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Presentation Outline......

ÅBriefly Review Biological Phosphorus 

Removal Theory & Performance Keys

ÅDiscuss Several ñCase Studiesò to Illustrate 
Bio-P Performance With Respect to:

ïProcess Application

ïFactors Affecting Performance & Reliability

ïPractical Control Considerations



Enhanced Biological Phosphorus 

Removal (EBPR/Bio-P)

ÅProcess Variation for Activated Sludge Systems

ÅGrow Microorganisms That Take Up Extra 
Phosphorus (Beyond Cell Growth Reqôts.)

ïNormal MLSS 1-2% Phosphorus

ïBio-P MLSS 4-10% Phosphorus

ïP Removal Occurs by Wasting Sludge

ÅOften Requires Modifying Bioreactor Tankage 
to Provide Anaerobic/Aerobic Cycling

ïUsually a Tradeoff Between Capital & Operating 
Costs



First Off, Three Key Definitions of 

Environmental Conditions Within 

Bioreactors

ÅAerobic ïMeasurable Dissolved 

Oxygen (D.O.) Present

ÅAnoxic ïNo D.O. Present, but 

Nitrate/Nitrite (from Nitrification) Present

ÅAnaerobic ïNo D.O., No Nitrate/Nitrite



One More Key Concept: VFAs

ÅVolatile Fatty Acids

ÅThe ñCandyò of Wastewater

ÅFermentation End Product

ïProduced by Many Bacteria Under Truly 
Anaerobic Conditions

ïFirst Step of Anaerobic Digestion (followed 
by Methane Formation)

ÅThe Required Food For Bio-P Organisms



Bio-P Requires Anaerobic/Aerobic 

Cycling
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Anaerobic/Aerobic Is Simple (Or Is It?)
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Anaerobic/Aerobic Cycling ñSelectsò 

for Bacteria That Gain An Advantage

ÅAble to Produce Energy Under Anaerobic 

Conditions

ïFacultative Bacteria

ÁRespire Aerobically, Anoxically, Anaerobically

ÁWhen Anaerobic They Become Fermenters (convert 

organics to volatile fatty acids or VFAs)

ïPolyphosphate Accumulating Organisms (PAOs ï
the Bio-P bugs)

ïSometimes Glycogen Accumulating Organisms 
(GAOs ïcompetitors to Bio-P bugs)



Our Bio-P Heroes: The PAOs

Phosphorus Accumulating Organisms (PAOs) Change Character as 

They Cycle Between Anaerobic & Aerobic Conditions 
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Substrate (Food) Uptake/Storage Occurs 

in the Anaerobic Zone
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Substrate Oxidation (& Growth & 

Reproduction) and Excess Phosphorus 

Uptake Occur in the Aerobic Zone
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Key Wastewater Characteristics That 

Can Affect Bio-P

ÅWastewater Strength & Composition

ïBOD, VFA & Phosphorus Content & 
Consistency

ÅNitrate/Nitrite Content (Nitrification?)

ÅUpstream Issues

ïCollection System

ïPrimary Treatment (Enhanced, Fermentation)

ÅTemperature (GAO Competition)



The Driving Force for BPR is the 

BOD:TP Ratio

Influent BOD

Influent TP

Note: Influent = Influent to Activated Sludge

Generally Speaking if Your Wastewater BOD:TP 

Exceeds 25-30 You Should Be Able to Achieve 

Reliable BPR

Both the Average BOD:TP Ratio and the Stability of the 

Ratio Affect Bio-P Performance & Reliability



BOD:TP Requirements Vary Depending 

on Process Configuration

Non-Nitrifying Systems

ÅA/O Process: 15-20

Nitrifying Systems

ÅA/O: 25-30

ÅA2/O: 20-25

ÅBardenpho: >25-30

ÅVIP/UCT: 17-20

ÅModified VIP/UCT: 15-17

Differences occur based on how nitrate is handled in each configuration 

and on the target sludge age/SRT each configuration is operated at.



Other Factors That Can Affect Bio-P 

Performance

ÅAnaerobic Zone Size and Configuration

ÅAerobic Zone Size

ÅSludge Age/Solids Retention Time

ÅAeration Basin D.O. Levels

ÅClarifier Performance & Operation

ïEffluent TSS

ïMinimal Blankets



ñCase Studyò Examples - Background

Å4 Wisconsin Activated Sludge Plants

Å1993: Wisconsin Administrative Code 

NR 217 Imposes Technology Based P 

Limits Statewide

ÅDecember 1, 2010: NR 217 Revisions 

to Water Quality Based P Limits



Case Study 1: Beloit, WI

ÅNitrifying Activated Sludge Plant

ï8 mgd Design Flow, 4-5 mgd Average 
Daily Flow

ïStarted Up in 1992

ïAnoxic Selectors for Filament Control

ïAnaerobic Digestion

ïGravity Belt Thickening of WAS & Digested 
Sludge



Beloitôs MLE Configuration
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Beloit Achieves Bio-P (without trying)
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...Due to Its Strong Wastewater
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Beloit Addresses Performance 

Variability

ÅBOD:TP Ratio Key Control Parameter

ÅSidestreams Contribute ~ 25-35% of P 

Load

ïJar Testing Shows Iron Salt Addition 
Effective at Controlling Sidestream Loads

ïInstalled Ferric Chloride Addition to GBT 
Filtrate



Sidestream P Control at Beloit
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Beloit Achieves Reliable P Removalé
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éUntil 2004
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Once Again BOD:TP is the Issue
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Beloit Resolves Problem

ÅIndustry Had Changed Process, 

Leading to Increased P Loads

ïModified Process to Control P

ïPlant Back in Compliance Within 2-3 Days

ÅAverage Effluent P < 1mg/L Since 

Industry Corrected the Problem

ïStill Have Occasional Upsets Due to 
Industries



Case Study 2: Green Bay, WI

ÅLake Michigan Discharge

ï1 mg/L P Limit

ïHistorically Used Chemical P Removal

Å1994 Plant Upgrade

ï50 mgd Nitrifying Activated Sludge

ïAnoxic Selectors for Filament Control

ÁSimilar to Beloit (MLE Configuration)



Green Bay Also Achieves Bio-Pé
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éAnd Eliminates Iron Usage
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But Violates TP Limit Late 2002

ÅReduction in Industrial Loads

ïBOD:TP Ratio Decreased From ~ 34:1 to 
Range of 20-27:1

ÅDistrict Had Cut Back on O&M for Cost 

Savings

ïProcess Monitoring

ïMaintaining Ferric Chloride Feed 
Equipment



Green Bay Lessons Learned

ÅDonôt Get Complacent (Process 
Control/Monitoring & Maintenance)

ÅChemical Feed Backup Important

Continuous Monitoring of Soluble P
Iron 

Addition


