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* Michigan ( EGLE) Presentation on State of PFAS

* History of Heat Drying

 The critical design inputs for selecting an indirect type of dryer.
* What is PFAS/PFOA - Forever Chemical

* Available Technology to minimize or eliminate PFAS/PFOA

* PFAS/PFOA Destruct technology Process units & Description

* |Q Energy Modular Gasification features & benefits, and Energy
Balance paired with indirect dryer.
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Michigan PFAS Criteria: Surface

Water

Rule 57 Toxic Substances of the Part 4 Water Quality Standards

Natural Resources & Environmental Protection Act (NREPA) - Part 31, Water Resources
Protection

HNV* HNV*
(drinking) (nondrinking)
(ppt) (ppt)
PFOS 11 12
PFOA 66 170
PEBS 3,300 670,000
PFHXxS** 59 210
*Human Noncancer Value ** New Water

(H@ QQR DFNA** 19 30 Quality Values



I 2018: IPP PFAS Initiative l

2018 Statewide Study
February 2018, 95 021 Biosolids Interim

WWTPs rgq”‘r,e‘;' o 42WWTPs sampled  EHEH
screen Industrial Users | 0. ant effluent, and

for sources of PFAS residuals

Utilizing Results of
2018 Statewide study,
implemented Land
Application of
Biosolids Containing
PFAS Interim Strategy
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Industrial Pretreatment Program PFAS Initiative

* February 2018 — 95 WWTPs required to screen Industrial Users
- Evaluate Industrial Users for potential sources of PFAS
 Follow-up sampling of sources
« Sample WWTP effluent if sources > screening criteria (12 ppt PFOS)
- Sample biosolids if WWTP effluent > 50 ppt PFOS
» Reduce/Control/Eliminate PFAS discharge at source
* Ongoing monitoring & reporting for WWTPs with sources

A'BCR
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FAS to

ources o
WWTPs

Municipal WWTPs are passive receivers of PFAS
from users of sewer system

Industrial, commercial, and residential users can
all contribute PFAS.

Depending on size of WWTP and process water
flow, some industrial sources can contribute
significant loading of PFAS (PFOS) to municipal

wastewater plants

Significant sources identified in M

Conventional municipal treatment systems do not
remove PFAS.

PFAS will pass through in effluent discharges

and accumulate in biosolids

A'BCR
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Most
Highest | Recent*

Most PFOS
Recent* | Reduction

PFOS in

(ppb) Biosolids

PFOS
Reduction in
Effluent

- 2018
Municipal | Effluent | Effluent

WWTP | PFOS | PFOS
(ppt) (J9)

Biosolids
PFOS (ppb)

Reductions

in PFOS,
WWTP WWTP #50 Y0 <1.9 083 18 98%
Effluent and
Biosolids WWTP #14 [T 4.56 99% 1060 o7 97%
(Industrially
Impacted)
WA FLyd 2000 75 99% 1680 31 98%
WWTP #54 240 34 93% 387 57 85%

8 BCR *Data received by October 31, 2024
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“Quick” response in fish and surface water after source

control

Norton Creek — Surface Water Huron River, Kent Lake - Fish
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Corresponding reductions observed in fish downgradient of industrially
impacted discharges from WWTPs once source control was implemented

Huron River - Kent Lake
1800

1600
1400 I

1200

90% reduction in average
PFOS concentrations in
largemouth bass in Kent

Lake (Huron River) —
WWTP #92

1000

Ave Fillet PFOS +/- 1S.E. {ppb)

Flint River - Holloway Reservoir, Smallmouth Bass

87% reduction in PFOS 200
concentrations in
smallmouth bass in the

Holloway Reservoir (Flint
River) — WWTP #57

150

100

50

2016 2019 2020 2022

Avg Fillet PFOS +/-1S.E. (ppb)
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. D
Michigan’s Approach: PFAS in Biosolids Interim Strategy

Figure 33. Final Treated Solids (Sludge and Biosolids) PFOS Concentrations for 42 WWTPs

2018: Conducted statewide 10,000
municipal WWTP study of influent,
effluent, and biosolids and an
evaluation of land application sites.

1,000

Screening Threshold = 150 pg/Kg

Average = 184 ug/Kg \

2021: Implemented the Interim
Strategy for the Land Application of
Biosolids containing PFAS via written
notification to (300+) facilities
amending their approved residual 10
management programs.

100

Median = 13 pg/Kg

PFOS (pug/Kg or ppb)

Subsequent updates in 2022 and o, ! {industrially
2024 Detect : WWTP ' Impacted

Authority: Part 24, Land Application of Biosolids, Rule 4:
“On a case-by-case basis, the permitting authority may impose




Land Application of Biosolids Containing PFAS

e Continue source identification and reduction
efforts

) - * Prohibit land application of industrially-
PrOh I b It impacted biosolids

M itlgate e Mitigate (reduce) risks moving forward

¢ Inform landowners, farmers, and WWTPs about

Inform PFAS

e Create and retain publicly available information

~
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Interim Strategy Updates in 2024

PFAS Cycle e S o Based on the PFOS and/or PFOA results:

- Below 20 ppb (updated)
* No restrictions
- Equal to or Above 20 ppb - Less than 100 ppb
(updated)
* Required to sample effluent and identify sources
* Required to mitigate during land application
* Reduce land application rate to 1.5 dry tons per
acre or submit alternative strategy
* Equal to or Above 100 ppb (updated)

* Deemed industrially impacted and land
application prohibited
* Required to sample effluent and identify sources

BCR
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Concentration (pg/kg)

2024 Interim Strategy Results

100

80

60 1

Solid Solutions

— Industrially Impacted (100 pg/kq)
--~- Mitigation Threshold (20 pg/kg)
B PFOS (ng/q)

mm PFOA (ng/q)

PFOS Average (8.4 ppb) ~ PFOA Average (4.9 ppb) \

Facility



U —
2024 Interim Strategy Results

Below 20 ppb
152 facilities

Between 20 and 100 ppb
18 facilities

: Solid Solutions



Mean and Median Values of Biosolids/Sludge
Concentrations Since 2018

PFOS (ppb) PFOA (ppb)
Mean Median Mean Median

2018* 184 13 25 7
2021 21 9 8 4
2022 16 10 7 3
2023 11 7 6 3
2024 8 5 5 2
2025%* 7 6 2 2
*Includes data from industrially impacted facilities as part of a statewide study

**Calculations based on 24 results received as of 2/13/2025

olid



* Results of source investigation/source control efforts under the |IPP
PFAS Initiative and Biosolids Interim Strategy:
 Source control is highly effective at reducing elevated concentrations
* 90% biosolids in Michigan fall below mitigation threshold

- No Industrially Impacted Biosolids have been land applied in Michigan since
2018.

* No facilities with biosolids above industrially impacted threshold since 2021.

* Overall PFOS/PFOA concentrations in effluent discharges and biosolids are
decreasing.

\ BCR
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- Released 01/14/2025

 Contains no legal requirements
* DNR still evaluating

 Rely on Interim Strategy for now
- Comments due 03/17/2025

\ BCR
5 Solutions
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Least Biosolids as a Resource
BIOSOLIDS Processing

Dewatered
Cake (Class B)

1

Tl

Ash

Lime Stabilized _
Biosolids (Class A) |

Manufactured
Soil (Class A)

\TT"TT

Dried Product
Class A, Non-Unifor

Most
Solid Solutions Processing Ref: http://docplayer.net/78321046-Dr-dave-parry-pe-innovative-biosolids-treatment.htm| *°

Fragments) > — —
Dried Product I .
(Class A, Uniform
Pellet)
—
( ) B CR BioChar >
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BIOSOLIDS DRYER HISTORY

* Heat Drying is one of the alternative technologies for biosolids stabilization,
besides digestion. Rotary Drum Dryer( Milorganite)

* Heat Drying produces Class A biosolids as defined in 40 CFR Part 503 — by
Process to Further Reduce Pathogens (PFRP) , for unrestricted use.

* Heat Drying provided the option of processing the biosolids in a small
footprint and significant volume reduction. It also reduced the cost of
transportation of biosolids from urban areas to rural markets.

* Presently, to permanently destroy forever chemicals (PFAS / PFOS) from the
solids, thermochemical treatment (gasification or Pyrolysis) is the only
viable technology. In the thermochemical treatment process, the biosolids

V BCR cannot contain moisture > 15% and Heat drying is a necessary 20

(“2)



WHY DRY THE BIOSOLIDS?

Convert 5 Buckets of Wet-Cake Sludge To 1 Bucket of Dried Solids




ADVANTAGES OF HEAT DRYING

§
[ |
|
!
%
%
%
%
.
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Small Footprint:

* Relatively small footprint compared with other stabilization processes such as composting,
drying bed and alkaline stabilization.

Volume Reduction:

* By reducing the volume by four to five times, the associated cost for Tipping & Hauling is
greatly reduced.
* The fluctuating and rising landfill and fuel costs, drying will reduce financial risk.

Produce Class A Biosolids:

 The drying produces Class A Biosolids and can be utilized for a more diverse array of beneficial
reuse opportunities — fertilizer blend, soil amendment, filler for concrete etc.,

Renewable Energy:

 The dried Biosolids has heating value like a low-grade coal.

Forever Chemical (PFAS/PFOA) Destruction:

 The drying biosolids alone won’t destroy PFAS but is a necessary pre-treatment for next steps

for destruction and compliance.
22



SCREW - INDIRECT TYPE
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SCREW - INDIRECT TYPE

* The storage feed hopper receives a dewatered cake from the dewatering device.
Hopper weigh cells and a level transmitter monitor the amount of wet cake in the live
bottom bin.

* The wet cake is pump to the dryer by a progressive cavity pump which provides better
feed rate control than a screw conveyor. Feed rate control is critical to obtaining
consistent product quality.

* The Indirect Dryer is designed to produce a Class A product with a moisture content of
<10%. In the dryer, the material reaches a temperature of >178°F around the middle of
the dryer length. Typically, the product temperature exiting the dryer is around
240°F. This ensures the biosolids meet Class A time and temperature requirements as
per EPA 40CFR 503. The screw dryer even monitors the compliance temperature and
the time in the SCADA system.

@ BCR

; Solid Solutions
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SCREW- INDIRECT TYPE

 The Dryer is indirectly heated with circulating thermal fluid which is distributed to the
auger/agitators and jacket by a distribution manifold. A thermal fluid heater is supplied to
heat the thermal fluid using natural gas.

* The mixing action in the indirect dryer by screw will move the material and improve the heat
transfer.

* At the discharge end of the dryer, the product overflowing the discharge weir falls through
into the discharge conveyor below.

* From the discharge conveyor, the product is fed into a jacketed cooling screw conveyors to a
load out system.

* The cooling conveyors use non-contact water to cool the product. To save plant water, water
exiting the cooling conveyors is then used in the condenser spray duct to keep the duct clean
and start the condensing of the dryer off gas.

* Vapor from the dryer is cooled & condensed in a direct spray condenser. The spray
also traps the solids.

25
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SCREW/PADDLE DRYER - INDIRECT TYPE

1 Thermal Fluid Heater Skid
2 Wet Cake Feed Hopper

3 Wet Cake Feed Pump

4 Control Panel Boxes

5 Odor Control Unit

6 Indirect Dryer

7 Condenser

8 Cooling Screw

9 Rotary Valve

10 Nitrogen Generator Skid
11 Air Compressor

; Solid Solutions



DRYER DESIGN INPUTS

A

BCR the dried product %DS can be > 70% DS.

Solid Solutions

The Total Amount of sludge to be processed, either weekly or monthly: This
information, along with the required machine availability, will determine the
dryer feed rate required.

Biosolids Type—Stabilized or Unstabilized: Stabilized biosolids are either
aerobically or anaerobically digested, typically have more free water, and can be
easily dried. WAS only with or without primary sludge will have bound water
and take a little longer to dry.

Biosolids %Total Solids: This is a critical parameter to estimate the required
evaporation rate.

Dried Biosolids application or use: The dried product moisture content is
determined based on the application. For Class A, it is typically 90% Dried Solids
(DS) (for fully digested, it can be 75%), while for further thermochemical
treatment (gasification or Pyrolysis), it is 80 — 85%. And for volume reduction,

27



INDIRECT DRYER THEORY

Total Heat transfer required is provided by the equation below Matrial raving

Q = U, x A x LMTD

Area A

U, - depends on the biosolids type and characteristics. Aeroblcally dlgested
biosolids have the highest value, while the WAS with Primary may have a
lower value. U, can be estimated experience or through TGA/DSC test for
unknow solids or on-site pilot test will help determine the U..

A —the heat Transfer Area is fixed based on the selected dryer model.

LMTD - the Log Mean Temperature Differential between the biosolid inlet &
product and the heating medium inlet and outlet temperature. By Increasing

the heating medium temperature, heat transfer can be increased.

BCR
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DRYER SAFETY DESIGN - EQUIPMENT GUIDANCE

* NFPA 654-Standard for the Prevention of Fire and Dust Explosions
from the Manufacturing, Processing, and Handling of Combustible
Particulate Solids

* NFPA 820 - Standard for Fire protection establish minimum criteria for
protection against fire and explosion hazards associated with
wastewater treatment

=
1o
AJ



PROCESS CONTROL COMMUNICATION FOR UNATTENDED OPERATION

DRYER HMI PANEL

ON-SITE OFF-SITE

& CELLULAR MODEMS CELL
TOWER

((«
PLANT SCADA w/INTERNET \

BCR TABLET PC or iPAD
w/DRYER HMI EMULATION
Solid Solutions



ONSITE PILOT DRYER SYSTEM
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ONSITE PILOT DRYER DATA

\ BCR PILOT RUN DATA
A i Specific Energy & Uo, Overall Heat-Transfer Coefficient
[ ] [ ]
Mobile Demonstration System oo owwoe | o | o | oeewer | S
nergy
(D = Demo) TYPE %TS % %DS BTUILb BtwhriftrPF

10/5/2021 2045D Aer. Dig. 17.23 80 97.5 1154 12.25
° 10/6/2021 2045D Aer. Dig. 17.15 80 95.01 1118 13.01
u ea t a n I I l aSS a a n C e - O n yo u r 82472022 2203DH Aer. Dig. 2012 75 %.7 1002 1361
10/7/2021 2045D Aer. Dig. 17.12 80 95,96 1041 14.33
° B/26/2022 ___ 2204DH Aer. Dig. 15.65 75 %03 1074 14.92
S] te O n yo u r S l u d g e 8/30/2022 ___ 2205DH Aer. Dig. 15.68 80 92.89 1067 15.22
) ® 8/28/2019 1946D Aer. Dig. 204 75 83.9 1080 153
812672019 1946D Aer. Dig. 201 66 96.48 1250 153
oo . 82972022 2205DH Aer. Dig. 16.07 75 92.33 1099 15.33
(] U a n d S eC'I f'l C e n e r fo r Va r'l O u S 8127/2019 1946D Aer. Dig. 205 56 %25 1075 154
o) 8/29/2019 1946D Aer. Dig. 20 75 90.86 1083 155
o . 71242019 1762D Aer. Dig. 13.7 66 9.73 1161 168
B'I OSO l'l d S T eS 712372019 1762D Aer. Dig. 15 75 98.63 1145 169
y p . 82272022 2202DH | Anaer.Dig. 15.08 75 2078 1195 1064
81232022 2202DH | Anaer. Dig. 16.32 75 94.42 1210 11.78
3172019 148D Anaer. Dig. 179 50 8.5 1163 135
8/31/2022 __ 2206DH | Pri/Anaer. Dig. 305 75 97.6 1090 12.23
812072022 2201DH Pri/WAS 2829 75 519 1167 10.17
117112020 2034D Pri/WAS 198 66 98.09 1044 125
1111272020 2034D Pri/WAS 18.7 66 8788 1219 126

12/3/2020 2036D Pri/WAS 247 66 97.07 1039 13

12/2/2020 2036D Pri/WAS 2568 66 983 1164 13
111772020 1962D Pri/WAS 179 66 %.4 1150 135

T118/2020 19620 Pri/WAS 164 5 5.8 1204 16.1
1111972020 1962D Pri/WAS 179 75 84.7 1237 163

6/18/2020 1960D Primary 268 66 3.1 1158 78
92272022 2207DH | SeplageWAS 2126 75 8452 1068 9.83

92012022 2207DH | Seplage/WAS 242 75 9623 1052 9.87
92172022 2207DH | SeplageWAS 2400 80 97.89 1043 10.33

6/15/2020 19500 WAS 2 66 99 1408 86

6/16/2020 1960D WAS 19.7 66 %3 1206 9

Avg Spec
Energy

Count

BTU/Ib H20

evap.
Aer. Dig. 1,099 17
B R Anaer. Dig. 1,169 4
WAS 1,307 2

Solid Solutions




WHAT IS PFAS- FOREVER CHEMICAL REVIEW

* PFAS are a group of chemicals first developed in the 1940’s that have been
widely used around the world.
* They consist of a carbon-fluorine bond which is very strong.
* They are heat and stick resistant.

* They have been widely used in consumer and industrial products.

 Teflon® and Scotchgard®

* Food packaging and paper products
* Aqueous Film Forming Foam (AFFF)
* Industrial products

» Because of the tenacious bond, PFAS do not break down in the environment, so
they migrate readily in groundwater and do accumulate in aquatic organisms.

A\'BCR
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WHAT IS PFAS- FOREVER CHEMICAL

BCR

Solid Solutions

PFASanemeralWWTFnsevenlmys ‘

. PFAS can be discharged |

into a river with the
’ WWTF's
Public Water Supply
cleaned effluent
River .
| Wastewater Treatment Facility I

l (WWTF) PFAS can enter our drinking water too!
PFAS can then infiltrate y This just goes to show how hard it is to
into the ground water PFAS can leave the | WWTF in solid rencare PEAS Srow Oor SRvTensnt

And how important it is to stop it from
being produced in the first place!

When sludge is burned
PFAS is potentially

Courtesy: North East Biosolids Improvement Project



PFAS DESTRUCT TECHNOLOGIES

* The thermochemical technologies can achieve high temperatures and controlled
environments that facilitate the breakdown of the strong C-F bonds in PFAS
molecules, leading to their destruction or transformation into CA-FL substances.

- Commercially available thermochemical technologies are

* INCINERATION
» PYROLISIS
* GASIFICATION

 Pyrolysis and gasification have strong interest as a thermochemical treatment
alternative to incineration

* Pyrolysis and gasification can achieve mass reduction comparable to
incineration, they require less combustion air and consequently produce less flue
gas needing treatment.

* Pyrolysis and gasification syngas or producer gas can be treated or conditioned,
to remove or recover particulates and acid gases for clean heat reclaim use.

@ BCR
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What About High Temperature Thermal Treatment

Options?

Incineration

H,, CO, CO,, H,S,

Excess O, ‘

Heat (>750 - 1100°C)

1 sample from Multiple Hearth Incin.
Total PFAS Sludge = 14 ppb Ash = ND
(source AECOM/EGLE 2021)

36

Gasification

H,, CO, CO,, H,S,
H

syngas

Limited O, ‘ Chjhr/A

Heat (675 - 1200°C)

C
tt
11
11

e IS

Pyrolysis

H,, CO, CO,, H.S,
H

syngas

No O, Biomass ‘ BCicr)] aor”

Heat (500 - 700°C)

C
tt
11
11




INCENERATION

* Incineration is combustion (burning) with the primary [ s
purpose of oxidizing waste species. S

* A tremendous amount of heat energy released, and air , I e
pollutants are created. ) |
a

» Operating Temperature 150-1200°C [~

* The incineration of PFAS requires temperatures in excess
of 1,100°C (2000°F) and is, therefore, very expensive. IO —=al g

* Incomplete incineration sends PFAS chemicals back out | s i
into the environment where they have the potential to S ~
form new, harmful chemicals that are damaging to
human health or deplete the ozone layer.

« Significantly more Combustion Gas Scrubbing
Requirements.

* Requires moisture < 40% to 50%

A BCR
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PFAS DESTRUCT TECHNOLOGIES

» The controlled environments of pyrolysis (oxygen-free) and gasification
(low oxygen) are designed to optimize the destruction process.

* In pyrolysis, the absence of oxygen prevents combustion and helps to
focus on the thermal breakdown of PFAS.

* In gasification, the controlled introduction of oxygen allows for the
dialing in of critical temperature for complete destruction and NOX

control.

* Thermal oxidizers mitigate operation risks and convert all the chemical
energy stored in the condensable and non-condensable fractions of the
off-gas. The heat from thermal oxidation can be transferred through
heat exchangers to process air, water, or thermal fluid.

O BCR

y olid



PYROLYSIS

* Pyrolysis is the thermochemical decomposition of an Flue Gas
organic feedstock into a carbon-rich char and a Air
hydrocarbon-rich off-gas. 4& e ——

- A portion of the off-gas can be condensed into non- " SYNGAS

aqueous (oil or tar) and aqueous phase liquids.

» The process is conducted in the total, or near-total,
absence of air or ox%en typically, at temperatures
between 300°C and 750°C.

* The syngas contains a diverse mixture of compounds, :
including hydrogen (H,), hydrocarbon éCHX), carbon BIO OIL
monoxide (CO),and carbon dioxide (CO,).

- Compared to Incineration, produces less oxides of

BIOCHAR

SISATOYAd

carbon, nitrogen, and sulfur and pyrolysisd reduced Type of Pyrolysis:
Eeletasel of metals. Hence smaller Air Pollution * Slow Pyrolysis low
ontrol.
 Biochar, a carbon-rich material with beneficial use heat o
potential ranging from soil enhancement, . * Fast Pyrolysis with
remediation, and carbon sequestration, to activated

~ sorbents. heat
& BCR Requires moisture < 15% * Flash Pyrolysis

Solid Solutions



Undigested Dried Biosolids - Results Before and After

Pyrolysis

PFAS Mass and % Reductions out of
20 ug total measured PFAS in biosolids

PFAS Compound Concentrations

30
266 PFOS
25
20
z
]
& 15
S~
-1
=]
EtFOSAA
10
MeFOSAA
53
5 29
22 18
1.2
| 045 039 023
0 1
Biosolids Char 500 BioQil 500

N 8:2 FTS

M 6:2 FTS
4:2 FTS

H10:2F

¥ PFBS
PFHXS

H PFTrDA

H PFOS

B PFPeS

B EtFOSA

B EtFOSE

B EtFOSAA

B MeFOSA
MeFOSAA
MeFOSE
PFHpS
FOSA
PFDS

H PFBA

¥ PFDA

¥ PFDoDA

¥ PFHpA

B PFHXA

B PFNA
PFOA
PFPeA

BioQil 700

20.0

18.0

16.0

14.0

=
~
o

10.0

Total PFAS (ug)

%
o

6.0

4.0

2.0

0.0

Biochar

PyroGas

Biooil

95.6%
84.4%
M 500'C
M 700'C

Destroyed/Converted

Source: Jacobs, WEF RBC 2021




Digested Dried Biosolids - Results Before and After
Pyrolysis

18

16

PFAS Concentration (ug/kg)
[— = =
= (=] =] [ (] =

P

Biosolids

Source: Jacobs, 2022

PFAS Compound Concentration

Biochar

Condensate

0 II | “Il‘ll - -

Pyrogas

m82FTS
W62 FTS
PFOS
FtFOSAA
B MeFOSAA
mPFBA
mPIA
BPFDODA
mPFHpA
BPFHXA
mPFNA
BPFOA
BPFPeA
PFTeDA
PFUDA

(ug)
Pedd Ped LA A A LA P P
[ e [ e O AT T o T W o Y O A i |

—
[ o]

Total PFAS
— [
(g —

'_].
LD

L Oy

PFAS Mass and % Reductions out of 42.26 ug PFAS in

Biochar

Biosolids

0.01

Condensate

0.05

Pyrogas

0.9997%

99.97%

Destroyed



GASIFICATION

Flue Gas

- Gasification advances thermochemical
transformations beyond those in pyrolysis by Oxidizer
reacting char and volatile vapors with a gasifying ot @
medium (such as air or steam).

* The full and partial oxidation of pyrolysis products
yields CO and CO2, which are then reacted with
steam, elemental hydrogen, and carbon (C) in a
final reductive (or gasification) zone to generate
an off-gas consisting mainly of CO, H,, and CO2 Type of Gasifier:

- Gasification process produces Ash/Char * Fixed Bed — Up draft
& Down draft
* Fluidized Bed —
A Bubbling &
) BCR Recirculating

Air
y

ASH/CHAR




|Q ENERGY (ADVANCED TREATMENT THERMAL (ATT) SKID

BCR

Solid Solutions



KEY FEATURES OF IQ ENERGY ATT SYSTEM

* The 1Q Energy Gasification process is a safe and controlled two-step
process using high temperatures to produce gas from waste in an oxygen
starved environment.

* Unique ultra low turbulence Counter-Flow bed design creates less dust.

* Gasifier system is modular design and delivers in two or three skids and
assembles and commissions in days.

* Onboard NOx removal by Selective Non-Catalytic Reactor (SNCR).

* Destruction of contaminants, e.g. microplastics (PFAS Molecules) by
maintain temperature> 9800C for 2 seconds.

* Low Electrical energy required 50 to 100 Kw.
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KEY FEATURES OF IQ ENERGY ATT SYSTEM

» Utilizes a Counter Flow Thermal Gasification System capable of processing
high moisture (<15%) biosolids/sewage sludge into valuable biochar.

* Thermal energy delivery to Dryer flexibility - thermal oil, hot water.

« Equipped with an onboard water scrub/quench/collection system for
exceptionally clean processing with low emissions.

* Flexibility in fuel sources, including biosolids, unsorted MSW, waste
plastics, wastepaper/cardboard, woody debris, hog fuel, compost,
agricultural waste/manures, biomass, etc.

* Fully Automated system. Just visual inspection and check - 15 minute to 60
minutes/shift

 Entire systems are Cellular/Satellite SCADA connected, enabling remote
operation and tech support from anywhere globally.

O BCR
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ADVANCED TREATMENT THERMAL (ATT) PROCESS

Primary Gasification Chamber:

e Creates an oxygen-starved environment to facilitate the gasification of fuel.

e Maintains the air/fuel ratio to optimize temperatures and promote the
production of producer gas.

mmme  Secondary Oxidation Chamber:

e Engineered for effective oxidation of producer gases, resulting in the
generation of high-quality heat energy.

e Additional air can be introduced for temperature control when necessary.

Automation System:

e Controls the distribution of air and the addition of dilution air to ensure
QS:R complete oxidation and to maintain target temperatures.




ADVANCED TREATMENT THERMAL (ATT) PROCESS




ADVANCED TREATMENT THERMAL (ATT) PROCESS

Retention
Chamber/SNCR
System:

E SKID/Quench/
Heat-Extraction
System:

Flue Gas
Recirculation
(optional):

Solid Solutions

The Retention Chamber/SNCR System effectively reduces the flue gas velocity in order to provide necessary
retention time and temperature (>980°-C for 2 seconds) to reduce/destroy Contaminants such as PFAS
compounds. It can reach temperatures up to 1400°C for 2 seconds.

NOx can be generated by maintaining high flue gas temperature and combined with typical excess air quantities
present in the flue gas mixture. In the integrated Retention Chamber/SNCR System small dose of urea/Ammonia
and along with the reduced velocity provides vigorous mixing environment and contact time to reduce or
convert contaminants such as (but not limited to) NOx.

Includes high temperature dry particulate cyclone system.
Provides clean flue gas for direct contact heat transfer system. This will be used to heat the thermal fluid.
Effective wet scrubbing to convert any residual HF to Calcium Fluoride (CaF2). E Skid uses Lime Scrubbing.

Cools cleaned flue gas, extracting remaining thermal energy for reuse, thus maximizing overall system efficiency.
The hot water would used for other applications in the plant.

Increases efficiency by recirculating cooled flue gases, reducing the need for fresh air and providing additional
temperature control.



ADVANCED TREATMENT THERMAL (ATT) PROCESS

* PFAS compounds phase change at relatively low temperatures -
500-600°C.

* The trick is to crack the PFAS compounds(now in gaseous form
into their elements so that they do not transfer to the scrubber
water or flue gas exhaust to atmosphere. Over 980 Deg C for
adequate Retention Time.

* |Q can handle fine dusty material without cleanup equipment.

* |Q has a SNCR system to optimize PFAS destruction and removes
NOXx levels below EPA requirements.

¥ J solid Solutions




BCR Dryer/ 1Q Energy ATT INTERGRATED SYSTEM




INTERGRATED SYSTEM ENERGY BALANCE
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ADVANTAGES OF ATT PROCESS

* Minimal or no dust in the flue gas to the direct contact heat exchanger.
This is big advantage compared other thermal treatment process.

» Sustainable Solution: PFAS / PFOA Removal with minimal use of added
energy for meeting GHG emission goals

* Low Operating Costs: Use of Reclaim heat or Solar Energy for Smaller
Plants for Minimal Natural Gas or Electrical Use

» Smallest Footprint: Resulting in Lower Total CAPEX

 Capital Costs Offset by State and Federal Grants and Reduced hauling and
Landfill Tipping Fees for ROI

W J solid Solutions




ADVANTAGES OF ATT PROCESS

* Proven Solution to Continue Land Application of Biosolids with BIOCHAR
free of Microplastics and PFAS/PFOA Contaminants

* Sequesters carbon in BIOCHAR for best organic fertilizer to sequester C in
soil to provide healthy soil where incineration release C and GHG into
the air.

» Recovery of clean heat for Dryer energy to offset natural gas used for
dryer and building heat.
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