
Vokasi Unesa Bulletin of Engineering, Technology and Applied Science (VUBETA) 

https://journal.unesa.ac.id/index.php/vubeta  

Vol. 1, No. 3, 2024, pp. 9~15 DOI: 10.26740/vubeta.v1i3.35456 

ISSN: 3064-0768 

 

 

*Corresponding Author 

Email: berliana19033@mhs.unesa.ac.id 

 

Energy Monitoring in Wave Power Plant Based on Node-Red 

and ESP 8266 
 

Berliana Dzakiyya Rosalin 
1,,Department of Electrical Engineering, Faculty of Vocational Studies, Universitas Negeri Surabaya, Surabaya, Indonesia 

 

Article Info  ABSTRACT 

Article history: 

Received October 21, 2024 

Revised November 1, 2024  

Accepted November 2, 2024 

 

 Renewable energy in Indonesia includes solar, water or hydro, bioenergy, 

wind, geothermal, and ocean waves. The large availability of renewable 

energy, especially ocean waves, is supported by the geographical conditions 

of Indonesia, which is the largest archipelagic country. Indonesia has 17,499 

islands from Sabang to Merauke, while the area of Indonesia is 7.81 km2 and 

3.25 million km2 is ocean. This is related to the world's electricity needs 

which are estimated to reach 1000 EJ (EJ = 1018J) and will continue to 

increase every day. Depletion of reserves and greenhouse gas emissions do 

not allow fossil fuel energy to dominate. Therefore, the Node Red and ESP 

8266 Based Wave Power Plant is one of the profitable renewable alternative 

energies on a commercial scale. The design of this prototype uses a pendulum 

system. The up and down motion of the pendulum will be converted into a 

rotary motion by the crankshaft and distributed to the pulley and DC 

generator. Thus, it can distribute electrical energy that is controlled first by 

the charger controller before entering the battery. Then the INA 219 sensor 

will detect the amount of voltage and current generated and distributed to the 

internet (Node Red) via ESP 8266 so that the tool can be monitored remotely. 

This is an open access article under the CC BY-SA license. 
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1. INTRODUCTION  

Energy is the ability to do work or cause change. In physics, energy is measured in joules (J) and is a 

fundamental quantity that plays a role in almost all natural processes. Energy can exist in various forms, such 

as kinetic energy, potential energy, heat energy, chemical energy, and electrical energy, and can change from 

one form to another according to the law of conservation of energy  [1], [2], [3], [4], [5]. Renewable energy is 

energy that comes from natural resources that can be renewed naturally and does not run out even if used 

continuously [6], [7], [8], [9]. This energy source is usually environmentally friendly and plays an important 

role in efforts to reduce the negative impacts of climate change and dependence on fossil fuels such as oil, gas, 

and coal [10], [11], [12], [13]. Renewable energy is an important part of the global strategy to reduce the 

impacts of climate change and provide sustainable energy sources for the future [14], [15], [16], [17], [18], 

[19]. 

Indonesia has a renewable energy potential of 3,686 giga watts (GW). However, the utilization of 

renewable energy is still at 0.3 percent. The large availability of renewable energy, especially ocean waves, is 

supported by the geographical conditions of Indonesia, which is the largest archipelagic country. Indonesia has 

17,499 islands from Sabang to Merauke, while the area of Indonesia is 7.81 km2 and 3.25 million km2 is ocean. 

The land zone is around 2.01 million km2. Node Red and ESP 8266-Based Wave Power Plants are alternative 

renewable energy that is profitable on a commercial scale. The world's electricity needs are estimated to reach 

1000 EJ (EJ = 1018J) and will continue to increase every day. The depletion of reserves and greenhouse gas 

emissions do not allow fossil fuel energy to dominate. Renewable energy will replace most of the energy in 

the future [20], [21], [22], [23], [24].   

Controlling the electric power system is key to meeting electricity needs. In addition, increasing load 

complexity is also a concern. In order to optimize renewable energy and face the future energy crisis that is 

balanced with the development of internet technology, the Node Red and ESP 8266-Based Wave Power Plant 
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can be an environmentally friendly energy investment. The use of Node Red and ESP 8266 is an application 

of IoT (Internet of Things). The IoT (Internet of Things) system can improve system accuracy and automation 

through network technology. This system aims to expand the concept of internet connection that can facilitate 

and improve the efficiency of a job. By implementing IoT (Internet of Things) sensors, we can control work 

remotely. 

 

2. METHOD 

The generation of electrical energy with wave power can convert the mechanical energy contained in 

the waves into electrical energy. Ocean waves or waves on the shore can generate electricity through the 

conversion of wave action. Through the wave action, the turbine can move which can then move the generator. 

Then the kinetic energy is converted into electrical energy through the generator. 

 

2.1.  Node-RED 
Node-RED is a flow-based development platform designed to ease the integration of hardware, APIs, 

and online services. Developed by IBM, Node-RED is often used in the development of Internet of Things 

(IoT) applications, as well as automation and data integration. Node-RED uses a web-based graphical interface 

where users can connect blocks (called nodes) to create data flows. Users can program by visually connecting 

blocks (nodes) through a web-based interface. Each block represents a specific function or device. Node-RED 

has a large modular ecosystem with various nodes that can be downloaded and added, including nodes for 

integration with IoT protocols, web APIs, and hardware. Node-RED supports integration with various IoT 

protocols such as MQTT, HTTP, WebSocket, as well as devices such as Raspberry Pi, ESP8266/ESP32, 

Arduino, and more. Programming in Node-RED is done by creating data flows, where information moves from 

one node to another based on user-defined logic. Node-RED is widely used for Internet of Things (IoT) 

projects, home automation, sensor monitoring, and remote hardware control. Node-RED can be installed on 

various devices such as Raspberry Pi, servers, or cloud services, making it a very flexible and easy-to-use tool 

for developing data-driven applications. Users can create and manage flows directly through a web-based 

interface without the need for complicated setup. Node-RED is a very powerful and flexible tool for building 

flow-based applications, especially in the IoT space. With its ease of use and extensive community support, 

Node-RED enables developers, both beginners and professionals, to build complex systems quickly and 

efficiently[25], [26], [27]. 

 

2.2.  Arduino IDE  

Arduino IDE (Integrated Development Environment) is an open-source software used to write, 

upload, and test code on Arduino microcontroller boards and compatible devices. Arduino IDE simplifies the 

development of electronics projects with a simple and intuitive interface, allowing users of all skill levels, 

including beginners, to create microcontroller-based projects. Arduino IDE provides a text editor where users 

can write code in C/C++ programming language with additional Arduino libraries. This editor has basic 

features such as syntax coloring, auto-formatting, and line numbering. Arduino IDE has a Verify/Compile 

button to check for errors in code, and an Upload button to upload code to an Arduino board via USB cable. 

Arduino IDE provides easy access to additional libraries, allowing users to extend the functionality of the 

Arduino board. These libraries can be used to control sensors, communication modules, motors, and more. In 

addition to the official Arduino boards, Arduino IDE also supports a variety of other microcontroller boards 

such as ESP8266, ESP32, and many more. Support for additional boards can be added through the Boards 

Manager settings. The Serial Monitor feature is used to display data sent by the Arduino board via serial 

communication. This is very useful for debugging and monitoring the results of sensors or other connected 

devices. Arduino IDE can be run on various operating systems such as Windows, macOS, and Linux. Users 

can manage libraries and choose the type of board used with the Board Manager and Library Manager features, 

which allow users to add support for new microcontroller boards and third-party libraries. Arduino IDE is 

designed for beginners with a clean and simple interface. Users only need a little programming experience to 

get started [28], [29], [30]. 

 

2.3.  Proposed Method 

 The method used in this study is the experimental method which includes the design of hardware, 

software, and performance flowchart on the device. In this power plant prototype, the Node MCU ESP 8266 

microcontroller is used to process the values obtained from the INA 219 sensor, namely voltage (V) and current 

(I). After the results/values from the INA 219 sensor are transferred from the microcontroller to the NODE 

RED dashboard with an internet network, so that the voltage and current can be monitored. The system in this 

generator uses a pendulum system where the pendulum that moves up and down is hit by sea waves can be 

converted into rotary motion by the crankshaft and distributed to the pulley and DC generator so that it can 
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produce electricity. Then the current generated will be stabilized by the solar charge controller and then 

transferred to the battery. After the mechanical design is the hardware design or electrical wiring process such 

as installing step ups, step downs, sensors and other electrical components. Then continued with the software 

design containing the design of the installation of IoT components such as the ESP 8266 Node MCU, INA 219 

Sensor, Arduino IDE programming, to the Node-Red design process. The current and voltage that appear will 

be transferred from the INA 219 sensor to the ESP 8266 Node MCU so that it can be monitored via Node Red.

 Mechanical Design in the prototype of wave power generator can be seen in Figure 1. The pendulum 

that moves up and down according to the wave frequency will be channeled to the crankshaft to produce a 

rotary motion. Then the pulley and DC generator will rotate to produce electrical energy that is first controlled 

by the charger controller and then stored in the battery. The design of the tool can be seen in Figure 1 below: 

 
Figure 1 Power Plant Prototype Design 

 

The wiring system in this power plant can be seen in Figure 2. The generator will rotate according to the wave 

speed and then be stepped up so that it can be received by the Solar Charger Controller. Then it is stepped 

down to adjust the voltage capacity with the sensor and microcontroller so that the current and voltage can be 

monitored by Node-Red. The use of lights as current indicators and resistors to stabilize the voltage so as not 

to damage the lights. 

 

 
Figure 2 Wiring Components 
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Description of Figure 2: 

1. DC Generator 

2. INA 219 Sensor 

3. ESP 8266 MCU Node 

4. Step Up MT 

5. Step Down LM 2596 

6. Solar Charger Controller 

7. Battery 

8. Resistor 

9. Lamp 

The voltage (V) and current (I) generated by the prototype will be received by the INA 219 sensor which has 

been stabilized by step down and then transferred to the Node MCU ESP 8266 microcontroller. After being 

processed in the microcontroller, the data will be sent via the MQTT protocol. After that, the data is transferred 

to Node Red for monitoring. 

 

 
Figure 3 Software Flowchart 

 

Table 1. Tool size specifications 

No Component Size 

1 Float arm length  58 cm  

2 Tool length  100 cm  

3 Tool width  80 cm  

4 Tool height  85 cm  

5 Float arm size  58 cm  

6 Pulley 1 diameter  20 cm  

7 Pulley 2 diameter  7.5 cm  

8 Pulley 3 diameter  20 cm  

9 Pulley 4 diameter 5 cm  

10 V-Belt Pulley 1 to Pulley 2 length  120 cm  

11 V-Belt Pulley 3 to Pulley 4 length  90 cm  

12 Gear diameter  17 cm  

13 Chain Length  45 cm 
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Table 1 is the specification of the length, width, height, and diameter of the tool. The results of the tool design 

can be seen in Figure 4. The test location point is at Goa Petapa Beach (Madura Strait), Labang District, 

Bangkalan Regency, Madura, East Java. 69163 (-7.1546519,112.8029124) 

 

 
(a) 

 
(b) 

Figure 4 (a) Prototype Design (b) Component Wiring 

 

 

3. RESULTS AND DISCUSSION (10 PT) 

Based on the voltage graph in Figure 5 (a), the voltage in the morning at 10:00-11:00 on the blue line 

graph is the lowest each day. While in the afternoon at 13:00-14:00, on the orange line graph the voltage 

increases slightly. And in the afternoon at 16:00-17:00, the voltage is at its highest peak. On the current graph 

in Figure 5 (b), it can be seen that in the morning at 10:00-11:00 the current flows more stably. During the day, 

at 13:00-14:00 the current flow increases but is unstable. While in the afternoon at 16:00-17:00 the current 

flows larger and experiences the highest increase. 

 
(a) 

 
(b) 

Figure 5 (a) Voltage comparison graph (b) Current comparison graph 

 

 
(a) 

 
(b) 

Figure 6 (a) Dashboard Settings (b) Design Results 

 



14  Berliana Dzakiyya Rosalin /VUBETA Vol 1 No 3 (2024) pp. 9~15 

 

  

Prototype Monitoring System via Node Red, namely with the Module providing the logic of the Node 

MCU ESP 8266 with the Arduino IDE program by entering the IP address and address of the module. It can 

be seen in Figure 6. So that mqtt can be read in the Node Red dashboard, it must be configured by matching 

the topic to be created. The next step is setting the graph (chart) that will be displayed. The graph setting is the 

Node-Red dashboard setting. The dashboard can be set according to the desired size and placement. This 

dashboard will later appear when monitoring is carried out. 

 

4. CONCLUSION  

 Based on the test results of the design and monitoring of the Node-Red and ESP 8266 based wave power 

plant prototype, the following conclusions can be drawn: The performance of the wave power plant is 

influenced by wind speed which affects the height of sea waves. The higher the sea waves, the greater the 

motor rotation or rpm on the DC motor will be, resulting in high voltage. The waves reach their highest point 

in the afternoon. So, the most optimal time for testing is in the afternoon.The maximum generator monitoring 

voltage was 5.1 V with a generator rotation speed of 402 rpm which occurred on Sunday, July 9, 2023 at 17.00 

with a wind speed of 4-12 kts and a wave height of 0.5-1.25 m. Meanwhile, the monitoring voltage results were 

at least 1.8 V with a generator rotation speed of 81 rpm which occurred on Tuesday, July 11, 2023 at 10:00 

with a wind speed of 3-11 kts and a wave height of 0.5-1.25 m. Monitoring the LED lamp current of 321 mA 

with the condition that 9 LED lamps were on which occurred on Sunday, July 9, 2023 at 17:00 with a wind 

speed of 4-12 kts and a wave height of 0.5-1.25 m. Meanwhile, the results of monitoring the minimum current 

of 87 mA with the condition that the LED lamps were not on which occurred on Friday, July 7, 2023 at 10:32 

with a wind speed of 5-18 kts and a wave height of 0.5-1.25 m. This research went well or was successful 

because the error in the sensor and tool was relatively small, namely 0.04% and 0.05%. 

 

REFERENCES 

[1] F. Kourougianni et al., “A comprehensive review of green hydrogen energy systems,” Renew. Energy, p. 

120911, 2024.https://doi.org/10.1016/j.renene.2024.120911 

[2] H. Ritchie, P. Rosado, and M. Roser, “Access to energy,” Our World Data, 2024. 

[3] A. Morchid, Z. Oughannou, R. El Alami, H. Qjidaa, M. O. Jamil, and H. M. Khalid, “Integrated internet 

of things (IoT) solutions for early fire detection in smart agriculture,” Results Eng., vol. 24, p. 103392, 

2024, doi: https://doi.org/10.1016/j.enbenv.2023.12.002. 

[4] T. T. Le et al., “Fueling the future: A comprehensive review of hydrogen energy systems and their 

challenges,” Int. J. Hydrogen Energy, vol. 54, pp. 791–816, 2024. 

https://doi.org/10.1016/j.ijhydene.2023.08.044 

[5] M. G. Khattap, M. Abd Elaziz, H. G. E. M. A. Hassan, A. Elgarayhi, and M. Sallah, “AI-based model for 

automatic identification of multiple sclerosis based on enhanced sea-horse optimizer and MRI scans,” 

Sci. Rep., vol. 14, no. 1, p. 12104, 2024, doi: 10.1038/s41598-024-61876-9. 

[6] E. E. O. Opoku, A. O. Acheampong, K. E. Dogah, and I. Koomson, “Energy innovation investment and 

renewable energy in OECD countries,” Energy Strateg. Rev., vol. 54, p. 101462, 2024. 

https://doi.org/10.1016/j.esr.2024.101462 

[7] Z. Zhang, C. Luo, G. Zhang, Y. Shu, and S. Shao, “New energy policy and green technology innovation 

of new energy enterprises: Evidence from China,” Energy Econ., vol. 136, p. 107743, 

2024.https://doi.org/10.1016/j.eneco.2024.107743 

[8] S. Audiah, Y. P. A. Sanjaya, O. P. Daeli, and M. Johnson, “Transforming energy and resource 

management with ai: From theory to sustainable practice,” Int. Trans. Artif. Intell., vol. 2, no. 2, pp. 158–

163, 2024.https://doi.org/10.33050/italic.v2i2.554 

[9] W. Chen, M. Alharthi, J. Zhang, and I. Khan, “The need for energy efficiency and economic prosperity 

in a sustainable environment,” Gondwana Res., vol. 127, pp. 22–35, 

2024.https://doi.org/10.1016/j.gr.2023.03.025 

[10] T. Alazemi, M. Darwish, and M. Radi, “Renewable energy sources integration via machine learning 

modelling: A systematic literature review,” Heliyon, 2024. https://doi.org/10.1016/j.heliyon.2024.e26088 

[11] K. N. Rather, M. K. Mahalik, and H. Mallick, “Do renewable energy sources perfectly displace non-

renewable energy sources? Evidence from Asia–Pacific economies,” Environ. Sci. Pollut. Res., vol. 31, 

no. 17, pp. 25706–25720, 2024. https://doi.org/10.1007/s11356-024-32820-1 

[12] B. Behera, S. Sucharita, B. Patra, and N. Sethi, “A blend of renewable and non-renewable energy 

consumption on economic growth of India: The role of disaggregate energy sources,” Environ. Sci. Pollut. 

Res., vol. 31, no. 3, pp. 3902–3916, 2024. https://doi.org/10.1007/s11356-023-31372-0 

[13] A. M. Husain, M. M. Hasan, Z. A. Khan, and M. Asjad, “A robust decision-making approach for the 

selection of an optimal renewable energy source in India,” Energy Convers. Manag., vol. 301, p. 117989, 

2024. https://doi.org/10.1016/j.enconman.2023.117989 

https://doi.org/10.1016/j.renene.2024.120911
https://doi.org/10.1016/j.enbenv.2023.12.002
https://doi.org/10.1016/j.ijhydene.2023.08.044
https://doi.org/10.1016/j.ref.2024.100545
https://doi.org/10.1016/j.esr.2024.101462
https://doi.org/10.1016/j.eneco.2024.107743
https://doi.org/10.33050/italic.v2i2.554
https://doi.org/10.1016/j.gr.2023.03.025
https://doi.org/10.1016/j.heliyon.2024.e26088
https://doi.org/10.1007/s11356-024-32820-1
https://doi.org/10.1007/s11356-023-31372-0
https://doi.org/10.1016/j.enconman.2023.117989


 Berliana Dzakiyya Rosalin / VUBETA Vol 1 No 3 (2024) pp. 9~15  15 

 

[14] J. Więckowski, B. Kizielewicz, and W. Sałabun, “A multi-dimensional sensitivity analysis approach for 

evaluating the robustness of renewable energy sources in European countries,” J. Clean. Prod., vol. 469, 

p. 143225, 2024. https://doi.org/10.1016/j.jclepro.2024.143225 

[15] A. K. Worku, D. W. Ayele, D. B. Deepak, A. Y. Gebreyohannes, S. D. Agegnehu, and M. L. Kolhe, 

“Recent advances and challenges of hydrogen production technologies via renewable energy sources,” 

Adv. Energy Sustain. Res., vol. 5, no. 5, p. 2300273, 2024. https://doi.org/10.1002/aesr.202300273 

[16] C. Haoran, Y. Xia, W. Wei, Z. Yongzhi, Z. Bo, and Z. Leiqi, “Safety and efficiency problems of hydrogen 

production from alkaline water electrolyzers driven by renewable energy sources,” Int. J. Hydrogen 

Energy, vol. 54, pp. 700–712, 2024. https://doi.org/10.1016/j.ijhydene.2023.08.324 

[17] C. P. Agupugo, H. M. Kehinde, and H. N. N. Manuel, “Optimization of microgrid operations using 

renewable energy sources,” Eng. Sci. Technol. J., vol. 5, no. 7, pp. 2379–2401, 2024. 

https://doi.org/10.51594/estj.v5i7.1360 

[18] A. B. Ige, E. Kupa, and O. Ilori, “Analyzing defense strategies against cyber risks in the energy sector: 

Enhancing the security of renewable energy sources,” Int. J. Sci. Res. Arch., vol. 12, no. 1, pp. 2978–

2995, 2024. https://doi.org/10.30574/ijsra.2024.12.1.1186 

[19] J. Estevão and J. D. Lopes, “SDG7 and renewable energy consumption: The influence of energy sources,” 

Technol. Forecast. Soc. Change, vol. 198, p. 123004, 2024. 

https://doi.org/10.1016/j.techfore.2023.123004 

[20] A. Halimatussadiah, W. Kruger, F. Wagner, F. A. R. Afifi, R. E. G. Lufti, and L. Kitzing, “The country 

of perpetual potential: Why is it so difficult to procure renewable energy in Indonesia?,” Renew. Sustain. 

Energy Rev., vol. 201, p. 114627, 2024.https://doi.org/10.1016/j.rser.2024.114627 

[21] G. M. Idroes, I. Hardi, M. H. Rahman, M. Afjal, T. R. Noviandy, and R. Idroes, “The dynamic impact of 

non-renewable and renewable energy on carbon dioxide emissions and ecological footprint in Indonesia,” 
Carbon Res., vol. 3, no. 1, pp. 1–21, 2024. https://doi.org/10.1007/s44246-024-00117-0 

[22] N. A. Pambudi, I. R. Nanda, F. T. Alfina, and A. Z. Syahrial, “Renewable energy education and awareness 

among Indonesian students: Exploring challenges and opportunities for a sustainable future,” Sustain. 

Energy Technol. Assessments, vol. 63, p. 103631, 2024. https://doi.org/10.1016/j.seta.2024.103631 

[23] A. N. Nurjaman, V. S. D. Soedarwo, D. S. Sayogo, and R. K. D. Susilo, “Assessing the Challenges and 

Opportunities for Implementing New and Renewable Energy Policy in Indonesia: A Qualitative Study,” 

J. Gov. Civ. Soc., vol. 8, no. 1, pp. 77–90, 2024. https://doi.org/10.31000/jgcs.v8i1.8970 

[24] M. M. Islam, K. Sohag, S. O. Mamman, and H. Herdhayinta, “Response of Indonesian mineral supply to 

global renewable energy generation: Analysis based on gravity model approach,” Geosci. Front., vol. 15, 

no. 4, p. 101658, 2024.https://doi.org/10.1016/j.gsf.2023.101658 

[25] C.-Y. Chen, S.-H. Wu, B.-W. Huang, C.-H. Huang, and C.-F. Yang, “Web-based Internet of Things on 

environmental and lighting control and monitoring system using node-RED, MQTT and Modbus 

communications within embedded Linux platform,” Internet of Things, vol. 27, p. 101305, 2024. 

https://doi.org/10.1016/j.iot.2024.101305 

[26] L. Thomas, M. K. MV, S. D. SL, and P. BS, “Towards Comprehensive Home Automation: Leveraging 

the IoT, Node-RED, and Wireless Sensor Networks for Enhanced Control and Connectivity,” Eng. Proc., 

vol. 59, no. 1, p. 173, 2024. https://doi.org/10.3390/engproc2023059173 

[27] I. U. Onwuegbuzie, A. O. Olowojebutu, and K. K. Akomolede, “Node-RED and IoT Analytics: A Real-

Time Data Processing and Visualization Platform,” Tech-sph. J. Pure Appl. Sci., vol. 1, no. 1, pp. 1–12, 

2024. 

[28] R. Saparullah, J. Pebralia, and L. Z. Maulana, “Internet of Things (IoT) and Arduino IDE as a Smart 

Water Quality Control for Monitoring in Catfish Ponds,” Int. J. Hydrol. Environ. Sustain., vol. 3, no. 1, 

pp. 48–56, 2024. https://doi.org/10.58524/ijhes.v3i1.415 

[29] A. Zulfiqar, “Hands-on ESP32 with Arduino IDE: Unleash the power of IoT with ESP32 and build 

exciting projects with this practical guide,” 2024. 

[30] A. IDE, “Arduino IDE,” 2024, Ανάκτηση από Arduino IDE: https://www. arduino. cc/en/software. 

 

https://doi.org/10.1016/j.jclepro.2024.143225
https://doi.org/10.1002/aesr.202300273
https://doi.org/10.1016/j.ijhydene.2023.08.324
https://doi.org/10.51594/estj.v5i7.1360
https://doi.org/10.30574/ijsra.2024.12.1.1186
https://doi.org/10.1016/j.techfore.2023.123004
https://doi.org/10.1016/j.rser.2024.114627
https://doi.org/10.1007/s44246-024-00117-0
https://doi.org/10.1016/j.seta.2024.103631
https://doi.org/10.31000/jgcs.v8i1.8970
https://doi.org/10.1016/j.gsf.2023.101658
https://doi.org/10.1016/j.iot.2024.101305
https://doi.org/10.3390/engproc2023059173
https://doi.org/10.58524/ijhes.v3i1.415

