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Abstract: The use of solar energy as a renewable energy source continues to grow, but
many solar panel systems are still not equipped with real-time performance monitoring
tools. This research aims to design and implement an Internet of Things (IoT)-based solar
panel monitoring system using a NodeMCU microcontroller and the ThingSpeak
platform. This system is capable of monitoring electrical parameters such as the voltage
generated by solar panels, then periodically sending the data to the ThingSpeak server
via a WiFi connection to be displayed in the form of graphs that can be accessed online.
The INA219 sensor is used to measure voltage and current values directly, while the
NodeMCU functions as a data processor and sends information to the cloud. Test results
show that the system can work well and stably in displaying monitoring data in real-
time, and allows users to monitor the condition of solar panels remotely easily. This
system is considered effective, simple, and economical as a solar energy monitoring
solution, especially for small to medium-scale needs. The results of the experiments
conducted on the first day showed an average voltage of 15.52 V. On the second day, the
average voltage was 15.05 V, and on the third day, it was 14.99 V, with productive hours
from morning to evening.
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1. Introduction

The rapid advancement of renewable energy technologies has placed solar power at
the forefront of sustainable energy solutions. Given its clean, abundant, and renewable
nature, solar energy is increasingly adopted across various sectors [1]. However,
optimizing the performance of photovoltaic (PV) systems remains a key concern,
particularly when environmental conditions such as light intensity, ambient temperature,
or dust significantly influence energy output [2].

Residential, commercial, industrial, and utility customers now have arange of choices
for meeting their solar energy production needs, thanks to polycrystalline silicon solar PV
modules and new generations of thin-film solar PV technology. Depending on the needs
of your project, the many solar power systems available range in efficiency, affordability,
durability, and adaptability. The photovoltaic effect causes materials like silicon to
produce an electrical current when they absorb sunlight, which is how PV solar
technology generates electricity [3]. Accurate, consistent, and real-time observation of PV
parameters is therefore essential to ensure system efficiency. Traditional approaches that
rely on periodic manual measurements are no longer considered practical, especially for
remote or unattended installations [4]. As a result, Internet of Things (IoT)-based
monitoring systems are becoming increasingly relevant, offering the ability to remotely
access data, track performance, and detect anomalies in real time [5].

IoT represents a transformative advancement within today's digital landscape that
facilitates the real-time monitoring of the global environment, encompassing parameters
such as temperature, humidity, thunderstorms, earthquakes, and floods, which can
subsequently trigger alerts pertinent to human safety [6].

Iota 2025, ISSN 2774-4353, Vol.05, 03; https://doi.org/10.31763/iota.v5i3.991

https://pubs.ascee.org/index.php/iota


https://pubs.ascee.org/index.php/iota/issue/archive

ITota 2025, ISSN 2774-4353, 05, 03 639 of 652

Undoubtedly, the current technological advancements achieved by IoT systems have
exposed businesses and individuals to security threats, prompting researchers to
brainstorm various ways to improve data privacy [7], [8]. Interaction, monitoring, and
control of environmental conditions have been made easy using microcontrollers, with a
focus on Arduino boards [9], [10], [11].

In recent years, low-cost sensors and microcontroller technologies have enabled the
integration of compact and affordable monitoring modules into solar applications [12].
One such sensor, the INA219, has shown considerable potential for use in PV systems due
to its ability to monitor voltage and current over an I?C interface with high accuracy [13].
Its compatibility with popular microcontrollers such as ESP8266 NodeMCU has enabled
researchers and practitioners to design scalable monitoring systems that are both efficient
and easy to deploy [14]. Microcontrollers are embedded systems that control a device's
actions and features. They are specialized microcomputers, often referred to as single-
board computers, that focus on controlling specific tasks within a device [15].

In addition, platforms like ThingSpeak provide a simple interface for uploading,
storing, and visualizing real-time data from field-deployed sensors. Combining these
technologies allows for effective implementation of solar monitoring systems that are not
only low in cost but also adaptable to a wide range of use cases, from residential solar
rooftops to off-grid systems in rural environments [16], [17]. Energy harvesting from
rooftop solar panels reduces or eliminates the need for changing batteries, allowing
wireless devices to recharge their energy reserves and contributing to a long-term, free-
of-maintenance Internet of Things (IoT) [18]. The sustainability and financial aspects of
these use cases rely on little to no maintenance to operate sustainably [19]. IoT devices
may operate more strategically and thus effectively, depending on the forecasting: They
can plan heavy energy actions for times when there is an excess of energy, as well as
change their recognition intervals [20].

Building on insights from previous work, this research proposes an loT-based
monitoring system that utilizes the INA219 sensor and ThingSpeak platform to capture
and present voltage, current, and power output data from solar panels in real time. The
system is designed to be efficient, user-friendly, and suitable for real-world
implementation where ongoing monitoring is essential for maintaining energy
performance (Abidin et al., 2024; Sutikno, 2024) [5], [15].

On the other hand, the effective monitoring, control, and automation for hybrid green
energy systems using simulation models are essential as the groundwork for managing
real dynamic situations and ensuring operational efficiency[15]. Researchers have
recently explored the integration of Industrial Internet of Things (IoT) technology for real-
time monitoring, control, and automation. IoT applications have expanded extensively
across various domains, notably in developing smart cities where intelligent devices are
harnessed to create interconnected ecosystems to enhance the quality of residents [5].

Furthermore, IoT finds diverse applications in agriculture, where it facilitates crop
monitoring. IoT in healthcare enables early disease diagnosis through smart devices. IoT
aids in tracking pollution levels in environmental monitoring [21]. Even in the realm of
space exploration, IoT plays a pivotal role. Within hybrid green energy systems, IloT
primarily connects intelligent components such as smart sensors, actuators, and gateways
[22]. These components collect and process data, subsequently transmitted to cloud
servers for analysis. Supervisory Control and Data Acquisition (SCADA) system emerges
as a pivotal player in real-time monitoring, control, and automation strategies [23].
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This study aims to develop an loT-based monitoring system for solar panels by
utilizing the INA219 sensor and the ThingSpeak platform. The proposed system is
designed to enable real-time remote monitoring of solar panel parameters to improve
performance evaluation and support proactive maintenance strategies.

The novelty of this journal lies in the ability to perform real-time monitoring of the
solar panel, where the data received by the microcontroller can be recorded and stored
on a web platform. This feature facilitates easier performance analysis and system

monitoring. Table 1 explains that many papers can relate to this paper.

Table 1. State of The Art

Research Title

Result and Analysis

Thingspeak-Based Sensing and Monitoring System for IoT with

Matlab Analysis

The Thingspeak IoT web service represents a promising and
innovative web-based technology that has the potential to shape

and align with the evolving expectations of engineers.

ThingSpeak sebagai Sistem Monitoring Tangki SPBU Berbasis

Internet of Things

ThingSpeak in this IoT-based fuel tank monitoring system is
designed to enable remote monitoring of the fuel volume in
underground storage tanks via the internet. The system utilizes the
ESP8266 WiFi module to transmit data over a WiFi network to the
internet. ThingSpeak is used as the cloud platform for storing the
monitoring data, while the Virtuino application serves as the user

interface on Android devices.

Smart Community Monitoring System using Thingspeak IoT

Platform

The community was able to receive data from smart homes to the
ThingSpeak platform via the MQTT protocol, save the data in the
database, and visually display it in the ThingSpeak webpage. The

system functioned well as designed.

Real-time and Centralized Solar Panel Online

Monitoring System Design Using Thingspeak

An online monitoring system records data on current, voltage, and
light intensity in real time and is centralized. The system will store
and record measurement data every 15 seconds in the form of

JSON, XML, and CSV file extensions.

Smart microgrid with the Internet of Things for adequate energy

management and analysis

The developed technology also identifies the demand pattern and
allows the microgrid to supply power, and it's applicable for low
demand as well as high demand. During low demand, the IoT
device charges the battery, and when fully charged, cuts down the
PV supply. During high demand, IoT device prioritizes the loads

and satisfy the demands.

Building an Intrusion Detection System for an IoT Environment

using Machine Learning Techniques

In generating a realistic and high-quality training dataset, there
should be a good quality of data flow in the network during the
process of attack, because interception is possible only during the

continuous flow of data.
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2. Theory
2.1 Parameters, Hardware, Software, and Application Server used

Some of the essential parameters in this research are shown in detail at the following
points: [1] ThingSpeak is an open-source platform designed to support the Internet of
Things (IoT). It allows users to collect, analyze, and visualize data obtained from sensors
connected to a network. ThingSpeak can be integrated with a wide range of sensors and
devices to enable automated system monitoring and control. Several studies have been
conducted on IoT-based monitoring systems using ThingSpeak, each focusing on specific
objects and parameters [24]. [2] NodeMCU is an open-source IoT platform that includes
hardware based on the ESP8266-12 System on Chip (SoC) developed by Espressif
Systems, along with firmware that supports the Lua scripting language. Although the
term "NodeMCU" is often used to refer to the hardware, it technically refers to the
firmware. NodeMCU can be considered a version of the Arduino board specifically
designed for the ESP8266 chip[25]. [3] The INA219 sensor module is capable of
monitoring both voltage and current within an electrical circuit. This sensor utilizes an
12C or SMBus-compatible interface, allowing it to simultaneously monitor shunt voltage
and bus voltage, while also supporting programmable timing and signal filtering
processes. The INA219 features a maximum input amplifier range of +320 mV, enabling
it to measure currents up to +3.2 A. With its internal 12-bit ADC, the current measurement
resolution within the 3.2 A range is approximately 0.8 mA. When the internal gain is set
to its minimum level (div8), the maximum measurable current is +400 mA, with a
resolution of up to 0.1 mA. Additionally, the INA219 is capable of detecting shunt
voltages on the bus within a range of 0 to 26 V [26].

Moreover, [4] A solar panel is a device that functions to convert sunlight into electrical
energy. It is made of semiconductor materials, such as silicon, which are coated with
specific substances to enhance efficiency. When sunlight strikes the surface of the panel,
electrons in the silicon atoms are released and begin to move, generating an electric
current within a circuit. The primary role of a solar panel, or photovoltaic (PV) system, is
to convert solar irradiance into electrical energy. The greater the intensity of sunlight
received, the more energy is generated. To ensure that the power demands of the water
pump motor can be met by the battery, the system capacity must be properly adjusted. In
this implementation, a solar panel with a capacity of 50 Wp is used, with an estimated
effective sunlight exposure of approximately 5 hours per day [27].

3. Method
3.1 ADDIE Research Methodology

This research is a development research that aims to design and build a solar panel
monitoring system based on the Internet of Things (IoT) using the ThingSpeak platform
as an online data monitoring medium. This system is designed to monitor important
parameters of solar panels in real-time, such as voltage, making it easier for users to
analyze the performance of solar power systems without being on-site directly. To
support the tool development process, a research method development model was used,
which was included in the research and combined with the ADDIE (Analysis, Design,
Development, Implementation, and Evaluation) method [28]. This consists of five
systematic stages to produce structured and efficient technology products. Can be shown
in Figure 1.
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Figure 1. ADDIE Research Methodology

The description of the ADDIE methodology in Figure 1 will be explained as follows:

3.1.1  Analysis

This research begins with an analysis phase that includes problem identification,
namely determining user needs for a tool that is easy to use and can be accessed remotely,
determining the parameters to be monitored, selecting components such as sensors,
microcontrollers, and IoT platforms, and establishing evaluations based on sensor
measurement accuracy, data transmission stability to the IoT platform, system reliability
in a real-world operational environment, and ease of use by end users. From the results
of field observations, researchers analyzed data collected in the vehicle parking lot of the
Mechanical Engineering Department at Subang State Polytechnic, spanning 12 hours
from 08:00 to 19:00 over three consecutive days.

3.1.2  Design

After the analysis stage is completed, the next stage involves designing the
monitoring tool system, which includes selecting sensors, microcontrollers, and
connections to the IoT platform, as well as designing the interface and schematic of the
tool circuit. After this stage is completed, an evaluation is conducted using the results of
the monitored parameters, which include only voltage. The platform used is ThingSpeak,
the controller used is NodeMCU, and the sensor used is INA219. In Figure 2, an
illustration of the tool installation, and in Figure 3, a view of the IoT platform.

NodeMCU V3 =

0000000007008 0

Figure 2. Installation Wiring
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Figure 3. Tool Dashboard View

The monitoring system can be illustrated by the block diagram shown in Figure 4,
which explains the following components:
e The solar panel functions to capture voltage energy from light sources.
e The voltage sensor, which is based on the I12C protocol, is used to measure voltage in
real time within electronic or microcontroller systems.
The LED serves as an indicator for the system.
The microcontroller is responsible for storing the voltage data and transmitting it via
Wi-Fi to the IoT platform.
e The IoT platform stores and displays the data in real time in graphical form.

Solar Panel [ 1 Voltage Sensor E==EY  Microcontroller
LED Indicator loT Platform

Figure 4. Diagram Block System Development

During the development stage, hardware assembly was performed by connecting the
INA219 sensor to the NodeMCU microcontroller to measure voltage. This was followed
by creating a program using the Arduino IDE to read the data and send it periodically to
the ThingSpeak platform via a Wi-Fi connection. An evaluation was conducted to assess
the system's functionality, the accuracy of sensor readings compared to standard
measuring instruments, the stability of the data connection, and the system's reliability in
displaying data in real-time during the trial period. After that, the evaluation stage is
carried out by modifying the tool installation to include actuators and converting the
display to a graphical form. Figure 2 is the latest installation developed, and Figure 5 is
the latest dashboard display.
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Figure 5. Tool Dashboard View

3.1.3 Implementation

The developed monitoring system was tested on solar panels operating in a real
environment. Testing includes sensor performance, data accuracy, internet connectivity,
and data display on the ThingSpeak platform. The INA219 sensor can read the voltage
value from the solar panel in various lighting conditions. Then the NodeMCU processes
the data to calculate the amount of voltage produced by the solar panel. The developed
monitoring system was tested on solar panels operating in a real environment. Testing
includes sensor performance, data accuracy, internet connectivity, and data display on
the ThingSpeak platform. The INA219 sensor can read the voltage value from the solar
panel in various lighting conditions. Then the NodeMCU processes the data to calculate
the amount of voltage produced by the panel.

3.1.4 Evaluation

Evaluation is conducted to assess the effectiveness and reliability of the monitoring
system. User feedback and test data are used to make system improvements and enhance
tool performance. This research employs a development method, specifically Research
and Development (R&D), using the ADDIE model. According to several journals, the
ADDIE development model has both strengths and weaknesses. One of the main
advantages of the ADDIE model is that it provides a clear, simple, and systematic
sequence of steps. However, its primary weakness lies in the considerable amount of time
required to complete each stage of the research process [29].

Based on these references, it can be concluded that the strength of the ADDIE model
is its straightforward and structured phases, which facilitate the development of tools or
systems. On the other hand, its weakness is the extended time needed to proceed to the
next phase, as each step requires evaluation to ensure optimal implementation.
Considering both the strengths and weaknesses of the ADDIE model, this model is
regarded as more effective and efficient compared to other development methods. Each
step must be carried out systematically and accompanied by an evaluation to ensure that
the system functions optimally.

4. Result and Analysis

After the design, assembly, and programming process of the solar panel monitoring
tool, a series of tests were carried out to determine the system's performance under actual
conditions. The system consists of an INA219 sensor as a voltage measuring device, a
NodeMCU microcontroller as a data processing and sending center, and ThingSpeak as
an online monitoring platform. Figure 7 is a prototype of a solar panel voltage monitoring
tool.



ITota 2025, ISSN 2774-4353, 05, 03 645 of 652

e00e00
027026025033032035
KERE

(-]

Y

%2
s
5

23 s eRL B e
_q-.\l.lll.l.l.l.li.l' o

O veveeeO
AS€ :DI90 TN
VZE quaUn) YeN
920 :00e}0A Sng

o JOluoNW
Ww”;) 00 6LZ¥NI

ee (o
‘l‘\

vivi vy

Figure 5. Prototype of a Solar Panel Voltage Monitoring Tool

The test results show that the INA219 sensor successfully reads the voltage value
from the solar panel stably in various lighting conditions, whether in strong, medium, or
dim sunlight. The NodeMCU receives data from sensors via [2C communication, then
processes it into voltage information, and sends the measurement results to the
ThingSpeak platform via a WiFi connection. The data sending process is carried out
periodically every 15 seconds, following the minimum sending limit on the free
ThingSpeak account.

During the testing period, the system demonstrated consistent and reliable
performance. No significant disruptions were found in the data reading process or
sending it to the cloud. The graph on the ThingSpeak dashboard displays changes in
voltage values in real-time, adjusting to changing weather conditions and sunlight
intensity throughout the day. The visualization is well accessible through the device,
indicating that the system supports remote monitoring functions well.

Additionally, testing involves observing the system's stability during operation over
a specified period. The system can operate continuously for more than 12 hours without
interruption, provided that the electrical voltage from the panel and backup sources is
sufficient. The interface display in ThingSpeak can provide daily data history
information, which is useful for analyzing panel performance over time.

In general, this monitoring tool can effectively record and display important
information regarding the condition of solar panels, making it easier for users to monitor
solar power systems remotely. This feature also opens up the potential for integration into
larger energy monitoring systems in the future. Figure 8 shows the results of the
experiments that have been carried out.

Based on the results of the experiments carried out, the solar panel monitoring
system, based on NodeMCU and the ThingSpeak platform, demonstrates quite good
performance in executing real-time monitoring functions. The INA219 sensor can read
the voltage value from the solar panel with a fast response to changes in sunlight
intensity. The NodeMCU processes these values and automatically sends them to
ThingSpeak using a WiFi connection, which is then visualized in the form of a voltage
graph.
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Figure 6. Experimental Graphic Data

The system is capable of sending data periodically, every 15 seconds, according to the
minimum sending time limit on the free ThingSpeak account. During testing, the data
appeared consistently, without any significant loss of information or connection
interruptions. This demonstrates the successful integration between the sensor,
microcontroller, and IoT platform. Additionally, the system enables users to remotely
monitor solar panel performance using a mobile device or computer, eliminating the need
to be physically present at the panel location. This is particularly helpful in maintaining
and monitoring the performance of solar power systems, especially in remote or hard-to-
reach areas.

Table 2. Experimental Result Data Day 1

Day 1
No. Trial hours Average Voltage
1 8:00 1945V
2 9:00 20.03V
3 10:00 20.07V
4 11:00 19.85V
5 12:00 19.31V
6 13:00 19.06 V
7 14:00 19.33V
8 15:00 18.96 V
9 16:00 1742V
10 17:00 12.37V
11 18:00 018V
12 19:00 018V
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Figure 7. Experimental Result Data Day 1

However, there are some important points to consider for further development. First,
the system relies on a stable WiFi connection; If a network disruption occurs, data cannot
be sent to the server. Second, ThingSpeak's interface, while informative, is still limited in
graphic customization compared to other paid IoT platforms. Third, the power supply for
the NodeMCU needs to be designed in a way that allows it to continue operating when
the sun's intensity is low, such as during cloudy conditions or at night. The average hourly
electrical voltage data generated from the solar panels on day 1 is shown in Table 2 and
visualized in Figure 9.

Table 3. Experimental Result Data Day 2

Day 2
No. Trial hours Average Voltage
1 8:00 19.41V
2 9:00 19.57V
3 10:00 20.04 V
4 11:00 19.84 V
5 12:00 19.62V
6 13:00 19.24V
7 14:00 18.87 V
8 15:00 17.76 V
9 16:00 17.38 V
10 17:00 8.42V
11 18:00 022V
12 19:00 019V




ITota 2025, ISSN 2774-4353, 05, 03 648 of 652

EXPERIMENT DAY 2
25.00

20.00 o S L= & 7 o

15.00

10.00

AVERAGE VOLTAGE

5.00

0.00
8:00 9:00 10:0011:0012:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00

TIME

Figure 8. Experimental Result Data Day 2

The table and graph in Figure 9 show that 8:00 AM to 3:00 PM is a productive period
for generating electrical voltage with an average of 19.51 V. After 3:00 PM, there is a
continuous decrease with an average electrical voltage of 7.54 V. The average hourly
electrical voltage data generated from solar panels on the second day is shown in Table 3
and visualized in Figure 10.

Based on the table and graph in Figure 10, it is evident that the period from 8:00 AM
to 3:00 PM is a productive time for generating electrical voltage, with an average voltage
of 19.29 V. After 3:00 PM, there is a significant decrease in the average electrical voltage
to 6.55 V. The average hourly electrical voltage data generated by solar panels on the third
day is shown in the table and visualized in the graph.

EXPERIMENT DAY 3

25.00
20.00
15.00

10.00

AVERAGE VOLTAGE

5.00
0.00

8:00 9:00 10:0011:0012:0013:0014:0015:0016:0017:0018:0019:00
TIME

Figure 9. Experimental Result Data Day 3
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Table 4. Experimental Result Data Day 3

Day 3
No. Trial hours Average Voltage
1 8:00 19.07 V
2 9:00 19.33 V
3 10:00 19.13V
4 11:00 19.39V
5 12:00 19.19V
6 13:00 19.05V
7 14:00 18.39V
8 15:00 17.69 V
9 16:00 17.14V
10 17:00 11.05V
11 18:00 027V
12 19:00 019V

Table 4 and Figure 11 show that the period from 8:00 AM to 3:00 PM is the most
productive for generating electricity, with an average voltage of 18.91 V. After 3:00 PM,
there is a significant decrease, with an average voltage of 7.16 V. The three graphs display
changes in voltage values according to changing sunlight conditions, and can be accessed
via laptop or smartphone from different locations. This proves that the system is capable
of providing remote monitoring information practically, enabling users to determine the
operational condition of solar panels without requiring direct inspections at the location.

Average of Voltage (V)

20.00

15.00
w
2

— 10.00
|
o
>

5.00

0.00

Day 1 Day 2 Day 3
TIME

Figure 10. Average Trial Data Per Day
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References

From Figure 12, slightly productive results were obtained. Thus, the results of the 3-
day experiment produced slightly better results, so further development is needed to
produce more optimal electricity. Voltage measurements are obtained using the INA219
sensor, which communicates via the I2C protocol—a digital communication interface
between the sensor and the microcontroller. The INA219 sensor has a voltage
measurement error margin of +1% within the temperature range of —25°C to 85°C, as
stated in the INA219 datasheet [30].

5. Conclusions

Overall, this system has successfully fulfilled its function as a simple, affordable, and
user-friendly IoT-based solar panel monitoring tool, providing users with accurate
measurement and monitoring results to track solar power system performance remotely
in real-time. The experimental results demonstrated that the developed solar panel
monitoring system performed effectively and fulfilled its intended function. Data was
sent automatically and periodically, every 15 seconds, to the ThingSpeak platform via a
Wi-Fi connection, meeting the minimum transmission interval allowed in the free version.
During testing, the system demonstrated stable data transmission, no significant
connectivity disruptions were encountered, and data was successfully displayed in real-
time graphs on the ThingSpeak dashboard. After three days of testing, the device
successfully monitored the electrical voltage via the internet, with a voltage reading of
15.19 V. These results warrant further development to optimize electricity absorption. In
this study, it is recommended that the solar panel monitoring device still requires further
development, particularly in implementing a more comprehensive monitoring system.
Future improvements may include not only voltage measurement but also current and
power measurements. On the solar panel side, the system could be enhanced by
integrating a controller and a battery to store the generated power.
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