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The escalating global energy crisis and the imperative for sustainable energy solutions have 

necessitated innovative approaches to residential power generation and management. This 

research presents the design and implementation of an Internet of Things (IoT)-enabled 

smart home energy management system integrating a turbo-wheel micro turbine as the 

primary power generation source. The proposed system employs an ESP-32 microcontroller 

as the central processing unit, interfacing with multiple sensors including DHT11 for 

temperature and humidity monitoring, and Light Dependent Resistor (LDR) for ambient 

light detection. The system features both automatic and manual operational modes, enabling 

adaptive energy management based on environmental conditions and user preferences. 

Real-time data visualization is achieved through an LCD display, while intelligent control 

mechanisms regulate connected loads including fans and LED lighting systems. The 

turbo-wheel micro turbine converts kinetic energy into electrical energy, which is stored in 

battery banks for continuous power availability. The IoT integration facilitates remote 

monitoring, data logging, and system optimization through cloud connectivity 

 

I. INTRODUCTION 

The contemporary world faces an unprecedented energy 

challenge characterized by rapidly depleting fossil fuel 

reserves, escalating environmental concerns, and 

exponentially growing energy demands driven by 

population growth and technological advancement. 

According to recent estimates, global energy 

consumption is projected to increase by nearly 50% by 

2050, placing immense pressure on existing energy 

infrastructure and natural resources. This alarming 

trajectory has catalyzed intensive research into 

alternative energy generation methods, efficient energy 

management systems, and sustainable technological 

solutions that can mitigate the environmental impact 
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while meeting the ever-increasing energy requirements 

of modern civilization. Within this context, residential 

energy consumption represents a significant portion of 

total global energy usage, accounting for approximately 

20-40% in developed nations and showing similar trends 

in developing economies. Traditional homes operate as 

passive energy consumers, drawing power from 

centralized grid systems with minimal consideration for 

efficiency, optimization, or sustainability. The absence of 

intelligent monitoring and control mechanisms results in 

substantial energy wastage through inefficient appliance 

usage, poor load management, and lack of real-time 

consumption awareness. Furthermore, the increasing 

frequency of power outages, grid failures, and energy 

supply disruptions has highlighted the vulnerability of 

centralized power distribution systems and the critical 

need for decentralized, resilient energy solutions at the 

household level. 

 
Fig 1: Home automation  

Microgeneration technologies, particularly micro 

turbines, have emerged as promising solutions for 

distributed power generation in residential and 

small-scale commercial applications. Unlike large-scale 

centralized power plants, microgeneration systems 

enable on-site energy production, reducing transmission 

losses, enhancing energy security, and providing backup 

power during grid failures. Turbo-wheel micro turbines, 

specifically, offer several advantages including compact 

design, relatively low maintenance requirements, silent 

operation, and the ability to harness various energy 

sources such as wind, water flow, or even waste heat. 

These characteristics make them particularly suitable for 

integration into smart home energy systems where space 

constraints, noise considerations, and operational 

simplicity are paramount concerns. Environmental 

monitoring and responsive control constitute critical 

components of intelligent energy management. Sensors 

such as the DHT11, which measures temperature and 

humidity, and Light Dependent Resistors (LDR), which 

detect ambient light levels, provide essential 

environmental data that enables context-aware 

automation.  

The proposed system architecture positions the 

turbo-wheel micro turbine as the primary energy 

generation component, converting mechanical energy 

into electrical power that charges battery banks for 

storage. The ESP-32 microcontroller serves as the central 

intelligence unit, processing sensor inputs, executing 

control algorithms, managing communication protocols, 

and interfacing with output devices. The DHT11 sensor 

continuously monitors indoor climate conditions, 

enabling temperature and humidity-based automation. 

The LDR sensor detects ambient light levels, facilitating 

intelligent lighting control and energy optimization. An 

AUTO/MANUAL mode selector provides users with 

flexibility to choose between autonomous system 

operation and direct manual control, accommodating 

different user preferences and scenarios 

2. LITERATURE SURVEY 

 [2] Kumar and Singh (2019) explored micro-turbine 

integration in residential environments, focusing on 

decentralized power generation. Their study analyzed 

operational efficiency, thermal performance, and 

emission characteristics of small-scale turbines. They 

conducted performance testing under variable load 

conditions to determine optimal efficiency ranges. 

Economic feasibility assessments were performed 

considering installation cost, fuel consumption, and 

maintenance expenses. Their findings showed that 

micro-turbines could provide consistent supplementary 

power for residential loads. Under optimal operating 

conditions, the payback period was estimated between 

5–7 years. The study also compared grid-tied and 

standalone configurations. Reliability testing confirmed 

stable operation during grid fluctuations. Environmental 

impact analysis revealed lower emissions compared to 

conventional diesel generators. The authors suggested 

hybrid integration with solar PV systems for enhanced 

performance. Their research contributed to distributed 

energy resource planning. 

[3]Patel and Deshmukh (2020) developed an ESP-32 

based home automation system integrating 
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environmental monitoring and appliance control. Their 

design leveraged the ESP-32’s dual-core processor and 

built-in Wi-Fi/Bluetooth capabilities. Multiple sensors 

including temperature, humidity, and light intensity 

sensors were interfaced simultaneously. The system 

demonstrated stable wireless communication with cloud 

platforms for real-time updates. Power consumption of 

the microcontroller was optimized using deep sleep 

modes. The authors implemented MQTT protocol for 

efficient IoT communication. Performance testing 

confirmed reliable actuator control with minimal 

latency. Cost analysis showed the system was affordable 

compared to commercial alternatives. The study 

validated ESP-32’s capability in handling multi-threaded 

IoT tasks. Security features such as encrypted data 

transfer were included. Their implementation 

demonstrated scalability for larger home automation 

networks. 

3. PROPOSED SYSTEM 

The proposed system presents an integrated IoT-based 

smart home energy management solution that 

synergistically combines turbo-wheel microgeneration, 

intelligent sensor networks, energy storage, and 

adaptive load control within a unified architecture. At 

the core of the system, an ESP-32 microcontroller 

orchestrates all sensing, processing, communication, and 

control functions, leveraging its powerful dual-core 

processor and built-in wireless connectivity. The 

turbo-wheel micro turbine serves as the primary 

distributed generation source, converting kinetic energy 

into electrical power that charges battery banks for 

continuous availability and grid independence. A 

comprehensive sensor suite including DHT11 

temperature-humidity sensors and LDR light sensors 

provides real-time environmental awareness, enabling 

context-driven automation and energy optimization. The 

system features innovative AUTO/MANUAL 

operational modes, allowing seamless transitions 

between autonomous intelligent control and direct user 

intervention based on preferences and scenarios. Output 

devices including LCD displays, variable-speed fans, 

and LED lighting systems demonstrate intelligent load 

management with potential for expansion to additional 

appliances and systems. IoT integration through Wi-Fi 

connectivity enables remote monitoring, cloud-based 

data analytics, mobile application control, and 

integration with broader smart home ecosystems. The 

energy storage subsystem with intelligent charge 

management ensures power availability during 

generation gaps and peak demand periods while 

maximizing battery lifespan. Real-time data 

visualization through the LCD interface enhances user 

engagement and energy awareness, displaying 

generation metrics, consumption patterns, 

environmental parameters, and system status. The 

modular, scalable architecture facilitates cost-effective 

implementation and future expansion, making the 

solution accessible for widespread residential adoption 

while addressing sustainability, efficiency, and energy 

independence objectives comprehensively. 

3.1 Block Diagram: 

 

Fig: Block Diagram 

3.2 Block Diagram Explanation: 

The system architecture depicted in the block diagram 

illustrates a hierarchical energy flow and control 

structure centered around the ESP-32 microcontroller as 

the intelligent processing hub. The turbo-wheel micro 

turbine occupies the topmost position in the hierarchy, 

representing the primary energy generation source that 

converts mechanical rotational energy into electrical 

power through electromagnetic induction principles. 

The generated alternating current from the turbine 

passes through rectification and voltage regulation 

circuitry before charging the battery bank, which serves 

as the energy storage and power stabilization 

component ensuring continuous operation regardless of 

instantaneous generation fluctuations. The battery 

system provides regulated DC power to the ESP-32 
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microcontroller and all connected peripheral devices, 

creating a self-sustaining energy ecosystem independent 

of grid infrastructure. 

On the input side, three critical sensor and control 

elements interface with the ESP-32: the DHT11 digital 

temperature and humidity sensor communicates via a 

single-wire protocol to provide climate data for 

environmental monitoring and thermal comfort 

optimization; the LDR (Light Dependent Resistor) 

analog sensor detects ambient illumination levels 

through resistance variation, enabling automatic lighting 

control and daylight harvesting strategies; and the 

AUTO/MANUAL mode selector switch allows users to 

toggle between autonomous algorithmic control and 

direct manual operation, providing operational 

flexibility and user empowerment. These input devices 

continuously feed environmental and user preference 

data to the ESP-32, which processes this information 

using, embedded algorithms to make intelligent control  

3.3 Flow Chart  

The flow chart through an integrated flow of energy 

generation, monitoring, control, and optimization. The 

process begins with the turbo-wheel micro turbine 

generating electrical power from available energy 

sources such as airflow or fluid movement. The 

generated power is conditioned using rectifiers and 

voltage regulators before being distributed to household 

loads and battery storage systems. Sensors continuously 

monitor parameters such as voltage, current, power 

consumption, turbine speed, and battery state of charge. 

These real-time data values are transmitted to a 

microcontroller (such as ESP32) which processes the 

information and sends it to a cloud server via IoT 

connectivity. 

 

Fig 3: Flow Chart  

4. RESULTS AND DISCUSSION 

The IoT-based smart home energy system effectively 

generates supplementary power using a micro turbine 

while enabling real-time monitoring and control through 

a smart dashboard. It improves energy efficiency by 

optimizing appliance usage, reducing electricity 

consumption, and supporting sustainable smart home 

applications. 

 
Fig 4: Hardware Implementation  

Figure shows a turbo-wheel micro turbine to generate 

power from airflow. A DHT11 and LDR sensor enable 

automatic control of lights and fans based on 

temperature and light. Bluetooth allows manual control 

via mobile, while an LCD displays real-time data and 

system status. 
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Fig 5: Real-Time Sensor Monitoring and LCD Display 

Output 

This figure shows the real-time monitoring of sensor 

values such as temperature, humidity, and light 

intensity. The processed data is displayed on the LCD 

screen, providing continuous system status updates. It 

helps in tracking environmental conditions and 

controlling appliances efficiently. 

Fig 6: 

Turbo-Wheel Based Energy Generation and Hardware 

Setup 

This figure illustrates the turbo-wheel mechanism used 

to convert physical (kinetic) energy from airflow into 

electrical energy. The generated power is utilized to 

drive the IoT-based system components. It demonstrates 

the practical implementation of renewable energy 

generation integrated with sensor monitoring and 

control modules. 

Fig 7: Automatic Operation  

In Bluetooth mode, the system allows users to manually 

control appliances like lights and fans through a mobile 

device. The ESP32 receives commands via Bluetooth and 

performs ON/OFF operations instantly. This provides 

user flexibility and direct control over the system when 

automatic mode is not required. 

 
Fig 8:  Manual Mode Operation  

In Manual Mode, the user controls appliances based on 

temperature and LDR readings displayed on the 

platform. Using these values, the user can decide when 

to turn the fan or light ON/OFF as needed. This allows 

flexible control while still considering environmental 

conditions. 
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5. CONCLUSION 

This research presents the design and implementation of 

an IoT-based smart home energy management system 

using a turbo-wheel micro turbine for small-scale 

renewable energy generation. The system is built around 

an ESP-32 microcontroller, which manages energy 

generation, storage, monitoring, and load control. 

Energy produced by the turbo-wheel micro turbine is 

stored in a battery bank and utilized to power household 

loads such as fans and LED lighting. Environmental 

conditions are monitored using DHT11 

temperature-humidity sensors and LDR sensors to 

enable intelligent automation. The system supports both 

AUTO and MANUAL operating modes, allowing users 

to either rely on automatic sensor-based control or 

manually manage appliances. An LCD display provides 

real-time information about system status, energy usage, 

and environmental parameters. IoT connectivity enables 

remote monitoring and control through cloud platforms, 

allowing users to track system performance and energy 

consumption. Experimental results demonstrate 

improved energy efficiency, reduced dependence on 

grid electricity, and reliable operation. The modular and 

scalable architecture makes the system cost-effective and 

suitable for residential applications. Overall, the 

proposed system promotes sustainable energy 

utilization, smart home automation, and decentralized 

energy management. Future improvements may include 

machine learning-based optimization, expanded sensor 

networks, and integration with electric vehicle charging 

and smart grids 

FUTURE SCOPE 

The system can be enhanced by integrating hybrid 

renewable sources like solar panels to increase power 

generation and reliability. It can further incorporate 

AI-based energy prediction and smart load scheduling 

for automated and efficient energy management. 

Additionally, advanced mobile/cloud monitoring will 

enable real-time tracking and improved control for smart 

home and smart grid applications 

 

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 

REFERENCES 

[1] Zhang, L., Wang, H., & Liu, Y. (2018). "IoT-Based Home Energy 

Management System with Real-Time Monitoring and Cloud 

Computing Integration," IEEE Transactions on Smart Grid, vol. 

10, no. 4, pp. 4218-4229. 

[2] Kumar, A., & Singh, R. (2019). "Performance Analysis and 

Economic Viability of Micro-Turbine Systems for Residential 

Power Generation," Renewable Energy Journal, vol. 135, pp. 

891-903. 

[3] Patel, S., & Deshmukh, M. (2020). "ESP-32 Based Home 

Automation System with Environmental Sensing and IoT 

Integration," International Journal of Engineering Research and 

Technology, vol. 9, no. 6, pp. 445-452. 

[4] Li, X., Wang, J., & Chen, Z. (2017). "Battery Management and 

Optimization Strategies for Residential Renewable Energy 

Systems," Journal of Energy Storage, vol. 12, pp. 234-247. 

[5] Ahmed, F., & Hassan, M. (2021). "Smart Energy Monitoring 

System Using IoT with Mobile Application Interface," IEEE 

Internet of Things Journal, vol. 8, no. 3, pp. 1876-1888. 

[6] Sharma, V., Gupta, R., & Agrawal, P. (2019). "Comparative 

Analysis of Renewable Microgeneration Technologies for Urban 

Residential Applications," Sustainable Energy Technologies and 

Assessments, vol. 33, pp. 78-92. 

[7] Rodriguez, M., & Martinez, C. (2020). "Machine Learning Based 

Intelligent Load Management for Smart Homes," Applied Energy, 

vol. 267, pp. 114905-114918. 

[8] Chen, Y., Liu, H., & Yang, S. (2018). "Distributed Energy 

Management Architecture for Residential Microgrids," IEEE 

Transactions on Industrial Electronics, vol. 65, no. 8, pp. 

6740-6751. 

[9] Ibrahim, H., & Abdullah, K. (2021). "DHT11 Sensor Applications 

in Smart Home Climate Control Systems: Calibration and 

Performance Analysis," Sensors and Actuators A: Physical, vol. 

318, pp. 112-125. 

[10] Nakamura, T., Tanaka, K., & Suzuki, H. (2019). "User Acceptance 

Factors for Smart Home Energy Management Systems: A 

Behavioral Study," Energy Policy, vol. 128, pp. 589-601. 

[11] Williams, D., & Brown, J. (2020). "Open-Source Energy 

Monitoring Platform Using ESP-32 and Cloud Analytics," Journal 

of Open Source Software, vol. 5, no. 51, pp. 2456-2471. 

[12] Zhao, Q., Wang, F., & Li, G. (2018). "Life Cycle Assessment and 

Environmental Impact Analysis of Residential Microgeneration 

Systems," Environmental Science & Technology, vol. 52, no. 14, 

pp. 8234-8246. 

[13] Khan, S., & Malik, N. (2021). "Hybrid Renewable Energy System 

with Solar-Wind Integration for Residential Applications," 

Renewable and Sustainable Energy Reviews, vol. 145, pp. 

111123-111138. 

[14] Takahashi, R., & Yamamoto, M. (2019). "Adaptive Battery 

Management Strategies for Residential Energy Storage Systems," 

Journal of Power Sources, vol. 428, pp. 147-159. 

[15] Anderson, P., Thompson, R., & White, S. (2020). "Integration of 

IoT Devices with Existing Home Electrical Infrastructure: 

Practical Challenges and Solutions," Building and Environment, 

vol. 175, pp. 106801-106815. 

[16] Gupta, M., Sharma, A., & Singh, K. (2018). "Performance 

Comparison of Communication Protocols for Smart Home IoT 

Systems," Computer Networks, vol. 140, pp. 134-148. 

[17] K. M S, R. R. G and S. Karthik, "Streamlining Load Scheduling in 

Cloud Computing: A Thorough Performance Assessment and 

Development of Effective Methods for Design," 2024 International 

Conference on Advances in Modern Age Technologies for Health 

and Engineering Science (AMATHE), Shivamogga, India, 2024, 

pp. 1-7, doi: 10.1109/AMATHE61652.2024.10582239.  



  

 

 
808     International Journal for Modern Trends in Science and Technology 

 

 

[18]  Sai Srinivas Vellela, Roja D, NagaMalleswara Rao Purimetla, 

SyamsundaraRao Thalakola, Lakshma Reddy Vuyyuru, Ramesh 

Vatambeti, Cyber threat detection in industry 4.0: Leveraging 

GloVe and self-attention mechanisms in BiLSTM for enhanced 

intrusion detection, Computers and Electrical 

Engineering,Volume 124, Part A,2025,110368,ISSN 

00457906,https://doi.org/10.1016/j.compeleceng.2025.110368. 

[19] S. S. Vellela, L. R. Vuyyuru, K. B. S. K, N. 

MalleswaraRaoPurimetla, L. Dalavai and M. V. Rao,  "A Novel 

Approach to Optimize Prediction Method for Chronic Kidney 

Disease with the Help of Machine Learning Algorithm," 2023 6th 

International Conference on Contemporary Computing and 

Informatics (IC3I), Gautam Buddha Nagar, India, 2023, pp. 

1677-1681, doi: 10.1109/IC3I59117.2023.10397974. 

[20] Kavitha Mettupalayam Subramaniam, Ramachandra Rao Goli, 

Karthik Subburathinam, Srihari Kannan,Optimization of 

pyrolysis parameters for enhanced biochar production from 

agricultural biomass: A study on energy efficiency and carbon 

sequestration potential,Science of The Total Environment, 

Volume 1015,2026,181362,ISSN 

00489697,https://doi.org/10.1016/j.scitotenv.2026.181362. 

[21] K. K. Kumar, S. G. B. Kumar, S. G. R. Rao and S. S. J. Sydulu, "Safe 

and high secured ranked keyword searchover an outsourced 

cloud data," 2017 International Conference on Inventive 

Computing and Informatics (ICICI), Coimbatore, India, 2017, pp. 

20-25, doi: 10.1109/ICICI.2017.8365348. 

[22] R. K. Yarava, G. R. C. Rao, Y. Garapati, G. C. Babu and S. D. V. 

Prasad, "Analysis on the Development of Cloud Security using 

Privacy Attribute Data Sharing," 2022 First International 

Conference on Electrical, Electronics, Information and 

Communication Technologies (ICEEICT), Trichy, India, 2022, pp. 

1-5, doi: 10.1109/ICEEICT53079.2022.9768608. 

[23]  K. K. . Kommineni and A. . Prasad, “A Review on Privacy and 

Security Improvement Mechanisms in MANETs”, Int J Intell Syst 

Appl Eng, vol. 12, no. 2, pp. 90–99, Dec. 2023. 

[24] Kommineni, K.K., Prasad, A. Enhancing Data Security and 

Privacy in SDN-Enabled MANETs Through Improved Data 

Aggregation Protection and Secrecy. Wireless Pers Commun 139, 

855–882 (2024). https://doi.org/10.1007/s11277-024-11635-w 

[25] “Blockchain-Enabled Secure Data Aggregation for SDN-Enabled 

Ad-Hoc Networks,” International Journal of Intelligent 

Engineering and Systems, vol. 18, no. 5, pp. 704–717, Jun. 2025, 

doi: https://doi.org/10.22266/ijies2025.0630.49. 

[26] K. K. Kommineni, P. Ande, “Blockchain-driven key management 

and privacy-preserving data Aggregation Scheme for 

SDN-enabled MANETs,” International Journal of Intelligent 

Engineering and Systems, vol. 18–18, no. 9, pp. 601–615, 2025, doi: 

10.22266/ijies2025.1031.39. 

[27] K. N. Rao, B. R. Gandhi, M. V. Rao, S. Javvadi, S. S. Vellela and S. 

Khader Basha, "Prediction and Classification of Alzheimer’s 

Disease using Machine Learning Techniques in 3D MR Images," 

2023 International Conference on Sustainable Computing and 

Smart Systems (ICSCSS), Coimbatore, India, 2023, pp. 85-90, doi: 

10.1109/ICSCSS57650.2023.10169550. 

[28] J. R. Babu, "Enhancing Radiographic Diagnosis: A Novel AI-based 

Bone Fracture Detection System," 2025 3rd International 

Conference on Sustainable Computing and Data Communication 

Systems (ICSCDS), Erode, India, 2025, pp. 1262-1266, doi: 

10.1109/ICSCDS65426.2025.11167456. 

[29] J. R. Babu,"Hybrid Classification Approach for Heart Disease 

using Few Shot Inspired Machine Learning Models," 2025 3rd 

International Conference on Integrated Circuits and 

Communication Systems (ICICACS), Raichur, India, 2025, pp. 

01-05, doi: 10.1109/ICICACS65178.2025.10968965. 

[30] S. S. Vellela et al., "Improving Medical Image Analysis with 

Convolutional Neural Networks (Cnns)," 2025 International 

Conference on Intelligent and Secure Engineering Solutions 

(CISES), Greater Noida Gautam Budh Nagar, India, 2025, pp. 

579-584, doi: 10.1109/CISES66934.2025.11265231. 

 


	References

