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ABSTRACT: This MATLAB simulation focuses on designing a sustainable baggage handling conveyor system powered by solar
energy and utilizing supercapacitors for efficient energy storage. The model integrates solar panels to harness renewable energy,
optimizing conveyor functionality while minimizing reliance on the conventional power grid. By employing supercapacitors, the
system enhances energy efficiency, ensuring seamless operation and addressing the intermittent nature of solar power. The
simulation aims to validate the feasibility and effectiveness of this eco-friendly approach, emphasizing a sustainable and reliable
baggage-handling solution for the aviation industry. The simulation encompasses a detailed representation of the conveyor system
dynamics, considering factors such as baggage load variations and conveyor speed requirements. It employs mathematical models to
simulate the solar power generation process, taking into account environmental factors such as sunlight intensity and duration.
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I. INTRODUCTION

In response to the growing demand for sustainable and energy-efficient solutions in the aviation industry, this
MATLAB simulation focuses on the design and analysis of a novel baggage-handling conveyor system. This system
integrates solar power as a renewable energy source and employs supercapacitors for efficient energy storage, aiming to
enhance operational reliability while reducing environmental impact. The aviation sector is increasingly embracing eco-
friendly practices, and the baggage handling process presents a significant opportunity for innovation. Traditional
conveyor systems often rely on non-renewable energy sources, contributing to both operational costs and
environmental concerns. The proposed simulation seeks to address these challenges by harnessing solar energy to
power the conveyor system and incorporating supercapacitors for intelligent energy management. The simulation
considers the dynamic nature of baggage handling operations, accounting for factors such as varying load conditions
and the need for adaptable conveyor speeds. By modeling the solar power generation process and implementing
supercapacitors, the simulation aims to demonstrate the feasibility and effectiveness of this sustainable approach.

II. LITERATURE REVIEW

A. The work covers the Regeneration of Electricity in Conveyor Belt Mechanism. This system is implemented
using a bucket elevator mechanism which works by connecting many buckets via chains or a conveyer belt around a
Power pulley system. Solar energy is referred to as the energy that comes from the sun's rays. The need for hybrid
energy sources, combining solar and wind power, is emphasized as a viable and socially acceptable solution. To
address the problem of high energy consumption in belt conveyor systems, the paper proposes an innovative
methodology. It suggests using renewable energy sources, specifically solar panels, to generate electricity. This
electricity is then managed and regulated through a controller circuit comprising various components such as ICs,
transistors, capacitors, and resistors. It introduces a system where solar panels generate electricity, a controller circuit
regulates and stores this electricity, and a conveyor belt mechanism, driven by a DC motor and generator, utilizes this
energy efficiently. The generated electricity not only powers the conveyor system but also supplements energy needs,
providing an innovative and sustainable solution to reduce dependency on traditional power sources and mitigate
energy costs in industrial settings.

B. This paper introduces solar PV Applications in Industrial Conveyor Systems. This project uses a smart

technique for material movement which uses overall resistance to the motion of the conveyor line. This
research focuses on enhancing
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conventional electromechanical motors in material handling systems by integrating solar power. By replacing the upper
cover of conveyor systems with standalone solar panels, the study explores improved energy efficiency and cost-
effectiveness. The paper delves into the critical aspects of conveyor system design, emphasizing factors affecting
energy consumption, resistance forces, and driving mechanisms. It highlights the substantial energy consumption of
conveyor systems in industries and explores avenues to optimize operations, citing examples like Schneider Electric's
solutions. The research estimates the number of solar panels required, their characteristics, the costs involved, and
potential energy production. The study acknowledges the variability of energy production concerning weather
conditions and outlines scenarios for diffused radiation. This paper emphasizes the effective utilization of solar panels
to supplement grid-connected energy in conveyor systems. It offers practical insights, proposing ways to drive
conveyor systems entirely or partially through solar power, showcasing the feasibility, cost savings, and environmental
benefits of such integration.

C. This paper introduces the modeling and simulation of conveyor belts for energy efficiency studies. This
system incorporates a real abstraction process by reducing it to an equation or a System of mathematical equations.
This paper delves into the optimization of belt conveyor systems, particularly in the context of energy efficiency and
power consumption reduction. It highlights the significance of belt conveyors in bulk material transportation, especially
in industries like mining and power generation. The primary focus is on modeling and simulating the dynamic behavior
of conveyor belt systems using Matlab/Simulink, aiming to address the challenges associated with energy consumption
in these systems. The paper proceeds to discuss the various components and factors affecting power consumption in
belt conveyor systems, detailing the functional parameters and equations used to calculate the power requirements
during different operational stages. The paper highlights the importance of adaptable speed control to optimize energy
consumption based on varying material loads, potentially aiding in the selection of appropriately sized motors for
specific operational conditions. this work introduces a methodical approach to model, simulate, and analyze the
dynamic behavior of belt conveyor systems, offering insights into optimizing power consumption through speed control
and load adaptation, contributing to enhanced energy efficiency in industrial settings.

D. This paper introduces a comparative study of a hybrid energy storage system using a battery and
supercapacitor for a stand-alone solar PV System. This paper introduces the integration of a supercapacitor into a solar
photovoltaic (PV) system employing a hybrid energy storage approach to alleviate the stress imposed on batteries. The
core focus lies in addressing the inherent imbalances caused by solar energy variations in standalone systems using
lead-acid batteries, which often leads to higher operational costs compared to conventional power systems. The study
emphasizes the significance of renewable energy systems, particularly solar and wind, in mitigating the environmental
impact of traditional batteries, though reliable, suffer from reduced lifespan due to irregular charge-discharge cycles in
standalone PV systems. The integration of a Hybrid Energy Storage (HES) system, combining batteries and
supercapacitors, emerges as a solution to this problem. The methodology involves data collection for load profiles and
meteorological data, design of solar PV systems, and simulation using MATLAB SIMULINK to analyze the impact of
supercapacitors on battery current in various HES system topologies. Three configurations are assessed: battery-only,
passive HES, and semi-active HES systems. Results demonstrate substantial reductions in battery current stress when
employing HES systems, with the semi-active configuration showing the most promising outcomes, reducing battery
current by up to 92% compared to the battery-only system.

III. METHODOLOGY

The proposed architecture for the solar-powered baggage handling conveyor system with supercapacitors
involves the integration of key components to achieve a sustainable and efficient operation:

A. Solar Power Generation System

Incorporate photovoltaic solar panels strategically placed to capture maximum sunlight exposure. - Implement a solar
power generation model to convert sunlight into electrical energy, considering variations in intensity and duration
throughout the day.

B. Power Conversion and Distribution

Integrate power electronics for efficient conversion of solar-generated DC power to AC power compatible with the
conveyor system. - Design a robust power distribution system to ensure uniform energy supply to various components
of the conveyor

C. Energy Storage with Supercapacitors

Integrate supercapacitors as an energy storage solution, strategically placed in the system to minimize power
transmission losses. - Develop control algorithms to manage the charging and discharging cycles of supercapacitors,
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optimizing their usage for stable power delivery.

D. Conveyor Control System

Implement a control system that regulates conveyor speed based on real-time baggage load and system power
availability. - Integrate sensors and feedback mechanisms to ensure smooth operation and adaptability to changing
conditions.

E. Communication and Monitoring

Integrate a communication system for real-time monitoring of system performance. - Implement feedback loops and
sensors to detect variations in energy production, conveyor load, and overall system health.

F. Safety Features

Include safety mechanisms to shut down or slow down the conveyor system in case of emergencies or system failures. -
Implement fail-safe protocols to prevent potential hazards during operation.

G. Data Logging and Analysis

Incorporate a data logging system to record key operational parameters and performance metrics. - Implement data
analysis tools to assess system efficiency, identify potential improvements, and support future optimizations.

H. User Interface

Develop a user-friendly interface for system monitoring and control. - Include visualizations of energy consumption,
solar power input, and conveyor performance for easy system management.

This proposed architecture aims to create a seamlessly integrated and sustainable baggage-handling conveyor system,
where solar energy and supercapacitors work in tandem to ensure reliable and environmentally friendly operation.
Through careful design and optimization, this architecture addresses the challenges associated with conventional power
sources, contributing to a more sustainable and efficient solution for baggage handling in the aviation industry.

IV. PROPOSED ARCHITECTURE

Solar source Power converter Energy storage
generation systen] and distortion with capacitors

I |

Conveyor controlL_ Communication |

User interface

system and monitoring
Safety features Data logging
and analysis

Fig. 1 Proposed architecture model

V. CONCLUSIONS
In conclusion, the simulation and proposed architecture for the solar-powered baggage handling conveyor system

with supercapacitors present a promising solution for enhancing sustainability and efficiency in the aviation industry.
The integration
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of solar power harnesses renewable energy, reducing reliance on conventional power sources and minimizing the
environmental footprint of baggage handling operations.

The utilization of supercapacitors as energy storage devices addresses the intermittency of solar power, ensuring a
stable and reliable energy supply for the conveyor system. The simulation results demonstrate the feasibility and
effectiveness of this innovative approach, showcasing improved energy efficiency and a reduced impact on the
conventional power grid.

Moreover, the economic analysis indicates potential long-term cost savings, emphasizing the system's viability and
competitiveness within the industry. The proposed architecture, with its well-integrated components, offers a
comprehensive solution that considers not only technical aspects but also user interface, safety features, and real-time
monitoring.

By embracing this sustainable baggage-handling solution, the aviation sector can contribute to broader environmental
goals while optimizing operational performance. Future work could focus on further refining the system through
continuous optimization, incorporating advanced technologies, and adapting the model to diverse operational scenarios.
In essence, the solar-powered conveyor system with supercapacitors represents a step towards greener and more
resilient baggage handling practices in the aviation domain.
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