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 Global electricity demand has increased in the last few years. This need is 

growing all the time as energy consumption increases using conventional 

energy, which will soon be phased out. So, we had to look at alternative 

energies, namely renewable energies. The largest and most efficient of these 

is solar energy, and to make the most of this energy with the greatest 

efficiency, the performance of these solar panels needs to be directly 

monitored. This study presents an independent monitoring system based on 

the internet of things (IoT) to measure essential factors (terminal voltage, 

load current, energy consumption, humidity, temperature, and light 

intensity). These values are realistic and accurate, based on the sensors used 

to measure the aforementioned factors and then using the Node MCU 

ESP8266 to transmit the analyzed data to the circuit. The Thingspeak 

platform was then employed to display, analyze, and store these results in 

real time. 
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1. INTRODUCTION 

The pollution of the earth's environment through carbon dioxide (CO2) emissions, the rise of fossil 

fuel costs, climatic warming, and an energy emergency due to the finite nature of fossil fuels make using 

sustainable sources of power an absolute necessity [1]–[3]. One of the renewable energy sources that is being 

extensively used to try, and surmount these problems is solar energy based on photovoltaic technologies [4]. 

Compared with conventional sources of energy, solar power is abundant and cost-free. Apart from this, by 

using advanced monitoring and regulation systems, photovoltaic technology based on solar energy could be 

one of the most reliable and efficient sources available for renewable sources of power [5], [6]. 

The monitoring of the system is essential to guarantee the proper functioning of the photovoltaic 

system [7], [8]. A controlling system is used to collect information and forward it to the monitoring center, 

enabling operators to evaluate and monitor systems to reduce the cost of maintenance, visualize system 

performances, and detect faults in the photovoltaic system [9]. There are many purposes for monitoring a 

photovoltaic system, such as supplying data on potential energy, detecting faults, extracting energy, and 

losing energy [6], [10]. Not only isit necessary to include a detailed description of the system benefits, but it's 

also necessary to find out more about the period during which a photovoltaic system can operate efficiently 

over a day and other problems that could affect power generation [11]. Such surveillance measures also apply 
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as solar radiation levels are constantly changing, depending on location, the time of the day, and weather 

factors [12]. 

Any surveillance data may be utilized to guide preventive and corrective measures and to provide 

warning of changes in the ambient conditions [13]. One way of carrying out surveillance in real time is using 

internet of things (IoTs) technologies [14]. The IoTs designates a network consisting of hardware devices and 

software components [15], [16]. Using the IoT within the system is new for the research, in which the switch 

system could also allow humans to control more easily electrical energy use on the charge, recover electrical 

energy in the solar cell, and check equipment damage remotely. Recommend an IoTs monitored via the 

device, consisting of an alternate-energy visualization widget that allows automatic alternate-energy use from 

any place over the internet [17], [18]. 

The IoTs methodology enables electronic communication between humans and monitoring unit 

devices [19], [20]. According to [21], [22], for this research titled design of IoT-based smart meters for solar 

power plant applications, having an IoT server available can facilitate remote monitoring of photovoltaic 

panels via an internet connection. Further, the research by Al-Ali et al. [21] on smart-powered IoT solar 

energy states that a remote surveillance website provides a highly accessible system that can be supervised 

using a computer or cell phone, and that, in the future, this concept could be enhanced to support the 

operation system with no human intervention required [23], [24]. These authors performed research utilizing 

real-time IoT technologies, which are a method of research to control the monitoring of photovoltaic solar 

parameters at the laboratory level [25]. 

With IoT technologies and internet connections, this data transmission solution can provide both 

distance and speed. In this article, we develop IoT technologies to send data on parameters via solar modules 

and send them directly through the Thingspeak platform. This data, which is transmitted directly to a web 

server, can be further analyzed and processed for identification purposes. Subsequently, these data can 

provide experience in determining the photovoltaic characteristics used in a photovoltaic system in the 

everyday cycle and affected by meteorological conditions. In addition, the suggested system can identify the 

amount of potential energy generated by a solar energy system. 

 

 

2. METHOD 

As part of this approach, the system takes measurements of solar panel characteristics, such as 

current, voltage, power, temperature, humidity, and irradiance. Aboard (ESP8266) will be used for collecting 

and transmitting data via the Thingspeak platform. Table 1 summarizes the components included in this 

article. This system's IoT provides an output to monitor the parameters produced by the sensors and identify 

the data in real time. This data is collected and transferred via the Thingspeak platform. After that, this 

parameter data may be edited for subsequent analysis. Figure 1 shows the system's schematic diagram.  

Figure 2 shows the flowchart dedicated to the operation of the algorithmic program created using Arduino 

IDE software. First, we define the libraries corresponding to the various devices (sensors and the ESP8266 

board), as well as the values of the constants and variables used by the algorithm. 

 

 

Table 1. Components of research 
Name components Function 

NodeMCU ESP8266 Principal controller 
Sensor C11A063 Voltage sensor 

ACS712 sensor Current sensor 

DHT22 sensor photo resistance Temperature sensor light-dependent resistor sensor 
ADS1115 16-bit ADC player 

Solar panel Power generator 

CJMCU-219I2CINA21 Sensor module bidirectional power supply current monitoring 

 

 

 
 

Figure 1. Configuration of photovoltaic system parameter measurement 
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Figure 2. Proposed system flowchart 

 

 

2.1.  Photovoltaic 

A photovoltaic module uses the light of the sun to produce up to 3 W of power. Its compact, eco-

friendly design provides a flexible solution for a variety of renewable and energy-self-sufficient applications. 

Its effective construction enables it to power small appliances, grid-independent systems as well as portable 

consumer electronics, thus contributing to a more sustainable energy future through reduced dependence on 

traditional power supplies. 

 

2.2.  Sensor system 

This device is used to measure important parameters of the photovoltaic system. A current sensor 

depends on the field effect. This sensor is used to measure alternating or direct current. It is equipped as 

standard with operational amplifier circuits to enhance the sensitivity of current sensing and measure 

extremely small changes in current. The voltage transducer is employed for measuring both AC and DC 

voltages. The operating principle of the voltage sensor module uses the principle of resistance suppression 

and can reduce the original voltage input by up to five times. 

The sensor voltage uses a voltage divider circuit that converts a reference potential (𝑉𝑟𝑒𝑓) from the 

microcontroller. A voltage divider resistor on this sensor (𝑅1 and 𝑅2) is dependent on the amplitude in 

voltage input voltage mode. In this case, photovoltaic voltage (𝑉𝑝𝑣) can be measured. The voltage divider 

circuit equation is given by (1) [26]. 

 

𝑉𝑟𝑒𝑓 =
𝑅2

𝑅1+𝑅2
𝑉𝑝𝑣 (1) 

 

On the sensor side, the output current generated matches the sensor's oscillation. As a result, the 

signal converter requires a signal conditioning system that includes a subtractor and an inverter. A subtract or 

circuit utilizes an op-amp with a voltage output of (2). When the inverter is inverted, it uses an 𝑢2 op-amp 

with an output voltage of (3). 

 

𝑉𝑢1 =
𝑅3

𝑅1+𝑅3
𝑉𝑅1 −

𝑅4

𝑅1
𝑉𝑖 = (𝑉𝑅𝑉2 − 𝑉𝑖) (2) 

 

𝑉𝑢2 = −(
𝑅𝑣2

𝑅5
)𝑉𝑢1 (3) 



Int J Reconfigurable & Embedded Syst  ISSN: 2089-4864  

 

A study of IoT based real-time monitoring of photovoltaic power plant (Ramia Ouederni) 

187 

In this article, a DHT22 sensor module is utilized to detect the temperature and humidity of objects, 

providing a voltage analog output that can be subsequently evaluated using a microcontroller. A light- 

dependent resistance (LDR) sensor is employed as the light detector. It detects the luminosity and intensity of 

the ambient sunlight. 

 

2.3.  NodeMCU 

To operate an IoT device, a microcontroller is needed on the Wi-Fi module. The microcontroller 

transmits data to the Wi-Fi connection of a predefined sacrificial network server. Node MCU represents a 

board development that combines both the practical functionality of each input/output port and that of a 

microcontroller connection board. This depends on the Wi-Fi module. The microcontroller is capable of 

performing all the calculations that require all the computations, but it also provides the necessary 

communications to the Wi-Fi. 

 

2.4.  Viewer hardware 

The principal viewer in this article is a web server. The web server works as a receiver of browser 

messages and answers the request as a web page. This article discusses a web server powered by the 

ThingSpeak IoT platform and application programming interface (API), which facilitates real-time data 

storage from monitored sensors. It's a backup solution for your data in the event of a problem on your 

internet connection. 

 

 

3. RESULTS AND DISCUSSION 

Figure 3 shows the electrical connection of the prototype, comprising a solar panel and several 

sensors: a voltage divider to measure voltage, an LDR sensor for light, an ACS712 current sensor, and a 

DHT22 sensor for humidity and temperature. Measured data is sent via the ESP8266 Wi-Fi module for 

remote system monitoring. This allows for real-time performance and environmental monitoring. 

 

 

 
 

Figure 3. Practical diagram of the proposed system 

 

 

Photovoltaic system measuring results components shown in graphic representation using a 

Thingspeak platform are presented in Figures 4 and 5. The more frequently used variables in the optimization 

algorithm for photovoltaic system parameters were the temperature, the irradiance, and the humidity.  

Figures 4(a) to (c) illustrate the various parameters for temperature, irradiance, and humidity for the period 

from 13:20 to 13:43 (GMT). That is due to environmental factors like clouds, buildings, and trees blocking 

the view. 

The fluctuations observed in the temperature, irradiance, and humidity variables will cause a 

modification in the photovoltaic power generation value. As illustrated by Figures 5(a) and (b), photovoltaic 

production appears as a changing voltage and current. This is due to temperature and irradiance influencing 

the photovoltaic voltage and current values. Consequently, the variable photovoltaic power generation 

represented in Figure 5(c) is variable. 
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(a) (b) 

  

 
(c) 

 

Figure 4. Results of (a) temperature, (b) irradiance, and (c) humidity measurements via the thingspeak 

 

 

  
(a) (b) 

  

 
(c) 

 

Figure 5. Results of (a) voltage, (b) current, and (c) power photovoltaic 
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Thingspeak software can assist operators in prevention and maintenance activities while supplying 

alerts to enable early warning and evaluation of any changes in the environmental situation. As well as 

providing an interactive display of data, the Thingspeak-based surveillance systems employed in this study 

provide an open-source, low-cost platform. The objective will be to decrease dependence on high-cost 

proprietary hardware, licensed software packages, and cloud solutions. Based on the results of the tests, our 

system can be used in a wider system for more simple, real-time, open-source control of the parameters of a 

solar power system. 

 

 

4. CONCLUSION 

In this study, the parameters of an integrated photovoltaic system based on an IoT system were 

measured for the community. This IoT system is based on a platform called Thingspeak, which can be 

accessed rapidly for both real-time analyses and general applications. The developed system includes the 

Node MCU ESP8266 for the microcontroller, ACS712 for current measurement, C11A063 to measure output 

photovoltaic voltage, the LDR sensor to measure irradiance incident at photovoltaic panels, and DHT22 to 

measure environmental temperature and humidity. An ADS1115 is used as the 16-bit ADC drive with a 

photovoltaic bloc. Overall, this system successfully measures photovoltaic system parameters in various 

weather situations and correctly transmits data using the Thingspeak platform. 

We can use this study as a model for training photovoltaic systems. A further development 

application is energy load management for solar photovoltaic power plants to maximize energy use and 

conserve energy for the consumer. The management systems track photovoltaic energy generation facing 

global warming. 

 

 

REFERENCES 
[1] R. Ouederni, B. Bouaziz, and F. Bacha, “Design and evaluation of an island’s hybrid renewable energy system in Tunisia,” in 

2022 5th International Conference on Advanced Systems and Emergent Technologies (IC_ASET), Mar. 2022, pp. 418–423. doi: 

10.1109/IC_ASET53395.2022.9765903. 
[2] S. D. Al-Majidi, M. F. Abbod, and H. S. Al-Raweshidy, “Design of anefficient maximumpower point tracker basedon ANFIS 

usingan experimental photovoltaic system data,” Electronics, vol. 8, no. 8, p. 858, Aug. 2019, doi: 10.3390/electronics8080858. 

[3] M. Kumar, “Development of control strategies for the operation of a cluster of interconnected hybrid microgrids in Islanded 
mode,” IEEE Systems Journal, vol. 17, no. 2, pp. 1741–1752, Jun. 2023, doi: 10.1109/JSYST.2023.3239738. 

[4] A. Mondal, M. J. Ali, and P. Dutta, “IoT enabled smart solar panel monitoring system based on boltuino platform,” in 2022 IEEE 

International IOT, Electronics and Mechatronics Conference (IEMTRONICS), Jun. 2022, pp. 1–7. doi: 
10.1109/IEMTRONICS55184.2022.9795836. 

[5] H. Sabana, A. M. H. Pardede, and M. Sihombing, “Internet of things based milling machine design using Esp8266 NodeMCU,” 

Indonesian Journal of Education and Computer Science, vol. 1, no. 2, pp. 37–45, Aug. 2023, doi: 10.60076/indotech.v1i2.42. 
[6] C. K. Rao, S. K. Sahoo, and F. F. Yanine, “An IoT-based intelligent smart energy monitoring system for solar PV power 

generation,” Energy Harvesting and Systems, vol. 11, no. 1, Jan. 2024, doi: 10.1515/ehs-2023-0015. 

[7] H. Yazdani, M. Radmehr, and A. Ghorbani, “Smart component monitoring system increases the efficiency of photovoltaic 
plants,” Clean Energy, vol. 7, no. 2, pp. 303–312, Apr. 2023, doi: 10.1093/ce/zkac071. 

[8] F. Njoka, L. Thimo, and A. Agarwal, “Evaluation of IoT-based remote monitoring systems for stand-alone solar PV installations 

in Kenya,” Journal of Reliable Intelligent Environments, vol. 9, no. 3, pp. 319–331, Sep. 2023, doi: 10.1007/s40860-022-00190-5. 
[9] W. L. V. Eck, B. Bekker and M. J. Chihota, “Managing the impact of embedded generation on distribution networks using 

autonomous smart inverters: a South African perspective,” 2021 International Conference on Electrical, Computer, 

Communications and Mechatronics Engineering (ICECCME), 2021, pp. 1-6, doi: 10.1109/ICECCME52200.2021.9590923. 
[10] P. Y. Acang, R. Munir, A. Zarkasi, and D. Hamdani, “Photovoltaic power plant monitoring by using low-cost internet of things 

(IoT): design and implementation,” in Proceedings of the International Conference of Tropical Studies and its Applications 

(ICTROPS 2022), 2023, pp. 258–265. doi: 10.2991/978-94-6463-180-7_28. 
[11] E. Kannapiran, S. Jaganathan, N. R. Govinthasamy, and E. Kalaivani, “Real-time solar farm performance monitoring using IoT,” 

in Machine Learning and the Internet of Things in Solar Power Generation, Boca Raton: CRC Press, 2023, pp. 75–103. doi: 

10.1201/9781003302964-5. 
[12] S. H. Sajjad, M. E. H. Sajib, M. N. Hasan, and M. A. Razzak, “Design and implementation of an IoT-based solar power 

monitoring system,” in 2023 IEEE World AI IoT Congress (AIIoT), Jun. 2023, pp. 0768–0773. doi: 

10.1109/AIIoT58121.2023.10174311. 
[13] P. Ramasamy et al., “Design of Arduino UNO based smart irrigation system for real time applications,” International Journal of 

Reconfigurable and Embedded Systems (IJRES), vol. 13, no. 1, pp. 105–110, Mar. 2024, doi: 10.11591/ijres.v13.i1.pp105-110. 

[14] Y. D. Setiawan, B. Ghilchrist, G. Giovan, and M. H. Widianto, “Development of IoTs-based instrument monitoring application 
for smart farming using solar panels as energy source,” International Journal of Reconfigurable and Embedded Systems (IJRES), 

vol. 12, no. 2, pp. 248–259, Jul. 2023, doi: 10.11591/ijres.v12.i2.pp248-259. 

[15] D. D. P. Rani, D. Suresh, P. R. Kapula, C. H. M. Akram, N. Hemalatha, and P. K. Soni, “IoT based smart solar energy monitoring 
systems,” Materials Today: Proceedings, vol. 80, pp. 3540–3545, 2023, doi: 10.1016/j.matpr.2021.07.293. 

[16] T. S. Kumar and T. Venkatesan, “A techno-economic optimal evaluation and feasibility analysis of hybrid 

microgridelectrification for smart cities in Tamil Nadu,” Electric Power Components and Systems, vol. 52, no. 11, pp. 1981–1997, 
Jul. 2024, doi: 10.1080/15325008.2023.2249883. 

[17] Muarif, A. Sumaedi, and Mardiansyah, “Monitoring the temperature of the server room of the hostpot network based on the 

NodeMCU ESP8266 microcontroller with Thingspeak (in Indonesian: Monitoring suhu ruangan server jaringan hostpot berbasis 
mikrokontroler NodeMCU ESP8266 dengan Thingspeak),” Journal Information & Computer, vol. 2, no. 1, pp. 17–27, Jan. 2024, 



                ISSN: 2089-4864 

Int J Reconfigurable & Embedded Syst, Vol. 14, No. 1, March 2025: 184-190 

190 

doi: 10.32493/jicomisc.v2i1.38638. 

[18] A. T. Albdiry, K. Yiğit, and B. Acarkan, “Evaluation of energy management for stand-alone fuel cell and photovoltaic hybrid 
system model,” in 2022 International Conference on Artificial Intelligence of Things (ICAIoT), Dec. 2022, pp. 1–6. doi: 

10.1109/ICAIoT57170.2022.10121867. 

[19] V. A. Kusuma, H. Arof, S. S. Suprapto, B. Suharto, R. A. Sinulingga, and F. Ama, “An internet of things-based touchless parking 
system using ESP32-CAM,” International Journal of Reconfigurable and Embedded Systems (IJRES), vol. 12, no. 3, pp. 329–

335, Nov. 2023, doi: 10.11591/ijres.v12.i3.pp329-335. 

[20] D. W. Ramadhan, “Design and construction of a portable solar and wind power plant using a hybrid system for naturaldisaster 
refugees (in Indonesian: Rancang bangun pembangkit listrik portable tenaga surya dan angin dengan sistem hybrid untuk tempat 

pengungsian bencana alam),” ALINIER: Journal of Artificial Intelligence & Applications, vol. 1, no. 2, pp. 85–93, Jan. 2021, doi: 

10.36040/alinier.v1i2.2972. 
[21] A. R. Al-Ali, A. Al Nabulsi, S. Mukhopadhyay, M. S. Awal, S. Fernandes, and K. Ailabouni, “IoT-solar energy powered smart 

farm irrigation system,” Journal of Electronic Science and Technology, vol. 17, no. 4, pp. 332–347, Dec. 2019, doi: 

10.1016/J.JNLEST.2020.100017. 
[22] R. Ouederni, B. Bouaziz, and F. Bacha, “Modeling and cost optimization of an islanded virtual power plant: case study of 

Tunisia,” Turkish Journal of Electrical Power and Energy Systems, vol. 2, no. 2, pp. 168–179, Oct. 2022, doi: 

10.5152/tepes.2022.22024. 
[23] K. Li, “Development of an IoT based photovoltaic monitoring system using hybrid modeling,” in 2023 7th International 

Conference on Green Energy and Applications (ICGEA), Mar. 2023, pp. 28–34. doi: 10.1109/ICGEA57077.2023.10125779. 

[24] H. J. El-Khozondar, S. Y. Mtair, K. O. Qoffa, O. I. Qasem, A. H. Munyarawi, Y. F. Nassar, E. H. E. Bayoumi, and A. A. El. B. A. 
El Halim, “A smart energy monitoring system using ESP32 microcontroller, ” e-Prime - Advances in Electrical Engineering, 

Electronics and Energy, vol. 9, pp. 2772-6711, 2024, doi: 10.1016/j.prime.2024.100666.  

[25] A. C. Subrata, T. Sutikno, Sunardi, A. Pamungkas, W. Arsadiando, and A. R. C. Baswara, “A laboratory scale IoT-based 
measuring of the solar photovoltaic parameters,” International Journal of Reconfigurable and Embedded Systems (IJRES), vol. 

11, no. 2, pp. 135–145, Jul. 2022, doi: 10.11591/ijres.v11.i2.pp135-145. 
[26] J. Havunen and J. Hallstrom, “Software corrections for switching impulse voltage divider response,” in CPEM Digest 

(Conference on Precision Electromagnetic Measurements), Aug. 2020, pp. 1–2. doi: 10.1109/CPEM49742.2020.9191909. 

 

 

BIOGRAPHIES OF AUTHORS 

 

  

Ramia Ouederni     is a Ph.D. student in electrical engineering at the Computer 

Science for Electrical Systems Laboratory (LISI) at National Institute of Applied Sciences 

and Technology (INSAT), University of Carthage in Tunisia, and is currently working on the 

research of hybrid system modeling and optimization, IoT application in microgrid, and 

advanced control strategies in renewable energy system. She can be contacted at email: 

ramia.ouederni@isimg.tn. 

  

 

Dr. Bechir Bouaziz     was born Gabes, Tunisia, in 1985. He received the master’s 

degree in power electronics and electrical systems from the High School of Sciences and 

Techniques, University of Tunis, Tunisia, in 2008, and the master degrees and Ph.D. degrees 

in electrical engineering from the National High School of Engineering of Tunis (ENSIT), 

Tunis, Tunisia, in 2010 and 2015, respectively. In 2013, he joined the Department of 

Electronic and Telecommunications, ISIM, University of Gabes, as an Assistant Professor. 

He is current research interests include optimization in renewable energy systems, power 

quality, power electronics, active filters, IoT, and AI in renewable energy system. He had 

worked in the LISI team of renewable energy and is working in their search team 

development of advanced systems control and monitoring. He can be contacted at email: 

bechir.bouaziz@isimg.tn. 

  

 

Prof. Faouzi Bacha     was born in Ben Guerdanne, Tunisia in 1964. He received 

“Habilitation Universities” in electrical engineering on 2008 from the National Institute of 

electric engineering (ENIT), Tunisia. He is currently a professor at the High Technical and 

Science School (ESSTT) in Tunis, Tunisia. He has numerous publications on direct control of 

synchronous and induction machines. He is research fields include modeling and simulation 

of electrical machines, power system and renewable energy. He is a responsible of working 

team on renewable energy applications in LISI laboratory. He can be contacted at email: 

faouzi.bacha@esstt.rnu.tn. 

 

https://orcid.org/0000-0002-7132-0867
https://scholar.google.com/citations?hl=fr&user=JN8jHLavAnsC
https://www.scopus.com/authid/detail.uri?authorId=57705068600
https://www.webofscience.com/wos/author/record/57592404
https://orcid.org/0000-0003-1785-8639
https://scholar.google.com/citations?hl=fr&user=ne7lr6kAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56027166000
https://www.webofscience.com/wos/author/record/2911781
https://orcid.org/0000-0002-6509-5755
https://scholar.google.com/citations?hl=fr&user=jX7JJrcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57190662608
https://www.webofscience.com/wos/author/record/1748594

