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Abstract— Energy wastage due to ceiling fans operating in unoccupied small shop environments is a common issue that
leads to increased electricity consumption and higher operational costs. This paper presents the design and development of a
Smart Fan Automation System that automatically controls fan operation based on human presence. The system utilizes a
Passive Infrared (PIR) sensor integrated with an Arduino Nano microcontroller and a relay module to enable automatic
switching of the fan. The fan turns ON when motion is detected and switches OFF after a predefined period of inactivity,
thereby ensuring efficient energy utilization. A comparative analysis was conducted between conventional manual operation
and the proposed automated system. The results indicate that unnecessary fan operation of approximately 2 to 3 hours per
day can be reduced to a minimal idle duration of 0.1 to 0.2 hours per day. This leads to a net energy saving of approximately
0.135 to 0.2175 kWh per day, demonstrating a significant improvement in energy efficiency. The system is designed to be
simple, cost-effective, and easy to implement, making it highly suitable for small-scale commercial applications. The
proposed approach not only reduces energy wastage but also enhances user convenience. Furthermore, the system can be
extended with advanced features such as loT-based monitoring and temperature-based control for improved performance.
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l. INTRODUCTION

Small commercial establishments such as retail shops rely heavily on basic electrical appliances like ceiling fans to maintain
ventilation and thermal comfort. In most cases, these appliances are manually operated, which usually results in inefficient
usage of energy when fans remain ON even when there are no occupants. This leads to unnecessary energy consumption,
increased electricity bills, and reduced operational efficiency. With the world aiming towards sustainable energy and energy
conservation, there is an increasing demand for automated systems capable of optimizing energy usage [1], [7].

Sensor-based automation provides an effective solution by enabling appliances to operate as required. Detecting occupancy
using sensors such as Passive Infrared (PIR) sensors has gained popularity due to its simplicity, reliability, and cost-
effectiveness [4], [9]. Several researchers have proposed smart fan systems using 10T and sensor-based approaches to
improve energy efficiency in residential and commercial applications [1], [3].

This work focuses on developing a Smart Fan Automation System that automatically controls a fan based on human
presence. The system uses a PIR sensor integrated with an Arduino microcontroller to detect occupancy and regulate the fan
accordingly. The fan switches ON when motion is detected and turns OFF after a predefined delay when no motion is
observed. The proposed system is designed specifically for small shops, considering factors such as low cost, ease of
installation, and user convenience. By reducing unnecessary energy usage, the system contributes to efficient energy
management and supports sustainable development.

. MATERIAL AND METHODS

The development of the Smart Fan Automation System was carried out through a systematic approach involving problem
analysis, component selection, system design, assembly, and testing.
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2.1 Materials

Component Function

Passive Infrared (PIR) Sensor Detects human presence by sensing infrared radiation
Arduino Nano Microcontroller Central control unit processing sensor input

Relay Module Interfaces low-voltage control circuit with high-voltage fan
Ceiling Fan Electrical load (70-80W)

Regulated Power Supply Provides DC voltage to control components

Manual Override Switch Allows direct user control when needed

Connecting Wires Establishes electrical connections

Protective Casing Encloses components for safety

22 Why Use It?

In small commercial shop environments, ceiling fans are generally operated manually, which often leads to inefficient energy
use. A survey conducted in shops with dimensions ranging from 8 x 10 ft to 12 x 15 ft revealed that a single ceiling fan is
typically used for ventilation. During periods of lesser customer presence or temporary absence of the shopkeeper, fans
generally remain switched ON, resulting in unnecessary electricity consumption [8].

It was observed that fans continue operating without requirement for approximately 2 to 3 hours per day, causing
unnecessary energy wastage. A standard ceiling fan consumes around 70 to 80 W of power, leading to measurable daily
energy loss over time.

To overcome this issue, the implementation of an automated control system becomes essential. The use of a PIR sensor
enables reliable detection of human presence based on infrared radiation, making it suitable for indoor occupancy sensing
[4], [5]. Integration with a microcontroller-based control unit allows real-time processing of sensor inputs and automatic
regulation of fan operation. The inclusion of a relay module ensures safe switching of the electrical load [3].

2.3 Market Survey

A detailed market survey was conducted to assess the availability, cost, and practicality of the components. The PIR sensor
was found to be economical and reliable. The Arduino Nano offers a compact, low-cost, and easy-to-program platform. The
relay module enables safe switching of the high-voltage fan load. The overall system cost was found to be economical,
confirming the feasibility of implementing the proposed system without significant financial burden.

2.4 System Design and Circuit Diagram

The Smart Fan Automation System integrates a PIR motion sensor with an Arduino Nano microcontroller and a relay
module. The PIR sensor detects motion by sensing changes in infrared radiation and sends a signal to the Arduino when
occupancy is detected.

The Arduino processes the input signal and generates an output to control the relay module. When motion is detected, the
relay is activated, and the fan switches ON. In the absence of motion for a predefined duration, the relay is deactivated,
turning the fan OFF.

Prior to hardware implementation, the system was validated through digital simulation using Wokwi software, where an LED
was used to represent the fan load. The simulation helped validate the circuit logic and ensured proper functioning before
hardware implementation [6].
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Figure 1: Circuit Diagram of the System
2.5 Assembly

The assembly was carried out by integrating all electronic components into a compact and well-organized setup. The
Arduino Nano was positioned for efficient interfacing with the PIR sensor and relay module. The PIR sensor was mounted at
a suitable height and orientation to ensure accurate detection.

All electrical connections were established using insulated jumper wires in accordance with the designed circuit diagram.
The relay module was connected to the fan load through adequately insulated wiring. A manual override switch was
incorporated to provide flexibility. The entire setup was housed within a protective enclosure.

l. RESULTS AND DISCUSSION

To evaluate the effectiveness of the proposed Smart Fan Automation System, a comparative analysis was conducted between
fan usage before and after system implementation.

TABLE 1
COMPARATIVE ANALYSIS OF FAN OPERATION
Parameter Manual Operation Automated System
Unnecessary operation per day 2-3 hours 0.1-0.2 hours
Daily energy consumption (at 75W) 0.15-0.225 kWh 0.0075-0.015 kwh
Daily energy saving — 0.135-0.2175 kWh

Based on field observations, it was found that in small shop environments, ceiling fans remained unnecessarily switched ON
for approximately 2 to 3 hours per day during temporary absence of occupants. Considering an average power consumption
of 75 W, this resulted in a daily energy wastage of approximately 0.15 to 0.225 kWh.

After implementing the proposed system, the unnecessary operating time was significantly reduced, as the fan automatically
switches OFF in the absence of human presence. Due to inherent sensor delay and response characteristics, a minimal idle
operation of approximately 0.1 to 0.2 hours per day (6-12 minutes) was observed. Consequently, the daily energy
consumption decreased to approximately 0.0075 to 0.015 kWh, resulting in a net energy saving of 0.135 to 0.2175 kWh per
day.

Page | 398



14™ National Conference on
Role of Engineers in Nation Building NCRENB-2026 organized by VIVA Institute of Technology, Mumbai
on 6" & 7" MARCH 2026

International Journal of Engineering Research & Science (IJOER) ISSN: [2395-6992] [Vol-12, Issue-3, March 2026]
Key Findings:

Finding Value

Unnecessary operation (manual) 2-3 hours/day

Unnecessary operation (automated) 0.1-0.2 hours/day

Daily energy saving 0.135-0.2175 kWh

Annual energy saving (approx.) 49-79 kWh

The results demonstrate that the proposed system effectively minimizes unnecessary fan usage while maintaining user
convenience. The integration of the PIR sensor with a microcontroller-based control unit ensures reliable detection and
efficient operation.

V. CONCLUSION

The Smart Fan Automation System presented in this work offers an effective solution to reduce unnecessary energy
consumption in small shop environments. The study identified that conventional manual operation of ceiling fans leads to
significant energy wastage during periods of occupant absence.

Key Contributions:
1. ldentification of energy wastage (2—3 hours/day of unnecessary fan operation)
2. Development of a low-cost PIR sensor-based automation system
3. Net energy saving of 0.135-0.2175 kWh per day
4. Simple, cost-effective, and easy-to-implement design

The experimental results demonstrate that the system significantly reduces idle running time, leading to substantial energy
savings while maintaining user convenience and ease of operation. The use of low-cost, readily available components
ensures that the system is economical and suitable for practical implementation in small commercial setups.

Future Work:
e |loT-based remote monitoring and control
e  Temperature-dependent fan speed control
e Integration with lighting automation
e Solar-powered operation for off-grid applications
ACKNOWLEDGMENT

The authors would like to express their sincere gratitude to Mr. Priyank Vartak, Project Guide, for his valuable guidance,
continuous support, and constructive suggestions throughout the development of this project. The authors also extend their
thanks to Dr. Arun Kumar, Principal of VIVA Institute of Technology, and Dr. Niyati Raut, Head of the Department of
Mechanical Engineering, for their constant encouragement and support.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest regarding the publication of this paper.

REFERENCES

[1] M. Narwade, S. Kale, and P. Gawali, “IoT-based Smart Fan System for Residential and Commercial Use,” International Journal of
Smart Systems, vol. 12, issue 3, pp. 145-156, 2025.

[2] J. S. Jyothi, P. Lakshmi, and K. Harsha, “IoT-Based Temperature Dependent Fan Speed Control and Monitoring System,”
International Journal of Engineering Science and Computing (IJESC), vol. 15, no. 3, pp. 2901-2906, 2025.

Page | 399




14" National Conference on

Role of Engineers in Nation Building NCRENB-2026 organized by VIVA Institute of Technology, Mumbai

on 61 & 7" MARCH 2026

International Journal of Engineering Research & Science (IJOER) ISSN: [2395-6992] [Vol-12, Issue-3, March 2026]

(3]
(4]
(5]
(6]
(7]
(8]
(9]

[10]

S. Yadav, S. R. Patil, and D. V. Pawar, “loT-Based Smart Fan Automation Using NodeMCU and LM35 Sensor,” International
Journal of Emerging Trends in Engineering Research (IJETER), vol. 13, no. 4, pp. 1225-1231, 2025.

Rahayu and M. Basri, “Dual Sensor-Based Automatic Fan System Using DHT11 and PIR Sensor,” Indonesian Journal of Electrical
Engineering and Computer Science, vol. 35, no. 2, pp. 170-178, 2024.

Tri Yuga Ciputra, Muchlas, “Automatic Fan Control Using PIR, Ultrasonic, and Temperature Sensors,” Journal of Automation and
Control Engineering, vol. 10, issue 2, pp. 78-88, 2023.

Kommey, L. Asiedu, and J. A. Mensah, “Image and Sensor-Based Automatic Ceiling Fan Control System,” International Journal of
Smart Home and Automation (IJSHA), vol. 10, no. 2, pp. 89-96, 2022.

S. Cho, A. Rysanek, and N. Fumo, “Evaluation of Automated Ceiling Fan Control in Air-Conditioned Buildings: A 29-Month Field
Study,” Energy and Buildings, vol. 250, pp. 112-122, 2021.

M. R. Monisha, R. Priyanka, and A. D. Suresh, “Automatic Light and Fan Control System Using Ultrasonic Sensor,” International
Research Journal of Engineering and Technology (IRJET), vol. 7, no. 6, pp. 3875-3879, 2020.

S. Vijai, N. Kumar, and R. S. Babu, “Automatic Room Light and Fan Controller Using 360° PIR Sensor and Arduino,” International
Journal of Engineering Research and Applications (IJERA), vol. 9, no. 3, pp. 15-19, 2019.

R. Reddy, K. S. Prasad, and V. Nikhil, “Temperature Controlled Fan Using Arduino with PWM Technique,” International Journal of
Advanced Research in Electrical, Electronics and Instrumentation Engineering, vol. 7, no. 8, pp. 10294-10300, 2018.

Page | 400



