Increasing Throughput & Capacity
While Reducing Biosolids Production
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HARDWARE EVOLUTION OVER 100+ YEARS

Activated Sludge

Pure Oxygen Injection Davyhulme, Manchester UK 1914

Agitator Gas Recirculation . %
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Advantages
. Oxygen not limited 0
. Mostly good settleability

Capacity Limitations

Oxygen Transfer Efficiency
*  Settleability of Biomass

Sequencing Batch Reactor
Granular Activated Sludge

| Selection mechanism:
settling pressure and/or short decant phase

Heterotrophic growth D, 2 €0, + H,0)

Nitrification (N4, + O, 2 NO,)

Advantages:

. No clarifiers

. Need 2+ SBRs (COD + NO, + PO N, + CO, + H,0 + poly-P,

* Easy Operation Oxygen gradient in granule enables
simultaneous COD, P and N-removal

P-removal/anoxic growth .
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Return
sludge

Advantages
. Higher Loads
. More stable to toxic shocks

Membrane Reactors

BIOMASS RETURN

FEED {:

BIOREACTOR

o
©8p 0800 200 ©
© 6%009 0090000

UF MEMBRANES

BLOWER

RECIRCULATION
PUMP

PERMEATE
RECYCLE

TREATED
EFFLUENT

Advantages
. No clarifiers
. Effluent TSS excellent

Advantages

25% less oxygen consumption
25% less biosolids production
Simultaneous Nutrient removal (N&P)
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EVOLUTION OF BIOSOLIDS HANDLING

SOURCE REDUCTION MASS REDUCTION VOLUME REDUCTION
“MAXIMIZE MCRT” — 25% LESS AEROBIC OR ANAEROBIC DIGESTION “DEWATERING TECHNOLOGY”
Biosolids Production 0.6 to 0.45 Ib/IbBOD Belt Press or Centrifuge

BIOSOLIDS DISPOSAL LAND APPLICATION LANDFILL INCINERATION CONSUMER MARKET
Class A or B - Liquid Class B - Solids All Biosolids Class A or AA
METHODS “Beneficial Reuse” Increasingly Expensive Expensive Expensive

Environmental Pressures I
?.aS Ine Advanced BiorermenTation Services
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What is The Future Challenge?

Are there Parallels with Computer Technology?

1960 — 256K: Wow this 2020 — 16GB: | built the fastest, greatest hardware on the
computer is great!! earth —what do they want from me!!
- m.!'
60+ Years for )

Computers

—_— . - S
UPGRADE MY SOFTWARE?
Apple/Dell/Intel.....upgraded hardware

Apple/Microsoft upgraded software

Wow! | can do some much more with this new
“software”...with the same hardware!!

THE FUTURE OF WWT: Can you UPGRADED the biology?
WHAT IF BIOLOGY WAS UPGRADABLE?
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Evolution of Bioaugmentation Process Technology

Pre 1990
Freeze Dried Bugs
In-a-Bucket

1990-1994
Introduction of PAD

2000-to-date
ABS Introduces
On-Site Biofermentation

1% ACTIVES
NON-PERFORMING

g

INERT SPORES
- PLANT SEEDS

100% ACTIVES

FULL PERFORMANCE
CUSTOM BLENDS

GROW ANY BUG

CONTROLLED
FERMENTATION

1X

Copyright 2021 ABS Inc. — All rights Reserved.

10,000X




WHY DO WWTP’s NEED PROBIOTICS?

Hand Sanitizers & Cleaners Improving settleability & health
provides WWTP’s with more capacity

? Timeline of antibiotic discovery and development
:e-Bug

The period from 1950 to 1960 is often called the golden age of antibiotic
discovery. Since then, antibiotic discovery, development and release for
widespread use has been in decline.

e R, BEFORE PROBIOTICS RESULT OF PROBIOTICS
N s T i o PLATE 3.1b: PLATE 3.2b: PLATE 3.3b:
N\ | 521 a PERIOD 1: March 3" 2020 PERIOD 2: Day 18 PERIOD 2: Day 24
o s w0 e e s o e W wo s w0 s 00 aus]| Senleometer 1000 Senleometer 950 Settdeomerer 100
Widespread Nitrification s
Inhibitor - Triclosan
Antibiotic Usage Leads to Resistance
Cl OH

Tnclosan structure (18).

o
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Year

Percent of Isolates resistant to the antiblotic
»

Good microbes are inhibited, killed or

> .
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replaced by undesirable microbiology. . o B = s"tt‘l‘ bility
= ood Settleabili
Poor Settleability Filament Rating 1

Filament Rating 4-5
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How Does BioFermentation® Work?

NO PROBIOTICS

Viable Bacteria = Red A PLUG & PLAY BIOTECHNOLOGY WITH FTROBIOTlcs.
MODEL 1500 New Viable bacteria = Green

T Vi R i

TREATED WITH PROBIOTICS
NO PROBIOTICS g i A o Weight: 50.3648g
Weight: 49.5776 g Difference = 0.7872g = 1.5%

1013 bacteria weighs 1 gram
Adding Viability NOT Mass
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Does Ex-Situ Growth Really Increase Activity?

Existing Biomass using Bugs Biofermentation® Liquor
Biomass — 1X Active Biomass — 1000X
SINGLE PASS LAGOON, 2/1/13; First Acetate Dose BIOFERMENTATION #1 + #2 ACTIVITY, 2-22-13
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Influent
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Increases
hydraulic
capacity

electrical usage with VFD BioFermentation™ (9) Advanced
RAS Waste sludge Digestion Option
>~ e o o e e e e e e to make Class A or
;@: (8) (5) AA biosolids
Rapid recovery Improves 90%+ Reduction
f vdte el dewaterability,
rom toxic shoc reduces
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What is the Impact of Biofermentation?

Observed 15-20% reduction in f )

(1)
Improves
Settleability —
combats

(3) Increases process capacity

. filamentous

(6)

Reduction

(7) of solids by Operator

(2)

Improves effluent

qguality reducing TP
and ensuring
compliance

30-60+% Controls %

‘----

polymer usage
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What is Resultant Mass Balance with Ex-Situ Growth?

THE BOD MASS BALANCE - 95% BOD Removal

BOD * Nitrogen *  Water
100 Ib j:::l * Phosphorus > E).(cess [:::] * Effluent BOD 5Ibs
* Oxygen Biomass e CO,35Ibs
) Biomass 60 lbs
In-Situ
. *  Water
BOD i:] Oxygen Excess
* Biomass . * Effluent BOD 5lbs
LU Biomass [:::] . €0, 75 Ibs
. LESS BIOSOLIDS
Ex-Situ PRODUCTION

Copyright 2021 ABS Inc. — All rights Reserved.
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APPROACH SUPPORTED BY EPA

Biofermentation® - Point Source Reduction Technology

® "N
T BOTEENTTON R

RECYCLING

ENERGY RECOVERY

TREATMENT

DISPOSAL OR
OTHER RELEASES
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l WHERE DOES IT HAPPEN?

STEP1:

in Aeration -
----------------- Beneficial Reuse/Pelletization | \

STEP 2:

----------------- Anaerobic Digestion — Methane Production

“Advanced

- Digesti"“7

AEROBIC OR ANAEROBIC DIGESTION

P.BS Ing. Advanced BiorervenTATION SERvicES
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Versatility of BioFermentation® - Any Biological Plant

Tricklin =
B

Packag -
Modifi
Oxidation uren
SBR (with P removal)
Extended Aeration

Industrial: Unox, ASB and Membrane
Scaling & Diversity 2020: 0.01-100+MGD

2020 Diversification Projects:

* Anaerobic Digester (Increased Gas Production)

© XN DU A WN R

* Enhanced P removal

*  FOG - expand documented benefits — VFA production, lower BOD....
* PFAS

e Covid-19

vanced BioFERMENTATION SERVICES

nvironmental Pollutio ation and Control
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The Evidence: Improved Settleability

Increases Hydraulic Throughput & Capacity

Filamentous rating 1-2. Open/Closed floc structure,
weak-firm with irregular structure. M LSS 3_4 000 mg/L
4
POOR FLOC STRUCTURE

SOUTH SPLITTER NORTH

AETION BOX #2 AERATION PLANT NORM:
_——r * Poor settleability

* No compaction

* Highly turbid effluent

Filamentous rating 0-1. Closed floc structure,

firm with irregular structure. MLSS 9- 10’000 mg/L

souTH SPLITTER NORTH BIOFERMENTATION RESULTS IN:

AERATION BOX #2 AERATION

* Excellent settleability
* Good compaction

Great effluent clarity

?ABS Ing. Advanced BiorervenTATION SERvicES
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The Evidence: Improved Settleability:
Increases Capacity & Throughput

UK Municipal Plant

PLATE 1: AQUA-ENVIRO ANALYSIS 8-25-17 PLATE 2: AQUA-ENVIRO ANALYSIS 12-8-17

PLATE 1: Bulk Liquid
The bulk liquids for the two MLSS were slightly dirty. containing single celled bacteria, floc fragments

PLATE 1 - Pre-Biofermentation | sl Aents

Filament Description
Filamentous abundance for both samples was 3 (common) on a 0-6 scale. The filaments identified were

PLATE 2 _ POSt'BiOfermentation Type 021N, Type 1851 and N. limicola III.

PLATE 2: Bulk Liquid
The bulk liquids for the two MLSS were clean containing few single celled bacteria, floc was firm and tight

Filament Description
Filamentous abundance for both samples was 0-1 (common) on a 0-6 scale. The filaments were not identified as these

were insignificant to impact settleability ie <3.

P.BS Ing. Advanced BiorervenTATION SERvicES

Copyright 2021 ABS Inc. — All rights Reserved. Envirnmental Polluton Provention and Contol

WWW.ONSITEFERM.COM



EFFLUENT EOD ikg'd)

The Evidence: Increased Capacity & Throughput

INFLUENT % CHANGE
PARAMETERS

Flow 1% Increase
BOD-5 8% Increase
TSS 6% Lower
NH3-Nitrogen 14% Lower
P-SRP 23% Lower
P-Total 22% Lower

FIGURE 2b: BOD EFFLUENT

H

]

8

119 l 56% Reduction

Efftuent BOD (kg/d)

wIEE-EIOFEFMENTATION (8t Jar 2017 - 11 Heow 2017
BDURING BIOFERMENTATION (12 Howr 2017 - Feb 28th 2019)
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UK Municipal Plant
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FIGURE 5d: AMMONIA-NITROGEN EFFLUENT

15

88%
Reduction

20
T
a0
50

30
20

NH3 Nitrogen (ke/d)

Flow 1.5-3.0 MGD; Mean 2.1 MGD

Effluent MH3-Nitrogenckg'd

FIGURE 3b: MEAN FFFLUENT TSS

FIGURE Sh: PHOSPHORUS-SRP EFFLUENT

l 56% Reduction
420

4.5
e 58%
500 2 Reduction
£
< 400 i,
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Effluent TSS (kg/d)

#PRE-BIOFERMENTATION (Sth Jan 2017 - 11 Nov 2017) Effluent P-SRP (kg/d)

uPRE-BIOFERMENTATION (8th Jan 2017 - 11 Nov 2017}
® DURING BIOFERMENTATION (12 Nov 2017 - Feb 28th 2019)
u DURING BIOFERMENTATION (12 Nov 2017 - Feh 28th 2019)
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The Evidence: Increased Capacity — Ability to Re-Rate

Process Wastewater PARAMETER PRIOR DURING
l UNTREATED TREATED
Ea # of Basins 2 1
Jegiailon
VTR Flow (MGD) 3.70 3.67
 selector | { ]—()‘ Inf. BOD (lbs/d) 12,024 14,347
oo — Inf. TSS (Ibs/d) 13,686 17,011
G--I.
e Return Activated Sludge Filter Eff' BOD (lbs/d) 47 63
Eff. TSS (Ibs/d) 93 84
BENEFITS OF TREATMENT: .
* Increased BOD Removal 8,061 Ibs/Basin/d EOnRemevediibsBasid) ke AL
* Increased BOD Removal Capacity 234% Increased BOD Removed (lbs/basin/d) 0 8061
e 25% Ies.s.blosollds produce.d F:M (Ib/Ib/d) 0.21 0.24
* No additional energy requirements
 Smaller footprint MCRT (days) 14 85
MLSS (mg/L) 3,060 4,605
Biosolids Prod. (Ib/Ib) 0.49 0.36

Copyright 2021 ABS Inc. — All rights Reserved.
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The Evidence: Reduction in Biosolids Production

Process Wastewater

EQ
Tank

Denitrification
Selector

Cause & Effect Study - 60+% Reduction in Biosolids

]—@Eﬂusm

Waste Activated Sludge

Jet Aeratiol
G
- .
{ Aeration Tank #1
Aeration Tank #2
y
-
Jet Aeratiol

Return Activated Sludge

Filter
Press

ABS has carried out multiple “Cause
& Effect” studies over years.

Copyright 2021 ABS Inc. — All rights Reserved.

Average Solids Yield

I UNTREATED ‘ I

TREATMENT

234% Load

WITH
TREATMENT
100% Load

0.70
. . 24 Months
63% Reduction in
E Biosolids Production
> 0.50
©
[5)
o
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8 0.40 +—— 50% =
= s Capacity £
[72] [ Q
é 0.30 E S
c $ = o
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S i E 2 g
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o @ o s L
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S 2 3
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0.00 T
1 2 3 4 5
PERIOD
WITH l UNTREATED
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The Evidence: Reduction in Biosolids Production — Cont.

| Biosolids Reduction Irrespective of F:M

| Improved R? 0.968 = Control of the Biology \

N\

| Biofermentation Always Improves R?

Part of 5 year study
Daily Sludge Production vs F:M
2.00
1.80 * 4 Historic Sludge Production
1.60
Power (Historic Sludge Production)
1.40 +*
*

Biosloids S oduction (;lbs Biosolids/Ib BOD Removed)

0.00

B With Biofermentation

Power (With Biofermentation)

Historic Data: Operations

wasting as normal

Operations reducing wastage

y = 0.1096x70-°11

R*=0.4587
y =0.0347x %
RI=0.968 _ ¢¢ o : : : : : :
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

F:M

1.00
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The Evidence: Advanced Digestion

Further Reduces Biosolids with Option to create Class A (City of Starke, FL)

l Class A Biosolids

2.50

54-70%

REDUCTION

2.00

1.50

99%
REDUCTION

1.00

0.50

—— Biosolids Hauled (Ib/Ib BOD removed)

0.00 PERIOD 1 PERIOD 2 PERIOD 3A PERIOD 3B

" PERIOD 1: Liquid Hauling (Pre-2010
E PERIOD 2: BCR 2010 to JUNE-2016 discontinued (Tons converted to gallons)
PERIOD 3a: Biofermentation in Aeration JUNE-2016 (Inc. Emptying due to grit from sewer cleaning)
[ PERIOD3b: Biofermentation APRIL-2017 to date No ADDITIONAL
EQUIPMENT OR ENERGY

| Since April 2017 no biosolids hauled

Copyright 2021 ABS Inc. — All rights Reserved.

TEST # Fecal Salmonella Enteric Viruses | Helminth Ova
Per gram Per 4 gram Per 4 gram Per 4 gram
1 123 <1.4 <0.5 <0.4
2 92.8 N/A N/A N/A
3 217 N/A N/A N/A
4 612 N/A N/A N/A
5 316 N/A N/A N/A
6 343 N/A N/A N/A
7 218 N/A N/A N/A
Geometric Mean @232) N/A N/A N/A
v Starke-FL
Class A =<1,000 cfu/g v Crescent City-FL (14 months)
v DOC-Raiford-FL (12 months)
v Madison-FL (6 months)

?ABS Ing. Advanced BiorervenTATION SERvicES

mﬂm Environmental Pollution Prevention and Control
WWW.ONSITEFERM.COM




SUMMARY BENEFITS OF PROBIQOTICS

‘ ONE TECHNOLOGY PROVIDES MULTIPLE BENEFITS WITH NO DOWNSIDE ‘

* Improves plant performance, better settleability

* Increases plant capacity (organic & hydraulic loading)

* No additional oxygen requirements

e Reduces biosolids production 60%+

e Advanced Digestion reduces biosolids 90%+

e Option to produce saleable Class A biosolids with Advanced Digestion

* Provides Operator more control

* Option to treat collection system
NO EQUIPMENT TO PURCHASE OR OPERATE @)@

REDUCES EXISTING OPERATING EXPENSES

LOWERS ENERGY REQUIREMENTS

SMALLER CARBON FOOTPRINT

?ABS Ing. Advanced BiorervenTATION SERvicES
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