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Abstract: The rapid increase in solid waste generation due to urbanization and population growth has
created serious environmental and public health challenges, while the rising demand for sustainable
energy has emphasized the need for alternative power sources. This paper presents the design and
development of a Waste-to-Electricity Generation System that converts municipal solid waste into usable
electrical energy through efficient waste processing and energy conversion techniques. The proposed
system focuses on waste collection, segregation, controlled processing, and conversion of biodegradable
and non-biodegradable waste into heat, gas, or other usable energy forms for electricity generation. The
system aims to reduce landfill dependency, minimize pollution, and support renewable energy production
while ensuring safe operation, monitoring, and environmental compliance. By integrating waste
management with power generation, the proposed model offers an eco-friendly, cost-effective, and
sustainable solution for urban and semi-urban areas, contributing to cleaner cities, improved energy
utilization, and long-term environmental protection..
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I. INTRODUCTION
Rapid urbanization, industrial growth, and population increase have led to a significant rise in solid waste generation
across the world. Improper disposal of municipal solid waste creates serious environmental issues such as land
pollution, air pollution, water contamination, and greenhouse gas emissions [1]. At the same time, the growing demand
for electricity and depletion of conventional energy resources have created the need for alternative and sustainable
energy solutions [2]. One promising approach to address both problems simultaneously is the Waste-to-Electricity
Generation System, which converts waste materials into useful electrical energy [3].
Waste-to-energy technology plays an important role in modern waste management by reducing the volume of waste
sent to landfills and utilizing its energy potential [4]. Different waste conversion methods such as incineration,
anaerobic digestion, gasification, and pyrolysis are used to extract energy from biodegradable and non-biodegradable
waste [5]. These methods help in producing heat, biogas, or syngas, which can further be converted into electricity
using turbines, generators, or engine-based systems [6].
The proposed system focuses on collecting, segregating, processing, and converting waste into electrical power in an
efficient and eco-friendly manner. This system not only helps in managing urban waste effectively but also supports
renewable energy generation and sustainable development [7]. By integrating waste management with energy
production, the project offers an innovative solution to reduce environmental pollution and improve energy utilization
[8]. Such systems are especially useful for rapidly growing cities where both waste disposal and electricity demand are
major concerns [9]. Therefore, the Waste-to-Electricity Generation System can be considered a practical, economical,
and environmentally beneficial technology for future smart cities and green energy applications [10].
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II. PROBLEM STATEMENT

The rapid growth of population, urbanization, and industrial activities has resulted in a huge increase in solid waste
generation, creating major environmental and public health challenges. Large quantities of municipal solid waste are
often dumped in open areas or landfills, causing land pollution, air pollution, water contamination, foul odor, and the
release of harmful greenhouse gases such as methane and carbon dioxide. At the same time, the demand for electrical
energy is continuously increasing, while conventional energy sources such as coal, oil, and natural gas are becoming
limited and environmentally harmful. The major problem lies in the inefficient disposal and underutilization of waste,
which is often treated as useless material instead of being considered a valuable energy resource.

III. OBJECTIVES
To reduce solid waste accumulation by converting waste into useful energy instead of dumping it in landfills.
To generate electrical energy from waste using suitable waste-to-energy conversion techniques.
To promote renewable and eco-friendly energy production by reducing dependence on conventional energy sources.
To minimize environmental pollution caused by improper waste disposal and harmful gas emissions.
To develop a sustainable and efficient waste management system for urban and semi-urban areas.

IV. LITERATURE SURVEY
Xinyue Zhao et al. (2024), in the paper “Conceptual Waste-to-Energy Design Incorporating Plastic Pyrolysis and
Anaerobic Digestion,” proposed an integrated system that combines plastic waste pyrolysis with anaerobic digestion
for efficient energy generation. The system converts plastic into pyrolysis oil, gas, and char, while biogas from
digestion is used along with pyrolysis gas to generate electricity through turbines. The model achieved high energy
efficiency and economic feasibility, improving overall waste utilization and reducing environmental impact
Hazrat et al. (2019), in the paper “Energy Recovery from Waste Plastics,” studied the potential of plastic waste as an
alternative energy source due to its high calorific value. The research highlighted that plastics such as polyethylene and
polypropylene contain significant energy content, making them suitable for fuel generation and electricity production.
The study emphasized the use of plastic waste in fuel blends to enhance energy recovery and reduce landfill disposal .
G. Tang et al. (2023), in the paper “Waste Plastic to Energy Storage Materials: A State-of-the-Art Review, ” reviewed
advanced methods for converting plastic waste into energy storage materials and fuels. The study explored various
technologies such as catalysis, hydrogen production, and energy storage systems, highlighting the importance of plastic
waste as a valuable resource for sustainable energy applications .
P. C. Nwaogu et al. (2025), in the paper “Advances in Converting Waste Plastics into Energy,” analyzed modern
plastic-to-energy technologies including pyrolysis, gasification, and hydrothermal liquefaction. The study concluded
that these technologies can significantly reduce environmental pollution while supporting circular economy principles
and improving energy recovery from plastic waste .
C. F. Chow et al. (2021), in the paper “Waste-to-Energy: Production of Fuel Gases from Plastic,” proposed a
mechanochemical method to convert plastic waste into fuel gases such as hydrogen, methane, and carbon monoxide.
The system demonstrated efficient gas production under controlled conditions, which can be further used for electricity
generation through combustion systems.
Comparison Table

Author & Year Technology Used Key Feature Limitation

Xinyue Zhao et al. | Pyrolysis +  Anaerobic | Combined waste conversion for | Complex system design
(2024) Digestion higher energy output

Hazrat et al. | Plastic Waste Energy | High calorific value of plastic | Pollution risk

(2019) Recovery waste

G. Tang et al. | Plastic to Energy Materials Converts plastic into useful | High processing cost
(2023) energy products
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P. C. Nwaogu et | Pyrolysis / Gasification Efficient plastic waste | Requires skilled operation
al. (2025) conversion
C. F. Chow et al. | Fuel Gas Production Produces combustible gases for | Limited large-scale use
(2021) energy

IV. WORKING OF SYSTEM

WASTE TO ENERGY SYSTEM

WORKING OF THE SYSTEM

A

Fig 1: Design of the system
The Waste to Energy Generation System works by converting collected waste materials into useful electrical energy
through a series of controlled processing stages. The system begins with waste collection from households, industries,
public places, and municipal bins. This collected waste is then transported to the processing unit for further treatment.
In the second stage, the waste undergoes sorting and segregation, where it is separated into biodegradable and non-
biodegradable categories such as organic waste, plastic waste, metals, and other materials. Unwanted or non-
processable materials are removed to improve system efficiency. After segregation, the waste is sent for pre-treatment,
where it is shredded, crushed, and reduced in size. This helps in easier handling and improves the efficiency of the
energy conversion process.
The pre-treated waste is then fed into the thermal processing unit, where it is subjected to processes such as
incineration, gasification, or pyrolysis. In this stage, the waste is heated under controlled conditions to produce heat
energy, syngas, or combustible gases. The heat generated is used to produce steam in a boiler, and this steam drives a
steam turbine connected to a generator. As the turbine rotates, the generator converts mechanical energy into electrical
energy.
The gases produced during thermal conversion pass through a gas cleaning and filtration unit, where harmful
pollutants, ash particles, and toxic gases are removed before release into the atmosphere. This ensures that the system
remains environmentally safe and produces cleaner emissions. The generated electricity can then be supplied to local
loads, stored in batteries, or connected to the power grid for practical use.
Finally, the remaining ash and residue from the system are collected and processed separately. Recyclable materials are
recovered for reuse, while the remaining residue is safely disposed of or sent to landfill if necessary. Thus, the system
not only helps in electricity generation but also supports waste reduction, pollution control, and sustainable energy
production.
Working Steps
1. Waste Collection
Waste is collected from homes, industries, streets, and public collection bins.
2. Waste Segregation
Collected waste is separated into biodegradable, plastic, metal, and other categories.
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3. Pre-Treatment

Waste is shredded, crushed, and dried to make it suitable for processing.

4. Thermal Processing

Waste is converted into heat, gas, or energy through incineration, gasification, or pyrolysis.
5. Energy Conversion

Heat energy is used to produce steam, which rotates the turbine and generator to produce electricity.
6. Gas Cleaning & Filtration

Harmful gases and particles are removed to ensure safe and clean emissions.

7. Power Output

Generated electricity is supplied to loads, batteries, or the main power grid.

8. Residue Handling

Ash and leftover waste are processed for recycling, reuse, or safe disposal.

V.SYSTEM DESIGN
5.1 Overview of System
The Waste to Energy Generation System is designed to convert solid waste into useful electrical energy through a
structured and eco-friendly process. The system includes multiple stages such as waste collection, segregation, pre-
treatment, thermal conversion, energy generation, gas cleaning, and residue handling. Each stage plays an important
role in ensuring efficient waste processing and safe electricity generation. The overall design focuses on reducing
landfill waste, minimizing pollution, and producing renewable energy in a sustainable manner.
The system starts with collecting waste from different sources and sending it to the segregation unit. After proper
sorting, the waste is shredded and prepared for processing. The prepared waste is then converted into heat or gas using
thermal methods such as incineration, gasification, or pyrolysis. This energy is further used to drive turbines and
generators to produce electricity. The design also includes safety systems such as gas filtration and residue management
to maintain environmental standards.

5.2 Main Components of System

1. Waste Collection Unit

This unit is responsible for collecting solid waste from households, industries, and public places. It acts as the input
stage of the system and ensures continuous waste supply.

2. Waste Segregation Unit

In this stage, waste is separated into biodegradable, plastic, metal, and non-processable materials. Proper segregation
improves system efficiency and energy output.

3. Shredder / Pre-Treatment Unit

This unit reduces the size of waste by shredding or crushing it into smaller pieces. It helps in smooth feeding and better
combustion or conversion performance.

4. Thermal Processing Unit

This is the core unit of the system where waste is processed using incineration, gasification, or pyrolysis. It converts
waste into heat energy, syngas, or combustible gases.

5. Boiler / Steam Generation Unit

The heat generated from the thermal unit is used to heat water and produce steam. This steam is then supplied to the
turbine for power generation.

6. Turbine and Generator Unit

The steam rotates the turbine, and the connected generator converts mechanical energy into electrical energy. This is
the main electricity production stage.
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7. Gas Cleaning and Filtration Unit

This unit removes harmful gases, smoke particles, and pollutants before releasing emissions into the atmosphere. It
helps in maintaining environmental safety.

8. Electricity Output Unit

The generated electricity is delivered to small loads, batteries, or the power grid depending on the system design. It
ensures proper power distribution and utilization.

9. Ash / Residue Handling Unit

After waste conversion, ash and solid residue are collected and processed. Some materials may be recyclable, while the
remaining residue is safely disposed of.

10. Monitoring and Control Unit

This unit includes sensors and controllers for temperature, gas level, pressure, and system safety. It ensures smooth and
reliable system operation.

VI. RESULTS
The Waste to Energy Generation System was successfully developed and its working was analyzed based on the
designed flow of waste collection, segregation, thermal conversion, and electricity generation. The system showed that
waste materials, especially combustible and non-recyclable waste, can be effectively utilized for power generation
instead of being discarded into landfills. This proves that waste can serve as a valuable source of renewable energy
when processed using proper conversion techniques.
During the operation of the system, the waste was first collected and segregated into useful categories. The segregated
waste was then pre-treated by shredding and size reduction, which improved the overall efficiency of the thermal
processing unit. This step was important because smaller and uniform waste particles helped in better combustion or
gasification, resulting in improved heat generation. The pre-treatment stage also helped in removing non-processable
and unwanted materials from the input stream.
The thermal processing unit was one of the most important parts of the system, where the waste was subjected to
controlled heating. In this stage, the waste was converted into heat energy and combustible gases, depending on the
selected method such as incineration, gasification, or pyrolysis. The heat produced in this stage was effectively used in
the boiler and steam turbine section, where it generated steam to rotate the turbine. The rotation of the turbine further
drove the generator, producing electrical energy.
The generated electricity was found to be suitable for powering small electrical loads such as LED bulbs, indicators,
and low-power demonstration devices. This confirmed that the proposed system can successfully convert waste into
practical electrical output. Although the prototype may not generate large-scale power, it effectively demonstrates the
real working principle of industrial waste-to-energy systems and their practical application in energy recovery.
Another important result observed was the performance of the gas cleaning and filtration unit. The gases produced
during the thermal conversion stage passed through a filtration process, which helped in reducing harmful emissions
and particulate matter before release. This indicates that the system not only focuses on electricity generation but also
addresses environmental safety and pollution control. The ash and residue handling unit also performed effectively by
collecting leftover solid waste after processing. Some residue can be reused or safely disposed of, reducing the overall
waste burden.
The system also demonstrated that waste volume can be significantly reduced after energy extraction. This is one of the
major benefits of waste-to-energy technology, as it reduces the requirement for large landfill areas and helps in cleaner
waste management practices. By converting waste into energy, the system contributes to both solid waste reduction and
renewable energy production, making it a dual-benefit solution for urban areas.
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VII. CONCLUSION
The Waste to Energy Generation System successfully demonstrates an effective and sustainable method for converting
solid waste into useful electrical energy. The project shows that waste materials, instead of being discarded into
landfills, can be treated as a valuable resource for renewable energy generation. By using processes such as waste
collection, segregation, pre-treatment, thermal conversion, and energy generation, the system provides a practical
solution to both waste management and increasing energy demand.
The developed system helps in reducing environmental pollution, minimizing landfill dependency, and promoting
cleaner energy production. It also highlights the importance of integrating modern waste processing techniques with
power generation systems to achieve sustainable development. The inclusion of gas cleaning and residue handling units
further improves the safety and eco-friendliness of the system.
In conclusion, the proposed project proves that waste-to-energy technology is a reliable, eco-friendly, and economically
beneficial approach for future energy needs. With proper implementation and further technological improvements, this
system can play a significant role in smart cities, industrial applications, and sustainable urban waste management.

REFERENCES

[1]. Vershinina, K., Nyashina, G., and Strizhak, P. — Combustion, Pyrolysis, and Gasification of Waste-Derived
Fuel Slurries, Low-Grade Liquids, and High-Moisture Waste: Review — Applied Sciences — Vol. 12— No. 3 —
January 2022.

[2]. Sivagami, K., et al. — Recycling of Plastic Waste into Fuel by Pyrolysis — A Review — Materials Today:
Proceedings — Vol. 37 — Part 2 — 2021 — pp. 3718-3720.

[3]. Zhang, M., Ren, L., Wang, Y., et al. — A Short Review of Waste Plastic Chemical Recycling by Pyrolysis:
From Process Parameters and Catalytic Mechanisms to Product Upgrading — Journal of Analytical and
Applied Pyrolysis — Vol. 196 — June 2026.

[4]. Nwaogu, P. C., et al. — Advances in Converting Waste Plastics into Energy to Bolster the Circular Economy
— Journal of Industrial and Engineering Chemistry — December 2025.

[5]. Wu, C., and Williams, P. T. — Pyrolysis of Municipal Plastic Wastes for Recovery of Gasoline-Range
Hydrocarbons — Journal of Analytical and Applied Pyrolysis — Vol. 72 — Issue 1 — August 2004 — pp. 97-102.

[6]. Cheng, Y., et al. — Upgrading of Plastic Waste-Derived Gaseous Hydrocarbon Productions through
Combining Steam Gasification with Catalysts — Journal of Analytical and Applied Pyrolysis — Vol. 183 —
October 2024.

[7]. Qureshi, M. S., et al. — Pyrolysis of Plastic Waste: Opportunities and Challenges — Journal of Analytical and
Applied Pyrolysis — 2020.

[8]. Yadav, R. J., Solanki, S., Saharna, S., et al. — Pyrolysis of Waste Plastic into Fuel — International Journal of
Recent Technology and Engineering (IJRTE) — Vol. 9 — Issue 1 — May 2020.

[9]. Matsakas, L., et al. — Green Conversion of Municipal Solid Wastes into Fuels and Chemicals — Electronic
Journal of Biotechnology — 2017.

[10]. Hazrat, M. A., et al. — Utilization of Polymer Wastes as Transport Fuel Resources — A Recent Development —
Energy Procedia — 2014.

[11]. Al-Salem, S. M., et al. — A Review on Thermal and Catalytic Pyrolysis of Plastic Solid Waste (PSW) —
Journal of Environmental Management — 2017.

[12]. Miandad, R., et al. — Catalytic Pyrolysis of Plastic Waste: A Review — Process Safety and Environmental
Protection — 2016.

[13]. Singh, A., et al. — A Critical Review on Solid Waste Treatment Using Plasma Pyrolysis Technology —
Chemical Engineering and Processing: Process Intensification — Vol. 177 — July 2022.

[14]. Hosseini, S. H., et al. — Mathematical Modeling of Waste Plastic Pyrolysis in Conical Spouted Beds: Heat,
Mass, and Momentum Transport — Journal of Analytical and Applied Pyrolysis —2014.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 289

| 2581-9429 |1
R\ 1JARSCT /3
& <




(/ | IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal TED GO
ISSN: 2581-9429 Volume 6, Issue 3, April 2026 Impact Factor: 8.2

[15]. Mendes, A., et al. — Pyrolysis—Gasification of Plastics, Mixed Plastics and Real-World Plastic Waste — Fuel —
2010.

[16]. Chai, Y., et al. — Hydrogen Production from Co-Pyrolysis/Gasification of Waste Plastics and Biomass under
Novel Catalyst — Chemical Engineering Journal — 2020.

[17]. Wu, C., et al. — Hydrogen Production by Steam Gasification of Polypropylene with Various Nickel Catalysts
— Applied Catalysis B —2009.

[18]. Hasan, M. M., et al. — Pyrolysis of Plastic Waste for Sustainable Energy Recovery: Technological
Advancements and Environmental Impacts — Energy Conversion and Management — 2025.

[19]. World Bank — Municipal Solid Waste Generation and Management Reports —2018.

[20]. UNEP (United Nations Environment Programme) — Solid Waste, Plastic Pollution, and Sustainable Energy
Recovery Reports — 2021

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/568 290

| 2581-9429 |1
R\ 1JARSCT /3
2 55




