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The Miracle of Fermentation

• Fermentation process

 Breakdown of organic matter anaerobically through acid fermentation

 First stages of anaerobic digestion

 Produces volatile fatty acids (VFAs), alcohols, and lactic acids



Nutrient Reduction Background: Biological Phosphorus Removal (BPR)

• BPR results from specialized microbes called Phosphate Accumulating Organisms (PAOs)

• Anaerobic (no oxygen or nitrate) zones are critical for PAO growth and BPR

• VFAs (carbon source) in the anaerobic zone give PAOs a critical advantage (energy storage)

PHB: Storage Product

ATP: High Energy Phosphorus Compound

ANAEROBIC AEROBIC



Mount Horeb Case Study

Source: Mount Horeb Chamber of Commerce

Map Data: Google

• 2020 population = 7,720



Source: Dane County

• 2004 population = 6,244

• Triggered by increasing population growth rate

• Reviewed “maximum capacity” of site

• Oxidation ditch vs. membrane bioreactor (MBR)

• Recommended new facilities on adjacent land

• Village purchased 100 adjacent acres in 2006

2004 Strategic Plan Update



• 2009 population = 6,744

• Triggered by continued growth and anticipated stringent P limit

• Second look at MBRs

• Recommended construction on new site

2009 Strategic Plan Update



~2,500 

people

2016 Facilities Planning First Step to WPCF Improvements Project



New Facilities Utilize New and Existing Site



Map Data: Google, 2021 Maxar Technologies, USDA Farm Service Agency

Map Data: Google, 2021 Maxar Technologies, USDA Farm Service Agency

New/Modified Facilities Allow for Future Doubling Future Capacity



= New

= Repurposed

= Reused

= To Be Repurposed in Future

Map Data: Google, 2021 Maxar Technologies, USDA Farm Service Agency

Significant Savings Resulting from Reuse of Existing Facilities



Fermenters



Site Overview



*Excludes 2019

• Aeration was methodically set to be just above the concentration where ammonia would bleed 

through the system

• Low DO operation maintains effluent ammonia standards and minimizes impacts on BPR

WPCF Performance January 2020 to Present

Parameter Effluent Limit (mg/L)
Average Effluent 

Concentration (mg/L)

BOD5 22 (winter), 15 (summer) 4.8

TSS 22 (winter), 15 (summer) 3.5

NH3-N 4.0 (winter) 1.0 (summer) 0.58



WPCF Performance January 2020 to Present



Portage Implementing Similar Strategy in Major Plant Upgrade



Brooklyn WWTP Case Study

Screening and 

influent pumping

Administration 

building

Oxidation ditch

BPR structureCPR structure

Final clarifier

Sludge storage

Map Data: Google



BPR Begins in Dedicated Anaerobic Tanks With Significant Flexibility

• BPR tanks upstream of oxidation ditch

 Flexible tankage ultimately blended a mix of 

traditional and fermentation techniques

 Influent and RAS intercepted to new tanks

 Either may bypass new tank

 Flexibility for any combination of influent/RAS

 Flexibility to ferment RAS 



BPR Tank Components



BPR Tank Components

Stop Gate

Downward Opening 

Weir Gates

Used to split/isolate flow 

(both RAS and influent) Mixer in each zone 

keeps solids in 

suspension and may be 

cycled On-Off through 

SCADA

Telescoping Valves (T-Valves) in 

each zone normally control mixed 

liquor (ML) flow to Oxidation Ditch
Plug Valves may route ML to ditch 

if T-Valves are out of service
RAS: Return activated sludge

SCADA: Supervisory Control

              and Data Acquisition



Anaerobic Zone Flexibility Provides Options to Best Utilize Carbon and 
Reduce Nitrate Inhibition

Two tanks, not equally sized to allow HRT flexibility

Downward operating weirs allow RAS 

flow to be split to either anaerobic tank 

or directed to oxidation ditch
Downward operating weirs allow influent 

flow to be split to either anaerobic tank or 

directed to oxidation ditch

Bypassing RAS manages 

HRT and nitrate inhibition

Bypassing influent initiates 

an S2EBPR process

HRT: Hydraulic retention time

S2EBPR: Side-Stream Enhanced Biological Phosphorous Removal



• Mixer off cycles (Inline fermentation)

Inline Fermentation

Mixer Off

Anaerobic or Anoxic Zone

If cycling the mixer solids will 

tend to settle and remain in tank 

making SRT > HRT.

Therefore, VFA formation can 

extended regardless of HRT. 



Inline Fermentation and Reducing Nitrate Inhibition Proved Essential to 
Successful BPR

Influent
RAS

ML



Data Shows Exceptional BPR Performance

0.95 mg/L effluent phosphorous target
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Delafield-Hartland Case Study

• Delafield-Hartland Water Pollution 

Control Commission (DelHart)

• Communities served:

 City of Delafield

 Village of Hartland 

 Village of Nashotah

 Town of Delafield

 Village of Summit 

• Population served: 20,780



• Previous effluent TP limit:       

1.0 mg/L monthly average

• Rock River total maximum daily 

load-based effluent TP limits 

effective September 1, 2023

Project Driver: New Effluent TP Limits

Month
Monthly Average Limit, 

lb/day

Equivalent Conc. At 

DAF, mg/L

January 4.19 0.16

February 7.08 0.26

March 6.70 0.25

April 8.58 0.32

May 7.33 0.27

June 7.52 0.28

July 5.68 0.21

August 4.97 0.18

September 4.08 0.15

October 3.22 0.12

November 3.47 0.13

December 4.19 0.16



• University of Cape Town without 

nitrate recycle

• Not achieving BPR

Previous Activated Sludge System 

PRE

RAS

ML Recycle
AN

AX
AE



• Installed filters and 

Coagulation/Flocculation tanks in 2021

• High chemical doses required

• Concerns over polymer dose and    

WET testing

• Very high backwash rates

• Desire to improve BPR performance

Tertiary Filtration Upgrades To Address TP Limits



• Study initiated in 2022 

• Previously demonstrated benefit of 

fermentation to BPR performance 

with PC operation

• Alternatives considered for BPR 

improvement:

1. Activated sludge modifications

2. Primary sludge fermentation

3. Activated sludge modifications with 

primary sludge fermentation

BPR Improvement Study and Facility Plan



• Keys:

 Increase anaerobic mass fraction

 Improve operational control and flexibility

 Incorporate TN removal to meet future limits

 Minimize operations impacts during 

construction

• Configuration allows operation as A/O, 

A2O, S2EBPR with MLE, or S2EBPR 

with A/O

Alternative 1: Activated Sludge Modifications



• Dedicated gravity-thickener style primary 

sludge fermenter  in covered tank

• Provides consistent VFAs source for BPR 

system

• Stand-alone tank minimizes impacts on 

operation during construction

• Odor control critical – dedicated odor 

control system for fermenter

• Uses space in existing building for pumps 

and odor control system

Alternative 2: Primary Sludge Fermentation



• Combination of Alternative 1 and 

Alternative 2 components

Alternative 3: Activated Sludge Modifications and Primary 
Sludge Fermentation



Process Model Results
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Modeling Results:

 No Chemicals Added for Phosphorus Removal



• Stable BPR performance

• TN removal for future potential requirements

• Improved control

• Energy efficiency

Activated Sludge Modifications and Primary Sludge Fermentation Selected 
for Implementation



• Gravity-thickener styler fermenter

• Designed for 3-to-7-day SRT

• Flat-panel FRP cover

• Methane/H2S monitoring 

• Odor control

Primary Sludge Fermenter



• Use existing air-operated 

diaphragm PRS pumps to 

feed fermenter

• New air-operated diaphragm 

pumps to remove sludge and 

scum from fermenter

• Plant effluent water used for 

elutriation

Primary Sludge Fermenter Implementation

Primary 

Clarifiers

Digester 

Feed 

Well

To 

Thermophilic 

Digester

Previous Configuration

New Configuration

Primary 

Clarifiers

Digester 

Feed 

WellTo AS

Fermenter
To 

Thermophilic 

Digester

Elutriation Water



• New baffle wall and top-entry mixer 

to convert portion of aerated zone to 

anaerobic/anoxic zone

• Mixer control modifications to allow 

sludge blanket formation

• Nitrate recycle pumps with flow and 

ORP-based control

• Piping modification to provide PRE 

and RAS feed flexibility

Activated Sludge Modifications



Activated Sludge Layout Allows Operation in Several Configurations

A2O

100% PRE

0% RAS

100% RAS NITRATE RECYCLE

AN AX AE



Activated Sludge Layout Allows Operation in Several Configurations

S2EBPR

Anoxic Aerobic

ClarifierNO3 Recycle

Influent

Return Sludge

Effluent

Anaerobic

 

10-25%

100% PRE

10-25% RAS

75-90% RAS

AN AX AE

NITRATE RECYCLE



• Full start-up is recent and data collection is underway

 Online instrumentation is showing evidence of transferring VFAs as intended

 Very low ORP in anaerobic zone (-400 mV)

 Appropriately low ORP in anoxic zone (-50 mV)

• DelHart initially saw ~25% reduction in chemical feed to meet TP limits

• Chemical reduction efforts are underway

Performance



Summary

• Multiple options exist for using fermentation to enhance BPR

• Mount Horeb reused existing infrastructure

• Brooklyn incorporated a flexible BPR structure allowing for multiple modes of operation

• DelHart implemented primary sludge fermentation and modifications to activated sludge 

system to incorporate RAS fermentation

• Results indicate improved BPR performance in each case study



Travis Anderson, P.E.
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