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Validation of Supercritical Water
Oxidation to Destroy Perfluoroalkyl Acids

Collaborators:
* John Kirby
e Chris Bellona
* John Follin
* Ken Liberty

Hicks et al., 2019
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Presenter
Presentation Notes
Feasibility of spontaneously igniting and stabilizing hydrothermal flames in a SCWO reactor for the purposes of destroying liquid and biological waste for space flight


Overview

e PFAS-concentrated waste actively being generated
e Reliable/practical solutions urgently needed

Challenge

e SCWO has decades application in waste disposal; applicable to PFAS

e Can SCWO destroy PFAS-concentrated waste w/no detectable PFAS in
emissions?

e >99.999% reduction of detectable PFAS in liquid and gaseous emissions
e [imited defluorination ratio 62.6%
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Presentation Notes
PFAS present complications to conventional technologies

(fluoride in steam unaccounted)



Field Validation Test Objectives

Effectiveness of SCWO for aqueous & gaseous discharge (gpm flow rate)

Attempt a fluoride mass balance
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Determine the minimum dilution ratio of PFAS-concentrate that enables SCWO operation at a practical flow rate (foaming concerns)

Determine the effectiveness of SCWO to destroy PFAS through the collection and analysis of aqueous discharge at a gallon per minute (gpm) flow rate

Determine the effectiveness of SCWO to destroy PFAS through the collection and analysis of gaseous discharge at a gpm flow rate

Quantify the fluoride concentration in the aqueous discharge following alkaline addition to the SCWO unit effluent



Get to Know SCWO
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* Water critical point:
374.14°C and ~220 bar
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3,200 psi = ~220 bar; 22 Mpa

This form of SCWO is ‘air SCWO’ using oxygen as the oxidant, others add chemical oxidants (hydrogen peroxide [Scheitlin et al 2023]; similar performance regardless of oxidant

Insensitive to co-contaminants (Scheitlin et al 2023)

Single-fluid phase – rapid kinetics, complete reactions

Density ~0.1 g/cm3; low dielectric constant & ionic dissociation constant
Organic solubility increases; complete mineralization
Inorganic solubility decreases; precipitation




PFAS-Concentrate Selection (Literature Data®)

Electrochemical fluorination Aqueous Film Forming Foam (AFFF)

1.0E+08 E Pre-TOP [ Post-TOP
)
< Mostly PF
% 1.0E+07 .~ C9-C14 PFCA & most : Ostly PrOS
= precursors = ND; but... =
S 1.0E+06 B
>
2
~ 1.0E+05
C
e
= 1.0E+04

' SPFAS SPFCA SPFSA PFOS
“Houtz 2013; Backe et al 2013; Lang and Divine 2020
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20 Pre-Top Assay Results (Houtz 2013, Backe 2013, McGill 2020, Eurofins 2020)
6 Post-TOP Assay Results (McGill 2020, Eurofins 2020)


PFAS-Concentrate Selection (Actual)

Influent 1 Influent 2

Diluted
1,000 X

PFAS, , = 14,155 pg/L
PFOS = 12,590 pg/L
90%

PFAS, , = 12,176 pg/L
PFOS = 10,780 pg/L

B PFBA ™ PFPeA ™ PFHXA PFHpA

® PFOA PFBS M PFPeS ™ PFHXxS
B PFHpS ™ PFOS ™ PFNS M PFDS
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No TOP assay
12 Analyzed PFAAs: 
C4 to C8 PFCA 
C4 to C10 PFSA
Two influent AFFF samples collected
Diluted 1,000 X for test
Analytical results consistent with expectations from literature (when corrected for dilution)



ol e —
Field Validation Test Details — San Diego, CA

SCWO skid used for validation testing Two stage air compressor skids

(General Atomics 2021) (General Atomics 2021)
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~2,600+ measurements for flow rate (influent and effluent), temperature, pressure, excess oxygen, pH post quench

Two trials
Continuously logging data (temperature, pressure, flow rate, % O2)
Influent: ~2.0 gpm
Run Time: ~140 min
Residence Time: 10-11 sec
Pressure: ~220 bar
Temperature: ~649°C



Wet AtmospheAric

Process Flow Diagram Disc;g/rge Gaseous
37% 72% > Effluent Sample
HP Air l 5%
——— SCWO Gas-Liquid Liquid
—> S — Reactor Separator & —p Sl
P ‘ Cooler Tank
| \2 23%
HP
Influent Mass Percentage Quench Ej Liquid
Effluent Mass Percentage Pump Effluent
Sample
()
Influent 1%
AFFF
Tank
| REMECHUMP
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OTM-45 Sample draw
—
Temperature
16-point traverse Velocity
Sorbent

Stack Impingers |~

/

Visual Container Guide

—
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Gaseous sampling platform OTM-45 sampling train

(General Atomics 2021) (General Atomics 2021)
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Results: Influent, Effluent, Gaseous Flow Rates

AIR

/

Total DRE, (1; n=2) 99.9999%
Total PFAS = 2.1x10 g/hr

GAS EFFLUENT (PFOS = 1.9x10°g/hr)

Total PFAS = 5.3 g/hr
(PFOS = 4.7 g/hr)

I

Quench
(ambient PFAS)

=

Total PFAS = 7.0x10° g/hr
-‘ & LIQUID EFFLUENT (PFOS = 1.4x10°© g/hr)

General Atomics Graphic
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Total Diesel = 33.4 gal

Influent PFHxS = 0.32 g/hr
Gas Effluent PFHxS = 9x10-7 g/hr
Liquid Effluent PFHxS = 5.5x10-7 g/hr


Results: Destruction & Removal Efficiency (DRE)

Precursor transformation? Reporting limits?
Long to short chain PFAA conversion? Quench water PFAS?

100.00%

99.99%
99.98%
99.97% ‘
99.96%

PFBA PFPeA PFHxA PFHpA PFOA PFBS PFPeS PFHxS PFHpS PFOS
PFCAs PFSAs
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Good repeatability between the two trials
Some short chain PFAS formation?
Less efficient short chain PFAS destruction?
Precursor transformation?
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Results: Fluoride Considerations

Influent mMole F Effluent mMole F
Dilution Quench Unknown Liquid
Water, 21.9 Water, 59.1 Effluent,
392.1

V

&

~72% F recovered in
liquid effluent

AFFF,
464.0

A

Calculated Limited defluorination ratio: 62.6%

Total mMole F =545
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Fluoride in the steam effluent?
PFAS potentially sorbed onto the batch tank?

Scheitlin et al 2023 – 72.6% of the total inlet fluorine is quantified in the effluent as ionic fluoride


Energy Considerations

“It took a lot of energy to make PFAS, and it will
take a lot of energy to destroy PFAS.” anonymous

PFAS destruction technologies in the ¢ ,ﬁ |
literature: ~0.1s to 1,000s kW-hr/m3 s W T h‘iE
(~$115/d to $1,150,000/d) -

0.08 kW-hr/m?3
(~$100/d @ $0.15 USD/kW-hr)

PFAS-relevant destruction technologies not
currently intended for dilute flow through systems
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Presentation Notes
Diesel Driven, self-priming centrifugal pump
320 m3/hr; 24 kW
0.08 kW-hr/m3
Tsurumi Pump, 2023
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Limitations and Future Wbrk

Fluoride in
gaseous
emission

Non-target
analysis™,**
("Weber et al., 2022 &
2023; Krug et al., 2022
**(JSEPA 2022)

1,000x dilution of

concentrate**
(**USEPA 2022)
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Gaseous emissions analyzed detectable PFAAs only (C2F4, C2F6)

USEPA: used non-target at the San Diego test facility (after our work) and found traces of PFPeA, PFHxA, PFBS, PFHxS, heptafluorobutyric acid and no long chain PFAS (used dilutions of fluorotelomer foam)


USEPA gaseous sampling – Draeger tubes, sorbent tubes (confirmed OTM-45), summa canisters (confirmed OTM-45)

Scheitlin et al 2023 – C18 cartridges and impingers observed unidentified short chain byproducts early on at relatively low levels




Conclusions

Aqueous & gaseous effluent from SCWO suggest DRE >99.999%

USEPA OTM-45 implemented to validate SCWO

Fluorine mass balance incomplete; inorganic fluoride lost in the steam?
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Full Scale Operation of SCWO for
Landfill Leachate, Industrial
Wastewater and AFFF

Rick Gillespie
Chief Commercial Officer

Revive Environmental
Columbus, OH
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Presentation Notes
Thanks for the opportunity to speak with you this afternoon. My talk is the last in a series of 4 presentations focused on the destruction of PFAS. That shows we are making real progress to solve the so-called PFAS “forever problem.”  

The goal of my presentation is to provide details on the on the commercial use of Supercritical Water Oxidation or SCWO for PFAS destruction.  Being first to market with a commercial-scale operating unit has been invaluable for Revive.  My goal today is to share those lessons learned to give you a better picture of how this technology is being deployed to destroy PFAS. 


25

Revive Environmental: |evK

7%

¥
1

f

Water Technology company created in
December 2022

Structure: Founded by Battelle and Viking
Global Investors

Technology: Global Patents on PFAS
Annihilator® and GAC Renew™

Headquarters: Columbus, OH / CEO: David
Trueba

https://revive-environmental.com/
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EVENING

NEWS

_AMERICAN INNOVATION

NONPROFIT AIMS TO REMOVE ‘FOREVER CHEMICALS' IN WATER

s = AANNAVEY v NORAH O'DONNELL |

.

g

I

WEST MICHIGAN COMPANY DEVELOPS PFAS ANNIHILATOR' 5 | 'fﬂ
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Presentation Notes
If you are not familiar with Revive; 

Revive is a clean technology spin out of Battelle Memorial Institute, a nonprofit and the largest independent applied science and technology organization in the world.  They have an amazing track record of technology development in many different industries.  The use of SCWO was conceived six years ago to target the permanent annihilation of PFAS in multiple applications. After 6 years of development, Revive was formally spun out last December in partnership with Viking Global Investors. As a result, we are fully-funded start-up with tremendous support for Battelle.

As we all know PFAS is the primary topic at conferences at technical conferences like Remtec, but it has also entered the public domain.  Our commercial efforts with SCWO have attracted tremendous coverage from a myriad of media sources, including the WSJ, CBS Evening News and Fox. In addition, we have R&D work in progress with the DoD through ESCTP.



https://revive-environmental.com/

Review the capabilities and
commercial readiness of SCWO

Learning
Objectives

Provide an overview of the regulatory
process - Transparency.

Lessons learned in the deployment,
commissioning, and ongoing operation
and optimization of a SCWO unit.
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Presenter
Presentation Notes
Today’s presentation will focus on our commercial efforts to bring advanced technologies to address PFAS in landfill leachate, AFFF, and soil and groundwater remediation.

I have 3 key learning objectives for today’s presentation. I

Is SCWO a commercial-ready mature technology for PFAS destruction?  Review the capabilities and commercial readiness of SCWO in treating various waste streams.  

What is required to gain regulatory acceptance?  

Provide an overview of the regulatory process for establishing a commercial facility. We will discuss strategies for working with state and municipal regulatory partners to ensure regulatory compliance.  That part of the presentation can be summed up in 1 word -  Transparency.

I will wll share lessons learned in the deployment, commissioning, and ongoing operation and optimization of a SCWO unit for different waste streams.
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Presentation Notes
What makes PFAS so difficult to solve?  I like the acrostic PAT. PFAS is  Persistent, they don’t biodegrade. To date, we don’t have evidence of biodegradation.   PFAS accumulates in tissue.  It stays in our bodies.  and Finally, certain PFAS compounds have been shown to be toxic at very low levels.  The USEPA proposed MCLG is zero for PFOS and PFOA. The MCL is 4.0 ppt, not zero, but not far from zero.

I could have added everywhere to the bulleted list, but it messed up my acrostic. The reality is everyone in this room, brought something here that contains PFAS.  PFAS Chemistry is pretty incredible and as a result, it has been used in a lot of different applications.

The myriad of products where PFAS was used is incredible. From Fire-fighting foams to semiconductors to water-proof clothing, and non-stick cookware.  Scrambling eggs in my non-stick cookware feels a little more personal now. 

And if we are honest with ourselves.  At times, the PFAS Problem can feel Too Big, Too Complex and Too Costly.  


Not just

l-“--.;&.-- e e 2 = 4 ; = .
b S = USGS

s . o

r‘_'; s, :‘ =

weatghpe” 11

L T

. il gt . iy NATIONAL NEWS RELEASE
Ui o0 T Tap water study detects

g, . | PFAS ‘forever chemicals’

across the US

USGS estimates at least 45% of tap water could
have one or more PFAS
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As a result, You get maps like this where Forever Chemicals feels like Everywhere Chemicals

It is estimated that over half of the nation’s drinking water is already impacted with PFAS. It has entered the public conscious.  My MIL knows what PFAS is. You made the big leagues of environmental contaminants when my MIL knows your name.  
 
Today, we will discuss one of the lesser-explored aspects of the PFAS problem.  The presence of PFAS in industrial waste streams. PFAS is being discharged at industrial waste treatment plants and via landfill leachate every day. As a result, we are seeing pressure from public-owned water treatment plants (POTWs) to identify sources of PFAS discharge. They are going up the pipe to find PFAS sources, including manufacturing plants and landfills. In many states, they are instructing those sources that need to treat PFAS to very low levels before discharge to the POTW.  �
The Good news is that my presentation will show how you can use SCWO at a commercial scale to achieve 6-9’s of destruction..



https://experience.arcgis.com/experience/12412ab41b3141598e0bb48523a7c940/page/Page-1/?views=Key-Abbreviations%2CPresumptive-Contamination



Presenter
Presentation Notes
So we know that PFAS is everywhere. I would like to spend some time exploring the different application scenarios for SCWO treatment of PFAS. I always like to start presentations with the end in mind.  This picture shows raw leachate before and after treatment with SCWO. 

It is incredibly powerful when you visit a SCWO facility and see highly contaminated raw leachate post-treatment with SCWO. Dark, highly contaminated leachate is visibly transformed to effectively distilled water with PFAS levels at non-detect. 


~ Challenges wilmmeaﬂo/n/source

PFAS CYCLE NN Landfill \ AFFF \

Leachate ﬁ
- -
LEl Wil irports using fire
Pl l B g oo
&r:\—- m*’ * Recurring - Continuous * Very High PFAS (ppm)
° H|gh amount of co- * Concentrate vs
La“dﬂ" PFAS treated material Rinsewater

& food packaging K Contam|na ntS j \ /

Wastewater
direct
discharge
to stream

Leachate Biosolids

Soil / Ground \ (.'. Drinking \

A Food
Wastewater Rlant . water Water
Treatment Plants ptake n . . -
T /D = Remediation !
Wastewater direct ﬂ i
discharge to strearmn ° High Volume i Very ngh VOIUme
* Lower PFAS * Recurring - Continuous

Drinking water Concentrations * Low PFAS Conc
mSuep | emawocr

Source: Walnut Valley Water District, https://walnutvalleywater.gov/your-water/your-drinking-water/water-

quality/
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This presentation will focus on two primary application scenarios for PFAS destruction.

Landfill leachate – PFAS in landfills is a big problem. In the US alone, there are over 2,000 landfills discharging nearly 8B gallons of leachate per year. The majority of these sites have PFAS at significant levels above regulatory standards. The vast majority don’t have PFAS treatment technologies. Across the nation, we are seeing landfill operators and regulators planning for how to ensure regulatory discharge compliance.

The other target application we will discuss today is AFFF, fire-fighting foams.  It is estimated that there is approximately 15M gals of legacy C6 and C8 AFFF in the US.  Foam transition to fluorine-free foam has already started industries:
DoD, Oil and gas, Airports, And fire departments

People who are in foam transition are asking questions like:
When should I switch to the new foam?
How clean is clean?
What options are available for disposal?

Both of these groups are looking for answers to the PFAS problem. The majority want a permanent solution that removes their PFAS long-term liability.

https://walnutvalleywater.gov/your-water/your-drinking-water/water-quality/

Current Commercial.

Landfill Leachate

PFAS
Concentrate

Foam
Fractionation /

Branch Network

Qg0
\/
offo

Landfill
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Technologies Deployable by Revive

Industrial Wastewater

Industrial

ion of SCWO

= N
—

GAC '
GAC Renew™ AFFF. Changeout
HH Stockpile AFEE

—ll

Foam
Fractionation

PFAS in Groundwater

PFAS Foam Contaminated
Concentrate Fractionation GW
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This figure shows a schematic of the various waste streams that can treated in an integrated process with SCWO.  Today we will be presenting data from landfill leachate and AFFF.  We also have data from IWW and Groundwater applications. The principles are the same. 

For everything but AFFF, we typically combine SCWO with a complementary concentration technology. This would include technology like foam fractionation to separate and concentrate PFAS. The top left shows landfill leachate being concentrated with FF, which generates a PFAS concentrate for SCWO destruction.

AFFF does not require concentration, bc the volumes are already highly concentrated. AFFF foam transition projects that include rinsate typically don’t require concentration either. 

We are often asked: Do you mobilize to my site for treatment. It depends on the influent volumes and whether those volumes are recurring. The Branch network denotes a fixed facility where the SCWO unit and potentially concentration technology are deployed. 

For example, we would ship AFFF Conc and rinsate to a fixed facility for destruction. If you are a landfill, generating, 300K gpd of leachate, we would deploy a conc tech like FF or RO and the SCWO unit directly to the site for waste treatment.
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Presenter
Presentation Notes
The next few slides provide an overview of both the concentration step and the destruction step using SCWO. If you have never seen the inside of a SCWO reactor, now you have.


s via FF then SCWO

Raw Leachate Hyper Concentrate

Process Flow: Landft

up to 5 million GPD up to 500 GPD
Landfill Foam Fractionation
Leachate
Clean Effluent Clean Effluent
Discharge Discharge
to POTW to POTW
PFAS Separation + Concentration PFAS Destruction
Meet POTW Discharge Requirements Eliminate Liability
Chain of Custody Influent, Effluent Testing PFAS destruction No Harmful Byproducts
Batch receipt tied to Regular sampling of all aqueous Full combustion of all SCWO reaction results in clean
analytical data and and vapor streams to ensure full organic compounds incl. water, nominal CO,, and inert
operating parameters destruction all PFAS analytes salts (e.g., NaF)
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Let’s take a few minutes to focus on landfill leachate treatment. I mentioned earlier, industry estimates nearly 8B gals of landill leachate is produced annually in the US. Leachate is a complex stream that contains a mix of contaminants, including PFAS and other persistent organic compounds.  Typically, leachate is a high volume waste streams with daily production that can vary widely depending on location.  This figure shows a how foam fractionation is combined with SCWO to hyper-concentrate PFAS into a smaller volume waste stream.  

So how does it work, 

FF concentrates PFAS and results in two effluent streams. The clean effluent is discharged to either a POTW or to surface water via an NPDES permit
 The PFAS concentrate is sent to SCWO for treatment. 

In each of these cases, we track chain of custody.  We track influent volume and test treated effluent batch by batch. We provide post-treatment analytical to prove destruction. 
People hire Revive to not only destroy PFAS, but to provide a certificate of analysis that shows destruction w/o harmful by-products.


~ Foam Fractionation ===

i & U s PFAS Molecule
L ] {hydrophilic anionic functional

AIRPORTS CREEKS!LAKES." DRINKING DEFENCE o L ] head chemistry)
GROUND WATER %40
-~ .. ....
[ ] ®
a ® A = R
e ®
NDFILL  SEWER WATER  REFINERIES INDUSTRIAL g i Y
LA EACHATE  TREATMENT  AMD MINE:  TRADE WASTE SURFACE ACTIVE FOAM FRACTIONATION (SAFF) ... 0. ... e ]
Air Bubbie . :o ] ...
[ail!watel ¢ . .. . .
interface) ] ._.-.
L J
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[ ] .,. °. L2 oo
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o oo *e —
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A little more detail on the concentration step, Foam fractionation is a separation technique that utilizes the unique properties of bubbling air to separate PFAS from water. We can leverage that to separate and concentrate PFAS into a foamate.  As a result, we can concentrate PFAS by 100-10,000X.  This leads to significant volume reductions in PFAS to be treated.

The figure above shows a commercial unit from EPOC/Allonnia that includes primary, secondary and tertiary stages.  

If you haven’t seen one of the units operate, a couple of things might surprise you
They are quiet, air is injected under low pressure and relatively low volumes
They are energy efficient, power utilization is low
They are highly automated
Scalable to your influent volumes

Rules of Thumb:
What does concentration of 100-10,000X mean? 
Let’s say you had 100K gpd of raw influent leachate.  
At 1,000 x concentration, you would generate 100 gals of PFAS hyper-concentrate for destruction
At 10,000x, you would generate 10 gals per day of PFAS hyper concentrate

We use this to determine the need for on-site or off-site treatment.



-

Supercritical Water Ox AS Annihilator®

* Fully permitted, commercial operations in Wyoming, Ml since March 2023

* BOK-150K gallons per day of raw leachate from 3 landfills, then ran through Foam Fractionation with
resulting concentrate destroyed via SCWO

* Destroyed AFFF concentrate, AFFF rinsate and other concentrated streams from other sources and

applications
> >99.99% Destruction: Long, Short, Ultra-Short analytes No harmful byproducts
Sups‘;a(t::rtlcal
221.1 Bar/3,210 PSI RFRFRF @ NaF CcO Na,SO
® Critical Point PFOA A0S on +H,0,( ) 2 2=
FFFFFFFF oxygen source
Liquid o 2Y2 yg + + O + o
@ o 8 + NaOH (Neutralization)
o > FRFR FR F
a PROS ol ol
Ice Steam R A AT A A
o ® Triple Point

Temperature
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Presentation Notes
SCWO might feel new to the environmental PFAS world, but the technology has been around for over 20 years and used widely for a variety of different contaminant. SCWO is a mature, well understood technology. Our SCWO units are elegant, but the process is simple. 

Under supercritical conditions, water exhibits both liquid and gas-like properties. All organic compounds, including PFAS, we can break the C-F bond and achieve complete mineralization, breaking down to non-toxic by-products. The effluent is
Clean water
inert salts, like NAF
and CO2.

Key Takeways
We have operated a fully permitted, commercial SCWO facility in Wyoming, MI since March 2023.
The experience gained from processing 50-150K gals per day of raw leachate from 3 landfills has been invaluable.  
In addition to leachate, we are processing AFFF from a variety of sources, including airports, fire departments and fire suppression systems.





Presenter
Presentation Notes
The remaining slides will walk us through the field results and lessons learned from operating a SCWO unit on a commercial scale.  

We will cover:
How to successfully navigate the permitting process for both air and water discharge
Lessons learned from operating on different influent streams 
Finally, share analytical data on real world PFAS streams.



Air Permitting

Compile

Equipment + Processes
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* EGLE (MI) exemption for air permit
* PFAS Annihilator emits <5 lbs/day PTE’s

* Transparent Monitoring
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low flow
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So first of all, I think it's really important to start with the permitting process in Michigan.
�Michigan has a great set of regulators, highly knowledgeable, collaborative and pro-active. I think they would admit that regulating PFAS destruction was new territory for them.  The best thing we did was communicate our intentions at every step. We view EGLE and the City of Wyoming as a partner.  As a result, we met with them, answered their questions, and invited them to inspect the facility.  All of that effort was designed to identify potential issues and then work collaboratively to solve the problem. 
�I mentioned transparency earlier.  That is a core value at Revive.  Some companies have a tendency to not share with regulators.. We took a different approach in that we were fully transparent in our technology and our go-to-market strategy. We shared all of our data, over and above, to ensure that we had transparency.  

Ultimately, our success in the permitting process came down to 2 things
Transparency
Our ability to provide detailed analytical results batch-by-batch for both air and water, demonstrating PFAS destruction.  


T
e o A

t and annihilation

SCWO: Batch tré

PFAS Destruction

Full mineralization of all organic
compounds incl. all PFAS
analytes

Chain of Custody
Batch receipt tied to
analytical data and
operating parameters

Recycle

PFAS-Free
Solution

«6 ]
. ' Customer
environmental Disposal

No Harmful Byproducts
SCWO reaction results in clean
water, nominal CO,, and inert
salts (e.g., NaF)
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Influent, Effluent Testing
Regular sampling of all aqueous
and vapor streams to ensure full
destruction
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Through our batch tracking, we've established a work process that really handles the chain of custody, We track the generator of record, connected with batch tracking.  Through the influent and effluent testing, we're able to do a material balance as required by contract in order to demonstrate full destruction.
�All of our testing is performed by certified labs; we’re able to prove destruction by certified methods at or near the detection level.
�The analytical data we will share answers the fundamental question. Is SCWO a commercial technology and can it destroy PFAS to low ppt levels in full-scale deployment? 

The market feedback we have received is yes it is. Our clients want proof of destruction to eliminate PFAS liability. 


* Power Footprint: 40’ x 40’ for 2 CONEX boxes + equipment
* Water

e Shelter
* Footprint » REMIEC
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Let’s transition to full-scale deployment. What does it take to mobilize a SCWO unit to your facility.  We start with a pre deployment checklist to understand site requirements.  The big items we need are:
Access to electricity
Water
Shelter
Footprint



Annihilator Operatiol ments
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The schematic shows a typical setup for an Annhilator deployment. The bullets on the right show the key elements. 

The figure on the left shows the typical equipment configuration.
First, the support equipment container is the brains of the operation.  This is where our operators control and monitor the process. All of our automation and telemetry is monitored in real time.  
Influent flow volumes , Pressure, Temperature, Cameras to monitor the inside of the container housing our SCWO unit

The equipment between the brains and the reactor, includes influent tanks, cleaning batch tanks, co-fuel (if needed) and effluent ion exchange filters for metals treatment.  
We don’t generate much vapor, but any vapors generated run through vapor-phase GAC. We conduct sampling to ensure compliance with air permits
If you compare us to a Haz waste incinerator, where the measure flue gas in scfm. We are fundamentally different, we have to pull a vacuum to get a vapor sample from the unit. 

All processed water is kept for up to 7 days. This allows us to perform analytical testing to ensure regulatory compliance, then we discharge to a POTW.  



Lead with Safety

* Coordination critical
with onsite partners
* Safe handling / Chain of custody

Quality Processes / Scale

* Batch tracking
* Local regulations compliance
* 500 GPD operational capability

Infrastructure

* People
*  Supply Chain / Manufacturing
* Analytical Support Ecosystem

Regulatory Transparency

Pre-deployment coordination
Physical audit

Ongoing sampling

Water discharge limits
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Lead with Safety – It is key to our culture.  Chain of custody matters and coordination on site really is important.
�Regulatory transparency
We've already talked about working closely with regulators. The key to our success in this area is to always be open, honest and transparent in our communication.  At the end of the day, regulators and clients want to know that we are doing what we said we would do.  A key part of that is our ability to provide batch-by-batch analytical results showing that we are below permit discharge criteria.  

Infrastructure
People are always the key to success. Our skilled operators have allowed us to reliably and consistently deploy the technology in any environment.  In addition, they have been instrumental in scaling the technology for commercial use.�
Battelle Analytical Support – Very unique partner.



Dialing in the Oper
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The promise of SCWO is the complete destruction of PFAS, so let’s get into the data.  This slide shows representative results from June 2023.  This data represents when Revive operators took over full-time in the operation of the unit in Michigan. Before June, Battelle was providing contract labor to help us commission the unit.  

This is a snapshot of the first six batches of the team’s execution for landfill leachate. The orange line at the top is the bar for discharge maximum levels at 12 ppt for both PFOS and PFBS. As you can see, all 6 batches were below the discharge limit, but as the operators got more time running the unit they achieved better and better results.  They achieved this by optimizing the influent loading, pressure, temperature, and residence time in the reactor.  They are optimizing treatment as they go to achieve better results that is waste stream specific.  �
As they gained experience, they were able to profile the waste stream and have a custom set point for operation - to maximize destruction, enhance uptime and ensure reliable economical operation.
Our last 3 batches, we were able to achieve non-detect.  
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Short Chain PFAS is a topic of conversation for many. Short chain destruction efficiency is also area of focus for us.   This slide organizes results by short chain on the left and long chain on the right for a processing run on landfill leachate.  
Concentration is shown in ppt on the y axis and individual PFAS compounds are shown on the x axis.
 The blue bars are pre-treatment and post-treatment results are shown in orange.  Most of you can’t see the orange, because the post-treatment results are so low relative to the starting concentrations.  
All post-treatment results are low ppt (<10 ppt) or non-detect.
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The 2nd data slide show treatment results for AFFF. In this case we are treating Ansulite 6% AR fire fighting foam concentrate.  If you are not familiar, Ansulite 6% AR is a C6-based AFFF.

The top 2 are the same data set showing short-chain results for the test run.  a including PFHxA.  The figure on the right shows the same data, but without PFHxA.  We did that bc our starting concentration was 75M ppt for PFHxA.  These tables also show post-treatment results in orange. Similar to the previous slide, you are not seeing orange, bc post-treatment results are either single-digit ppt or non-detect.  For PfHxA, shown on the left we started at 75M ppt, after 30 seconds in the SCWO reactor, we achieved 3 ppt post SCWO.  That is 6 9’s of destruction.  

The table on the top right shows the results for other target short chains, including PFBA.  All short-chain molecules, including ultra-short chain, were single-digit ppt or non-detect after treatment.

We achieved similar results for long-chain constituents as well.

The ability to destroy short chains is an important topic as companies engage in foam transition to less than hexanoic chemistry.  Short chain PFAS will become more and more a focus for destruction.  Technologies that are launching now have to be reliable and capable by customer demand to destroy these short chain molecules in addition to the C8 and C6 versions that are in the market today.


.

Destroys PFAS Reg

Groups

ANSULITE 6% AR-AFFF

45

hain Length or Functior

AFFF Production (ng/L)

% Destruction
Classification | More Information Raw AFFF Effluent Sample
PFBA Carboxylic Acid Short Chain 4,880,000 2.41 99.999%
PFPeA Carboxylic Acid Short Chain 1,700,000 2.27 99.997%
PFHxA Carboxylic Acid Short Chain 75,400,000 3.14 99.9999%
PFHpA Carboxylic Acid Short Chain 482,000 0.698 99.997%
PFOA Carboxylic Acid Long Chain 7,050 1.17 99.668%
PFNA Carboxylic Acid Long Chain 6,080 1.01 99.668%
PFDA Carboxylic Acid Long Chain 5,420 0.899 99.668%
PFUnA Carboxylic Acid Long Chain 4,930 0.819 99.668%
PFDoA Carboxylic Acid Long Chain 7,320 1.21 99.669%
PFBS Sulfonic Acid Short Chain 4,300 0.714 99.668%
PFPeS Sulfonic Acid Short Chain 13,100 0.52 99.921%
PFHxS Sulfonic Acid Short Chain 7,070 1.17 99.669%
PFHpS Sulfonic Acid Short Chain 4,960 0.823 99.668%
PFOS Sulfonic Acid Long Chain 6,030 1 99.668%
PFNS Sulfonic Acid Long Chain 6,050 1 99.669%
8:2FTS Fluorotelomer Fluorotelomer 22,300 3.69 99.669%
PFDS Sulfonic Acid Long Chain 3,940 0.653 99.669%
PFDoS Sulfonic Acid Long Chain 4,380 0.726 99.668%
4:2FTS Fluorotelomer Fluorotelomer 1,680,000 5.32 99.994%
6:2FTS Fluorotelomer Fluorotelomer 188,000,000 22.4 100.000%
PFTrDA Carboxylic Acid Long Chain 8,820 1.46 99.669%
PFTeDA Carboxylic Acid Long Chain 10,400 1.73 99.667%
PFOSA CarboxylicAcid | Fluorotelomer 4,570 0.758 99.668%
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I also wanted to include a table of data, I know everyone is different, but I like tables more than graphs. I like the details.  This is the tabular form results pre- and post-treatment for Ansulite 6%.   The data is organized by the different functional groups and we also added a designation for short-chain, long-chain and fluorotelomers.  

Pre-treatment concentrations are shown in the column noted as Raw AFFF.  The effluent sample column shows post-treatment results.   And % destruction. 

So it's not only the percent destruction, but it's the levels when you finish that are really important and honestly that's what regulators care about these days. If you see data from a technology vendor claiming >99% destruction, it is important to understand the starting concentrations. If you have concentrations at 75M ppt, 99% reduction won’t cut it, you will need 6 9’s of destruction to achieve non-detect. 



* PFAS Annihilator™is the first to market for PFAS treatment.
* Multiple landfill leachate projects
* Multiple DoD Projects
* AFFF State-Take-Back Programs

* AFFF Foam Transition Projects
* Oil and Gas
* Chemical/Mfg Facilities

* Revive’s platform delivers consistent, industry leading PFAS Destruction
* Recognize Battelle, Allonnia, HCC, Michigan EGLE, and the City of Wyoming
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Taking orders now
We are in the process of deploying 6 additional M2 units this Fall.  Deployments include fixed facilities, DoD sites and private industry sites.

Being first to market and operating at a commercial scale at a fixed facility has been a game-changer for Revive. Running 24 hrs/day with skilled operators on a wide variety of waste streams has given us the confidence and experience to deploy these units consistently and reliably.

Recognition of our partners: Battelle, HCC, Allonnia, Michigan EGLE, and the City of Wyoming.






Presenter
Presentation Notes
Thanks for your time and I look forward to your questions.
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