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Introduction  

Over the years, the pattern of living has 
significantly changed with rapid industrialization, a 
fast-growing economy, and a substantial increase in 
urban population, all of which have led to an 
enormous rise in waste generation. This surge in waste 
production has caused severe environmental 
pollution, posing a threat to public health. The world 
is also witnessing a rapidly increasing population, 
which, alongside higher living standards, contributes 
to greater municipal solid waste (MSW) generation 
and increased energy and goods consumption. These 
factors lead to changes in land use, deforestation, 
intensified agriculture, industrialization, and higher 
reliance on fossil fuels. Together, these activities, along 
with increased MSW, contribute to rising greenhouse 
gas (GHG) emissions, thereby endangering public 
health through improper waste disposal methods. 

Globally, MSW generation continues to rise. In 
2018, the World Bank estimated that global MSW 
generation reached 2.01 billion tons, up from 1.3 
billion tons in 2012, and is projected to increase to 2.59 
billion tons by 2030 and 3.40 billion tons by 2050. This 
increase is driven by factors such as economic growth, 
industrialization, urbanization, and rural-to-urban 
migration. Moreover, modern economies are leading 
to more complex waste compositions due to 
consumer-based lifestyles.  

In India, traditional waste disposal methods 
like chaotic land filling, indiscriminate dumping, and 
mass burning have resulted in significant 
environmental and health risks. Waste-to-Energy 
(WTE) initiatives can address this by supporting 
global Sustainable Development Goals (SDGs), such 
as SDG 7 (Affordable and Clean Energy) and SDG 11 
(Sustainable Cities and Communities).  

By turning waste into usable forms of energy, 
WTE technologies not only minimize environmental 
impact but also provide a viable solution to the rising 
global energy demand. By embracing these 
technologies, society can address the twin challenges 

of waste disposal and clean energy production, paving 
the way for a greener future. 

Classification of WTE technologies 

WTE technologies can be broadly classified as 
thermal, biochemical, and chemical processes.  

Incineration  

Incineration is a widely used thermal 
treatment method where municipal solid waste 
(MSW) is burned in the presence of excess oxygen in a 
furnace, typically at temperatures ranging from 800°C 
to 1000°C, with a minimum residence time of 2 
seconds. This process generates heat and produces 
ash, including both bottom and fly ash. As the most 
mature technology for waste management globally, 
incineration offers the key advantage of reducing 
waste volume by 80-90% and mass by 70-80%, 
significantly decreasing the amount of space required 
for land filling and extending the lifespan of existing 
landfill sites. In addition to reducing waste mass and 
volume, the high temperatures involved in 
incineration also effectively destroy hazardous 
materials. 

Another advantage of incineration is the 
ability to recover energy from the process. The hot flue 
gas produced can be cooled in a high-pressure feed-
water boiler to generate steam, which can then be used 
to drive a condensing steam turbine for electricity 
production or a backpressure steam turbine for 
combined heat and power (CHP) generation using the 
steam Rankine cycle. The steam may also be utilized 
for district heating or industrial processes. Up to 80-
90% of the energy in the waste can be recovered as 
heat (DEFRA, 2013), and the net electrical efficiency 
achieved can range from 17-30%. 
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However, a significant downside to 
incineration is the generation of high levels of air and 
waterborne pollutants, which can pose environmental 
and health risks.  

Gasification  

Gasification involves the reaction between the 
carbon-based content of municipal solid waste (MSW) 
and an oxygen-rich environment, such as air, oxygen, 
steam, or carbon dioxide, at temperatures ranging 
from 550 to 1000 °C. While the process initially 
requires heat, it is primarily exothermic and becomes 
self-sustaining. It involves the partial oxidation of a 
material with the addition of oxygen, allowing for 
combustion to take place. 

Waste-to-energy (WTE) plants that use 
gasification technology with MSW as fuel are 
considered more efficient for energy generation 
compared to traditional energy sources like coal, oil, 
and natural gas. The primary product of the 
gasification process is known as syngas, or synthetic 
gas, which consists mainly of hydrogen, carbon 
dioxide, methane, and carbon monoxide, along with 
minor components such as tar, hydrocarbons, and 
inert gases. Syngas must undergo purification to 
produce clean gas, which can then be utilized to 
generate electricity, heat, or steam, either for direct use 
or to be fed into the energy grid. 

The gasification system typically consists of 
three key stages: 

1. A gasifier, which generates the syngas. 

2. A cleaning system to remove pollutants and 
toxic compounds. 

3. An energy recovery system, which includes a 
gas engine for converting syngas into energy. 

Pyrolysis 

Pyrolysis of municipal solid waste (MSW) 
takes place in a pyrolyzer under conditions with 
minimal or no oxygen. The process occurs at 
temperatures between 300°C and 800°C, with external 
heat supplied at the start to initiate the reaction. The 
specific temperature is adjusted based on the 
composition of the waste materials. Prior to the 
pyrolysis process, the MSW undergoes pre-treatment 
to separate metals, glass, and other inert materials. 

During pyrolysis, the thermal breakdown of 
organic materials begins around 300°C, initially 
consuming any available oxygen and causing some 

degradation of the waste. Once the oxygen is fully 
consumed, the environment is kept oxygen-free, and 
the temperature is gradually increased up to 800°C in 
a non-reactive atmosphere. This process results in the 
formation of gases, liquids, and solid residues. The 
gases produced, referred to as syngas or synthetic gas, 
primarily consist of methane, hydrogen, carbon 
dioxide, and carbon monoxide. 

Anaerobic digestion  

Anaerobic digestion (AD) is a biological 
process in which microorganisms break down the 
organic components of waste in the absence of oxygen, 
resulting in the production of biogas, which is rich in 
methane, and a byproduct called digestate. The AD 
process involves four main stages: hydrolysis, 
acidogenesis, acetogenesis, and methanogenesis. 

In the first stage, hydrolysis, complex organic 
materials such as carbohydrates, proteins, and fats are 
broken down into simpler, soluble compounds like 
glucose, amino acids, and fatty acids.  

During the second stage, acidogenesis (or 
fermentation), the products of hydrolysis are further 
broken down to produce ethanol, fatty acids, carbon 
dioxide (CO2), and hydrogen gas (H2). In the third 
stage, acetogenesis, these organic acids are converted 
into acetic acid, CO2, and H2. 

Finally, in the methanogenesis stage, biogas is 
produced. This biogas consists mainly of methane 
(CH4) and CO2, with methane making up 55–75% of 
the gas by volume, while CO2 accounts for 25–45%.  

Fermentation  

This Waste-to-Energy (WTE) technology 
produces ethanol from biomass by utilizing cellulosic 
or organic waste materials. In the fermentation 
process, sugars from the waste are converted into 
carbon dioxide and alcohol, much like the process 
used in winemaking. Typically, fermentation occurs 
without air. A research group at Centurymarc has 
developed a method to process cellulose materials into 
a highly efficient, clean-burning fuel similar to E-85 
ethanol. This method can convert one ton of waste into 
ethanol within 24 hours, which is approximately 
seven times faster than conventional corn-based 
ethanol production methods. 

Esterification  

Esterification is an important waste-to-energy 
technology that transforms waste oils, fats, and 
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greases into biodiesel, a renewable energy source. This 

process is particularly useful for converting waste 

materials that contain high levels of free fatty acids 
(FFAs), such as used cooking oil and animal fats, 
which are typically unsuitable for direct biodiesel 

production. In esterification, waste oils react with 
alcohol—commonly methanol—in the presence of an 
acid catalyst, such as sulfuric acid, to form esters 

(biodiesel) and water. This chemical conversion 
lowers the FFA content of the waste oils, making them 
suitable for further refining into biodiesel. 

In the waste-to-energy context, esterification 

helps tackle both waste management and energy 

production challenges by providing a sustainable way 
to utilize waste that would otherwise be discarded. 
The process involves collecting waste oils from 

sources like restaurants or food processing industries, 
pre-treating them to remove contaminants, and then 
subjecting them to the esterification reaction. The 

resulting biodiesel can be used in diesel engines or 
blended with traditional diesel, offering a cleaner 
alternative to fossil fuels. 

Benefits of Waste-to-Energy 

➢ Reduction of Waste Volume Waste-to-energy 

technologies can reduce the volume of waste 

by as much as 90%, significantly extending the 
lifespan of landfills and reducing the 
environmental footprint of waste disposal. 

➢ Energy Production WtE plants generate 
renewable energy from waste that would 
otherwise be left to decompose in landfills. 

This energy can be used to power homes, 
industries, and communities, providing a 
cleaner alternative to fossil fuels. 

➢ Mitigation of Greenhouse Gas Emissions 
When waste decomposes in landfills, it 

releases methane, a potent greenhouse gas. 

Waste-to-energy technologies help capture the 
energy from waste while preventing methane 
emissions, contributing to climate change 

mitigation efforts. 

➢ Resource Recovery In addition to generating 
energy, WtE technologies can recover valuable 

materials, such as metals and glass, that can be 
recycled. Some processes, like anaerobic 
digestion, also produce useful byproducts like 
fertilizers, promoting a circular economy. 

Conclusion 

Waste-to-energy technologies offer an 
innovative and sustainable solution to the global 
waste problem while contributing to renewable 
energy generation. By transforming waste into usable 
energy, these technologies help reduce landfill 
reliance, lower greenhouse gas emissions, and recover 
valuable resources. As the world faces the challenges 
of climate change and urbanization, waste-to-energy 
stands out as a promising path toward a more 
sustainable future. 
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