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HARDWARE EVOLUTION OVER 100+ YEARS

Activated Sludge
Davyhulme, Manchester UK 1914

Capacity Limitations
• Oxygen Transfer Efficiency
• Settleability of Biomass

Influent

Agitator Gas Recirculation

Compressor Tank Cover

RAS

Pure Oxygen Injection

Advantages
• Oxygen not limited
• Mostly good settleability

Sequencing Batch Reactor

Advantages:
• No clarifiers
• Need 2+ SBRs
• Easy Operation

Integrated Fixed Film

Advantages
• Higher Loads
• More stable to toxic shocks

Membrane Reactors

Advantages
• No clarifiers
• Effluent TSS excellent

Granular Activated Sludge

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

SOURCE REDUCTION
“MAXIMIZE MCRT” – 25% LESS

Biosolids Production 0.6 to 0.45 lb/lbBOD

MASS REDUCTION
AEROBIC OR ANAEROBIC DIGESTION

VOLUME REDUCTION
“DEWATERING TECHNOLOGY”

Belt Press or Centrifuge
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Heat DryerComposting

LAND APPLICATION
Class A or B - Liquid
“Beneficial Reuse”

Environmental Pressures

LANDFILL
Class B - Solids

Increasingly Expensive

CONSUMER MARKET
Class A or AA

Expensive

INCINERATION
All Biosolids
Expensive

BIOSOLIDS DISPOSAL 
METHODS
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What is The Future Challenge?
Are there Parallels with Computer Technology?

1960 – 256K: Wow this 
computer is great!!

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

THE FUTURE OF WWT:
WHAT IF BIOLOGY WAS UPGRADABLE? 

2020 – 16GB: I built the fastest, greatest hardware on the 
earth –what do they want from me!!

60+ Years for

Computers

UPGRADE MY SOFTWARE? 
Apple/Dell/Intel..…upgraded hardware

Apple/Microsoft upgraded software

Can you UPGRADED the biology?
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EVOLUTION OF BIOFERMENTATION TECHNOLOGY
Pre 1990 1990-1994 2000-to-date
Freeze Dried Bugs Introduction of PAD ABS Introduces 

In-a-Bucket On-Site Biofermentation

INERT SPORES 

= PLANT  SEEDS

1% ACTIVES

NON-PERFORMING

100% ACTIVES

FULL PERFORMANCE

CUSTOM BLENDS

GROW ANY BUG

1% ACTIVES

MODERATE 

PERFORMANCE

YEAST 

CONTAMINATION
CONTROLLED

FERMENTATION

1X 100X 10,000X

Evolution of Bioaugmentation Process Technology
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WWTP’s NEED PROBIOTICS

Good microbes are inhibited, killed or 
replaced by undesirable microbiology.  

Hand Sanitizers & Cleaners

Widespread Nitrification 
Inhibitor - Triclosan

Antibiotic Usage  Leads to Resistance 

First antibiotics Post 1940

WHY DO WWTP’s NEED PROBIOTICS?

Improving settleability & health 
provides WWTP’s with more capacity

BEFORE PROBIOTICS RESULT OF PROBIOTICS
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How Does BioFermentation® Work?

NO PROBIOTICS
Viable Bacteria = Red

NO PROBIOTICS
Weight: 49.5776 g

A PLUG & PLAY BIOTECHNOLOGY
MODEL 1500

WITH PROBIOTICS
New Viable bacteria = Green

TREATED WITH PROBIOTICS
Weight: 50.3648g
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

Biomass – 1X Active

Time of Treatment
22-24 hours

Biofermentation® Liquor

Biomass – 1000X

Shortens Time of Treatment
to 4-6 hours

NOTE LOWER OXYGEN DEMAND
OBSERVED
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What is the Impact of Biofermentation?

Waste sludgeRAS

(1) 
Improves 

Settleability –
combats 

filamentous

Final effluent

Air

(4) 
Increases 
hydraulic 
capacity

(2) 
Improves effluent 

quality reducing TP 
and ensuring 
compliance

(3) Increases process capacity

Influent

MODEL 1500BioFermentationTM

(7)
Observed 15-20% reduction in 

electrical usage with VFD

(8)
Rapid recovery 

from toxic shock

(5)
Improves 

dewaterability, 
reduces 

polymer usage

(6) 
Reduction 
of solids by

30-60+% 

Operator 
Controls %

(9) Advanced 
Digestion Option 

to make Class A or 
AA biosolids

90%+ Reduction
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THE BOD MASS BALANCE – 95% BOD Removal

• Nitrogen
• Phosphorus
• Oxygen
• Biomass

BOD
100 lb

Excess 
Biomass
60 lbs

• Water
• Effluent BOD 5lbs
• CO2 35 lbs

In-Situ

What is Resultant Mass Balance with Ex-Situ Growth?

• Oxygen
• Biomass

BOD
100 lb

Excess 
Biomass
20 lbs

• Water
• Effluent BOD 5lbs
• CO2 75 lbs

Ex-Situ

Automated Customized, Manufacturing of Microbiology 
for Brunswick Cellulose LLC

LESS BIOSOLIDS 
PRODUCTION
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APPROACH SUPPORTED BY EPA
Biofermentation® - Point Source Reduction Technology

STEP 1: 
Reduction 
in Aeration

WHERE DOES IT HAPPEN?

STEP 2:
“Advanced 
Digestion”

AEROBIC OR ANAEROBIC DIGESTION
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Versatility of BioFermentation® - Any Biological Plant

1. Trickling Filters

2. Package Plant

3. Modified Ludzig Ettinger (MLE) 

4. Oxidation Ditch

5. SBR (with P removal)

6. Extended Aeration

7. Industrial: Unox, ASB and Membrane

8. Scaling & Diversity 2020: 0.01-100+MGD

9. 2020 Diversification Projects: 
• Anaerobic Digester (Increased Gas Production)

• Enhanced P removal

• FOG – expand documented benefits – VFA production, lower BOD….

• PFAS

• Covid-19

MODEL 1500

Plug and Play
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The Evidence: Improved Settleability
Increases Hydraulic Throughput & Capacity

PLANT NORM:
• Poor settleability
• No compaction
• Highly turbid effluent

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLATE 3: PERIOD 1 – PRE-BIOFERMENTATION 
Filamentous rating 1-2.  Open/Closed floc structure, 
weak-firm with irregular structure. 

PLATE 4: PERIOD 2 - BIOFERMENTATION 
Filamentous rating 0-1.  Closed floc structure, 
firm with irregular structure. 

PLATE 5: PERIOD 3 - BIOFERMENTATION 
Filamentous rating 0-1.  Closed floc structure, firm 
with irregular structure. 

PLATE 6: PERIOD 4 – POST-BIOFERMENTATION 
Filamentous rating 3.  Open/closed floc structure, weak-firm 
with irregular structure. 

MLSS 3-4,000 mg/L
 SOUTH   SPLITTER  NORTH 

AERATION  BOX #2   AERATION 

Untreated

POOR FLOC STRUCTURE

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLATE 3: PERIOD 1 – PRE-BIOFERMENTATION 
Filamentous rating 1-2.  Open/Closed floc structure, 
weak-firm with irregular structure. 

PLATE 4: PERIOD 2 - BIOFERMENTATION 
Filamentous rating 0-1.  Closed floc structure, 
firm with irregular structure. 

PLATE 5: PERIOD 3 - BIOFERMENTATION 
Filamentous rating 0-1.  Closed floc structure, firm 
with irregular structure. 

PLATE 6: PERIOD 4 – POST-BIOFERMENTATION 
Filamentous rating 3.  Open/closed floc structure, weak-firm 
with irregular structure. 

MLSS 9-10,000 mg/L
 SOUTH   SPLITTER  NORTH 

AERATION  BOX #2   AERATION 

Treated

GOOD FLOC STRUCTURE BIOFERMENTATION RESULTS IN:
• Excellent settleability
• Good compaction
• Great effluent clarity
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The Evidence: Improved Settleability:
Increases Capacity & Throughput

UK Municipal Plant

PLATE 1 – Pre-Biofermentation

PLATE 2 – Post-Biofermentation
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The Evidence: Increased Capacity & Throughput
UK Municipal Plant

INFLUENT 

PARAMETERS

% CHANGE

Flow 1% Increase

BOD-5 8% Increase

TSS 6% Lower

NH3-Nitrogen 14% Lower

P-SRP 23% Lower

P-Total 22% Lower

56% Reduction
56% Reduction

88% 
Reduction

58% 
Reduction

Flow 1.5-3.0 MGD; Mean 2.1 MGD
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The Evidence: Increased Capacity –Ability to Re-Rate
PARAMETER PRIOR

UNTREATED
DURING 
TREATED

# of Basins 2 1

Flow (MGD) 3.70 3.67

Inf. BOD (lbs/d) 12,024 14,347

Inf. TSS (lbs/d) 13,686 17,011

Eff. BOD (lbs/d) 47 63

Eff. TSS (lbs/d) 93 84

BOD Removed (lbs/Basin/d) 5,989 14,050

Increased BOD Removed (lbs/basin/d) 0 8061

F:M (lb/lb/d) 0.21 0.24

MCRT (days) 14 85

MLSS (mg/L) 3,060 4,605

Biosolids Prod. (lb/lb) 0.49 0.36

BENEFITS OF TREATMENT:
• Increased BOD Removal 8,061 lbs/Basin/d
• Increased BOD Removal Capacity 234%
• 25% less biosolids produced
• No additional energy requirements
• Smaller footprint
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The Evidence: Reduction in Biosolids Production
Cause & Effect Study - 60+% Reduction in Biosolids
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63% Reduction in 
Biosolids Production

WITH 
TREATMENT 
234% Load

UNTREATED UNTREATEDWITH 
TREATMENT 
100% Load

ABS has carried out multiple “Cause 
& Effect” studies over years.
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The Evidence: Reduction in Biosolids Production – Cont.

Part of 5 year study

Biosolids Reduction Irrespective of F:M

Biofermentation Always Improves R2

Improved R2 0.968 = Control of the Biology
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The Evidence: Advanced Digestion
Further Reduces Biosolids with Option to create Class A (City of Starke, FL)
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FIGURE 18: COMPARISON OF BIOSOLIDS HAULED PER LB BOD REMOVED

PERIOD 1: Liquid Hauling (Pre-2010)

PERIOD 2: BCR 2010 to 6-2016 (Tons converted to gallons)

PERIOD 3A: Biofermentation 6-2016 to date (Inc Emptying Aeration)

PERIOD 3B: Biofermentation 6-2016 to date (Exc Emptying Aeration)

PERIOD 1 PERIOD 2 PERIOD 3A PERIOD 3B

54-70%

REDUCTION

99%

REDUCTION

Since April 2017 no biosolids hauled

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 

Splitter Box  2,460,000 5390 6.8 <1.1 

 

Class A = <1,000 cfu/g

PERIOD 1: Liquid Hauling (Pre-2010

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

✓ Starke-FL
✓ Crescent City-FL (14 months)
✓ DOC-Raiford-FL (12 months)
✓ Madison-FL (6 months)

NO ADDITIONAL 
EQUIPMENT OR ENERGY

Class A Biosolids
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SUMMARY BENEFITS OF PROBIOTICS

$
$ $

• REDUCES EXISTING OPERATING EXPENSES

• LOWERS ENERGY REQUIREMENTS

• SMALLER CARBON FOOTPRINT

• NO EQUIPMENT  TO PURCHASE OR OPERATE

• Improves plant performance, better settleability

• Increases plant capacity (organic & hydraulic loading)

• No additional oxygen requirements

• Reduces biosolids production 60%+

• Advanced Digestion reduces biosolids 90%+

• Option to produce saleable Class A biosolids with Advanced Digestion

• Provides Operator more control

• Option to treat collection system

ONE TECHNOLOGY PROVIDES MULTIPLE BENEFITS WITH NO DOWNSIDE


