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Abstract – In the face of growing energy demands and 

environmental concerns, effective energy conservation 

methods are critical. This paper presents an Smart Energy 

Conservation System (SECS) designed for the Mechanical 

Engineering Department, leveraging the Internet of Things 

(IoT) to monitor and control energy consumption in 

residential and commercial environments. The system 

integrates various sensors and actuators to automate energy-

saving measures, providing real-time data and remote control 

capabilities through a cloud platform. 

The SECS architecture includes IoT-enabled devices such as 

Arduino and NodeMCU microcontrollers, alongside sensors 

for temperature, humidity, light, and motion, as well as 

actuators like relays and smart plugs. These components 

collect real-time data on environmental conditions and energy 

usage, transmitting it to a centralized cloud platform, Adafruit 

IO. This platform processes the data and offers users remote 

monitoring and control through an intuitive interface. 

In our experimental setup, the SECS was deployed in a 

typical residential environment to manage lighting, heating, 

ventilation, and air conditioning (HVAC) systems based on 

occupancy and ambient conditions. For example, lights were 

programmed to turn off when no motion was detected, and 

HVAC systems were adjusted to maintain optimal 

temperatures only when rooms were occupied. 

Experimental results demonstrated significant energy 

savings, with an average reduction of approximately 30% in 

lighting and 20% in HVAC operations compared to manual 

control methods. Additionally, the system provided insights 

into energy usage patterns, allowing users to make informed 

decisions for further conservation. 

The SECS is both scalable and flexible, enabling easy 

expansion with additional sensors and actuators. Its modular 

design ensures seamless integration with existing home 

automation systems, while the cloud-based platform offers 

remote access and control, enhancing user convenience. 

In conclusion, the Smart Energy Conservation System 

represents a significant advancement in energy conservation 

for the Mechanical Engineering Department. By leveraging 

IoT technology, the SECS facilitates substantial energy 

savings and improves user experience, presenting a promising 

solution to meet modern energy demands and environmental 

challenges. 

I. INTRODUCTION 

Background - Energy conservation has become a global 

priority due to increasing energy demands and the 

environmental impact of energy production. Traditional 

methods of energy conservation are often inefficient and 

require significant manual intervention. The advent of 

Internet of Things (IoT) technology offers an opportunity to 

create automated and efficient Smart Energy Conservation 

System (SECS). IoT-enabled devices can monitor, control, 

and optimize energy use in real-time, leading to significant 

energy savings and reduced environmental impact. 

In the Mechanical Engineering Department, the 

need for an advanced SECS is critical. By integrating smart 

home technologies with IoT, such as Arduino and NodeMCU 

microcontrollers, and various sensors (e.g., temperature, 

humidity, light, and motion sensors), it becomes possible to 

collect precise data on energy usage and environmental 

conditions. This data can be processed through cloud 

platforms like Adafruit IO, enabling real-time energy 

monitoring and control. 

These systems automate energy-saving measures, 

reducing the need for manual intervention. For example, 

lighting can be automated to turn off when no motion is 

detected, and HVAC systems can adjust based on occupancy 
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and ambient conditions, enhancing user convenience and 

ensuring optimal energy usage. 

An IoT-based SECS provides detailed insights into 

energy consumption patterns, helping identify inefficiencies 

and implement targeted conservation strategies. This 

development represents a significant advancement in energy 

conservation, offering scalable and flexible solutions tailored 

to specific needs, particularly within the Mechanical 

Engineering Department. 

 

Objective - The objective of this research is to design, 

implement, and evaluate an Smart Energy Conservation 

System (SECS) leveraging Internet of Things (IoT) 

technology to monitor and control energy usage in real-time. 

This system aims to significantly reduce energy waste and 

promote sustainable energy consumption practices within the 

Mechanical Engineering Department. By integrating IoT-

enabled devices such as Arduino and NodeMCU 

microcontrollers with various sensors (e.g., temperature, 

humidity, light, and motion sensors), the SECS will collect 

precise data on environmental conditions and energy usage. 

The SECS will process this data through a cloud-

based platform like Adafruit IO, providing users with a user-

friendly interface for real-time energy monitoring and 

control. This interface will allow users to automate energy-

saving measures, such as turning off lights when no motion is 

detected and adjusting HVAC systems based on occupancy 

and ambient conditions. These automated measures aim to 

enhance user convenience and ensure optimal energy usage. 

The system will also provide detailed insights into 

energy consumption patterns, helping identify inefficiencies 

and implement targeted conservation strategies. The ultimate 

goal is to develop a scalable and flexible SECS that can be 

tailored to specific needs, fostering sustainable energy 

practices and significantly advancing energy conservation 

efforts within the Mechanical Engineering Department. 

II. LITERATURE REVIEW 

The integration of Internet of Things (IoT) 

technology in energy management has opened new avenues 

for creating efficient and automated systems that significantly 

optimize energy usage. This literature review explores the 

development and application of Smart Energy Conservation 

Systems (SECS) using IoT, focusing on smart homes, the role 

of Arduino and NodeMCU microcontrollers, sensors, cloud 

platforms like Adafruit IO, and the impact on energy 

monitoring and home automation. 

IoT in Energy Management - IoT technology has 

revolutionized energy management by enabling real-time 

data acquisition and control. Gungor et al. (2010) state that 

IoT-based systems can monitor and control energy 

consumption more efficiently than traditional methods, 

leading to substantial energy savings. IoT allows for the 

automation of responses to changes in energy demand, 

improving overall energy efficiency. The ability to 

interconnect devices and systems provides a robust 

framework for creating smart environments that dynamically 

manage energy consumption. 

Smart Home Technologies - Smart homes are 

integral to modern EMS. According to Bui et al. (2013), smart 

home technologies enable the automation of household 

appliances and systems, resulting in optimized energy use and 

enhanced user convenience. Smart homes leverage IoT 

devices to gather data and make intelligent decisions, such as 

adjusting lighting and HVAC systems based on occupancy 

and environmental conditions. This integration facilitates the 

creation of a seamless and interactive environment that 

responds to the user's needs while conserving energy. 

Arduino and NodeMCU Microcontrollers - 

Arduino and NodeMCU microcontrollers are pivotal in IoT 

projects due to their versatility and ease of use. Banzi and 

Shiloh (2014) emphasize that Arduino’s open-source 

platform allows for rapid prototyping and customization, 

making it ideal for developing tailored energy management 

solutions. The NodeMCU, with its built-in Wi-Fi capabilities, 

is crucial for enabling communication between devices and 

cloud platforms. These microcontrollers interface with 

various sensors and actuators, collecting data and executing 

control commands to manage energy consumption 

effectively. 

Sensors in Energy Management - Sensors are 

fundamental to SECS, providing necessary data to monitor 

environmental conditions and energy usage. Commonly used 

sensors include those for temperature, humidity, light, and 

motion. Zhang et al. (2013) demonstrated that incorporating 

sensors into SECS leads to precise control and significant 

energy savings. These sensors continuously collect data, 

which is then analyzed to make informed decisions about 

energy consumption, enabling dynamic responses to 

changing conditions. 

Adafruit IO and Cloud Platforms - Cloud platforms 

like Adafruit IO are essential for remote monitoring and 

control of IoT-based SECS. Richardson and Wallace (2016) 

describe Adafruit IO as a user-friendly platform that allows 

for the storage, processing, and visualization of data collected 

from sensors. Users can access and interact with their SECS 

from anywhere, enhancing the system's accessibility and 

functionality. The cloud infrastructure supports advanced 

data analytics and visualization, providing insights into 

energy consumption patterns and helping users make 

informed decisions. 

The literature reviewed highlights that IoT-based 

SECS, incorporating smart home technologies, Arduino and 

NodeMCU microcontrollers, various sensors, and cloud 

platforms like Adafruit IO, significantly enhance energy 

conservation efforts. These systems provide real-time data 

and automated control, leading to optimized energy usage and 

reduced environmental impact. Advancements in IoT 

technology continue to drive innovations in energy 

management, making it a vital area of study and application 

for the Mechanical Engineering Department. The 

development and implementation of these systems promise 

substantial energy savings and contribute to sustainable 

energy consumption practices. 
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III. SYSTEM ARCHITECTURE 

Components –  

1. Microcontroller:  

a. Arduino Uno: Central to EMS, it manages 

sensor data collection and actuator control. 

Its versatility enables rapid prototyping and 

customization, facilitating seamless 

integration for effective energy 

management. 

b. NodeMCU (ESP8266): Facilitates Wi-Fi 

connectivity for communication with 

Adafruit IO. Its built-in capabilities enable 

real-time monitoring and control of the 

EMS, enhancing accessibility and 

functionality. 

2. Sensors: 

a. DHT22: Measures temperature and 

humidity, optimizing HVAC systems by 

providing data for precise environmental 

control, ensuring comfort and energy 

efficiency within buildings. 

b. Flow Sensor: Monitors water flow, 

detecting leaks and managing usage 

efficiently to prevent wastage and promote 

sustainable water management practices. 

c. IR Sensor: Detects motion, enabling 

automated lighting and enhancing security 

measures by triggering responses like 

activating lights or alarms for increased 

safety and energy conservation. 

Actuators – 

1. Relays: Essential for controlling high-power devices 

like fans and lights, relays act as switches to regulate 

electrical currents, ensuring precise operation and 

efficient energy usage within the system. 

2. LEDs: Serving as status indicators, LEDs provide 

visual feedback on system operations, enhancing 

user awareness and facilitating troubleshooting. 

Their low power consumption makes them ideal for 

energy-efficient applications. 

3. Fan and Bulbs: These act as output devices in the 

system, controlled based on sensor inputs and user 

commands. They adjust operation according to 

environmental conditions and user preferences, 

promoting energy efficiency and user comfort. 

Cloud Platforms – 

1. Adafruit IO: Adafruit IO serves as a comprehensive 

cloud platform, offering functionalities such as data 

logging, visualization, and remote control via the 

MQTT protocol. It enables users to securely store 

and analyze data, visualize trends, and remotely 

control connected devices, facilitating seamless 

monitoring and management of IoT systems with 

ease. 

Connectivity – The communication between Arduino 

and NodeMCU occurs through a serial interface. 

NodeMCU connects to the internet via Wi-Fi, 

establishing a link to Adafruit IO for data exchange. This 

configuration enables remote monitoring and control of 

the system, empowering users to manage it from any 

internet-connected device with ease and convenience. 

IV. IMPLEMENTATION 

 Hardware Setup –  

 

1. For Arduino –  

a. DHT22 (Temperature and Humidity 

Sensor): Supplies power and connects data 

output. VCC to 5V provides power, GND 

to ground establishes a reference, while the 

Data pin to Digital Pin 2 enables data 

transmission for temperature and humidity 

readings. 

b. Flow Sensor: Utilized for monitoring 

water flow. VCC to 5V provides power, 

GND to ground establishes a reference, and 

the Signal pin to Digital Pin 3 facilitates the 

transmission of flow data for monitoring 

water consumption. 

c. IR Sensor (Infrared Motion Sensor): 

Detects motion within its range. VCC to 5V 

provides power, GND to ground 

establishes a reference, and the Signal pin 

to Digital Pin 4 detects changes in infrared 

radiation, indicating motion. 

d. Relay Modules: Facilitates control of 

high-power devices. Relay control pins 

connect to Digital Pins 6, 7, 8, 9, enabling 

the Arduino to switch the relays, 

controlling devices like fans and lights. 

e. Switch: Provides manual control interface. 

One terminal connects to Digital Pin 10 to 

receive input signals, while the other 

terminal connects to the ground rail, 

completing the circuit and serving as a 

reference point. 

2. For NodeMCU – Serial Communication: Enables 

bidirectional data exchange with Arduino. TX 

(Transmit) connects to Arduino RX (Receive) on Pin 

11, allowing NodeMCU to send data to Arduino. RX 

(Receive) connects to Arduino TX (Transmit) on Pin 

12, facilitating the reception of data from Arduino. 

This communication link allows NodeMCU to 

coordinate with Arduino for system control and 

monitoring in the smart energy management system. 

Software Setup –  

Our project centers on the development of a 

sophisticated Smart Energy Conservation Systems 

(SECS) aimed at optimizing energy usage within 
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educational environments. This innovative system 

integrates cutting-edge hardware components with 

intuitive software interfaces to provide real-time 

monitoring, analysis, and control capabilities. 

At the core of our project stands the NodeMCU, a 

powerful microcontroller that serves as the central hub 

for data visualization and control. Through seamless 

integration with software applications, the NodeMCU 

enables the transmission of sensor data to the user 

interface, facilitating informed decision-making 

regarding energy consumption and management. 

  

The software component of our SECS comprises a 

dynamic dashboard designed to provide users with 

comprehensive insights into energy usage trends and 

occupancy levels within designated areas. Upon 

successful connection with the NodeMCU, the 

dashboard prominently displays a "connected" status, 

signifying readiness for operation. This intuitive 

interface serves as a central command center, allowing 

users to access vital information and control system 

parameters with ease. 

The testing phase of our project is initiated with a 

meticulous evaluation of Light Dependent Resistors 

(LDR) sensors to accurately measure light consumption. 

To establish a standardized testing environment, we 

utilize 100W bulbs as a consistent light source, enabling 

us to assess the reliability and precision of the LDR 

sensors in detecting light levels. This rigorous testing 

process is essential in validating the functionality of our 

hardware setup and ensuring its suitability for real-world 

deployment. 

The graphical user interface (GUI) plays a pivotal 

role in visualizing energy consumption and occupancy 

data in a user-friendly manner. Leveraging sophisticated 

graphing techniques, Graph 1 illustrates power 

consumption trends over time, offering insights into 

energy usage patterns and identifying potential areas for 

optimization. Simultaneously, Graph 2 provides a real-

time representation of occupancy levels within the 

monitored area, enabling users to make informed 

decisions regarding resource allocation and space 

utilization. 

 

To accurately monitor occupancy levels, Infrared 

(IR) sensors are seamlessly integrated with the Arduino 

platform, enabling continuous tracking of the number of 

individuals present within the monitored area. In 

instances where occupancy exceeds a predefined 

threshold (e.g., 15 individuals), the system autonomously 

activates additional fan and light bulbs to maintain 

optimal comfort levels. Conversely, if light levels 

indicate that illumination is not required, the LDR 

sensors automatically adjust or dim unnecessary bulbs, 

thereby conserving energy without compromising 

comfort. 

A preliminary red light test serves as a crucial 

validation mechanism for our circuitry, ensuring that all 

components are properly connected and functioning as 

intended. This initial test helps identify any potential 

issues or discrepancies that may arise during operation, 

allowing for timely adjustments and refinements to be 

made. 

Additionally, temperature readings from the DHT 

sensor are prominently displayed on the dashboard, 

providing users with crucial insights into ambient 

conditions and enabling them to make informed 

decisions regarding energy management strategies. 

By conducting periodic checks using circuit sensors, 

our SECS allows for real-time monitoring of classroom 

energy consumption, empowering users to make data-

driven decisions to optimize energy usage and enhance 

overall efficiency. Through seamless integration of 

hardware and software components, our Smart Energy 

Conservation Systems promises to revolutionize energy 

efficiency practices within educational institutions, 

setting a new standard for sustainability and 

environmental stewardship. 

Practically - Upon activating the circuit and 

hardware, diligent observation of power consumption 

dynamics ensued. Initially recorded at 300 units, the 

reading spiked to 500 units within a span of 5 minutes of 

uninterrupted operation. This escalation correlated with 

the system's complex response mechanisms to 

environmental stimuli.  
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Despite the increased power demand, the system's 

intelligent algorithms detected a body count of 0, 

preventing activation of the secondary bulb. This refined 

adaptation highlights the sophistication of our Smart 

Energy Conservation Systems, dynamically optimizing 

power allocation based on real-time conditions. The 

observed increase in power consumption to 500 units 

falls within the anticipated range, affirming robust 

system performance. Furthermore, the system's real-time 

detection and response to changes in body count 

demonstrate its adaptability and efficiency in optimizing 

energy usage. This practical demonstration underscores 

the system's potential to effectively mitigate energy 

wastage and promote sustainable practices, contributing 

to broader environmental conservation efforts within 

residential and commercial settings. 

V. ALGORITHM 

 The algorithm Smart Energy Conservation Systems 

(SECS) aimed at real-time energy optimization through 

comprehensive hardware-software fusion. During 

Initialization, sensors, actuators, and Wi-Fi connections are 

set up, laying the groundwork for system functionality. This 

phase ensures the SECS is ready to collect data, control 

devices, and establish communication with Adafruit IO, 

facilitating remote monitoring and control. 

In the Main Loop, the SECS continuously acquires 

data from sensors like the DHT22 for temperature and 

humidity, the flow sensor for fluid flow measurement, and the 

IR sensor for occupancy detection. This data informs 

dynamic decision-making for energy optimization. 

The algorithm's control logic regulates actuator 

operation based on sensor inputs and predefined states. For 

example, it dynamically adjusts fan speed and lighting levels 

in response to environmental changes, ensuring efficient 

energy utilization. Bidirectional communication with 

Adafruit IO enables seamless interaction. Sensor data is 

regularly published for real-time monitoring, while the EMS 

subscribes to control commands for remote parameter 

adjustment. 

This algorithmic framework forms the backbone of our 

SECS, facilitating robust and adaptable energy management 

suitable for various settings. It represents a significant stride 

towards promoting sustainable energy practices. 

 

 

 

VI. RESULT AND DISCUSSIONS 

Experimental Setup - The Smart Energy 

Conservation System (SECS) underwent rigorous testing in a 

controlled environment mimicking typical home conditions. 

Various scenarios were simulated to evaluate the system's 

responsiveness and efficacy in conserving energy. The setup 

comprised multiple rooms with diverse lighting, HVAC, and 

water usage patterns. 

Energy Savings - The SECS exhibited notable 

energy consumption reduction through automated lighting 

and climate control based on occupancy and environmental 

cues. For instance, lights automatically deactivated during 

prolonged periods of inactivity, while the HVAC system 

optimized its operation according to real-time temperature 

and humidity data. Detailed logs and graphs provided by 

Adafruit IO offered valuable insights into usage trends and 

potential optimization avenues. Throughout a month-long 

testing phase, the system achieved an average energy savings 

of 25%. 

These results underscore the SECS's effectiveness in 

promoting energy conservation, laying a solid foundation for 

its potential deployment in real-world settings. 

VII. CONCLUSION 

The Smart Energy Conservation System represents 

a significant advancement in the realm of energy 

management, harnessing the power of Internet of Things 

(IoT) technology to foster sustainable practices and reduce 

energy wastage. By seamlessly integrating sensors, actuators, 

and cloud-based monitoring, the system offers a holistic 

solution for efficient energy management in contemporary 

residential and commercial settings. Through real-time data 

acquisition and analysis, the system optimizes energy 

consumption patterns, ensuring that resources are utilized 

judiciously while minimizing waste. 

Moreover, the system's automation features and 

remote control capabilities not only enhance user 

convenience but also empower individuals to actively 

participate in energy conservation efforts. By automating 

tasks such as lighting and HVAC control based on occupancy 

and environmental conditions, the system streamlines energy 

usage without compromising comfort or convenience. 

Overall, the Smart Energy Conservation System 

exemplifies the potential of IoT technology to drive 

meaningful change in how we manage and consume energy. 

Its successful implementation demonstrates the feasibility of 

adopting sustainable practices on a broader scale, offering a 

promising pathway towards a more energy-efficient and 

environmentally-conscious future. 

VIII. FUTURE SCOPE 

Future work for the Smart Energy Conservation 

System (SECS) encompasses several key areas aimed at 

enhancing its effectiveness and versatility. Integrating 

advanced sensors will enable finer data collection, providing 

deeper insights into energy usage patterns and environmental 

conditions. Concurrently, the deployment of machine 

learning algorithms will empower the SECS to perform 

predictive analytics, forecasting energy demand and 

optimizing system operation proactively. Moreover, 
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expanding the system's scope to encompass larger buildings 

or industrial environments will require scalability 

enhancements, allowing for seamless integration and 

management of diverse energy systems. 

Furthermore, exploring renewable energy 

integration presents a promising avenue for further 

optimization, leveraging sustainable energy sources to reduce 

reliance on traditional power grids. Additionally, advanced 

data analytics techniques can offer deeper insights into energy 

usage trends and optimization opportunities, driving 

continuous improvement and maximizing the system's 

impact. 

By focusing on these future enhancements, the 

SECS can evolve into a comprehensive and adaptable 

solution for sustainable energy management, contributing 

significantly to the ongoing global efforts towards energy 

efficiency and environmental sustainability. 
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