
indicated by the linearity value which is close to 1 [24]. Next, the results of system characterization in measuring
light intensity can be seen in Figure 7.
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Fig. 7. Graph of the light intensity measurement linearity test in the system

Figure 7 shows the characterization results of the system which shows a high level of linearity in the sensor
response to variations in light intensity. When the lux level is increased or decreased, the system shows a reading
that is close to the actual light intensity. Analysis of the linearity graph shows an almost perfect curve, with an R-
squared value of 0,9997, close to 1. This shows that the system is able to provide accurate and linear measurements
of light intensity.

The second design specification is the accuracy of the system. The accuracy of every parameter measured by
the system is seen by comparing the measurement results obtained by the system with standard measuring
instruments [25][26]. The accuracy of the system in measuring each parameter can be seen in table 1.

Table 1. Data on Measurement Accuracy by the System

Voltage Current Light Intensity
No System Multimeter Accuracy System Multimeter Accuracy System Lightmeter Accuracy
(Volts) (Volts) (%) (mA) (mA) (%) (Lux) (Lux) (%)

1 0,55 0,54 98,524 57 5,55 97,297 35,8 36 99,528
2 1,04 1,03 99,029 10,6 10,36 97,683 375 39 96,154
3 1,44 1,42 98,592 14,8 14,35 96,864 47,5 48 98,958
4 1,96 1,94 98,969 20 19,42 97,013 49,4 51 96,765
5 2,4 2,36 98,305 245 23,73 96,755 66,3 67 98,881
6 2,91 2,84 97,571 29,8 28,78 96,456 89,2 92 96,957
7 3,35 3,33 99,399 343 33,17 96,593 109,3 113 96,752
8 3,85 3,81 98,950 39,3 38,08 96,796 124,5 127 98,008
9 4,35 4,31 99,072 44,7 43,90 98,178 137,5 139 98,921
10 4,78 4,73 98,943 49,1 47,50 96,632 168,3 170 99,018

Average 98,735 97,027 97,994

The accuracy of the system in measuring power can be determined by looking for the accuracy of voltage
and current measurements. The accuracy of voltage and current measurements is carried out by comparing the
system measurement results with the multimeter measurement results which are considered as an accurate standard
or reference. Based on Table 1, the test results show that the system is able to provide power supply voltage and
current measurements that are very close to the results provided by a multimeter. The accuracy of voltage
measurements by a system with 10 variations of voltage sources obtained quite high accuracy values with an
average accuracy percentage of 98,735%. Current measurements by a system with 10 variations of current sources
also obtained quite high accuracy values with an average accuracy percentage of 97,027%. The measurements
produced by the system are consistent and have very small differences with multimeter measurements. This shows
that the system has a high level of accuracy in measuring power.

Furthermore, the results of system accuracy testing in measuring light intensity using a lightmeter as a
standard measuring instrument. Based on table 1, the test results show that the system is able to provide light
intensity measurements that are very close to the results provided by the lightmeter. From the results of data
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analysis, an average accuracy percentage of 97,994% was obtained. The measurement results produced by the
system are consistent and have very small differences with lightmeter measurements. This shows that the system
has a high level of accuracy in measuring light intensity.

The second design specification is the precision of the system. System precision is obtained from repeated
measurements of a parameter 10 times under the same conditions. Based on the measurement results, the average
value and precision percentage can be analyzed [27]. The accuracy of the system in measuring each parameter can
be seen in table 2.

Table 2. Data on Measurement Precision by the System

Voltage Current Light Intensity
No System Error Precision System Error  Precision  System  Error Precision
(Volts) (%) (%) (MA) (%) (%) (Lux) (%) (%)
1 5,04 0,8 99,881 23,9 0,998 99,833 275,83 0,999 99,910
2 5,04 0,8 99,881 24,1 0,993 99,332 275,83 0,999 99,910
3 5,04 0,8 99,881 23,8 0,994 99,415 275,83 0,999 99,910
4 5,04 0,8 99,881 23,9 0,998 99,833 275 0,998 99,789
5 5,03 0,6 99,921 24,1 0,993 99,332 275 0,998 99,789
6 5,03 0,6 99,921 24 0,997 99,749 275,83 0,999 99,910
7 5,03 0,6 99,921 23,9 0,998 99,833 275 0,998 99,789
8 5,03 0,6 99,921 23,9 0,998 99,833 275,83 0,999 99,910
9 5,03 0,6 99,921 24,1 0,993 99,332 275,83 0,999 99,910
10 5,03 0,6 99,921 23,7 0,990 98,997 275,83 0,999 99,910
Average 5,03 0,68 99,905 23,94 0,995 99,549 275,58 0,999 99,874
SD 0,005 0,135 0,401
KR 0,103 0,564 0,145

System precision testing in power measurements can be seen from the results of voltage and current precision
testing. The test results in table 2 show that the system is able to provide consistent voltage and current
measurement results for ten repetitions. These measurements show slight variations from one measurement to the
next. This variability is very low and indicates a good level of precision. Furthermore, in data analysis it was found
that the average percentage precision of ten measurements was very high, namely 99,905% for voltage and
99,549% for current. Apart from that, the data that shows the system precision is very good is the relatively small
error results, namely 0,103% for voltage and 0,5645 for current. This shows that the system consistently provides
results that are very close to the actual values in electrical power measurements. This is characterized by a high
average accuracy and a relatively small error value.

The results of the light intensity precision test in table 2 show that the light intensity measurement results are
very consistent over ten repetitions. The results of ten measurements show that the measured light intensity is
relatively stable, with almost the same value in each repetition. The average value of light intensity from ten
measurements is 275,58 lux. Apart from that, in the analysis of the test results it was found that the percentage of
error in each measurement was very small, namely ranging from 0,998% to 0,999%. These results show that the
measurement results are close to the actual value in measuring light intensity. Precision percentages in the range
of 99,789% to 99,910% in measurement results were also found. This shows low fluctuations in the light intensity
measurements between different iterations, indicating good precision in the system. Standard Deviation (SD) of
0,401 and Relative Error (KR) of 0,145% indicate a low level of variation in measurement results. This confirms
that the light intensity measurements carried out by the system are consistent and have good accuracy.

From the results of the analysis of the data obtained, it can be seen that the research results are in accordance
with the research objectives. The research results obtained are in the form of design specifications and performance
specifications for the solar panel power monitoring system. Performance specifications are known by identifying
the function of each component that makes up the system. The results of the performance specifications can help
in assembling the system. The assembly of this system is carried out by building an electronic circuit from the
system's electronic components into a tool that can be used to measure and monitor the power of two solar panels
and as an indicator of changes in light intensity.

The next result is the design specification. Based on the results of the measurement data analysis that has
been carried out, starting from sensor characterization, sensor accuracy, and accuracy, it can be seen that the two
solar panel power measurement systems have good capabilities in measuring each parameter. This is supported by
a number of previous studies which have proven that sensor characterization in measuring solar panel power is a
critical step that influences the accuracy of measurement results. For example, a study in a journal written by
Qomaruddin in 2016 investigated sensor characterization in measuring solar panel power [28]. The results of this
research show that careful and precise characterization of the sensors used in solar panel power measurement
systems can produce accurate measurement results, with a minimal error rate. In addition, another research
conducted in 2022 by Gunoto highlighted the importance of sensor accuracy and precision in solar energy
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applications [18]. This research provides empirical evidence that well-calibrated, high-fidelity sensors can measure
solar panel power with low error rates, which in turn improves overall system performance. Therefore, the results
of the measurement data analysis indicate that the system has a strong ability to measure critical parameters, which
aligns well with findings from previous research. Furthermore, the above research results also signify that the
system can function effectively according to its intended purpose.

IV. CONCLUSION

From the research results, a conclusion was obtained, namely that the results of the design specifications
showed that the system had high linearity values, good accuracy and good precision. First, the accuracy of the
measuring instruments in the system has a good value, with a percentage accuracy value of 98.735% (voltage),
97.027% (current), and 97.994% (light intensity). Second, the measuring instruments in the system have good
precision, with precision percentages of 99.905% (voltage), 99.549% (current), and 99.874% (light intensity).
These findings lead to the conclusive conclusion that the power monitoring system effectively fulfills its primary
objective — to measure and monitor the power of both types of solar panels and the intensity of sunlight. The
system designed is capable of monitoring two different types of solar panels simultaneously. It adapts to its specific
needs while operating under the same conditions.
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