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Abstract: This research aims to design and implement an Internet of Things 

(IoT)-based monitoring system for Photovoltaic (PV) panels using Node-

RED. The system can monitor critical parameters such as voltage, current, 

power, and the electrical energy produced by the PV panels in real-time. The 

data obtained from the PV panels is sent to a Node-RED server and visualized 

in the form of indicators and graphs on a dashboard. Statistical analysis 

calculates the daily average power and total energy produced. The results 

show that the proposed system can enhance monitoring efficiency and 

significantly benefit PV system maintenance and management. Users can 

quickly identify and address issues that may arise, such as panel performance 

degradation or system disruptions. Energy analysis and maintenance 

planning can be carried out by collecting historical data. This research 

supports the broader renewable energy development and provides an 

effective real-time PV system monitoring solution. 

 

Keywords: Internet of Things, Node-RED, Monitoring, Photovoltaic, Real-

Time 

 

INTRODUCTION 

The utilization of solar energy through Photovoltaic (PV) technology has become one of the leading 

solutions in efforts to reduce dependence on fossil fuels (Ramu et al., 2021). By harnessing the 

photoelectric effect, PV can convert solar energy into electrical energy using semiconductor materials. 

The use of this system has expanded across various sectors, from household scales to large industries. 

However, monitoring is necessary to ensure PV operates optimally and efficiently (Kekre & Gawre, 

2017). This monitoring involves the real-time collection and analysis of solar panel performance data, 

including measurements of voltage, current, power, and the electrical energy obtained (Chooruang & 

Meekul, 2018). Through this monitoring, users can determine the potential solar energy in an area. 

Additionally, the system can help identify damage or performance degradation in the PV. This will help 

maintain the optimal performance of the PV system, thereby reducing maintenance costs (Andi et al., 

2023; Tellawar, 2019).  

Internet of Things (IoT) technology offers an effective solution for real-time data monitoring 

(Hassan et al., 2020). Several papers have examined monitoring systems using IoT. For instance, the 

paper (Durairaj et al., 2024) discusses water quality monitoring to prevent water pollution, measuring 

parameters such as pH, conductivity, and salinity. This system uses Raspberry Pi to transmit data 

wirelessly. Furthermore, (Pavithra & Balakrishnan, 2015) explore monitoring and control in home 

automation systems, including controlling lights, fans, and fire detectors, using Raspberry Pi for data 

transfer. Additionally, (Roslidar et al., 2023) discuss air quality monitoring to determine pollution levels, 

measuring parameters such as Carbon Monoxide (CO), Carbon Dioxide (CO2), wind speed, dust 
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particles, temperature, and humidity. The ESP8266 device is used to process and transmit these 

parameter data. 

This paper uses IoT technology to monitor PV output, including voltage, current, power, and 

electrical energy. This monitoring process uses Node-RED. Node-RED is a flow-based development 

platform that provides a browser-based graphical interface for composing workflows by connecting 

nodes representing hardware, Application Programming Interfaces (APIs), and online services. This 

platform can run on local and cloud servers integrated with databases. Several papers have discussed 

using Node-RED, such as the paper (Hasni & Saparudin, 2023), which discusses using Node-RED to 

monitor water levels in rice fields to improve production effectiveness and manage water supply. 

Additionally, the paper (Chandra et al., 2021) explores the application of Node-RED for monitoring soil 

moisture levels. This system uses NodeMCU for data acquisition and a Node-RED server running on a 

Raspberry Pi. Furthermore, the paper (Chanthakit & Rattanapoka, 2018) discusses the application of 

Node-RED for air quality monitoring. The parameters measured include temperature and humidity, 

Carbon Monoxide (CO) concentration, Ozone Gas (O3), and Particulate Matter (PM2.5). This 

monitoring system uses ESP8266 for processing, allowing users to determine the air quality status, 

whether it is healthy or unhealthy. Monitoring using Node-RED offers various advantages, including 

ease of setup and workflow configuration, flexibility in connecting multiple devices and services, and 

the ability to analyze and visualize data in real-time (Lekic & Gardasevic, 2018). With Node-RED, users 

can leverage various available nodes to receive sensor data, process and analyze the data, and send 

notifications or take automatic actions based on the analysis results (Badii et al., 2020; Nugraha et al., 

2023). Additionally, Node-RED supports integration with various data storage platforms and cloud 

services, enabling long-term data storage and further analysis (Blessing Ngonidzashe & Tuncay, 2023).  

PV panels are devices capable of generating electrical energy and require a monitoring system to 

observe and analyze their performance. Several papers have studied PV monitoring using IoT. For 

example, in the paper (Deriche et al., 2019), PV panels are monitored to measure panel temperature in 

real-time using Simple Mail Transfer Protocol (SMTP). The purpose of this system is to provide early 

detection of PV overheating. Furthermore, in the paper (Kavitha & Malathi, 2019), PV panel parameters 

such as voltage, current, temperature, and irradiance are monitored. This monitoring system uses the 

CC3200 microcontroller and the Blynk application as a cloud platform. Additionally, the paper (Kumar 

et al., 2018) discusses monitoring and controlling PV system performance. This system aids in 

diagnosing faults in the PV, thus assisting the maintenance process. 

Based on these studies, an IoT-based PV panel output monitoring system using Node-RED is 

proposed. The monitored parameters include voltage, current, power, and energy. This data is obtained 

from voltage and current sensors installed on the PV panel. The data is then sent to Node-RED via 

HyperText Transfer Protocol (HTTP), commonly used for data communication on web networks. The 

data results are displayed on a dashboard as indicators and graphs. Subsequently, the data is statistically 

processed to obtain the daily average power and total daily energy displayed in accumulated form for 

today and yesterday. This monitoring uses the ESP8266 device for data processing and acquisition. With 

its ability to integrate various types of data, Node-RED can perform real-time visualization and further 

analysis to enhance the performance of the PV system. The benefits of the proposed system include 

improved monitoring efficiency and advantages in PV system maintenance and management. With real-

time data, users can quickly identify and address issues that may arise, such as panel performance 

degradation or system disruptions. The historical data can also be used for long-term trend analysis and 

maintenance planning. Thus, this technology not only enhances the overall performance of the PV 

system but also supports the broader development of renewable energy. 

This paper’s contribution is designing an IoT-based PV panel output monitoring system using Node-

RED. The monitored parameters include voltage, current, power, and electrical energy. This data is 

processed and displayed on a dashboard through indicators and graphs. Additionally, the data is 

statistically processed to produce cumulative data such as the daily average power and the total daily 

energy generated by the PV. With the proposed system, users can monitor the performance of the PV 

panel and detect any damages, enabling prompt maintenance. 
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LITERATURE REVIEW 

Solar energy is energy generated from solar radiation and can be utilized for various purposes, such 

as generating electricity, heating water, and powering vehicles (Deshmukh & Bhuyar, 2018). As an 

energy source, the sun emits energy through sunlight, which can be converted into electricity using PV 

panels or into heat through solar collectors (Adhya et al., 2016; Shrihariprasath & Rathinasabapathy, 

2016). This energy is renewable and environmentally friendly because it does not produce greenhouse 

gas emissions or other pollutants harmful to the environment (Kusznier & Wojtkowski, 2021). Solar 

energy utilization of is increasingly developing along with technological advancements and the 

reduction in the production costs of solar panels, making it an increasingly economical and efficient 

solution to meet global energy needs. Additionally, solar energy can be used decentralized, allowing its 

use in remote areas not reached by conventional power grids (Khan et al., 2019). 

The Internet of Things (IoT) is a concept that connects various physical devices to the internet, 

allowing them to send and receive data (Mois et al., 2017). IoT encompasses many devices, from simple 

sensors to smart home appliances and complex industrial systems. This connectivity, allows devices to 

communicate with each other and users, creating an interconnected ecosystem network (Andi et al., 

2023; Sharmad, 2016). The application of IoT has had a significant impact across various sectors. In the 

manufacturing industry, IoT is used for predictive maintenance, reducing machine downtime and 

enhancing operational efficiency (Perumal et al., 2015; Zickri et al., 2023). In the healthcare sector, IoT 

devices enable real-time patient monitoring, improving the quality of care and response to emergency 

conditions (Asante & Olsson, 2016; Kamarozaman & Awang, 2021). Smart homes are another example 

of IoT applications, where household appliances such as lights, thermostats, and security systems can 

be accessed and controlled remotely through mobile applications (Kodali & Anjum, 2018; Magtibay, 

2019). 

Node-RED is a flow-based development platform that simplifies connecting hardware, APIs, and 

online services (Bin Mohd Nazri et al., 2020). Developed by IBM, Node-RED provides an intuitive 

graphical user interface, allowing users to create applications by dragging and connecting functional 

blocks known as nodes. Each node performs a specific task, such as sending or receiving data, 

processing information, or controlling hardware (Baruah, 2021; Domínguez et al., 2020; Lu et al., 2020). 

The platform is highly flexible and can be used for various IoT applications, home automation, system 

integration, etc. One of Node-RED’s main advantages is its ability to integrate multiple protocols and 

services, such as Message Queuing Telemetry Transport (MQTT), HTTP, and WebSockets, facilitating 

accessible communication between different devices and applications (Clerissi et al., 2018; Suhartinah 

et al., 2021). Node-RED also supports event-based programming, enabling real-time responses to 

changes in conditions or incoming data (Anam et al., 2023; Tricomi et al., 2020). 

The ESP8266 is a low-cost and versatile Wi-Fi module designed to facilitate the development of 

IoT-based projects. It has a 32-bit Tensilica L106 processor provides sufficient processing power to run 

various applications (Macheso et al., 2021). The ESP8266 supports the TCP/IP protocol, enabling 

devices to connect to Wi-Fi networks and the internet. The module features General Purpose 

Input/Output (GPIO) pins that can be used to connect sensors, actuators, and other devices (Zare & 

Iqbal, 2020). Additionally, the ESP8266 supports programming with various platforms and languages, 

including Arduino IDE, Lua, and MicroPython, making it highly flexible and accessible for developers 

from different backgrounds. With its low power consumption and good connectivity capabilities, the 

ESP8266 is a popular choice for various IoT applications, such as environmental monitoring, home 

automation, and wearable devices (Kanagachidambaresan, 2021). 

 

METHOD 

This paper proposes a real-time IoT-based PV panel output monitoring system using Node-RED. 

The system aims to monitor essential parameters such as voltage, current, power, and electrical energy 

generated by the PV panel. Data obtained from sensors will be sent to the Node-RED server via HTTP 

protocol and then visualized as indicators and graphs on a dashboard. Additionally, the statistical 

accumulation of monitoring data will be displayed to provide an overview of the total daily energy and 

average power generated. With this monitoring system, users can easily track the performance of the 
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PV panel, analyze historical data, and perform maintenance if any issues arise. Fig. 1 shows the data 

monitoring process for the PV panel using Node-RED. Meanwhile, Table 1 lists the specifications of 

the PV panel used as the research object in this study. The monitoring system involves several processes, 

including receiving sensor data from the ESP8266, calculating the daily data accumulation, and 

accumulating data from the previous day. All processed data will be displayed on the dashboard. 

 

 
Fig. 1 Panel PV Monitoring Process Using Node-RED 

 

The first stage involves sending sensor reading data from the ESP8266 to the Node-RED server. 

Figure 2 shows the Node-RED design used to process and display the received data on the dashboard. 

This flow design starts with obtaining data from the endpoint “/sensor-node-2” using the HTTP protocol. 

Data is sent from the ESP8266 via a POST request. When the data is received, the system responds with 

a status code of 200, indicating that the request from the ESP8266 has been successfully received. The 

data is then parsed by the JSON node, converting it from JSON format to a JavaScript object. The parsed 

data is processed by the JSON or URL Encoded node, which extracts the values of voltage, current, and 

power. After extraction, these data are forwarded to six different nodes for display on the dashboard. 

These nodes include gauge nodes to show real-time voltage, current, and power data, and chart nodes to 

visualize the data in graphical form. 

 

Table 1. PV Specification 

Features Value 

Type Polycrystalline 

Peak Power (Pmax) 50Wp 

Voltage (Vmp) 17.5V 

Current (Imp) 2.9A 

Open Circuit Voltage (Voc) 21.8V 

Short Circuit Current (Isc) 3.17A 

 

 

 
Fig. 2 Flow on Node-RED to Process Voltage, Current, and Power Data 
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The next stage involves generating the total energy accumulation and daily average power. The 

design of this process is shown in Figure 3. This flow starts with the “get power” node, which calculates 

the electrical power data by multiplying voltage with current. This data is then processed by the 

“Multiply” node for multiplication. Afterwards, the data is forwarded to several nodes to process and 

prepare the data before accumulation. The “Start of the day” node is used to initialize daily calculations 

at the beginning of the day. Next, the “1 hour” node sets the time interval for data collection every hour, 

which is then accumulated by the “Sum” node. This process is used to calculate the electrical energy 

gain. The accumulated data is then processed to convert the values into a decimal format with a message 

frequency limit of 1 message/minute. The final results are the total daily energy displayed by the “Total 

Energy Today” and “Energy Chart” nodes and the daily average power displayed by the “Average Power 

Today” node.  

 

 
Fig. 3 Flow on Node-RED to Process Total Daily Energy and Average Daily Power 

 

 
Fig. 4 Flow on Node-RED to Process Previous Total Energy and Average Previous Power 

 

The next stage involves calculating and displaying the previous day’s total energy and daily average 

power. The design of this process is shown in Figure 4. The system starts with the “Start of the day” 

node, which initializes the process at the beginning of the day. There are two parallel flows for 

calculating total energy and average power. This flow is designed to provide an overview of the total 

energy and average power used on the previous day, allowing for analysis to determine any increases or 

decreases in the PV performance. 

 

RESULT 

The results of the PV panel monitoring system design using Node-RED are shown in Figure 5. The 

result is a dashboard that presents real-time monitoring data from the PV output, including voltage, 

current, power, and energy. Monitoring data is visualized in the form of indicators and graphs. 

Meanwhile, the statistical accumulation results are displayed in Figure 6. The statistical results shown 

include total daily energy and daily average power. This dashboard let users directly monitor the PV 

panel performance and analyze performance based on accumulated historical data. The collected data is 

then stored in a database for further analysis. Monitoring was conducted throughout the day, from 7:30 

AM to 5:30 PM, for three consecutive days. The power and energy monitoring results are presented in 

Figures 7, 8, and 9. 
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Fig. 5 Interface Display of PV Monitoring Dashboard using Node-RED 

 

 
Fig. 6 Statistical Results from PV 

 

The graph in Figure 7(a) shows that the electrical power obtained on the first day experienced 

significant fluctuations. Power increased gradually, peaking between 9:00 and 12:00, then decreased 

steadily until the evening. Meanwhile, the graph in Figure 7(b) shows that the electrical energy produced 

by the PV system increased consistently throughout the morning, reaching a peak between 10:30 and 

14:30, then decreasing until the evening. The graph in Figure 8(a) indicates that the electrical power on 

the second day increased gradually from the morning, peaking between 10:30 and 12:30, then dropped 

sharply and stabilized at a low level until the end of the measurement period. The graph in Figure 8(b) 

shows that electrical energy increased gradually with two peaks, around 11:00 and 12:30, then decreased 
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significantly and stabilized until the end of the measurement period. The graph in Figure 9(a) illustrates 

that electrical power on the third day increased gradually from 7:30, reaching a peak around 12:30 with 

sharp fluctuations, and then decreased gradually until 17:30. The graph in Figure 9(b) shows that 

electrical energy increased gradually from 7:30, peaked around 12:30, followed by a temporary decrease 

before reaching a second peak around 14:30, and then decreased until the end of the observation period 

at 17:30. 

 

  
(a) (b) 

Fig. 7 The Results of Obtaining Output PV on First Day: (a) Electrical Power and (b) Electrical 

Energy  

 

  
(a) (b) 

Fig. 8 The Results of Obtaining Output PV on Second Day: (a) Electrical Power and (b) Electrical 

Energy 

 

  
(a) (b) 

Fig. 9 The Results of Obtaining Output PV on Third Day: (a) Electrical Power and (b) Electrical 

Energy 
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DISCUSSIONS 

Based on the monitoring results, it can be observed that the electrical power and energy produced 

by the PV panel increase during the daytime, reaching a peak around midday and then decreasing 

towards the evening. This information is crucial for analyzing the performance and efficiency of the PV 

panel, and for better planning of maintenance and energy management. 

Table 2 presents the accumulation results from monitoring the PV panel over three consecutive days. 

On the first day, the PV panel generated an average voltage of 19.34V and an average current of 0.76A, 

resulting in an average power of 15.05W and a total energy of 156.29Wh. On the second day, the average 

voltage slightly decreased to 18.74V, but the average current increased to 0.80A, leading to an increase 

in average power to 15.94W and a total energy output of 164.69Wh. On the third day, there was a 

significant increase in all parameters. The average voltage was recorded at 19.35V, with a sharp increase 

in average current to 1.22A. The average power generated reached 24.30W, a significant improvement 

compared to the previous days. The total energy produced on the third day also experienced a substantial 

surge, reaching 267.32Wh. 

Based on the data, there is variation in the performance of the PV panel from day to day. The third 

day showed a significant performance improvement compared to the previous two days regarding 

voltage, current, power, and total energy produced. Factors such as sunlight intensity, weather 

conditions, and the efficiency of the PV panel are likely contributing to this daily variation. 

However, this research has some limitations. First, the monitoring system was only tested under 

specific environmental conditions and within a limited time frame. Variations in weather and more 

extreme sunlight intensities have yet to be thoroughly analyzed. Second, the data generated are still 

limited to a laboratory scale and have yet to be tested on a larger scale or under real-world field 

conditions. Third, aspects of data security and privacy in this IoT system have yet to be a primary focus 

of this research, and they will need to be addressed in broader implementations. 
 

Table 2. The Result of Daily PV Output 

Day 
Average Voltage 

(V) 

Average 

Current 

(A) 

Average Power 

(W) 

Total Energy 

(Wh) 

1 19.34 0.76 15.05 156.29 

2 18.74 0.80 15.94 164.69 

3 19.35 1.22 24.30 267.32 

 

CONCLUSION 

Based on the research conducted, the IoT-based PV panel monitoring system using Node-RED and 

the ESP8266 module has been successfully implemented. The system effectively monitors real-time 

critical parameters such as voltage, current, power, and electrical energy. It provides data visualization 

through indicators and graphs on the dashboard. Statistical analysis results indicate that the system 

effectively calculates daily average power and total energy produced by the PV panel. Performance 

improvements of the PV system can be identified, and issues that may arise, such as decreased panel 

performance or system disturbances, can be promptly addressed. Thus, this system offers significant 

benefits in terms of maintenance and management of the PV system and supports the broader 

development of renewable energy. 
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