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Comparison of Select Thermochemical Conversion 
Options for Municipal Solid Waste to Energy 
This document provides a comparison of several thermochemical 
conversion options for municipal solid waste (MSW)—combustion, 
gasifcation, and pyrolysis—across various metrics. These options 
provide alternatives to landflling and are at various stages of 
technology development. For example, combustion (incineration) 
is a well-established, commercially available technology used for 
waste management in the United States and abroad. Gasifcation and 
pyrolysis, although well-known and well-researched technologies, 
are not as commercially developed. Other options not considered 
here include anaerobic digestion, composting, and hydrothermal 
processing of the organic fraction of MSW. Anaerobic digestion 
and composting of food waste, along with landfll gas capture, 

are evaluated in a separate document available here. All these 
thermochemical and biological processes are collectively referred 
to as waste-to-energy (WTE), meaning that the objective of 
processing the waste stream is to yield an energy product. The 
following table compares the three thermochemical conversion 
pathways considered here on the basis of products, number of 
current projects in the United States, capital and operations and 
maintenance (O&M) costs, job development potential, emissions, and 
incentives associated with each pathway, as well as other parameters 
such as operational considerations, land requirements, and public 
perception. Informational sources and abbreviations are listed at the 
end of the document. 



Combustion Gasifcation Pyrolysis 

Process Heating a material at temperatures generally above 
800°C in the presence of oxygen or air (full oxidation of 
the material). MSW combustion technologies include 
large-scale mass burn facilities (most common), 
modular systems (small, portable units), and refuse-
derived fuel (RDF) systems. 

Heating a material at temperatures generally above 
800°C in the presence of limited steam, oxygen, or air, 
enough to create a reducing environment, but not 
enough for complete combustion (partial oxidation 
of the material). An alternative to conventional 
gasifcation is plasma gasifcation achieving high 
process temperature above 3,000°C. 

Heating a material to temperatures generally in the 
range between 500° and 600°C in the absence of 
oxygen or air such that combustion does not take place 
(no oxidation of the material). Pyrolysis can be classifed 
as fast or slow process depending on the heating rate, 
temperature, residence time, and pressure. 

Preprocessing Some mass burn plants accept unprocessed, mixed Sorting of the feedstock to remove inert materials such Sorting of the feedstock to remove inert materials such 
Requirements MSW and remove inert (noncombustible) materials 

such as metal and glass after combustion, while other 
plants sort out recyclable materials and remove inert 
material prior to combustion. 

Modular systems burn unprocessed, mixed MSW. 

RDF facilities require shredding and sorting of the 
feedstock to remove inert materials. 

as metal and glass is required. In addition, shredding, 
drying, and sizing of the feedstock may be required to 
suit a particular gasifer design. 

as metal and glass is required. In addition, shredding, 
washing and/or drying, densifcation, and pre-melt of 
the feedstock may be required. 

Product The system produces heat and power. Byproducts 
include bottom ash (chemical constituents such as silica 
[sand and quartz], calcium, iron oxide, and aluminum 
oxide), fy ash (fne particles removed from the fue gas), 
and air pollution control system residues (mixture of fy 
ash and particulate solids collected from the fue gas 
treatment equipment—e.g., scrubbers). 

The system produces mainly synthesis gas (i.e., syngas, 
a mixture of carbon monoxide and hydrogen) that can 
be converted into fuels and chemicals, used to generate 
electricity or in fuel cells. Byproducts include inorganic 
solid material (ash/char or slag) and small amounts of 
condensable heavy organics known as tars. 

The system produces bio-oil (an organic liquid that can 
be combusted in boilers, upgraded to transportation 
fuels, or used as feedstock for chemicals), char (carbon-
rich material that can be used as building material, 
in road surfacing, etc.), and of-gases that can be 
combusted directly or reformed to syngas and further 
converted into fuels and chemicals, used to generate 
electricity or in fuel cells. Slow heating rates on the 
order of just a few degrees per minute (slow pyrolysis) 
produce mostly char with some bio-oil; fast heating 
rates (fash or fast pyrolysis) of hundreds of degrees per 
second produce more bio-oil. A byproduct of plastic 
waste pyrolysis is wax rich in hydrocarbons. 

Energy Fuel: Fuel: Fuel: 
Production 36-45 kgoe/ton MSW 

Electricity: 
544 kWh/ton MSW 

36–63 kgoe/ton MSW (conventional gasifcation) 
63–80 kgoe/ton MSW (plasma gasifcation 

Electricity: 
685 kWh/ton MSW (conventional gasifcation) 
816 kWh/ton MSW (plasma gasifcation) 

45–50 kgoe/ton MSW 

Electricity: 
571 kWh/ton MSW 

Operating 
History 

Commercial, 40+ years in the United States and abroad Limited commercial experience in the United States; 
decades of experience in Asia and Europe 

Limited commercial experience in the United States 
and abroad 
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Combustion Gasifcation Pyrolysis 

Number of United States: 75 commercial facilities: 58 mass burn,13 United States: 1 commercial facility: Fulcrum’s Sierra United States: 4 commercial facilities processing plastic 
Projects in the RDF, and 4 modular. Biofuels in Reno, Nevada (175,000 TPY, startup 2022). waste to fuel and/or chemicals: Agilyx in Tigard, Oregon 
United States and (10 TPD, startup 2018); Nexus Fuels in Atlanta, Georgia 
Abroad Mass burn systems generally consist of either two or 2 demonstration facilities: ThermoChem Recovery (50 TPD, startup 2018); Brightmark Energy/RES Polyfow 

three combustion units ranging in capacity from 50 to International in Durham, North Carolina (4 TPD, startup in Ashley, Indiana (100,000 TPY, startup 2019); and New 
1,000 TPD; therefore, facility capacity ranges from 100 2009), and Sierra Energy at U.S. Army Garrison Fort Hope Energy in Tyler, Texas (500 TPD, startup 2018). 
to 3,000 TPD. Hunter Liggett in Monterey County, California (20 TPD, 

Modular systems have a capacity between 5 and 120 
startup 2013). 1 commercial facility processing biosolids to biochar: 

Rialto Bioenergy, Rialto, California (300 TPD, startup 
TPD. 

Hundreds of plants globally, mostly in Europe and Asia. 

<50 plants in Europe and Asia. 2020). 

1 commercial plant processing MSW to electricity: WTE 
International in Knoxville, Tennessee (1,000 TPY, startup 
2007). 

Several plants in Europe and Canada. 

Plant Life 30–40 years 20–30 years 20 years 

Land Area 0.007 acres/ton of MSW processed; typical plants 
require about 15–20 acres. 

3–6 acres for a 200–500-TPD facility 2–5 acres for a 100-TPD facility 

Capital Cost Modeled cost data (2020 $) Reported cost data (2020 $) 

Capacity in TPY MSW: million USD 

~20,000 (55 TPD): $14 (gasifcation to electricity, 

Modeled and reported cost data (2020 $) 

Capacity in TPY plastic waste: million USD 

~10,000 (30 TPD): $18 (plastic-to-fuel facility, 

TPY Million USD 

33,000 $35–$39 

66,000 $50–$66 Philadelphia, Pennsylvania). unspecifed location). 

99,000 $63–$91 93,000: $80 (plasma arc gasifcation, syngas-only 
confguration in Iowa; electric power confguration is 

~20,000 (60 TPD): $23 (plastic-to-fuel facility, 
unspecifed location). 

165,000 $84–$134 about $106 million including utility interconnect fee 
and transmission line extension).* ~30,000 (100 TPD): $31 (plastic-to-fuel facility, 

198,000 $102–$155 
175,000: $197 (steam-reforming gasifcation followed 

unspecifed location). 

330,000 $163–$230 by Fischer-Tropsch process to develop syncrude, then 65,000: $32 (plastic-to-fuel facility, Virginia). 

660,000 $259–$394 upgrade to jet fuel and diesel in Nevada). 100,000: $260 (plastic-to-fuel facility, Indiana). 

990,000 $349–$539 330,000: $271 (plasma arc gasifcation to electricity in 
an unknown location in the U.S. Gulf Coast).** 

700,000: $619 (steam-reforming gasifcation followed 
by Fischer-Tropsch process to develop syncrude, then 
upgrade to jet fuel and diesel in Indiana). 

* Original data in 2010 $, adjusted to 2020 $ 
** Original data in 2015 $, adjusted to 2020 $ 

400,000: $680 (plastic-to-fuel facility, Georgia). 
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Combustion Gasifcation Pyrolysis 

O&M Cost Modeled cost data (2020 $) Reported cost data (2020 $) 

Capacity in TPY MSW: million USD/yr 

~20,000 (55 TPD): $1.5 (gasifcation to electricity, 

Modeled and reported cost data (2020 $) 

Capacity in TPY plastic waste: million USD/yr 

~10,000 (30 TPD): $2–$2.9 (plastic-to-fuel facility, 

TPD Million USD/yr USD/ton 

50 $1.84 $111.68 

100 $2.41 $73.11 Philadelphia, Pennsylvania). unspecifed location, cost range depends on whether 
feedstock is purchased or free). 

200 $4.15 $62.82 93,000: $10.7 (plasma arc gasifcation in Iowa).* 
~20,000 (60 TPD): $3–$4.6 (plastic-to-fuel facility, 

300 $5.57 $56.24 330,000: $9.2 (plasma arc gasifcation to electricity in unspecifed location, cost range depends on whether 

400 $6.46 $48.96 
an unknown location in the U.S. Gulf Coast).** feedstock is purchased or free). 

500 $7.24 $43.85 * Original data in 2010 $, adjusted to 2020 $ 
** Original data in 2018 $, adjusted to 2020 $ 

~30,000 (100 TPD): $4–$7 (plastic-to-fuel facility, 
unspecifed location, cost range depends on whether 

600 $7.92 $40.00 feedstock is purchased or free). 

1,000 $10.94 $33.16 

2,000 $16.74 $25.36 

3,000 $22.20 $22.42 

Revenue Revenue from tipping fees, selling electricity or 
combined heat and power, and relevant incentives. 
Additional revenue from selling recovered ferrous and 
nonferrous metals and rare-earth minerals. 

Revenue from tipping fees, selling syngas or its 
byproducts, and relevant incentives. Additional revenue 
from selling waste heat or slag byproduct. 

Revenue from tipping fees; selling bio-oil, char, and of-
gases; and relevant incentives. Additional revenue from 
selling recovered recyclables (metals and minerals) or 
brown water. 

Operational • Low to moderate complexity. Well-established • High complexity. Feedstock requires preprocessing, • High complexity. Feedstock requires preprocessing, 
Considerations commercial process with little preprocessing or 

sorting required. 

• Energy input is required in the process and can be 
supplied by its own production. 

• High level of training needed for staf to run the system. 

• High standards of maintenance and management 
are required. 

• A properly designed and operated system is very 
safe. Hazard mitigation is more similar to the process 
industry than the energy industry. 

• Medium ability to handle hazardous waste. 

• High ability to destroy pathogens, waste 
pharmaceuticals, and other problematic chemicals. 

• Valorization of byproducts can be costly, but disposal 
may not be an economic or environmentally friendly 
option (pros and cons of each option need to be 
weighted in decision-making). 

energy output is highly sensitive to feedstock 
composition, and there are numerous process 
fow variations. 

• Energy input is required in the process and can be 
supplied by its own production. Waste heat can be 
used to dry incoming feedstock. 

• High level of training needed for staf to run the system. 

• High standards of maintenance and management 
are required. 

• Considered highly safe based on historical process 
records. Higher safety concerns may exist due to 
the production of highly fammable gas under high 
pressure. Hazard mitigation is more similar to the 
process industry than the energy industry. 

• Medium ability to handle hazardous waste. 

• High ability to destroy pathogens, waste 
pharmaceuticals, and other problematic chemicals. 

• Valorization of byproducts can be costly, but disposal 
may not be an economic or environmentally friendly 
option (pros and cons of each option need to be 
weighted in decision-making). 

energy output is highly sensitive to feedstock 
composition, and there are numerous process 
fow variations. 

• Energy input is required in the process and can be 
supplied by its own production. Waste heat can be 
used to dry incoming feedstock. 

• High level of training needed for staf to run the system. 

• High standards of maintenance and management 
are required. 

• A properly designed and operated system is very 
safe. Safety risks associated with production of 
medium-fammable potential gas. Hazard mitigation 
is more similar to the process industry than the 
energy industry. 

• Medium ability to handle hazardous waste. 

• Medium ability to destroy pathogens, waste 
pharmaceuticals, and other problematic chemicals. 

• Valorization of byproducts can be costly, but disposal 
may not be an economic or environmentally friendly 
option (pros and cons of each option need to be 
weighted in decision-making). 
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Combustion Gasifcation Pyrolysis 

Materials • Preprocessing systems (RDF) allow for the extraction • Preprocessing systems allow for the extraction of • Preprocessing systems allow for the extraction of 
Recycling and of metals, glass, and inorganic materials, resulting in metals, glass, and inorganic materials, resulting in the metals, glass, and inorganic materials, resulting in the 
New Materials the increased recycling and utilization of materials. increased recycling and utilization of materials. increased recycling and utilization of materials. 
Production • Mass burn facilities recover metal, glass, etc. from 

the ash after combustion, but these materials have 
lower value than the clean constituents prior to 
combustion. 

• In the United States, fy ash is often mixed with 
bottom ash and is typically used as an alternate daily 
cover in landflls. 

• In Europe, fy ash and bottom ash are treated 
separately, allowing for bottom ash to be used as 
aggregates. 

• There are eforts to develop technologies for 
valorizing fy ash by recovering minerals and salts to 
support material recycling and reuse. 

• High-temperature gasifcation and plasma 
gasifcation produce vitrifed slag as a byproduct that 
can be used as aggregates (e.g., for making cement, 
roofng shingles, and as an asphalt fller). 

• Low-temperature gasifcation produces ash, 
which, similarly to bottom ash generated during 
combustion, could be treated and used as 
aggregates. 

• Tars present in the gas product stream from 
moderate-temperature gasifcation of MSW could 
be processed downstream catalytically to form 
additional syngas. 

• Char produced from pyrolysis of MSW can be used as 
a building material, for road surfacing, as a potential 
solid fuel source, and as a soil amendment if not 
limited by contaminants. 

• Char produced from pyrolysis of waste tires contains 
most of the original carbon black added in tire 
manufacturing, which allows its reuse in various 
rubber applications. 

• Wax produced from pyrolysis of plastic waste can 
be used as a heat source in the system, upgraded in 
petroleum refneries to chemicals and fuels, added 
to asphalt as fllers, used as a potential material for 
thermal energy storage, or used as a solvent for 
plastic waste in the pretreatment process. 

• Of-gases produced during pyrolysis can be used 
to fuel the process and/or dry the feedstock, which 
ofsets the use of fossil fuel. 

Incentives WTE—a broad term including combustion, gasifcation, and pyrolysis, among other conversion technologies—is viewed as a renewable energy in about 30 states and thus 
eligible for incentives meant to promote alternative energy production. 

Financial incentives (e.g., production tax credit, investment tax credit) and regulatory polices (e.g., Renewable Portfolio Standard) are available at the federal, state, local, and 
utility level. A full list by state can be found at the Database of State Incentives for Renewables & Efciency (dsireusa.org). 

Jobs 140,000-TPY MSW facility creates nearly 700 direct 
and indirect jobs during construction and about 40 
permanent plant operator jobs. 

150,000-TPY MSW facility creates about 200 
construction jobs and 42 permanent jobs. 

990,000-TPY MSW facility supports 150 permanent jobs. 

~20,000-TPY (55-TPD) MSW facility creates 13 
permanent jobs. 

175,000-TPY MSW facility creates 500 construction jobs, 
120 permanent jobs, and approximately 1,000 indirect 
jobs. 

700,000-TPY MSW facility creates 900 construction jobs 
and 160 full-time permanent jobs. 

65,000-TPY plastic waste facility creates 52 
permanent jobs. 

100,000-TPY plastic waste facility creates 80 
permanent jobs. 

165,000-TPY plastic waste facility creates 150 
permanent jobs. 

Emissions Particulate matter: 20 μg/Nm3 

GHG footprint: 1.67 tons CO e/ton MSW 2

NO : <400 mg/m3 
x

SO : 40 μg/Nm3 
x

Particulate matter: 12.5–14.1 μg/Nm3 

GHG footprint: 1.3–1.5 tons CO e/ton MSW 2

NO : <200 mg/m3 
x

SO : 19 μg/Nm3 
x

Particulate matter: 5.7 μg/Nm3 

GHG footprint: 0.7–1.2 tons CO e/ton MSW 2

NO : <50 mg/m3 
x

SO : 35 μg/Nm3 
x

Environmental About 25% of existing facilities are located in low- Existing or planned gasifcation projects show no Existing or planned pyrolysis facilities skew toward 
Justice income communities. Mass burn and RDF facilities trend in surrounding population density or level of above the 50th percentile ranking for low-income 

tend to skew toward lower-income communities. It is income. It is recommended that new facility locations communities, but no strong trend has emerged. It is 
recommended that new facility locations be evaluated be evaluated and assessed on a case-by-case basis to recommended that new facility locations be evaluated 
and assessed on a case-by-case basis to address address environmental justice concerns. and assessed on a case-by-case basis to address 
environmental justice concerns. environmental justice concerns. 5 
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Public 
Perception 

Combustion Gasifcation Pyrolysis 

Somewhat negative in the United States due to the 
following reasons: 

• Emissions. MSW combustion facilities have not always 
had air emissions control equipment, and thus gained 
a reputation as highly polluting. In Europe and Asia, 
modern plants employ sophisticated air pollution 
control equipment to ensure that emissions meet 
standards. In the United States, existing plants have 
also been upgraded. 

• Community impact. Many communities do not want 
the increased trafc, noise, and odor from trucks 
transporting MSW or to be adjacent to any facility 
handling MSW (“not in my backyard,” or NIMBY 
concerns). This issue could be mitigated by siting any 
MSW handling facility in industrial zones, away from 
residential and commercial areas. 

• Energy justice. Proponents of the technology argue 
that these facilities are in a range of socioeconomic 
locales and note that many were built decades ago 
when the area surrounding the sites was likely very 
diferent from today (e.g., urban sprawl was likely 
not accounted for). To avoid these issues, it is critical 
that developers engage communities surrounding 
proposed facilities and consider the potential burden 
to vulnerable communities. 

• Perception that MSW combustion doesn’t encourage 
recycling and waste reduction. Proponents of the 
technology argue that data from European countries 
and U.S. counties and municipalities that utilize 
MSW combustion show positive correlation with 
increased recycling and reduced amount of landflled 
waste. This issue could be avoided by implementing 
aggressive local programs for source separation and 
recycling, with only the unrecoverable portion of the 
waste being combusted. 

Public perception is more positive in Europe and Asia 
(e.g., Japan). Properly operated and monitored facilities 
appear to have public support and are exploring carbon 
capture and sequestration options. 

Surveys have revealed that public awareness of MSW 
combustion is low, but once its role in integrated waste 
management is explained, the public develops a 
positive opinion. 

• Given the lack of extensive commercial experience, 
public perception is unknown. 

• Negative public perception about MSW combustion 
may transfer to other WTE technologies, including 
gasifcation, by association. Conversely, this 
technology is considered an alternative WTE 
pathway, which may lead to a positive public 
perception and acceptance. 

• Given the lack of extensive commercial experience, 
public perception is unknown. 

• Negative public perception about MSW combustion 
may transfer to other WTE technologies, including 
pyrolysis, by association. Conversely, this technology 
is considered an alternative WTE pathway, which 
imparts circularity to plastics and may lead to a 
positive public perception and acceptance. 
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Combustion Gasifcation Pyrolysis 

Challenges 
to Further 
Commercialization 

• Public opposition due to negative perception. 

• High investment and operating costs. 

• Techno-economic challenges to meet projected 
energy production, revenue generation, and 
emissions targets. 

• High investment and operating costs 

• Techno-economic challenges to meet projected 
energy production, revenue generation, and 
emissions targets. 

• High investment and operating costs. 

Suggested Citation 
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Abbreviations 
μg/Nm3 micrograms per normal cubic meter 

CO2e carbon dioxide equivalent 

EPA U.S. Environmental Protection Agency 

GHG greenhouse gas 

kgoe kilograms of oil equivalent, a standardized unit equivalent to the approximate amount of energy that can be extracted from 1 kg of crude oil with a net calorifc 
value of 41.9 MJ/kg (Eurostat Glossary) 

MSW municipal solid waste 

NOx nitrogen oxides 

O&M operations and maintenance 

RDF refuse-derived fuel 

SO sulfur oxides x 

TPD short tons per day 

TPY short tons per year 

WTE waste-to-energy 
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https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://wteinternational.com/projects/advanced-pyrolysis-plants/
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Plant Life 

• All: Hoang, A. T., P. S. Varbanov, S. Nižetić, R. Sirohi, A. Pandey, R. Luque, K. 
H. Ng, and V. V. Pham. 2022. “Perspective review on Municipal Solid Waste-
to-energy route: Characteristics, management strategy, and role in circular 
economy.” Journal of Cleaner Production 359: 131897. https://doi.org/10.1016/j. 
jclepro.2022.131897. 

Land Area 

• Combustion: Castaldi, M. 2021. Scientifc Truth About Waste-to-Energy. New 
York, NY: City University of New York. https://ccnyeec.org/wp-content/ 
uploads/2021/05/WTE-REPORT7603.pdf. 

• Gasifcation: Green Planet Ecosystems. 2023. “Green Planet Ecosystems LLC.” 
Accessed June 2, 2023. http://www.gpellc.us/benefts-documentation/. 

• Pyrolysis: Reaven, S. 1994. A Summary of the Report on Prospects for Pyrolysis 
Technology in Managing Municipal, Industrial, and Department of Energy Cleanup 
Wastes. Stony Brook, NY: State University of New York at Stony Brook. 
https://digital.library.unt.edu/ark:/67531/metadc1276278/m2/1/high_ 
res_d/10110510.pdf. 

Capital Cost 

• Combustion: Badgett, Alex. 2023. Personal communication, internal modeled 
values. National Renewable Energy Laboratory; Waste to Energy International. 
2015. “Cost of incineration plant.” News, Sept. 14, 2015. https://wteinternational. 
com/news/cost-of-incineration-plant/. 

• Gasifcation: Clark, B. J., and M. J. Rogof. 2010. “Economic feasibility of a plasma 
arc gasifcation plant.” Proceedings of the 18th Annual North American Waste-
to-Energy Conference, 11–13 May 2010, Orlando, FL. https://www.scsengineers. 
com/wp-content/uploads/2015/03/Clark-Rogof_Economic_Feasibility_ 
of_a_Plasma_Arc_Gasifcation_Plant_Marion_Iowa.pdf; Fulcrum BioEnergy. 
2012. https://www.fulcrum-bioenergy.com/news-resources; Ling, Richard. 
2019. “Powering Our Future with Trash.” Kleinman Center for Energy Policy, 
March 21, 2019. https://kleinmanenergy.upenn.edu/research/publications/ 
powering-our-future-with-trash/; Rosengren, Cole. 2018. “Fulcrum BioEnergy 
promises $600M waste-to-fuel project in Gary, Indiana.” Waste Dive, Dec. 14, 
2018. https://www.wastedive.com/news/fulcrum-bioenergy-waste-to-fuel-
gary-indiana/544401/; Singh, A., and B. Hopkins. 2020. “Feasibility and Economic 
Analysis for Plasma Arc Gasifcation in Honolulu for Converting Waste to Energy 
and Reducing Landfll Footprint.” International Journal of Energy Engineering 10 
(4): 102–116. http://article.sapub.org/10.5923.j.ijee.20201004.02.html. 

• Pyrolysis: Bruggers, James. 2022. “A New Plant in Indiana Uses a Process Called 
‘Pyrolysis’ to Recycle Plastic Waste. Critics Say It’s Really Just Incineration.” Inside 
Climate News, Sept. 11, 2022. https://insideclimatenews.org/news/11092022/ 
indiana-plant-pyrolysis-plastic-recycling/; Chemical Recycling. 2020. “New 
plastic pyrolysis capacity planned in the US.” Chemical Recycling, Sept. 7, 2020. 
https://www.chemicalrecycling.eu/news/new-plastic-pyrolysis-capacity-
planned-in-the-us/; Lubongo, C., T. Congdon, J. McWhinnie, and P. Alexandridis. 
2022. “Economic feasibility of plastic waste conversion to fuel using pyrolysis.” 
Sustainable Chemistry and Pharmacy 27: 100683. https://doi.org/10.1016/j. 
scp.2022.100683; Tullo, A. H. 2022. “Amid controversy, industry goes all in on 
plastics pyrolysis.” Chemical and Engineering News, Oct. 10, 2022. 
https://cen.acs.org/environment/recycling/Amid-controversy-industry-goes-
plastics-pyrolysis/100/i36. 

O&M Cost 

• All: Chhabra, V., Y. Shastri, and S. Bhattacharya. 2016. “Kinetics of Pyrolysis of 
Mixed Municipal Solid Waste-A Review.” Procedia Environmental Sciences 35: 513– 
527. https://www.sciencedirect.com/science/article/pii/S1878029616301256. 

• Combustion: Badgett, Alex. 2023. Personal communication, internal modeled 
values. National Renewable Energy Laboratory. 

• Gasifcation: Clark, B. J., and M. J. Rogof. 2010. “Economic feasibility of a 
plasma arc gasifcation plant.” Proceedings of the 18th Annual North American 
Waste-to-Energy Conference, 11–13 May 2010, Orlando, FL. https://www. 
scsengineers.com/wp-content/uploads/2015/03/Clark-Rogof_Economic_ 
Feasibility_of_a_Plasma_Arc_Gasifcation_Plant_Marion_Iowa.pdf; Ling, 
Richard. 2019. “Powering Our Future with Trash.” Kleinman Center for Energy 
Policy, March 21, 2019. https://kleinmanenergy.upenn.edu/research/ 
publications/powering-our-future-with-trash/; Singh, A., and B. Hopkins. 
2020. “Feasibility and Economic Analysis for Plasma Arc Gasifcation in 
Honolulu for Converting Waste to Energy and Reducing Landfll Footprint.” 
International Journal of Energy Engineering 10 (4): 102–116. http://article.sapub. 
org/10.5923.j.ijee.20201004.02.html. 

• Pyrolysis: Lubongo, C., T. Congdon, J. McWhinnie, and P. Alexandridis. 2022. 
“Economic feasibility of plastic waste conversion to fuel using pyrolysis.” 
Sustainable Chemistry and Pharmacy 27: 100683. https://doi.org/10.1016/j. 
scp.2022.100683. 
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Revenue 

• Combustion: Castaldi, M. J., J. LeBlanc, and A. Licata. 2022. “Engineers Make the 
Case for Waste to Energy.” ASME, June 6, 2022. https://www.asme.org/topics-
resources/content/engineers-make-the-case-for-waste-to-energy; EPA. 2016. 
“Renewable Energy Production Incentives.” Last updated Feb. 22, 2016. https:// 
archive.epa.gov/epawaste/hazard/wastemin/web/html/rpsinc.html; Malve, 
A. 2020. “A waste-to-energy plant can also be a good investment – record-high 
demand for operation and maintenance services.” Fortum, Oct. 22, 2020. 
https://www.fortum.com/blog/enext/waste-to-energy-plant-can-also-be-a-
good-investment. 

• Gasifcation: Cattolica, R., R. Herz, J. Giolitto, and M. Summers. 2009. “Economic 
Analysis of a 3MW Biomass Gasifcation Power Plant.” Proceedings of Energy 
Sustainability 2009, 19–23 July 2009, San Francisco, CA. https://escholarship. 
org/uc/item/3ct1z7mz; National Energy Technology Laboratory. 2023. “4.2. 
Major Gasifcation Solid Byproducts.” Accessed June 2, 2023. https://netl. 
doe.gov/research/Coal/energy-systems/gasifcation/gasifpedia/solid-
byproducts. 

• Pyrolysis: Cekirge, H., O. Ouda, and A. Elhassan. 2015. “Economic Analysis 
of Solid Waste Treatment Plants Using Pyrolysis.” American Journal of Energy 
Engineering 3 (2): 11–15. https://www.sciencepublishinggroup.com/journal/ 
paperinfo?journalid=168&doi=10.11648/j.ajee.20150302.11. 

Operational Considerations 

Complexity 

• All: Thorneloe, S., K. Weitz, J. Stephenson, and O. Kaplan. 2020. Assessment of 
Municipal Solid Waste Energy Recovery Technologies: Final Report. Washington, D.C.: 
EPA. EPA/600/R-20/142. https://cfpub.epa.gov/si/si_public_record_Report. 
cfm?dirEntryId=350673&Lab=CESER. 

Energy Input 

• All: Thorneloe, S., K. Weitz, J. Stephenson, and O. Kaplan. 2020. Assessment of 
Municipal Solid Waste Energy Recovery Technologies: Final Report. Washington, D.C.: 
EPA. EPA/600/R-20/142. https://cfpub.epa.gov/si/si_public_record_Report. 
cfm?dirEntryId=350673&Lab=CESER. 

Training 

• All: Thorneloe, S., K. Weitz, J. Stephenson, and O. Kaplan. 2020. Assessment of 
Municipal Solid Waste Energy Recovery Technologies: Final Report. Washington, D.C.: 
EPA. EPA/600/R-20/142. https://cfpub.epa.gov/si/si_public_record_Report. 
cfm?dirEntryId=350673&Lab=CESER. 

Maintenance and Management 

• Combustion: Igodo, A. F. Optimal Maintenance Program of a Waste-to-Energy 
Plant. Vaasa, Finland: University of Vaasa. https://osuva.uwasa.f/bitstream/ 
handle/10024/13794/Optimal_Maintenance_Program_Of_A_WTE. 
pdf?sequence=3&isAllowed=y. 

• Gasifcation: U.S. Department of Energy National Energy Technology 
Laboratory. 2003. Gasifcation Plant Cost and Performance Optimization. 
https://www.osti.gov/servlets/purl/825086. 

• Pyrolysis: Thorneloe, S., K. Weitz, J. Stephenson, and O. Kaplan. 2020. Assessment 
of Municipal Solid Waste Energy Recovery Technologies: Final Report. Washington, 
D.C.: EPA. EPA/600/R-20/142. https://cfpub.epa.gov/si/si_public_record_ 
Report.cfm?dirEntryId=350673&Lab=CESER. 

Safety 

• All: Elsdon, R., and D. Pal. 2011. “Waste-to-Energy Plant Process Safety 
Challenges.” Symposium Series No. 156, Hazards XXII. https://www.icheme.org/ 
media/9265/xxii-paper-52.pdf. 

• Combustion: Waste360. 2017. “SWANA Publishes Tips for Safety at Waste-to-
Energy Facilities.” Nov. 28, 2017. https://www.waste360.com/waste-energy/ 
swana-publishes-tips-safety-waste-energy-facilities. 

• Gasifcation: Aries Clean Energy. 2017. “Debunking the 8 Misconceptions 
of Gasifcation.” Sept. 26, 2017. https://ariescleantech.com/mythbusters-
debunking-8-misconceptions-gasifcation/; Waste Management World. 2012. 
“Gasifcation: Refning Safety.” March 14, 2012. https://waste-management-
world.com/artikel/gasifcation-refning-safety/. 

Hazardous Waste 

• All: Hoang, A. T., P. S. Varbanov, S. Nižetić, R. Sirohi, A. Pandey, R. Luque, K. 
H. Ng, and V. V. Pham. 2022. “Perspective review on Municipal Solid Waste-
to-energy route: Characteristics, management strategy, and role in circular 
economy.” Journal of Cleaner Production 359: 131897. https://doi.org/10.1016/j. 
jclepro.2022.131897. 

Destruction of Problematic Chemicals 

• All: Castaldi, M. 2021. Scientifc Truth About Waste-to-Energy. New York, NY: City 
University of New York. https://ccnyeec.org/wp-content/uploads/2021/05/ 
WTE-REPORT7603.pdf. 

10 

https://www.asme.org/topics-resources/content/engineers-make-the-case-for-waste-to-energy
https://www.asme.org/topics-resources/content/engineers-make-the-case-for-waste-to-energy
https://archive.epa.gov/epawaste/hazard/wastemin/web/html/rpsinc.html
https://archive.epa.gov/epawaste/hazard/wastemin/web/html/rpsinc.html
https://www.fortum.com/blog/enext/waste-to-energy-plant-can-also-be-a-good-investment
https://www.fortum.com/blog/enext/waste-to-energy-plant-can-also-be-a-good-investment
https://escholarship.org/uc/item/3ct1z7mz
https://escholarship.org/uc/item/3ct1z7mz
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/solid-byproducts
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/solid-byproducts
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/solid-byproducts
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=168&doi=10.11648/j.ajee.20150302.11
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=168&doi=10.11648/j.ajee.20150302.11
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://osuva.uwasa.fi/bitstream/handle/10024/13794/Optimal_Maintenance_Program_Of_A_WTE.pdf?sequence=3&isAllowed=y
https://osuva.uwasa.fi/bitstream/handle/10024/13794/Optimal_Maintenance_Program_Of_A_WTE.pdf?sequence=3&isAllowed=y
https://osuva.uwasa.fi/bitstream/handle/10024/13794/Optimal_Maintenance_Program_Of_A_WTE.pdf?sequence=3&isAllowed=y
https://www.osti.gov/servlets/purl/825086
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=350673&Lab=CESER
https://www.icheme.org/media/9265/xxii-paper-52.pdf
https://www.icheme.org/media/9265/xxii-paper-52.pdf
https://www.waste360.com/waste-energy/swana-publishes-tips-safety-waste-energy-facilities
https://www.waste360.com/waste-energy/swana-publishes-tips-safety-waste-energy-facilities
https://ariescleantech.com/mythbusters-debunking-8-misconceptions-gasification/
https://ariescleantech.com/mythbusters-debunking-8-misconceptions-gasification/
https://waste-management-world.com/artikel/gasification-refining-safety/
https://waste-management-world.com/artikel/gasification-refining-safety/
https://doi.org/10.1016/j.jclepro.2022.131897
https://doi.org/10.1016/j.jclepro.2022.131897
https://ccnyeec.org/wp-content/uploads/2021/05/WTE-REPORT7603.pdf
https://ccnyeec.org/wp-content/uploads/2021/05/WTE-REPORT7603.pdf


  

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

Materials Recycling and New Materials Production 

• All: Global Syngas Technologies Council. 2023. “Waste to Energy Gasifcation.” 
Accessed June 2, 2023. https://globalsyngas.org/syngas-technology/ 
syngas-production/waste-to-energy-gasifcation/; Thorneloe, S., K. 
Weitz, J. Stephenson, and O. Kaplan. 2020. Assessment of Municipal Solid 
Waste Energy Recovery Technologies: Final Report. Washington, D.C.: EPA. 
EPA/600/R-20/142. https://cfpub.epa.gov/si/si_public_record_Report. 
cfm?dirEntryId=350673&Lab=CESER. 

• Combustion: IEA Bioenergy. 2022. Material and Energy Valorisation of 
Waste in a Circular Economy. https://www.ieabioenergy.com/wp-content/ 
uploads/2022/05/T36_Waste_Circuar_Economy_fnal_report.pdf. 

• Pyrolysis: Cardona, N. et al. 2017. “Possibilities of carbon black recovery 
from waste tyre pyrolysis to be used as additive in rubber goods - a review.” 
IOP Conference Series: Materials Science and Engineering, Volume 437, 3rd 
International Congress of Mechanical Engineering and Agricultural Science 
(CIIMCA 2017), 2–6 October 2017, Bucaramanga, Colombia. https://iopscience. 
iop.org/article/10.1088/1757-899X/437/1/012012; Jiang, G. et al. 2022. 
“Recovery of high pure pyrolytic carbon black from waste tires by dual acid 
treatment.” Journal of Cleaner Production 374: 133893. https://doi.org/10.1016/j. 
jclepro.2022.133893; Leung, M. 2020. “Is pyrolysis harmful to the environment?" 
LinkedIn, Dec. 10, 2020. https://www.linkedin.com/pulse/pyrolysis-harmful-
environment-melissa-leung/; Maqsood, M. et al. 2021. “Pyrolysis of plastic 
species: A review of resources and products.” Journal of Analytical and Applied 
Pyrolysis 159: 105295. https://doi.org/10.1016/j.jaap.2021.105295; Mukherjee, 
C., J. Denney, E.G. Mbonimpa, J. Slagley, and R. Bhowmik. 2020. “A review on 
municipal solid waste-to-energy trends in the USA.” Renewable and Sustainable 
Energy Reviews 119: 109512. https://doi.org/10.1016/j.rser.2019.109512; 
Ong, P.J., Z.X.J. Heng, Z. Xing, et al. 2022. “Wax from Pyrolysis of Waste Plastics 
as a Potential Source of Phase Change Material for Thermal Energy Storage.” 
Transactions of Tianjin University. https://doi.org/10.1007/s12209-022-00346-7; 
Zolghard, A. et al. 2022. “Evaluation of Pyrolysis Wax as a Solvent in Polyolefn 
Pyrolysis Processing.” Industrial & Engineering Chemistry Research 61 (30): 11080– 
11088. https://doi.org/10.1021/acs.iecr.2c01493. 

Incentives 

• All: Michaels, T., and K. Krishnan. 2018. Energy Recovery Council 2018 Directory 
of Waste-to-Energy Facilities. New York, NY: Energy Recovery Council. https:// 
gwcouncil.org/2018-directory-of-waste-to-energy-facilities-energy-recovery-
council/; NC Clean Energy. 2023. “Database of State Incentives for Renewables & 
Efciency.” Accessed June 2, 2023. https://www.dsireusa.org/. 

Jobs 

• Combustion: Aguilar, L., C. MacDonald, and S. Rahal. 2019. “Detroit’s 
controversial incinerator permanently shut down.” The Detroit News, March 
27, 2019. https://www.detroitnews.com/story/news/local/detroit-
city/2019/03/27/detroits-controversial-incinerator-permanently-shutting-
down-today/3287589002/; Business Wire. 2012. “Plasco to Build 150,000 Tonnes 
Per Year Waste Conversion Facility in Ottawa.” Business Wire, Dec. 19, 2012. 
https://www.businesswire.com/news/home/20121219006148/en/Plasco-to-
Build-150000-Tonnes-Per-Year-Waste-Conversion-Facility-in-Ottawa; Harakas, 
A. 2014. “Ontario incinerator produces juice, reduces trash sent to U.S.” Great 
Lakes Echo, March 3, 2014. http://greatlakesecho.org/2014/03/03/ontario-
incinerator-produces-juice-and-reduces-trash-sent-to-u-s/. 

• Gasifcation: Fulcrum BioEnergy. 2023. https://www.fulcrum-bioenergy.com/ 
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