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ABSTRACT: The increasing global energy demand, coupled with the growing accumulation of non-biodegradable
waste, presents a dual challenge for modern society: the need for sustainable energy and effective waste management.
Non-biodegradable materials, such as plastics, industrial by-products, and certain municipal wastes, pose significant
environmental hazards due to their persistence in landfills and the pollution they generate. Traditional disposal
methods, including incineration without energy recovery and landfilling, contribute to environmental degradation,
greenhouse gas emissions, and resource wastage. To address these challenges, this study explores innovative methods
for generating electricity from non-biodegradable waste through advanced waste-to-energy (WtE) technologies,
offering an integrated solution that addresses both environmental sustainability and energy production. The approach
involves converting waste materials, which are otherwise environmental pollutants, into usable energy forms such as
electricity or heat. This is achieved using various technologies, including pyrolysis, gasification, anaerobic digestion,
and plasma-based conversion processes. These processes break down complex waste materials at high temperatures or
controlled chemical environments, producing combustible gases, syngas, or biogas that can be used to drive turbines or
generators. By utilizing waste as a feedstock for energy production, this method not only reduces the volume of waste
sent to landfills but also decreases the associated environmental hazards, such as soil contamination, methane
emissions, and leachate generation.One of the significant advantages of generating electricity from non-biodegradable
waste is its potential contribution to renewable energy portfolios..
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I. INTRODUCTION

The growing global population and rapid industrialization have led to an unprecedented increase in solid waste
generation. Among these, non-biodegradable waste—including plastics, synthetic polymers, industrial residues, and
certain municipal wastes—poses a significant environmental challenge due to its persistence in landfills and its
contribution to soil, water, and air pollution. Traditional waste management methods, such as landfilling or
uncontrolled incineration, not only fail to recover valuable resources but also exacerbate environmental hazards,
including greenhouse gas emissions, leachate contamination, and long-term ecological damage. At the same time, the
global demand for electricity continues to rise, driven by urbanization, industrial growth, and technological
development. Conventional energy sources, particularly fossil fuels, are depleting rapidly and contribute to carbon
emissions, climate change, and environmental degradation. These dual challenges—the accumulation of
nonbiodegradable waste and the urgent need for sustainable energy—have motivated researchers and industries to
explore innovative solutions that simultaneously address both issues. One promising approach is the conversion of
nonbiodegradable waste into electricity through **waste-to-energy (WtE) technologies**. Waste-to-energy systems
harness the potential of waste materials as an alternative fuel source to produce electricity or heat. By employing
techniques such as pyrolysis, gasification, plasma arc conversion, and incineration with energy recovery, WtE
technologies can transform waste that would otherwise pollute the environment into a valuable energy resource. This
approach not only reduces the volume of waste destined for landfills but also contributes to renewable energy
generation, offering a sustainable and environmentally responsible solution. Electricity generation from
nonbiodegradable waste provides multiple benefits. It supports a **circular economy** by turning waste into a
resource, mitigates environmental pollution, reduces dependency on fossil fuels, and enhances energy security.
Furthermore, WtE systems can deliver a stable and continuous energy supply, which is particularly valuable in urban
and industrial settings where energy demand is high. However, the implementation of these technologies also presents
challenges, including variations in waste composition, operational efficiency, emission control, and economic
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feasibility. Addressing these challenges requires careful system design, policy support, and technological innovatio n.
In conclusion, generating electricity from non-biodegradable waste represents a **synergistic solution** to the pressing
problems of energy scarcity and environmental pollution. By converting waste into a sustainable energy source, this
approach contributes to cleaner energy production, effective waste management, and long-term environmental
sustainability, making it a vital component of future energy and waste management strategies.

Il. LITERATURE REVIEW

The increasing demand for sustainable energy and the growing accumulation of non-biodegradable waste have led
researchers to explore innovative waste-to-energy (WtE) technologies. Several studies have focused on converting
nonbiodegradable materials such as plastics, rubber, and industrial waste into usable energy, particularly electricity.
This section reviews key contributions in this domain.

Early research primarily concentrated on incineration-based energy recovery systems, where non-biodegradable waste
is directly burned to produce heat, which is then converted into electricity using steam turbines. Studies have shown
that incineration can significantly reduce the volume of waste while generating energy. However, concerns regarding
harmful emissions, such as dioxins and particulate matter, have prompted the development of cleaner and more
efficient alternatives.To address the environmental limitations of incineration, researchers introduced gasification
technology, which converts waste into a combustible gas mixture known as syngas. This process operates under
controlled oxygen conditions and produces fewer emissions compared to traditional combustion. Several studies have
demonstrated that gasification offers higher energy efficiency and better environmental performance, making it suitable
for large-scale applications .Another widely studied method is pyrolysis, a thermal decomposition process carried out in
the absence of oxygen. Research indicates that pyrolysis of plastic waste produces valuable by-products such as liquid
fuel, gas, and char, which can be utilized for electricity generation. Compared to incineration, pyrolysis provides
improved control over emissions and allows recovery of multiple energy products, enhancing overall system efficiency.
In recent years, researchers have explored hybrid waste-to-energy systems, which combine multiple technologies such
as gasification and pyrolysis to maximize energy output. These systems aim to overcome the limitations of individual
methods by improving conversion efficiency and reducing environmental impact. Studies have shown that hybrid
approaches can handle diverse waste compositions more effectively and offer greater flexibility in operation.

Advancements in smart technologies, including the Internet of Things and Machine Learning, have further enhanced
the performance of waste-to-energy systems. Researchers have developed intelligent monitoring systems that use
sensors and data analytics to optimize waste processing, predict energy output, and improve system reliability. These
technologies enable real-time monitoring and automation, making WtE systems more efficient and scalable.

Despite these advancements, several challenges remain. The heterogeneous nature of non-biodegradable waste affects
energy conversion efficiency, while high initial costs and strict environmental regulations limit widespread adoption.
Researchers emphasize the need for improved waste segregation, advanced emission control technologies, and
supportive government policies to promote the implementation of WtE systems.Overall, the literature indicates that
electricity generation from non-biodegradable waste is a promising solution for addressing both energy and
environmental challenges. Continuous research and technological innovation are essential to improve efficiency, reduce
costs, and ensure sustainable deployment of waste-to-energy systems in the future.

I1l. RESEARCH METHODOLOGY

The research methodology outlines the systematic approach used to design, develop, and evaluate a system for
generating electricity from non-biodegradable waste. The methodology integrates waste processing techniques, energy
conversion technologies, and performance evaluation methods to ensure efficient and sustainable energy production.

A. Research Approach

This study follows an experimental and analytical approach. It involves collecting non-biodegradable waste
materials, processing them using appropriate waste-to-energy techniques, and analyzing the efficiency of electricity
generation. The methodology also includes performance comparison under different operating conditions.

IJEETR©2026 | AnISO 9001:2008 Certified Journal | 2356




International Journal of Engineering & Extended Technologies Research (IJEETR)

vtd__‘ [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
13 .

Y, NI? & | Volume 8, Issue 2, March - April 2026 |

‘{‘3!’-»‘ o

IJEETR DOI1:10.15662/IJEETR.2026.0802216

B. System Design

The proposed system is designed with the following major stages:

1. WasteCollectionandSegregation

Non-biodegradable waste such as plastics, rubber, and synthetic materials is collected and separated from
biodegradable and non-combustible materials (e.g., metals, glass).

2. WastePreprocessing

The collected waste is cleaned, shredded, and dried to ensure uniform size and iconversion efficiency. mproved combustion or
3. EnergyConversionProcess

The processed waste is subjected to one of the following conversion methods:

o Pyrolysis: Thermal decomposition in the absence of oxygen to produce fuel gases and oils

o Gasification: Partial oxidation to generate syngas for electricity production

o Incineration with Energy Recovery: Controlled combustion to produce heat energy

4, ElectricityGenerationUnit

The generated heat or gas is used to drive a turbine or generator to produce electricity.

5. EmissionControlSystem

Filters and scrubbers are used to reduce harmful emissions and ensure environmental safety.

C. Data Collection
Data is collected at different stages of the process to evaluate system performance:
[J Input Data: Type of waste, weight, moisture content, and calorific value

e Process Data: Temperature, pressure, and reaction time
e Output Data: Voltage, current, and total power generated
e Environmental Data: Emission levels (CO, particulate matter)

D. Data Analysis
The collected data is analyzed using statistical and comparative methods. Key performance indicators include:

e Energy conversion efficiency
e Power output before and after optimization
e Waste reduction percentage

e Environmental impact assessment
Graphs and charts are used to compare system performance under different conditions.

E. Experimental Setup
The experimental setup consists of:

e Waste processing unit (shredder)

e Conversion unit (pyrolysis reactor/gasifier/incinerator)

e Generator or turbine system

e Sensors for monitoring temperature, voltage, and emissions

e Control unit for system regulation
Multiple trials are conducted to ensure accuracy and reliability of results.

F. Validation of Results
The system performance is validated by:

e Comparing output results with theoretical values [ Repeating experiments under varying
conditions
o Evaluating consistency and reliability of energy generation

G. Advantages of the Methodology
e Provides a structured approach for energy generation
o Enables efficient utilization of non-biodegradable waste
e Supports environmental sustainability
o Allows scalability for real-world applications
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IV. RESULTS AND DISCUSSION

The experimental evaluation of the proposed system demonstrates the practical feasibility of generating electricity from
non-biodegradable waste. The system was tested under controlled conditions using various waste materials such as
plastics and synthetic residues. The results indicate that non-biodegradable waste can be effectively converted into
usable electrical energy when appropriate processing and conversion techniques are applied.During the initial phase of
testing, the system produced a moderate level of power output due to the presence of unprocessed and mixed waste
materials. However, after introdu cing preprocessing steps such as segregation, drying, and size reduction, a
significant improvement in system performance was observed. The refined input materials allowed more efficient
thermal conversion, leading to increased energy output.

A comparison of system performance before and after optimization shows a clear enhancement in efficiency. The
power output increased noticeably due to improved combustion and conversion conditions. This highlights the
importance of proper waste preparation in achieving higher energy recovery from non-biodegradable materials.

The results also reveal that the type of waste used plays a critical role in determining energy output. Plastic-based
materials, which have a high calorific value, contributed to greater electricity generation compared to other types of
waste. This suggests that selective waste utilization can further improve system efficiency and performance.

From an environmental perspective, the system demonstrated reduced emission levels when equipped with appropriate
filtering and control mechanisms. Compared to traditional waste disposal methods such as open burning or landfilling,
the proposed system offers a cleaner and more controlled approach to waste management. This contributes to reduced
environmental pollution and supports sustainable practices.

In terms of operational performance, the system showed stable functioning under repeated test conditions. The
consistency in energy output indicates that the design is reliable for continuous operation, provided that the input waste
is properly managed. However, certain challenges were identified, including variations in waste composition and the
need for continuous monitoring to maintain optimal performance.

The overall findings confirm that electricity generation from non-biodegradable waste is a viable and effective solution
for addressing both energy demand and waste management issues. The system not only reduces the volume of waste
but also converts it into a valuable energy resource. With further improvements in process optimization and cost
reduction, this technology has strong potential for large-scale implementation.
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V. CONCLUSION

This study examined the potential of converting non-biodegradable waste into electrical energy using waste-to-energy
techniques. The findings demonstrate that materials such as plastics and synthetic waste, which are typically considered
environmental burdens, can be effectively utilized as a source of energy when processed under suitable conditions.

The proposed system successfully integrates waste processing, energy conversion, and emission control mechanisms to
generate electricity in an efficient and controlled manner. Experimental observations indicate that proper segregation
and preprocessing of waste significantly enhance energy output and overall system performance. The results also
confirm that high-calorific-value materials contribute to improved efficiency, making selective waste utilization an
important factor in system optimization. In addition to energy generation, the system offers a practical solution to the
growing problem of waste accumulation. By reducing reliance on landfills and minimizing harmful emissions, the
approach supports environmentally responsible waste management. It also contributes to the development of
sustainable energy systems by providing an alternative to conventional fossil fuel-based power generation. Although
certain challenges remain, such as variations in waste composition and the need for advanced emission control, the
overa Il performance of the system highlights its feasibility and potential for real-world applications. With further
technological improvements, cost optimization, and integration of smart monitoring systems, this method can be scaled
for industrial and municipal use.In conclusion, electricity generation from non-biodegradable waste represents a
promising pathway toward achieving both environmental sustainability and energy security. It aligns with the principles
of a circular economy by transforming waste into a valuable resource, thereby contributing to a cleaner and more
sustainable future.

VI. FUTURE WORK

1. Future research in electricity generation from non-biodegradable waste should focus on several key areas:

2. Efficient and Scalable System Design:

Developing compact and energy-efficient waste-to-energy systems that can operate effectively in both small-scale and
large-scale environments, including rural and urban applications.

3. Advanced Conversion Technologies:

Improving existing methods such as pyrolysis and gasification to enhance energy conversion efficiency, reduce energy
losses, and ensure consistent power generation.

4. Smart Monitoring and Automation:

Integrating intelligent technologies such as the Internet of Things and Machine Learning for real-time monitoring,
automated control, and predictive maintenance of the system.

5. Emission Control Mechanisms:

Improved Designing advanced filtration and gas-cleaning systems to minimize harmful emissions and ensure
compliance with environmental safety standards.

6. Waste Segregation and Preprocessing Optimization:

Developing automated waste sorting systems to improve input quality and increase overall system efficiency.
7.Utilization of By-Products:

Exploring effective methods to utilize by-products such as char, syngas, and liquid fuels for additional energy or
industrial applications.

8.Economic and Policy Development:

Conducting cost analysis and promoting supportive government policies to encourage the adoption of waste-toenergy
technologies on a larger scale.

9.Scalability for Smart Cities:

Expanding the system for integration into smart city infrastructure, enabling sustainable waste management and
continuous energy generation.

10. By addressing these areas, future waste-to-energy systems can become more efficient, environmentally friendly,

and capable of supporting sustainable energy demands..
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