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Background Information 
 

 
https://www.britannica.com/technology/solid-waste-management 

 
Every day the people of the world create huge amounts of trash, and 
communities must contend with an ever-growing accumulation of organic and 
inorganic waste. In 2012, the global community generated 1.3 billion tons of 
waste worldwide, and that number is expected to rise to 2.2 billion tons in 2025.  
 
Over the decades, the waste-management problem has attracted the 
attention of environmentally conscious researchers, who have studied a variety 
of waste-disposal methods. From landfills to incineration, the researchers aim to 
determine the best way to handle waste in order to diminish its environmental 
impact and risks to human health.  
 
Waste incineration is just one of the many types of waste management 
methods. The process entails burning the organic material found in waste. It was 
first used in the 1870s to reduce and sanitize waste. The primary objectives of 
modern-day incineration are volume reduction and energy recovery. 
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First waste incinerator in the US 

https://www.wiki.sanitarc.si/1885-reilly-u-s-army-built-first-garbage-incinerator-united-states-governors-island-n-y/ 

 
Industrialization marked the beginning of the era of Big Trash. Most people 
dumped their trash in piles just outside of their community, but some simply 
threw it into the streets. There were no formal methods for disposing of that 
waste, and it was responsible for outbreaks of cholera and other diseases. Most 
communities faced two choices: dispose of the waste in landfills or sanitize it 
through incineration.  
 
The easiest and most viable solution was to build an incineration system called a 
“destructor” to burn the waste. The first destructor was built in Nottingham in 
1874, based on the design of Albert Fryer. The biggest downside of the 
destructor was that it dispersed huge amounts of ash into the neighborhoods 
surrounding the system. Later designs improved upon this design flaw.  
 
 
 
 
  



MatterofTrust.org                                                                                                           5 

 

 
Structural model of the first incinerator, made in Nottingham, UK  

https://trashcansunlimited.com/blog/the-history-of-burning-trash-for-
energy/#:~:text=The%20first%20incinerators%20were%20called,the%20design%20of%20Albert%20Fryer 

 
The first US incinerator was built in 1885 on Governors Island in New York, New 
York. During the 20th century, incinerators gained popularity, and municipalities 
built hundreds of them, regardless of their environmental impact. Not until 1970 
did governments establish environmental standards and ban the uncontrolled 
burning of municipal waste.  
 
Incinerating waste can have significant environmental impacts and can 
profoundly harm human health. When waste is burned in incinerators, it 
produces hazardous air pollutants that contribute to climate change, 
acidification, smog formation, eutrophication, and human and animal toxicity.  
 
Not all types of incineration are equally harmful, however. Some types of 
incineration are actually a good alternative to landfills, especially in regions 
where space is limited. Incineration can also create durable and economical 
materials for industries like construction.  
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http://doctor-biochar.blogspot.com/2014/01/municipal-solid-waste-incineration.html 

 
The ash created through waste incineration can be used to build sustainable 
infrastructure and to produce long-lasting concrete that costs less to produce 
than conventional concrete and that has fewer environmental problems. Other 
potential applications include the partial replacement of the commercial 
fertilizers that are so common in the agricultural industry and the stabilization of 
soils in stockfeed yards.  
 
As is true of any waste-management method, incineration has challenges and 
opportunities that will change as technologies evolve.  
 
Near-zero-emissions waste-to-energy technologies represent an improvement 
on antiquated incineration plants that emit huge amounts of particulate matter 
and carbon dioxide. The new facilities were designed to generate energy and 
capture carbon emissions to decrease the environmental impact of 
incineration. Researchers have also explored the possibility of using fly ash in 
industries that could make use of it.  
 
Although garbage incineration isn’t a widely accepted practice, it does have 
certain environmental and anthropological benefits, which we will explore in the 
coming pages.  



MatterofTrust.org                                                                                                           7 

 

Challenges and Opportunities  
 
The pressure to manage organic waste is increasing around the world, but it’s 
essential that the managers of that waste minimize the adverse impact on 
public health and the environment. Waste-to-energy technologies can keep 
trash out of landfills and carbon dioxide out of the atmosphere.  
 
One of the most common technologies for converting waste to energy is 
incineration. Although the incineration methods of earlier generations had 
significant downsides, modern incineration facilities include pollution-mitigation 
mechanisms such as flue glass cleaning, which decreases the amount of carbon 
dioxide and particulate matter emitted into the atmosphere. 
 
As clean waste-management technologies advance, incineration is becoming 
increasingly popular among waste managers because it has the potential to 
mitigate environmental problems. It also has the advantage of generating 
electricity and producing ash byproducts that manufacturers and end-users in 
other industrial sectors can use.  
 

 
https://www.cbc.ca/news/science/waste-to-energy-incineration-1.4831798 
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Opportunities in Waste Incineration  
 

https://climate-xchange.org/2021/06/16/in-a-climate-emergency-pennsylvania-city-wants-to-stop-burning-your-trash/ 

 
Waste incineration is widely used to reduce the volume of municipal solid waste, 
to decrease the infectiousness of bio-medical waste, and to limit the potential 
toxicity of hazardous chemical and biological waste.  
 
Incineration has important advantages because it produces heat and power 
while reducing volume and sanitizing waste. It can also control noxious odors 
and noise, reduce pollution (as compared to landfills), and prevent the 
production of methane gas, a significant contributor to climate change.  
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Main Advantages of Incineration 

1. Reduces quantity of waste  Incinerators can reduce volume of solid waste by 
80 - 85%, depending on the components of the 
solid waste. Thus, incineration reduces 
dependency on landfills by decreasing the 
quantity of land needed.  

2. Produces heat and power Incineration facilities generate energy from the 
combustion of waste, which involves heating water 
to produce steam to drive a turbine that generates 
electricity.  
 
The typical range of net electrical energy that can 
be produced is about 500 to 600 kWh per ton of 
waste incinerated.  

3. Efficient waste management  Incineration can burn more than 90% of the total 
waste generated.  
 
Landfills only allow organic waste, which makes it 
less efficient because non-organic waste 
accumulates.  

4. Reduces water pollution  Unlike landfills, incineration does not leach 
chemicals into the water table. The leachate, a 
contaminated mixture of liquid garbage and 
precipitation, can penetrate underground 
aquifers, adding pollutants and chemicals found in 
household trash.  

5. Reduces reliance on transportation Incineration facilities can be near cities or towns 
because they don’t require much land, so waste 
does not have to be driven long distances for 
dumping.  
 
This is advantageous because it significantly 
reduces the cost of transportation and the amount 
of harmful gasses released by vehicles during 
transportation, which directly affects the overall 
carbon footprint of waste management.  

 

In addition to these advantages, the electricity generated by incineration can 
cover the increased costs of maintenance and construction, and it could 
potentially reduce the burning of fossil fuels. Industries like concrete production 
can also use the ash byproduct after it’s cleaned of toxic metals.  
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Main Disadvantages of Incineration 

1. Elevated costs  Incineration usually has higher costs, including the 
cost of building the facility and maintenance and 
operations expenses.  

2. Toxic emissions  Incinerators emit fewer pollutants than landfills, but 
they still emit considerable pollution. 
 
The emissions include acidic gases, carcinogenic 
dioxin, particulates, heavy metals, and nitrogen 
oxide. 

3. Health and environmental risks  Communities where waste incineration plants are 
located are at risk for long-term negative health 
effects such as cancer, birth defects, reproductive 
disfunction, neurological problems, and other 
health issues that can occur at very low exposure 
of any of the metals released by incineration 
facilities.  

4. Does not contribute to waste reduction  The primary purpose of incineration is reducing 
waste, but burning waste rather than encouraging 
recycling may induce people to produce more 
waste.  

 
The main problem with incineration is that burning waste emits pollutants that 
reduce the local air quality, and it can have a greater environmental impact 
than landfills. Fly ash and bottom ash are the main byproducts, and they require 
careful handling and disposal. Incineration can also cause water pollution, foul 
odors, obnoxious noises, and vibrations that impact residential and commercial 
neighbors. 
 
Alternatives to Avoid the Most Common Problems  
 
Using Ash Byproducts 
 
The ash byproduct, one of the biggest downsides of incineration, can be used in 
industries like concrete production because the fly ash makes it more durable. 
There are two types of ash: fly ash, a fine material composed mostly of silica, 
and bottom ash, a large, coarse particle.  
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https://www.semanticscholar.org/paper/CHARACTERIZATION-AND-LEACHABILITY-EVALUATION-OF-FLY-Tsakalou-Tsakiridis/6abc97f1ef7f8e2c5c956f4da2060dedd179fecf 

 
Fly ash and bottom ash have a variety of applications. Bottom ash can be used 
in road construction, and it can serve as an aggregate for concrete. Fly ash is 
mainly used to make bricks, ceramic tiles, plaster, portland cement, and ready-
mix cement.  
 
Fly ash can be separated into two main categories: incinerator bottom ash (IBA) 
and air pollution control (APC) residues, also known as fly ash. The fly ash derived 
from municipal solid waste contains high concentrations of heavy metals, easily 
soluble salts, and, in some cases, polychlorinated dioxins and furans.  
 
Factors such as the composition of feed, the type of incinerator and the 
pollution and control techniques can change the quantity, quality, and 
characteristics of fly ash. The main downside of the municipal solid waste (MSW) 
ash is that it needs analysis and treatment before it can be used in order to 
prevent the release of pollution.  
 
 
 
 
 
 



MatterofTrust.org                                                                                                           12 

 

 
Coliseum. Rome, Italy. Built of travertine limestone, tuff (volcanic rock), and brick-faced concrete. 

https://gharpedia.com/blog/mysterious-roman-concrete-standing-for-2000-years/ 
 
After treatment, fly ash can be added to cement to yield concrete similar to 
ancient Roman concrete. Volcanic ash, which reacted with the lime and 
hardened the material, allowed the Romans to create impressive concrete 
structures that still stand 2,000 years after they were constructed. Coal fly ash has 
similar hardening properties because of its silica and alumina content. MSW fly 
ash might be used in much the same way because it has high concentrations of 
calcium, alumina, and silica. Studies have demonstrated that when fly ash is 
mixed with lime and water, it creates a strong compound that is comparable to 
portland cement.  
 

 
https://www.generalkinematics.com/blog/what-happens-to-wte-incineration-ash/ 
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A variety of studies have demonstrated the potential benefits of fly ash in 
concrete production. A group of researchers at the University of the Basque 
Country in Spain undertook a study to demonstrate the use of waste incineration 
fly ash as a cement manufacturing resource. Using MSW fly ash samples from an 
incineration plant in Catalonia, Spain, the researchers found that when used as 
a supplemental construction material, the MSW fly ash could reduce the 
cement’s climate-change effects by up to 55%, increase the compressive 
strength by approximately 30%, and improve flexural strength by about 40%.  
 
The main elements found in MSW fly ash are calcium, silica, alumina, and iron, 
which means that its composition is similar to that of the mineral admixture used 
in cement-based materials. But it also has a high concentration of chloride and 
traces of heavy metals. According to the study, a hydrothermal treatment is the 
most useful way to dissolve part of the chloride, while calcination/vitrification 
can eliminate the heavy metals.  
 
Improving Operating Conditions 
 
Filtration is the crucial first step in reducing the toxicity of the fly ash created by 
waste incinerators. Filtration systems are one of the flue gas treatment 
technologies, which include scrubbers, bag filters, and electrostatic 
precipitators. They are used to remove particulate matter and pollutants from 
the flue gas stream.  
 
Design of the filtration system determines its effectiveness. The most common 
type is the ceramic filtration system, which treats flue gas so that it meets the 
emission gas standards. Venturi filtration, Addfield acid scrubbers, and 
powdered activated carbon are also effective filtration systems. The benefits 
depend on the quantity and type of waste incinerated.  
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Waste Incineration Filtration Systems  

Ceramic Filtration Venturi Filtration Acid Scrubbers Powdered Activated Carbon 

Consists of a series of 
pollution-control systems 
for dealing with the off-
gas from an incinerator. 
Typically installed on a 
high-capacity 
incinerator plant, this 
pollution-control system 
captures all the gasses, 
soot, and entrained 
solids emitted to meet 
emission gas regulations. 
This filtration system 
typically has a high 
removal rate (upwards 
of 97%) for particulates. 

Primarily designed as 
a particle-
suppressant system. 
Heavy particles are 
removed from the 
exhaust gas using 
water injected from 
the roof of the 
scrubber system. 
 
Waste-containing 
halogenic 
compounds such as 
medical waste can 
be safely incinerated 
with this system 
because it ensures 
thorough oxidations 
of flue gasses, dioxins, 
and furans.  

Lime is one of the most 
abundant and cost-
effective methods used 
to tackle the most 
common chemical 
compounds product of 
industrial and chemical 
waste incineration.  
 
Acid gasses such as 
hydrogen chloride (HCl), 
sulfur dioxide (SO2), and 
hydrogen fluoride (HF) 
can be treated with this 
method.  
 
Acid scrubbers work most 
effectively at relatively 
low temperatures, around 
or below 410°C. Removal 
rates for dry scrubbing at 
these temperatures are 
approximately 90-99%. 

Widely used method to control 
heavy metals and dioxins 
emissions. 

The porous structure of carbon 
makes it an ideal solution for 
absorption, and it can be 
injected directly into the flue gas 
stream or laid in beds for the flue 
gas to pass through. 

The injection temperatures, feed 
rate, material porosity, and 
subsequent capture method 
determine the success rate of 
the material. 

 

https://addfield.com/filtration-systems/ 

 
Stabilizing and Cleaning Fly Ash 
 
After the flue gas is treated, the fly ash is collected from the flue gas steam. 
Depending on the method, additional treatment can reduce the toxicity of the 
fly ash.  
 
The most commonly used fly ash treatment techniques are thermal treatment, 
solidification/stabilization, separation, and carbonation, which reduce the 
environmental threat of hazardous fly ash.  
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Treatment Techniques  

Thermal Treatment Solidification/Stabilization Separation Carbonation 

This technique ensures 
the maximum 
detoxification of residue. 
It can eliminate alkali 
chlorides, sulphates, and 
volatile compounds. This 
process involves high 
temperatures, which 
increase the cost but 
most effectively remove 
pollutants and toxic 
materials. 
Thermochemical 
treatment, meanwhile, 
involves chlorinating 
agents that can remove 
heavy metals from the fly 
ash. 
 
The four major thermal 
treatments are known as 
sintering, vitrification, 
melting, and 
thermochemical. 
 
Note: According to 
recent studies, 
thermochemical 
treatment, which 
involves chlorinating 
agents, can remove 
maximum amounts of 
heavy metals from fly 
ash. 

The solidification/ 
stabilization processes 
involve additives or 
binders to physically or 
chemically immobilize 
the hazardous content 
in waste in order to 
prevent or slow down 
the release of harmful 
chemicals.  
 
This method usually 
doesn’t destroy 
contaminants. Instead, 
it keeps them from 
“leaching” into the 
surrounding 
environment.  
 
Using portland cement 
as a binder is common 
in the solidification/ 
stabilization process, 
and studies have 
shown a reduction in 
the leaching of 
significant amounts of 
heavy metals. In 
addition, the mix fly 
ash/cement has a 
pozzolanic effect, 
which further increases 
the comprehensive 
strength of the 
solidified product.  
 
The solidification/ 
stabilization method 
can also fix the heavy 
metal in fly ash, but it’s 
ineffective under 
acidic conditions or 
after a long period of 
aging. 

Separation techniques 
are a form of pre-
treatment.  
 
The separation method 
can selectively recover 
heavy metal, but the 
process generates a 
large amount of 
contaminated 
wastewater after the 
treatment, which 
increases the difficulty 
of subsequent disposal. 
 
The separation 
technique is mainly 
used to separate the fly 
ash into different 
fractions, based on their 
chemical and physical 
properties. This can help 
segregate the more 
toxic components of fly 
ash, facilitating further 
treatment or disposal of 
the concentrated 
fraction.  

Carbonation is a post-
combustion treatment 
technique, where the fly 
ash is exposed to 
carbon dioxide (CO2) to 
induce a chemical 
reaction, which results in 
the conversion of 
alkaline components in 
the fly ash, such as 
calcium hydroxide, into 
carbonates.  
 
The carbonation 
process aims to reduce 
leaching potential of 
toxic elements present 
in the fly ash by 
immobilizing them in 
stable carbonate forms.  
 
This process helps 
mitigate the 
environmental impact 
of fly ash by decreasing 
the release of 
contaminants into the 
surrounding 
environment. 
 
 
 

https://www.mdpi.com/1996-1073/13/24/6681 
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Fly Ash Stabilization with Graphene 
 

 
https://www.digitaltrends.com/cool-tech/what-is-graphene/ 

 
Although the incineration process can be improved through various filtration 
techniques, it still produces huge amounts of fly ash, which requires special 
treatment. Fly ash can be potentially stabilized with graphene, a pure-carbon 
material extracted from graphite.  
 
Graphene can potentially be used for the absorption of heavy metals, the 
prevention of leaching, and the release of contaminants into the surrounding 
soil or water. In addition, graphene oxide mitigates the potential environmental 
impact of fly ash by reducing the solubilization of the contaminants in the ash. 
It can also improve the mechanical properties of the resulting materials, which 
makes fly ash more suitable as a supplemental construction material.  
 
Researchers are currently studying and developing graphene’s potential uses in 
the stabilization of waste incineration fly ash. Thus far, no researcher has 
successfully used graphene in waste fly ash stabilization, but graphene’s 
effectiveness has been demonstrated in the reduction of heavy metals ions and 
organic pollutants from wastewater. It also has the potential for soil remediation 
because it can effectively absorb organic pollutants, heavy metals, and 
radioactive species. Graphene-based materials are useful in pollution control 
because they help remove volatile organic compounds (VOCs) and particulate 
matter.  
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Carbon Capture  
 
Carbon capture is a process for capturing and storing carbon dioxide (CO2) 
emissions to mitigate climate change. The primary purpose of carbon capture is 
preventing the release of CO2 into the atmosphere. This method is very helpful 
for industrial processes such as waste and power incineration.  
 

 
https://waste-management-world.com/resource-use/carbon-capture-a-mixed-picture/ 

 
One of its main upsides is that the captured CO2 can be used for various 
purposes, including enhanced oil recovery (EOR) in oil fields. Carbon capture 
also provides a transition technology as renewable energy sources scale up. 
While renewable energy technologies like solar and wind power advance, 
carbon capture allows industries to continue operating while reducing emissions, 
providing a bridge to a future of total renewable energy.  
 
Conscious Consumerism and Self-Awareness 

 
Our daily decisions can play a significant role in reducing the adverse impacts 
of incineration. Being a conscious consumer makes a big difference in waste 
reduction, recycling, and the proper disposal of waste.  
 
By opting for products that have less packaging, that are durable and long-
lasting, and that are made from recycled and sustainable materials, we can 
significantly reduce the overall waste stream and the need for incineration. 
Similarly, the proper separation of recyclable materials and the disposal of 
hazardous waste improves the recycling loop and reduces the amount of waste 
sent to incinerators.  
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https://medium.com/naturehub/what-is-a-conscious-consumer-and-why-does-it-matter-4b7a14ca08fc 

 
Supporting sustainable practices and businesses that prioritize waste-
management strategies increase pressure on industries to use environmentally 
friendly processes that reduce municipalities’ reliance on incineration to 
manage their waste. Conscious consumers can also incentivize the 
development of more sustainable products, encouraging recycling and waste-
management strategies and reducing the need for incineration.  
 
What Happens to Waste When It Goes Through Incineration? 
 

 
https://www.mdpi.com/1996-1073/13/24/6681 
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During the incineration process, waste undergoes controlled combustion in 
specially designed incinerators. Once in the incineration facility, waste goes 
through these stages: 

 
1. Waste Feeding: Waste—such as municipal solid waste, medical waste, or 

hazardous waste—is fed into the incinerator. The waste typically needs 
pre-treatment to remove any non-combustible or hazardous components 
and to reduce size to facilitate combustion.  

 
2. Combustion Furnace: As the waste enters the combustion furnace, it’s 

exposed to high temperatures, ranging from 800˚ to 1,200˚ Celsius (1,472˚ 
to 2,192˚ Fahrenheit). In this high-temperature environment, the organic 
materials in the waste undergo thermal decomposition and combustion. 
The waste is subjected to various stages of combustion, including drying, 
devolatilization, and the combustion of volatile components. The organic 
materials in the waste such as paper, plastics, biomass are converted into 
gases, particulate matter, and ash through oxidation reactions.  
 

3. Heat Recovery System: The combustion process releases significant 
amounts of heat energy, which can be harnessed and used for various 
purposes, including the generation of steam for electricity production, 
heating systems, or industrial processes. Energy recovery from waste 
incineration is a common practice to maximize the efficiency of the 
process and minimize the reliance on fossil fuels.  
  

4. Air Pollution Control System: Emissions generated during incineration—
such as gases, particulate matter, and pollutants—need rigorous control 
measures to minimize environmental impacts. Technologies like scrubbers, 
filters, and electrostatic precipitators are used to capture and remove 
pollutants from the flue gasses before they are released into the 
atmosphere.  
 

5. Stacking: Designed to release combustion gases, including flue gases, into 
the atmosphere. Stacking is also part of the residue-management stage, 
where the remaining materials, known as bottom ash, are left behind. 
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6. Monitoring and Compliance: Incineration facilities are subject to strict 
monitoring and compliance and are required to ensure that emissions are 
under acceptable limits. The parameters that monitoring systems measure 
usually include temperature, particulate matter, gas composition, and 
emissions of various pollutants.  

 
 Types of Incinerators  
 
Each type of incinerator has its own advantages, disadvantages, and 
limitations. The appropriate incinerator depends on the waste composition and 
the desired outcome.  
 

Incinerator  
 

Description  

Mass-burn incinerators  
 

 
https://www.researchgate.net/figure/Mass-burn-incinerator-Grate-fire-incinerator_fig1_282705264 

 
 
 

Designed to handle mixed municipal solid waste 
(MSW) without prior sorting or separation. The waste 
is directly combusted in a large furnace, and the 
heat generated is typically used to produce steam 
for electricity generation or district heating. Mass-
burn incinerators can handle a wide range of 
waste materials.  

 
 

Modular incinerators  
 

 
https://renergenc.com/modular-waste-incinerator/ 

 
 
 

Modular incinerators are smaller-scale systems that 
are often used for localized waste disposal in such 
places as hospitals, military bases, or remote 
communities. These incinerators are designated to 
handle specific types of waste, including medical 
waste, animal carcasses, or hazardous waste.  
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Fluidized-bed incinerators  
 

 
https://www.industrialfurnace.com/fbi-101 

 
Rotary kiln  

 

 
https://www.semanticscholar.org/paper/Waste-incineration-in-rotary-kilns%3A-a-new-tool-to-Lombardi-

Lategano/230bad6183a13dce6c37db06ef8d6d72ad7990dc 

Fluidized bed incinerators are known for their 
flexibility in handling various waste types, including 
MSW, sewage sludge, and biomass.  

 
These incinerators suspend waste in a bed of inert 
particles, creating a fluidized state by passing air 
or oxygen through it. The turbulence and mixing in 
the fluidized bed ensure efficient combustion and 
reduced emissions.  
 
These incinerators are used for the thermal 
treatment of hazardous waste, medical waste, or 
industrial waste.  
 
The waste is fed into a rotating kiln, and controlled 
combustion takes place as the waste moves 
through the kiln. Rotary kiln incinerators have a 
high temperature control and long residence 
times to ensure complete combustion and the 
destruction of hazardous substances.  

Pyrolysis and gasification systems  
 

 
https://link.springer.com/article/10.1007/s10973-019-08986-z 

 
 

Designed to convert waste into energy-rich gases 
(syngas) or liquid fuels. These systems operate at 
high temperatures and can handle various waste 
types, including biomass, plastics, and tires. In 
addition, they can recover more gases and 
reduce emissions more effectively than traditional 
incineration.  

 
 

Air-curtain incinerators  
 

 
https://www.researchgate.net/figure/Schematic-of-air-curtain-destructor-operation_fig1_6016723 

 
 

Air-curtain incinerators are often used for specific 
waste types, such as wood waste or agricultural 
residues.  
 
These incinerators use a high-velocity air curtain to 
contain and direct the combustion process. 
Waste is fed into the combustion chamber, and a 
curtain of air prevents the escape of emissions 
and helps maintain efficient combustion.  

 
  



MatterofTrust.org                                                                                                           22 

 
What Is the Most Efficient Incineration Technology? 
 
The overall efficiency of an incinerator is often measured by the percentage of 
the waste’s energy content, which is converted into usable energy. Different 
incineration technologies can achieve varying levels of energy recovery, usually 
ranging from 70% to 90%, although they can be even higher.  
 

 
Source: https://blog.mywastesolution.com/7-types-of-incinerators-you-must-know/ 

 
The efficiency of an incineration system depends on various factors, including 
the type of waste, energy recovery options, and emission-measures. Considering 
other factors is also essential for determining the efficiency of incinerator 
technology. Knowing an incinerator’s waste reduction and environmental 
impacts are essential for getting a precise efficiency percentage.  
 
Researchers are currently developing efficiency improvements, but two 
incinerator technologies are recognized for their efficiency. Fluidized bed 
incinerators are considered an efficient technology, used for a variety of waste, 
including MSW, sewage sludge, and biomass. The closed system allows a 
turbulent and mixing process that ensures a complete combustion and emission 
reduction.  
 
Moving-grate incineration is also highly efficient and widely used for MSW 
incineration. It involves a moving-grate system, where waste is combusted on a 
slowly moving grate, allowing for controlled combustion and the efficient 
recovery of energy. Moving-grate incinerators often incorporate flue gas 
cleaning systems to reduce emissions.  
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Moving-grate incineration system 

https://www.sciencedirect.com/science/article/abs/pii/S0956053X06001127  
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Solutions 
 
Although incineration has disadvantages, it has the potential to facilitate waste-
management processes. The goal of researchers is to reduce its disadvantages 
in order to make the process a viable for decreasing the environmental impact 
of waste production.  
 

 
https://www.shutterstock.com/image-vector/waste-reduction-concept-icon-garbage-recycling-1570588063 

 
Improvements in incineration facilities are only a part of the solutions available 
to reduce the release of toxic pollutants. We can also adopt practices like 
waste reduction, recycling, and composting to help with the effectiveness and 
sustainability of incineration.  
 
Government regulations play a vital role in guiding and shaping incineration 
practices. Ideally, they ensure that incineration is safe, efficient, and 
environmentally responsible. By setting clear regulations, governments can strike 
a balance between waste management needs, public health, and 
environmental protection while also supporting waste-to-energy options. The 
regulations can also drive innovations in the industry, encouraging the 
development of cleaner and more efficient incineration technologies.  
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Solutions to Waste Incineration Challenges  

1. Using ash byproducts After proper treatment, fly ash can be used to make bricks, 
ceramic tiles, plaster, portland cement, and ready-mix 
cement.  
 
The process of using fly ash includes stabilizing and cleaning. 
Fly ash stabilization with graphene is under development.  

2. Improving operating conditions  Operating conditions can be improved to reduce the 
amount and the toxicity of the ash produced by the facilities. 
 
Filtration is crucial for reducing the toxicity of the ash created 
through the incineration process. The most common methods 
are ceramic filtration, venturi filtration, acid scrubbers, and 
powdered activated carbon.  

Carbon capture is another way to improve the operating 
conditions at the end of the incineration process. Carbon 
capture can mitigate climate change and can be used for 
various purposes, including enhanced oil recovery (EOR) in oil 
fields. Carbon capture also provides a transition technology 
as renewable energy sources scale up.  

3. Educating on conscious 
consumerism and self-
awareness 

Educating people on the importance of waste reduction and 
recycling and the advantages and disadvantages of waste 
incineration creates more environmental awareness, 
encouraging citizens to participate in sustainable waste 
management practices and to support initiatives aimed at 
reducing waste and promoting circular economies.  

4. Promoting sustainable practices  Waste reduction and recycling: recycling, reusing materials, 
and adopting sustainable consumption habits to reduce and 
divert the overall waste sent to incinerators.  

Waste separation: proper waste sorting allows for more 
effective recycling and composting, reducing the need for 
incineration.  

Composting: converts organic waste into a nutrient-rich soil 
product, contributing to soil healing and reducing the 
amount of waste incinerated.  

5. Government regulations  *Emissions standards 
*Hazardous waste management  
*Ash management and disposal  

6. Investing in research and 
development (R&D) 

R&D can help improve the efficiency of the incineration 
process by driving innovation and improvements in various 
aspects of waste-to-energy technology and practices.  
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The effectiveness of the solutions in the table above depend on a variety of 
factors, including the waste management practices and technologies used. 
Depending on the situation, some solutions are more effective than others. Every 
waste management approach must be evaluated on its own merits to 
determine the best options for each municipality. 
 

 
https://biomimicry.org/how-i-found-the-circular-economy-biomimicry-and-the-power-of-design/ 

 
To make waste incineration more effective, municipal leaders can implement 
strategies such as circular-economy practices, a combination of technologies, 
strategic site selection for facilities, and long-term waste management 
planning.  
 
Promoting principles like a circular economy and product design that facilitates 
recycling and reuse can encourage manufacturers to produce goods that are 
made with recyclable materials and that are easy to disassemble.  
 
Long-term waste management planning should consider population growth, 
changing waste streams, and emerging technologies to prepare for changes. 
The collaboration between government agencies, waste management 
companies, and communities is crucial for successful waste management 
strategies.  



MatterofTrust.org                                                                                                           27 

 

Conclusions 
 
Waste incineration has various advantages, including waste-volume 
reduction, energy recovery, and the safe disposal of hazardous waste. 
However, the practice needs additional research and development to 
address concerns about air pollution, greenhouse emissions, toxic 
byproducts, and the potential impact on public health and the 
environment.  
 
Improvements and innovations are essential for minimizing the adverse 
impact on the environment and on human health. Similarly, strict 
regulations and monitoring are necessary to ensure that incineration 
faculties comply with air pollution environmental standards.  
 
Incineration as a waste management method is effective for certain 
waste streams, especially non-recyclable and hazardous materials. It 
provides an alternative to landfills, and it can help reduce methane 
emissions from organic waste. Even so, incineration is only one part of a 
sustainable waste management system. Its effectiveness improves when it 
is integrated with other approaches that prioritize waste reduction, 
recycling, and composting.  
 
Waste incineration can be a suitable waste management method, 
depending on the context. Regional factors such as waste composition, 
energy demand, available technologies, and public acceptance will 
determine the feasibility of adopting this technology.  
 
Waste incineration can be a viable waste management method when 
used responsibly and in combination with other sustainable practices. 
Transitioning to a more circular economy will ensure that waste 
incineration is implemented safely and effectively.  
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Research 
 

• Here you can find information related to incineration, including municipal solid-waste incineration, 
the generation of bottom ash and fly ash, and waste-treatment technologies for energy recovery: 
 

https://www.sciencedirect.com/topics/engineering/incineration 
 

• Here you can learn more about what happens to waste incineration ash after incineration:  
 

https://www.generalkinematics.com/blog/what-happens-to-wte-incineration-
ash/#:~:text=Types%20of%20Incinerator%20Ash,pollution%20control%20(APC)%20residues 

 

• Here you can read about the use of waste incineration ash for sustainable infrastructures:    
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10054598/  
 

• Here you can learn more about the advantages and disadvantages of waste incineration:    
 

https://www.conserve-energy-future.com/advantages-and-disadvantages-incineration.php 
 

• Here is an article about the use of fly ash in concrete:   
 

https://www.greenbuildingadvisor.com/article/using-fly-ash-in-
concrete#:~:text=Long%20before%20the%20invention%20of,lime%20and%20hardened%20the%20c
oncrete 

 

• Here is an article about incineration fly ash and its treatment:   
 

https://www.mdpi.com/1996-1073/13/24/6681 
 

• Here you can find a case study from Spain, which demonstrates the possibility of using municipal 
solid waste incineration fly ash as a supplementary cementitious material to replace part of the 
clinker in cement: 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10054598/ 
 

• Here you can read about recent advances and applications of solid wastes bottom and fly ash:  
 

https://www.sciencedirect.com/science/article/pii/S2352186420315674 
 

• Here’s  an article about recent advances and applications of solid waste bottom and fly ash:  
 

https://www.sciencedirect.com/science/article/pii/S2352186420315674 


