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Abstract: The increasing generation of solid waste has created significant challenges related to waste 

disposal, environmental pollution and energy demand. Waste-to-energy technology provides an 

approach in which the thermal energy available from combustible waste can be converted into useful 

electrical energy. This paper presents the design and development of a small-scale waste-to-electricity 

prototype based on thermal energy recovery. The proposed system consists of a waste-burning 

chamber, heat-collecting element, electrical conversion circuit, diode, capacitor, battery-storage unit, 

heat-sensing element and LED load. When suitable waste material is heated inside the combustion 

chamber, the resulting thermal energy is transferred to the heat conversion element. The generated 

electrical output is conditioned through the electronic circuit and stored in a rechargeable battery. 

The stored energy can subsequently be supplied to a low-power LED load. A sensing arrangement is 

incorporated to control the output according to the availability of generated energy. The prototype 

demonstrates the basic principle of recovering useful electrical energy from waste heat at a small 

scale. The work also highlights the importance of waste segregation, controlled combustion and 

appropriate pollution-control measures for practical implementation. The proposed concept can serve 

as an educational and experimental platform for studying thermal energy recovery and small-scale 

waste-to-energy systems. 
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I. INTRODUCTION 

The continuous increase in solid-waste generation has created a need for improved methods of waste management. 

Conventional disposal methods such as uncontrolled dumping and landfilling can create environmental and public-

health concerns. At the same time, the energy contained in combustible waste represents a potential resource that can 

be recovered through suitable conversion technologies. 

Waste-to-energy (WtE) systems attempt to address both waste-management and energy-recovery requirements. 

Thermal conversion methods can transform the energy contained in combustible waste into useful heat and, through an 

appropriate conversion process, electricity. Research on municipal solid waste has identified thermal treatment, 

gasification, pyrolysis and other conversion routes as important approaches for energy recovery. 

The present work focuses on a small-scale prototype for demonstrating the conversion of thermal energy obtained from 

waste into electrical energy. The system is designed to illustrate the complete energy pathway from waste combustion 

to heat collection, electrical conversion, storage and utilization. 

Unlike a large industrial waste-to-energy plant, the proposed prototype is intended primarily as a practical 

demonstration and experimental model. The earlier project prototype used a burning chamber, heat-collection element, 

electronic conditioning circuit, battery and LED output to demonstrate this principle. 

The major purpose of the proposed system is therefore not to claim industrial-scale power generation, but to 

demonstrate how energy that would otherwise be lost as waste heat can be recovered and utilized for a low-power 

electrical application. 
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II. LITERATURE REVIEW 

Waste-to-energy has been studied as a potential approach for combining waste management with energy recovery. 

Recent reviews indicate that the selection of a WtE technology depends strongly on waste composition, moisture 

content, available infrastructure, environmental requirements and economic conditions. 

Malav et al. reviewed the potential of municipal solid waste as an energy resource in India and discussed technologies 

including incineration, pyrolysis, gasification and biomethanation. Their work also highlighted the challenges 

associated with waste collection, segregation, technology selection and implementation in India. 

Thermal treatment technologies can provide both waste-volume reduction and energy recovery. However, 

environmental performance depends on appropriate process control and emission-management systems. Reviews of 

WtE technologies emphasize that technological, economic and environmental factors must be considered together when 

selecting a suitable conversion method. 

Recent research has also examined thermochemical conversion methods such as combustion, gasification, pyrolysis and 

related processes. Feedstock variability, ash characteristics, emissions and scale-up remain important technical 

challenges. 

Based on the reviewed literature, there is scope for developing small-scale experimental systems that demonstrate the 

fundamental relationship between waste heat and electrical energy. The present work addresses this educational and 

experimental requirement through a compact prototype. 

 

III. OBJECTIVES 

The main objectives of the proposed project are: 

1. To demonstrate the conversion of thermal energy obtained from waste into useful electrical energy. 

2. To develop a small-scale waste-to-electricity prototype. 

3. To recover a portion of the heat produced during controlled waste combustion. 

4. To condition and store the generated electrical energy using an electronic circuit and battery. 

5. To operate a low-power LED load using the recovered electrical energy. 

6. To demonstrate the use of a heat-sensing mechanism for controlling the electrical output. 

7. To study the practical possibilities and limitations of small-scale waste-to-energy conversion. 

8. To promote the concept of waste utilization as an alternative energy resource. 

 

IV. PROPOSED SYSTEM 
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V. BLOCK DIAGRAM 

 
VI. COMPONENTS USED 

The main components of the prototype are: 

Sl. No.| Component| Function 

1| Waste-burning chamber| Provides controlled thermal source 

2| Heat conversion element| Converts available thermal energy into electrical output 

3| Diode| Controls current direction 

4| Capacitor| Supports electrical energy conditioning/storage 

5| Battery| Stores generated electrical energy 

6| Heat sensor| Detects thermal operating condition 

7| LED bulb| Demonstrates electrical output 

8| Connecting wires| Electrical interconnection 

9| Supporting circuit board| Mounting and circuit integration 

The original project documentation also identifies the battery, capacitor, resistor, LED and heating sensor as important 

elements of the prototype. 

 

VII. WORKING PRINCIPLE 

The working principle begins with the introduction of suitable combustible waste material into the thermal chamber. 

When the material is heated, thermal energy is produced. 

The heat is transferred toward the thermal conversion element. The conversion element produces an electrical output 

corresponding to the available thermal gradient and operating conditions. 

The generated electrical energy is then passed through the conditioning circuit. The diode arrangement helps maintain 

the required current direction, while the capacitor assists in smoothing and conditioning the electrical output. 

The conditioned energy is supplied to the battery for storage. When the required operating condition is detected by the 

heat-sensing unit, the stored/generated electrical energy can be supplied to the LED load. 

The LED provides a simple visual indication of electrical energy availability. 

Thus, the overall energy path can be represented as: 
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Chemical Energy in Waste → Thermal Energy → Electrical Energy → Stored Electrical Energy → Useful Electrical 

Load 

The original prototype documentation describes the same general sequence, including heat generation, electrical 

conversion, battery storage and LED operation. 

 

VIII. CONCLUSION 

This paper presented a small-scale waste-to-electricity prototype based on thermal energy recovery from combustible 

waste. The system combines a thermal source, heat conversion element, electrical conditioning circuit, battery-storage 

unit, heat sensor and LED load. 

The prototype demonstrates the basic pathway through which thermal energy originating from waste can be converted 

into useful electrical energy and stored for subsequent use. The work also demonstrates that waste can be considered 

not only as a disposal problem but also as a potential energy resource when appropriate conversion and environmental-

control technologies are applied. 

The present prototype is primarily a demonstration model, and its quantitative performance cannot be fully evaluated 

from the currently available project data. Future experimental work should therefore measure temperature, voltage, 

current, power, energy output and conversion efficiency under controlled operating conditions. 

With improved thermal management, electrical monitoring, emission control and systematic experimentation, the 

proposed concept can provide a useful foundation for further research into small-scale waste-to-energy systems. 
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