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Presentation Overview

u Water recovery challenges

u Technology basics

u Research setup

u Results

u What we learned



History: Municipal Water Recovery

u Protect human health and the environment

u Originally focus was on organic removal and aesthetics

u Over time, nutrient removal incorporated as well

u Historically aerobic biotechnology used

Activated Sludge -Clarkõs Carboy Work

Lawrence Experimental Station, 1912

Air Line



Municipal Water Recovery Basics
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Focus On Sustainability

u Historically wastewater has been viewed as a problem that needs to be 
mitigated 

u EPA refers to protecting human health and the environment

u Thinking has been wastewater is bad

u Need to change thinking

u Wastewater is a resource! 

u Itõs got things we want

u Nitrogen, phosphorous, potassium

u Organic material

u Thermal and chemical potential energy

u Water

u Letõs reuse recovered water and  resources



Focus On Sustainability

u What does sustainability mean in municipal wastewater recovery?

u Minimize energy usage

u Minimize waste products

u Minimize footprint

u Maximize resource recovery

u Nutrients

u Energy

u Water



Sustainability: 

Importance of Energy Demand

u Most wastewater treatment 

facilities utilize activated sludge

u Aeration for activated sludge 
accounts for over 50% of energy 

used

u Approximately 3% or all electrical 

energy consumed in the US is used 

for wastewater treatment

u = Total energy demand of Norway

u = Total energy demand of 98 other 

countries!
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Advancing Sustainability:

Anaerobic Biotechnology

u Replace aerobic biotechnology with anaerobic biotechnology

u Anaerobic biotechnology offers sustainable advantages:

u No aeration (energy savings)

u Low biomass production (10% of activated sludge)

u Low nutrient removal (nutrients then available for recovery)

u Renewable energy production from biogas ( biomethane )

u Anaerobic biotechnology in the past

u Used for wastewater solids, industrial and agricultural waste treatment

u Used as appropriate technology for municipal wastewater treatment in 
warm climates

u Traditionally done at 35 oC



Old Obstacles for Anaerobic 

Biotechnology
u Why hasnõt anaerobic biotech been used for municipal 

wastewater applications in developed countries/cold 
climates?

u Because anaerobic biotech has several limitations

u Susceptible to biomass washout at low temperatures

u Difficult to achieve high organic removal with dilute waste

u Process believed impractical because of perceived need to 
operate at 35 oC

u No nutrient removal

u Municipal wastewater -challenging parameters:

u Low temperature of wastewater (3 -27oC)

u Low organic strength (<500 mg/L COD)

u Low HRT requirements to appear competitive with activated 
sludge  (4 -8 h)

u Odors



New Developments:

Anaerobic Membrane Bioreactors (AnMBR) 

u Improved process control

u Membrane filtration allows for decoupling of HRT/SRT

u Can effectively achieve very long SRT

u Retain wastewater solids for hydrolysis

u Retain biomass

u Produces high quality permeate for reuse

u Recent successes:

u Permeate  BOD 5 < 20 mg/L treating municipal wastewater

u Low/ambient temperature operation (6 -30oC)

u Several different configurations achieved similar results

(Hu and Stuckey 2006)



New Obstacles for AnMBRs

u High membrane energy demand

u 0.25 to 3.4 kWh/m 3 (gas sparging)

u 3 to 7.3 kWh/m 3 (crossflow velocity)

u Activated sludge: 0.3 to 0.6 kWh/m 3

u Need nutrient recovery or reuse plan

u Need dissolved methane recovery

(Smith et al. 2014)



Our AnMBR Research 

Objectives

u Develop a feasible anaerobic alternative to activated sludge for 

secondary municipal wastewater recovery (organic removal)

u Develop AnMBR for low temperature operation for municipal 

wastewater recovery applications

u Develop bioreactor & membrane system to minimize energy required 

without sacrificing organic removal efficiency



Research Setup:
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Research Setup: Process Selection
u Employ primary settling before AnMBR

u Prevent unnecessary solids load to membrane

u Primary settling is low energy and works well

u Digest primary solids with traditional anaerobic digestion 

u Opportunity to co -digest high -solids byproducts to gain more biogas/renewable 
energy

u Use biofilm bioreactors

u Maximize biological organic removal efficiency

u Minimize solids to membrane to minimize fouling

u Use external tubular membranes

u Polymeric & ceramic



Research Setup:

Membrane Considerations

u Membrane acts as a filter

u Want to maintain filtration capacity: membrane flux (L/m 2 h)

u Membranes will foul over time

u Cake layer on membrane surface

u Foulants in membrane pores

u Prevent cake layer using fouling control methods

u High/adequate crossflow velocity 

u Gas sparging

u Particle fluidization (GAC) along membrane surface 

u Periodic chemical cleaning



Research Setup: Process Selection



Experimental Setup

AnMBRs



Experimental Plan

u Treat synthetic and real primary effluent (SPE, PE) at 10 and 25oC to 

simulate low ambient temperature treatment

u Look at different biofilm bioreactor technologies requiring different 
energy inputs

u Fluidized bed reactor (FBR) (well established, higher energy) (control)

u Downflow floating filter (DFF) (uncommon, lower energy)

u Utilize polymeric and ceramic membranes to determine fouling 

differenced based on membrane material

u Employ high and low CFV and GAC fluidization to minimize energy 
for tubular membrane fouling control (unique)

u Operate AnMBRs for 365 days



Experimental Setup:

Bioreactor Inoculation

u Seeded reactors with 2 g 

VSS/LR of a blended biomass

u Wanted biomass from high -
rate, municipal, and low 

temperature systems

u Two UASB biomasses treating 

brewery wastewater

u Municipal digester biomass

u Low temperature anaerobic 

lagoon treating sugar beet 

wastewater

u Laboratory propionate 

enrichment culture



Experimental Setup:

Synthetic Primary Effluent

u Synthetic primary effluent (SPE) 

modeled after South Shore 

primary effluent used for first 
320 days

u 240 mg/L BOD5

u 480 mg/L COD 

u 18 mg/L NH3-N 

u 43 mg/L Norg

u 2.5 mg/L PO4
-3-P

u 5 mg/L TP

u 120 mg/L TSS

u 115 mg/L VSS
a The concentration of compound was this value



Experimental Setup:

Actual Primary Effluent

u Primary effluent (PE) was used 

from day 321 to 365 to assess 

performance with real 
wastewater

u PE collected from South Shore 

water reclamation facility

u 400 L grab sample was 

collected weekly

u PE was stored at 4 oC 

u PE organic, nutrient, and solids 

strength varied



Experimental Setup:

Bioreactor Start -up & Operation

u All AnMBRs initially started at 25 oC

u Initial 18 h total system HRT (12.5 h bioreactor, 5.5 h membrane)

u Total system HRT reduced to 9 h from day 80 to 145

u Total system HRT adjusted on day 146 to achieve permeate BOD 5Ò 10 mg/L




