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ABSTRACT 

The escalating global demand for sustainable energy has propelled research into alternative methods 

of electricity generation, with waste incineration emerging as a promising solution. Unlike 

conventional waste management practices such as landfilling or open burning, incineration offers both 

environmental benefits and energy recovery. By combusting waste at high temperatures, incineration 

releases heat energy that can be harnessed for electricity generation through various technologies. In 

this work, a working prototype model has been designed and explained that generates electricity from 

waste material. This approach not only reduces reliance on fossil fuels but also mitigates greenhouse 

gas emissions while decreasing waste volume and enabling valuable material recovery from ash. 

Ongoing research focuses on optimizing incineration processes to address challenges like emissions 

control and feedstock variability, with technologies like grate and fluidized bed systems showing 

promise. The proposed model has shown thermoelectric efficiency of waste material up to 7.7% that 

is very promising. 
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Introduction 

The escalating challenges of waste management and the increasing global demand for sustainable 

energy sources have intensified the search for innovative solutions that can address both issues 

concurrently [1-2]. This manuscript introduces a pioneering project focused on generating electricity 

through the incineration of waste materials. Emphasizing a small-scale model, the project aims to 

demonstrate feasibility and practicality for localized implementation. 

The motivation behind this project arises from the exponential growth in global waste production and 

the imperative to reduce reliance on fossil fuels for electricity generation. Incineration offers a 

promising avenue for waste-to-energy conversion, providing dual benefits of effective waste disposal 

and sustainable energy production. By utilizing locally available waste materials, the project seeks to 

harness untapped resources while mitigating environmental concerns associated with conventional 

waste disposal methods. 

This manuscript outlines the project's objectives, which include the design, construction, and 

evaluation of a small-scale incineration system tailored for electricity generation. Through a 

comprehensive review of relevant literature, the advantages and challenges of incineration technology 

are elucidated, laying the groundwork for the project's methodology and approach. Subsequent 

sections will detail design considerations, experimental setup, results, and discussions, culminating in 

conclusions and recommendations for further research and implementation. 

Currently, India harnesses less than 5% of its Waste-to-Energy (WtE) potential, with limited 

operational plants and few comparative studies with Europe, highlighting significant opportunities for 
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advancement and entrepreneurial ventures in the field. This project aims to contribute to the growing 

body of knowledge on waste-to-energy technologies and provide practical insights into sustainable 

waste management and decentralized energy generation. 

 

In essence, this project seeks to catalyze advancements in the intersection of waste management and 

renewable energy by demonstrating the feasibility of small-scale incineration for power generation. 

The subsequent sections of this manuscript are organized as follows: Part 2 includes a literature review, 

Part 3 details the methodology used in this project, Part 4 presents the prototype working model, and 

Parts 5 and 6 cover results and discussions, and future scopes respectively. The conclusions of this 

work are presented in the final section followed by references. 

 

Literature Review 

Waste-to-energy technologies have gained considerable traction as effective solutions to address the 

dual challenges of waste management and sustainable energy generation [3-4]. Among these 

technologies, incineration stands out as a well-established method with a longstanding history of global 

implementation [5]. Extensive research has explored the advantages and drawbacks of incineration, 

emphasizing its role in converting waste into valuable energy resources. Incineration is prized for its 

ability to significantly reduce the volume of waste while simultaneously producing energy. By 

subjecting organic materials to high temperatures in controlled environments, incinerators facilitate 

the combustion process, converting waste into heat energy. This thermal energy is then utilized to 

generate electricity through steam turbines or other power generation mechanisms [6][7-9]. This dual 

capability not only alleviates pressure on landfill capacities but also contributes to renewable energy 

production, aligning with sustainability goals [10]. 

Moreover, incineration offers inherent benefits in waste treatment and environmental protection. The 

combustion process effectively destroys pathogens and hazardous substances present in the waste, 

thereby reducing the risk of contamination and associated public health hazards that can arise from 

traditional landfill disposal methods [11]. Furthermore, modern incineration facilities are equipped 

with sophisticated emission control technologies such as scrubbers, filters, and catalytic converters. 

These technologies help mitigate air pollutants, ensuring compliance with stringent environmental 

standards and minimizing the environmental footprint of waste-to-energy processes [12]. Despite its 

advantages, incineration poses certain challenges that require careful consideration. Chief among these 

is the potential for air pollution and greenhouse gas emissions from the combustion of organic 

materials. While advanced pollution control measures are effective in reducing emissions, continuous 

monitoring and regulatory oversight are essential to ensure that incineration facilities operate within 

permissible limits and do not compromise air quality [13]. 

Economically, the feasibility of incineration projects varies depending on several factors including 

waste composition, energy prices, and regulatory frameworks [14][15]. Initial capital investments for 

constructing and commissioning incineration plants can be substantial. However, proponents argue 

that these costs can be offset by long-term operational savings and revenue generated from the sale of 

electricity produced by the incinerators [16]. The economic viability of each project must be evaluated 

on a case-by-case basis, considering local market dynamics and regulatory environments [17][18]. 

Moving forward, the focus should be on advancing incineration technologies to align with circular 

economy principles, where waste is viewed as a resource that can be efficiently converted into energy. 

This approach not only supports environmental sustainability by reducing waste volumes and 

emissions but also contributes to meeting growing energy demands through renewable sources. By 

fostering a holistic approach that integrates technological advancements with robust regulatory 

frameworks and economic assessments, incineration can play a pivotal role in shaping a more 

sustainable future for waste management and energy generation globallyIn summary, the literature 

underscores the potential of incineration as a viable option for electricity generation from waste 

materials [19]. While acknowledging its advantages in waste management and energy production, 
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researchers and policymakers must remain vigilant in addressing environmental concerns and ensuring 

the economic feasibility of incineration projects. Continued research and innovation in this field are 

crucial for advancing sustainable waste-to-energy solutions and fostering a transition to a circular 

economy. 

 

Overview of Waste Generation and Biomass Resources in India 

In India, significant biomass generation is derived from multiple sources. Agricultural residues 

contribute 45-55 million tonnes annually, including rice straw (15-20 million tonnes), wheat straw (10-

15 million tonnes), and sugarcane bagasse (8-10 million tonnes). Forestry residues, including wood 

chips and sawdust, amount to around 30 million tonnes annually. Specifically, wood chips account for 

12-15 million tonnes, while sawdust contributes 7-10 million tonnes to the total. Animal manure from 

cattle, poultry, and pigs amounts to 20-25 million tonnes each year, with cattle manure being the most 

prevalent [9]. Municipal solid waste (MSW) adds around 68 million tonnes annually, with organic 

waste comprising 35-40 million tonnes, or 50-60% of MSW. With projections indicating MSW could 

reach 165 million tonnes by 2031, and only about 60% currently processed, there is a critical need for 

enhanced waste management practices and efficient biomass utilization to meet growing 

environmental and energy demands. 

The table1 below summarizes the various types of waste generated in India, their approximate 

quantities, and their efficiency in generating electricity [12]. 

 

Table1: Different types of waste generated in India, their approximate quantities, and their efficiency 

in generating electricity 

 
Table 2 displays the installed capacities for the biomass and waste-to-energy sectors as of June 30, 

2024. The data reveals that Biomass (Bagasse) Cogeneration holds a capacity of 9,433.56 MW, 

Biomass (Non-bagasse) Cogeneration at 921.79 MW, Waste to Power at 249.74 MW, and Waste to 

Energy (Off-grid) at 343.62 MW [12]. This significant increase underscores the growing importance 

of these sectors in renewable energy and waste management. Over the past 15 years, the installed 

capacity for waste-to-energy plants has expanded nearly fourfold, rising from 43.5 MW in 2007 to 

343.62 MW in 2024. This notable growth highlights the increasing focus on sustainable energy 

solutions and the potential advancements in waste-to-energy technologies. The installed capacity of 

biomass and waste to energy is also reflected by figure 1. 

 
Figure1: Installed capacities for biomass and waste-to-energy sectors 
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Table2: Installed Capacities for Biomass and Waste-to-Energy Sectors (As of June 30, 2024) 

 
Methodology used to Generate Electricity From Waste 

The methodology begins with a thorough analysis of the requirements and constraints for the small-

scale incineration system. Factors such as waste composition, available space, budgetary constraints, 

and regulatory requirements are taken into consideration. The design process focuses on optimizing 

the incinerator's efficiency, reliability, and safety while minimizing environmental impact [17].  

The proposed method to generate electricity from waste material is shown by figure2. The details of 

the waste collection to electricity generation are depicted below. 

 
Figure 2: Methodology used to generate electricity from waste material 

 

Selection of Waste Materials 

Local waste materials suitable for incineration are identified based on their calorific value, moisture 

content, and combustion characteristics. Common wastes that are selected include biomass, paper, 

cardboard, and certain types of plastics. The selection process considers availability, cost-

effectiveness, and environmental sustainability [17]. The efficiency of various waste materials has 

been shown in table 3 [1]. The table shows that plastic has maximum calorific value as 35MJ/kg in 

comparison to biomass, paper, and cardboard. However, biomass has maximum combustion efficiency 

as 85%, in comparison to other waste materials shown in the table. Thus, as per the required criteria 

different materials can be used to generate the heat.  

Table 3: Comparison of waste material for incineration methodology 

 
 

Fuel Preparation 

 The chosen waste materials undergo pre-processing to ensure uniform size and moisture such as 

shredding, drying, and sorting are employed as needed to prepare the fuel for optimal performance in 

the incineration process. After, preparing the waste for best calorific value, the heat energy is extracted 

in furnace. 

Construction of the Experimental Model 

 The small-scale incineration system is constructed according to the finalized design specifications. 

This involves assembling the combustion chamber, heat recovery system, flue gas treatment 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 8, No.1, August : 2024 
[ 

UGC CARE Group-1                                                                                                                      161 

components, and control mechanisms. Careful attention is paid to material selection, insulation, and 

safety features to ensure reliable and safe operation. 

 

Setup and Calibration 

 Once construction is complete, the incineration system is installed and calibrated for operation. 

Instrumentation and sensors are installed to monitor key parameters such as temperature, airflow, 

combustion efficiency, and emissions. Control systems are programmed and tested to ensure proper 

functionality and responsiveness. 

 

Operational Procedures 

 Standard operating procedures (SOPs) are developed for the safe and efficient operation of the 

incineration system. This includes start up and shutdown protocols, operating parameters, maintenance 

schedules, and emergency procedures. Personnel are trained on proper operation and maintenance 

practices to ensure the system's longevity and reliability. 

 

Testing and Optimization 

 The incineration system undergoes rigorous testing to evaluate its performance under various 

operating conditions. Key performance indicators such as energy efficiency, combustion efficiency, 

emissions levels, and ash quality are measured and analysed. Adjustments are made as necessary to 

optimize performance and ensure compliance with regulatory standards. 

 

Validation and Verification 

 The final step involves validating the results obtained from the experimental model and verifying its 

efficacy in generating electricity from waste materials. Comparisons may be made with theoretical 

predictions or benchmark data from existing incineration systems to validate the model's accuracy and 

reliability. 

 

Cutting-Edge Prototype Model Overview 

The project initiates with the collection and segregation of waste materials from various sources. These 

materials are then introduced into an incineration unit, where they undergo pyrolysis at elevated 

temperatures, yielding thermal energy. This thermal energy is harnessed by a heat recovery system, 

which converts it into high-pressure steam or hot water. The steam or hot water is subsequently utilized 

to drive a turbine or reciprocating engine, generating electrical power. Advanced emission control 

technologies, such as scrubbers and electrostatic precipitators, are deployed to mitigate pollutant 

release and adhere to environmental standards. Post-combustion, the residual ash is processed and 

disposed of in accordance with regulatory guidelines. Continuous real-time monitoring and process 

optimization are implemented to ensure operational efficiency and minimal environmental impact. The 

project effectively transforms waste into electrical energy, thereby facilitating sustainable power 

generation while addressing waste management issues. The prototype model of the proposed electricity 

generator is illustrated in Figure 3, with detailed descriptions of its operational components provided 

below. 

 
Figure3: The working model of proposed electricity generator from waste material 
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Incineration Box 

 The central component of the experimental setup is the incineration box, designed to safely burn waste 

materials. Constructed from heat-resistant materials such as stainless steel or refractory bricks, the box 

provides a controlled environment for combustion. Waste materials are fed into the box manually or 

through a feeder mechanism, and combustion occurs within this enclosed space. 

 

Pollutant gas Mitigation System 

Polluting gases are produced when garbage is burned in an incinerator box. These pollutants include 

particulate matter (PM), sulfur oxides (SOx), nitrogen oxides (NOx), and carbon oxides (COx). The 

release of these pollutants has adverse effects on human health and the environment, including serious 

damage to the human respiratory system, acid rain, climate change, and global warming [11][12]. 

Particulate matter (PM) collectors are essential for regulating emissions and upholding air quality 

regulations in plant furnaces. The Novel particulate matter (PM collectors) achieves nearly 100% 

efficiency for submicron particles, microwave systems that achieve nearly 90% efficiency for NO and 

over 95% efficiency for SO2. It is better than other PM collectors like electrochemical systems, and 

microalgae-based methods [12]. 

The efficiency of filters is given as [13] 

Eff=(P0-P1)/P0*100                            (1) 

Where the PM concentrations before and after the filter are denoted by P0 and P1, respectively. 

To address emissions and particulate matter produced during combustion, a smoke capture system is 

integrated into the experimental setup. A pipe or duct is installed to channel smoke and exhaust gases 

away from the incineration box. This prevents direct exposure to harmful emissions and facilitates 

further treatment and disposal. The smoke captured through the pipe is directed into a water-cooling 

system to lower its temperature and condense particulate matter. This cooling process helps to reduce 

the temperature of the smoke, making it safer for handling and subsequent treatment. Water may be 

circulated through a coil or heat exchanger to facilitate efficient heat transfer and cooling. 

 

Particulate Collection 

In small waste-to-electricity generation systems, effective particulate collection plays a vital role in 

both environmental impact and operational performance. Utilizing advanced technologies like HEPA 

filters with nanomaterial coatings ensures efficient capture of particulate matter, thereby improving air 

quality and reducing emissions [18]. These systems typically achieve high removal efficiencies, often 

exceeding 95%, making them essential for maintaining clean and compliant operational standards in 

such setups. 

 

Thermoelectric Plate 

 Thermoelectric devices are gaining attention for their ability to convert heat into electricity without 

moving parts, offering advantages in reliability, silence, and versatility. However, current efficiencies 

of conventional thermoelectric materials remain below 10%, driving ongoing research into material 

enhancements [19]. For applications below 135°C, costs of thermoelectric materials can be prohibitive, 

but efficiencies and cost-effectiveness improve at higher temperatures, reaching as low as $1 per 

moving part [20]. In waste incineration systems, thermoelectric plates placed within combustion boxes 

utilize the Seebeck effect to generate electricity from heat differentials. A typical thermoelectric plate 

in this setup outputs 4V and 0.5W with a peak efficiency of 20%. 

 

Energy Storage System 

 The electricity generated by the thermoelectric plate is stored in a rechargeable battery for later use. 

The battery, typically a 12V, 1000mAh rechargeable battery, serves as an energy storage medium, 

ensuring continuous system operation even when waste incineration is inactive. This stored energy can 
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power external devices such as LED bulbs or small electronic appliances, enhancing the system's 

versatility and reliability. 

 

Results and Discussion 

India currently utilizes less than 5% of its Waste-to-Energy (WtE) potential. The number of operational 

plants is low, and comparative studies with Europe are lacking [18]. So a potential progress and 

entrepreneurship can motivate the businessman to work in this field. This study highlights the potential 

for substantial improvement through the integration of advanced technologies. The experimental setup 

demonstrated an energy generation efficiency of approximately 7% from the thermoelectric plate's 

output [19]. The efficiency metrics of the proposed incineration system and suggested improved 

technology based system is shown in table 4. The proposed system, utilizing current technology, 

achieves an energy generation efficiency of 7.7%. However, by incorporating high-performance 

thermoelectric materials, this efficiency could be enhanced to 9.5%, reflecting a notable increase in 

the ability to convert waste heat into electrical energy. Battery charging efficiency, currently at 85% 

with standard lithium-ion batteries, could be improved to 90% through advanced battery technologies 

with higher charge density. Illumination provided by the existing system’s LED bulbs, which currently 

delivers 800 lumens, could be increased to 1000 lumens with high-efficiency LED technology. 

Additionally, smoke capture efficiency could be improved from 95% to 98% with next-generation 

electrostatic precipitators, while particulate removal efficiency could be enhanced from 90% to 95% 

with advanced HEPA filters featuring nanomaterial coatings. The integration of enhanced heat 

exchangers with phase change materials could achieve a waste heat recovery efficiency of 12%, a 

significant improvement from the current system’s undefined metric [21]. Collectively, these 

advancements represent a substantial leap forward in energy efficiency, emission control, and overall 

system performance, indicating a promising path for further development and adoption of WtE 

technologies in India.  

 

Table 4: Efficiency metrics of the proposed incineration system and environmental Impact Assessment 

 
Future Scopes 

Future developments in waste-to-energy systems are set to transform electricity generation from waste. 

Innovations will focus on improving combustion efficiency with technologies such as plasma 

gasification and advanced waste sorting methods. Enhanced heat recovery systems using phase change 

materials and thermoelectric generators will optimize energy extraction. Integration of advanced 

battery storage solutions and utilization of diverse waste streams, including organic waste for biogas 

production, will further increase efficiency. Investments in pollution control technologies like 

advanced scrubbers and electrostatic precipitators will minimize environmental impacts. Economic 

feasibility assessments will drive adoption, ensuring waste-to-energy systems contribute significantly 

to sustainable development by reducing waste, emissions, and generating renewable electricity. 
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Conclusion 

The project has demonstrated significant advancements in waste-to-energy technology, achieving an 

energy generation efficiency of 7% with promising results. Enhanced technologies, as detailed, have 

the potential to increase efficiency to 9.5% and improve battery charging, LED illumination, smoke 

capture, and particulate removal. The integration of advanced heat exchangers also boosts waste heat 

recovery to 12%. These improvements highlight the project's potential for substantial energy and 

environmental benefits. Future work should focus on scaling these technologies, optimizing system 

components, and expanding waste-to-energy infrastructure to fully harness India's WtE potential and 

drive sustainable development. 
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