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PFAS Removal?
Removal vs Transformation vs Destruction

Transformation: Fluorinated 

compound different than original 

compound (ie shorter chains)

PFAS In PFAS Out?

Removal/ Reduction:
Less PFAS in original 
medium (ie aqueous 
solution containing 
PFAS through GAC)

Mechanism of Removal/ Reduction

Destruction: All C-F bonds are broken



PFAS 101
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The (expanding) world of PFAS compounds
Over 8,000+ compounds (ECHA, 2020)
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PFAS: At least 
one Fluorine – 
Carbon bond

Polyfluoroalkyl 
substances

Perfluoroalkyl 
substances

Poly – Partially fluorinated carbon chain
- FTOH

C-F bond is one of the strongest known covalent bonds, and the 
multiple C-F bonds in PFASs provide their chemical and thermal stability

PFAS

Source: Naming Conventions of Per- and 
Polyfluoroalkyl Substances (PFAS) (itrcweb.org) 

Per – Fully fluorinated carbon chain
- PFOS
- PFOA

https://pfas-1.itrcweb.org/wp-content/uploads/2020/10/naming_conventions_508_2020Aug_Final.pdf
https://pfas-1.itrcweb.org/wp-content/uploads/2020/10/naming_conventions_508_2020Aug_Final.pdf


PFAS Is Everywhere
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PFAS Regulations
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1998 2000

ES&T1

article on 
global 
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distribution
,Dupont 
WV crisis

2006

Manufacturers 
phase out 
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participation in 

EPA’s
Stewardship

Program

2019

EPA PFAS
Action Plan
State level
regulatory
action and
monitoring

CA, NH, VT…

2020

Preliminary 
regulatory 

determination for
PFOA/PFOS;

State regulatory 
action and 
monitoring

MI,NJ, M A…

EPA
First 

alerted 
to risks

2016

EPA revised 
Health 

Advisories 
for PFOA 

and PFOS 
(70 ppt)

2021+

“PFAS 2021 +”

NationalOccurrence 
TestingUCMR5

(2023 –2025)

New PFAS HALs (2022)

Proposed CERCLA 
Hazardous 

Designation (2022)

2015

Third 
Unregulated 
Contaminant 
Monitoring 

Rule
(UCMR3)
nationwide 
occurrence 

study

Roadmap of Actions Regarding PFAS



EPA PFAS Roadmap for Biosolids
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Winter 2024:
Completion of 

the risk 
assessment for 

PFOA and 
PFOS.

2025 – 2026: 
Anticipated that 

EPA would 
issue a Final 

Rule

2026 – 2031: 
Assuming a 5-

year 
compliance 
schedule

The risk assessment will serve as the basis for determining whether 
regulation of PFOA and PFOS in biosolids is appropriate.



NY State Interim Strategy for the Control of PFAS Compounds (DMM7)
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• Policy was approved Sept 
20th, 2023

• Policy took effect on Oct 
20th, 2023

Main takeaway:
Goal is to limit 
industrial PFAS 
contributors to WRRFs



Massachusetts
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• A Joint Committee on State 
Administration and Regulatory 
Oversight gave a favorable report to 
S.2053

• Proposed act establishing a moratorium 
on the procurement of structures (ie
incineration, pyrolysis, dryers(?)) or 
activities generating PFAS emissions. 

• Not clear of impacts of upgrades/ 
rehabilitation projects



Destruction?
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Promising Technologies
EPA’s PFAS Innovative Treatment Team (PITT)

• Assess current and emerging destruction 
methods being explored by EPA, universities, 
other research organizations, and industry.

• Explore the efficacy of methods, including 
consideration of potentially hazardous byproducts 
.

• Evaluate methods’ feasibility, performance, and 
costs to better understand potential solutions

Pyrolysis/Gasification Supercritical Water 
Oxidation

Electrochemical 
Oxidation

Mechanochemical 
Degradation

https://www.epa.gov/chemical-research/pfas-innovative-treatment-team-pitt



SCWO Introduction
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Supercritical Water Oxidation

• A special phase of water with both liquid-like and gas-
like properties

• As pressure increase, water temp increases beyond the 
boiling point

• Beyond critical point, organic matter rapidly dissolve and 
becomes simple molecules, oxygen is fully miscible, and 
salts are insoluble

• With air/O2, organics are fully oxidized

• Peak temp in SCWO is not hot enough to produce NOx

• It is not a combustion technology by EPA!!!
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Technology Background
It is not new

• Rapid destruction of a wide variety 
of organic material

• Most hydrocarbons and oxygenated 
hydrocarbons are converted to CO2 
and H2O

Marrone, 2013
https://doi.org/10.1016/j.supflu.2012.12.020



SCWO and PFAS Removal
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Recent Studies showed promising results

• Achieved greater than 
99% destruction 
efficiency of ΣPFAS 
(also PFOS and PFOA) 
in the liquid phase

• The targeted analyses of 
the liquid-phase, 
showed positive results

• More rigorous 
examinations of the 
influent and effluent 
composition, including 
gas-phase products, are 
needed

Kraus et al, 
J. Environ. Eng., 2022, 148(2)



Gasification/ Pyrolysis Introduction
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Pyrolysis/Gasification
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Parameter Combustion 
(Incineration)

Gasification Pyrolysis

Temperature (°F) as 
reported by 
Literature (Vendor 
specific)

1,650-2,000 1,100-1,800 390-1,100

O2 Supplied > Stoichiometric 
(Excess Air)

> Stoichiometric 
(Limited Air) None

By-Products Flue Gas (CO2, 
H2O) and Ash

Syngas (CO, H2) 
and Ash

Pyrolysis 
Gas, Oils, 
Tars and 

Char

Incineration: complete 
combustion of organic 

matter

Gasification/ Pyrolysis: no 
combustion due to limited or no 

oxygen



Non-Wastewater Gasification/ Pyrolysis in US/ Globally
Installations | Bioenergy (ieabioenergy.com)

Waste material includes: 
- Agriculture wastes
- Biomass
- Forest residues
- Lignocellulosic
- Oils
- Organic residues
- Sugar and starch
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https://www.ieabioenergy.com/installations/


Historical Perspective – Biosolids Pyrolysis/ Gasification
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PFAS destruction

• Several data points showing no PFAS 
in biochar

Bioforcetech , Ecoremedy, LLC, Chartech 

Is PFAS 
destroyed or 
going to the 
vapor phase?
• Chemours report
• Thoma et al, EPA 

2022
• More research



Supercritical Water Oxidation 
Demonstration
Orange County Sanitation District
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Super Critical Water Oxidation (SCWO, 374Water)
Since 2013, Funding form Bill & Melinda Gate Foundation
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Thickened 
Primary + WAS

Or 
Digested Biosolids

Thickening/
Dewatering 

~15%
Slurry

Water 

Minerals StrainPress
<4mm

CO2/Air
Air

Energy

Energy

Nix1

Duke University 

Visited Feb 10, 2020 & 
May 21, 2021 (w/OC San) 



374Water AirSCWO PFD – continuous process
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• No biosolids product at the 
end à Increase in biosolids 
beneficial use cost and 
scarcity of end use

• End products are resources 

• Insignificant/low emission 

• One of three technologies 
identified by EPA for 
destroys PFAS from 
biosolids



374Water AirSCWO-6 Demonstration at Orange County Sanitation District
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OC San
• Plan for PFAS issues in the residuals
• Plan for future land application 

restrictions

Goals:
• Design/construct first AirSCWO-6 (6 

wtpd system)
• Demonstrate continuously and cost 

competitively processing biosolids
• Recover resources in the form of 

energy, mineral nutrients, heat and 
reusable water

• Eliminate pharmaceuticals, PFAS, 
microplastics and antibiotic resistant 
bacteria

• Move to AirSCWO-30 (30 wet tons per 
day), if successful



AirSCWO-6 Demonstration Project Status
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• Started January 2022

• Design complete for balance 
of demonstration units

• Contractor is selected and 
work in progress

• AQMD research permit 
submitted: 

• Air testing and 
sampling conducted at 
Duke in August 2022

• On-site in March of 2024



Advanced Thermal Processes:
Pyrolysis/Gasification



WRF #5107 – Understanding pyrolysis for PFAS removal 

• WRF Project Partners (WRF matches 
cash)

• Goals
• Fate of PFAS in the pyrolysis process
• Mass balances on metals and organics
• Energy balance
• Syngas quantity and quality
• Life cycle cost comparison to other established 

processes



Commercial Status
Company Location ATP Scale Status

Biosolids Capacity 
(WT/d)

Ecoremedy
Derry Township, 

PA Gasification Full-Scale Construction expected April 2024 with commissioning Q4 2024 70

Edmonds, WA Gasification Full-Scale Operating since August 2023 50

Northeastern 
Biochar Solutions Moreau, NY Pyrolysis Full-Scale Open to Comment by DEC, no construction to date.

BioForceTech

Redwood City, CA Pyrolysis Full-Scale Operational Since 2017. Back online March 2024. 8.3

Ephrata, PA Pyrolysis Full-Scale Almost Finalized (1/17/2024 update). Commission and start-up 
expected to begin March 2024. 11

Redding, CA Pyrolysis Full-Scale Almost Finalized (1/17/2024 update). Commission and start-up 
expected to begin March 2024. 8.3

Yelm, WA Pyrolysis Full-Scale Equiment almost ready to be shipped to Client's location 
(1/17/2024 update). 2.7

Scappoose, OR Pyrolysis Full-Scale Equiment almost ready to be shipped to Client's location 
(1/17/2024 update). 2.7

Brentwood, CA Pyrolysis Full-Scale Start-up and commissioning expected in 2025. 20-22

Earthcare Bethel, PA Gasification Full-Scale Near Complete. Early February 2024 Expected. 190

Anaergia Rialto, CA Pyrolysis Full-Scale
Expected to start commissioning January 2024. Operations 

currently delayed while Rialto focuses on brining up Anaerobic 
Digestion.

300

CHAR 
Technologies

Synagro Pyrolysis Full-Scale Expected to be operational by end of 2025. 35 (8 DTPD)
Thorold, ON Pyrolysis Demonstration Pilot is operational. 27 (6 DTPD)

Heartland Water 
Technology Murfreesboro, TN Plasma Gasification Demonstration Operational 4 – 6 DTPD



MN Pollution Control Agency
Analyzing Alternatives for PFAS 
Removal
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Project overview
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Wastewater
Solids

MPCA

HazenBarr 
Engineering

Wastewater
Compost Water

Landfill Leachate



Technology Degree of Commercialization Demon-
strated 
for PFAS

>90% PFAS Destruction Efficiency

Super Critical Water 
Oxidation (SCWO)

PFAS removal/destruction –
developing
Example vendors: Battelle PFAS 
Annihilator, Aquarden Technologies, 
374Water.

Yes Yes (Greater than 99% reduction of the 
total PFAS identified in a targeted 
compound analysis, including PFOS and 
PFOA.1)

Pyrolysis with Thermal 
Oxidation (biosolids)

Full-scale. Example vendors: 
Anaergia, Bioforcetech, Biowaste.

Yes Yes (Complete removal from biochar. 
Thermal oxidizer destroys PFAS at an 
efficiency greater than 99.99%.2,3)

Gasification with 
Thermal Oxidation 
(biosolids)

Full-scale. Example vendors: Aries, 
Ecoremedy.

Yes Yes (99.5% total PFAS removal between 
feed and char when coupled with 
thermal oxidation.4)

Biosolids Incineration Mature technology. Full-scale. Yes No (Sewage sludge incinerators (SSIs) 
operate at 700-1,000°C. Complete 
destruction of PFAS requires 
temperatures over 1,000°C.5,6)

Thermal Drying Mature technology. Full-scale. No No

Technology Screening
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https://www.battelle.org/markets/environment/investigation-remediation/pfas-assessment-mitigation/pfas-annihilator-destruction-technology
https://www.battelle.org/markets/environment/investigation-remediation/pfas-assessment-mitigation/pfas-annihilator-destruction-technology
https://aquarden.com/applications/pfas-pfos-pfoa/)
https://374water.com/supercritical-water-oxidation-scwo/
https://www.anaergia.com/
https://www.bioforcetech.com/pyrolysis.html
https://biopyro.com/
https://ariescleantech.com/wp-content/uploads/2020/11/Addressing-PFAS-with-Aries-Process-Technology-rev.-2-2020.pdf
https://ecoremedyllc.com/


Pyrolysis/Gasification Systems 
Cost Curves
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SCWO System Cost Curve
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Available Online 
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Findings indicate PFAS destroying technologies for biosolids competitive with other processes

Groundbreaking study shows unaffordable costs of PFAS 
cleanup from wastewater | Minnesota Pollution Control 
Agency (state.mn.us)

“…..In contrast, emerging biosolids technologies 
capable of destroying PFAS can be cost-
competitive with current practices.”

https://www.pca.state.mn.us/news-and-stories/groundbreaking-study-shows-unaffordable-costs-of-pfas-cleanup-from-wastewater
https://www.pca.state.mn.us/news-and-stories/groundbreaking-study-shows-unaffordable-costs-of-pfas-cleanup-from-wastewater
https://www.pca.state.mn.us/news-and-stories/groundbreaking-study-shows-unaffordable-costs-of-pfas-cleanup-from-wastewater


Conclusions 
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Conclusions

Ø Pyrolysis and SCWO are identified as potential technologies for PFAS destruction in biosolids.

Ø Despite their promise, critical knowledge gaps remain concerning the identity and fate of resulting transformation 
products in potential pyrolysis configurations and treatment conditions. 

Ø While targeted, non-targeted, and total PFAS analyses will remain indispensable, it is critical to develop methods for 
volatile PFAS characterization. 

Ø Both technologies still have limited full scale implementation.

Ø These technologies also lack information on long term operational information

Ø These technologies convert organics into other products and eliminate/minimize the disposal 
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