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CONFERENCE COMMITTEE 


This virtual conference is a collaborative effort among the members of the Organizing 
 Committee, listed below. 



Organizing committee 


•  Robert Nerenberg - University of Notre Dame, USA   


• Sudhir Murthy - NEWhub Corp, USA 


• Patricia Perez-Calleja - University of Notre Dame, USA & ACAI Depuración 
 (Spain) 


• Bruce Rittmann - Arizona State University, USA 


•  Dwight Houweling - Dynamita, Canada 


• Maria Piculell - Veolia Water Technologies/AnoxKaldnes, Sweden 


• Nicolas Derlon - EAWAG, Switzerland 


•  He-Ping Zhao - Zhejiang University, China 
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Scientific committee 


• Robert Nerenberg - University of Notre Dame, USA 


•  Patricia Perez-Calleja - University of Notre Dame, USA 


• Joshua Boltz - Arizona State University, USA 


•  Doris Brockmann - INRAE Transfert, France 


• Kelly Gordon - Black & Veatch, USA 


• Susanne Lackner - Technical University Darmstadt, Germany 


•  Mohamed Mahmoud - Badr University Cairo, Egypt 


• Eberhard Morgenroth - EAWAG, Switzerland 


•  Sudhir Murthy - NEWhub Corp, Columbia University, USA 


• Maria Piculell - AnoxKaldnes AB, Sweden 


• Bruce Rittmann - Arizona State University, USA 


•  Barth Smets - Technical University of Denmark, Denmark 


• Kim Soerensen - Veolia Water TechnologiesAnoxKaldnes, Denmark 


•  Akihiko Terada -Tokyo University of Agriculture and Technology, Japan 


• Mark van Loosdrecht - Delft University of Technology, Netherlands 


•  Eveline Volcke - Ghent University, Belgium 


•  Rongchang Wang - Tongji University, China 


• Stefan Wuertz - Nanyang Technological University, Singapore 


•  He-Ping Zhao - Zhejiang University, China 
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Platinum sponsors 


Nuvoda,  a  leader  in  innovative  water  reuse  solutions  delivers  sustainable,  renewable, 
 and  eco-friendly  technologies  geared  towards  increasing  capacity  and  lowering 
 operational costs. 



The  MOBTM  (Mobile  Organic  BiofilmTM)  is  a  unique  and  sustainable  wastewater  treatment  process  developed  by  Nuvoda  to  provide  process  intensification  including  improved  settleability,  increased  treatment  capacity,  simultaneous  nutrient  removal,  and  optimized  process  stability. 



The  patented  MOB™  process  utilizes  a  renewable  lignocellulosic  fiber,  processed as a medium for biofilm growth. 



The fiber core is machined down to 500 um in size, serving as a backbone  for aerobic granular sludge growth.  



The BioMedia is fully mobile, circulating throughout the process providing  process  intensification  including  SNR  (Simultaneous  Nutrient  Removal),  improved settleability, increased clarifier capacity and highly efficient sludge  dewatering. 


To learn more, visit NuvodaUS.com 


Ballasted media with biofilm 
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World  Water  Works,  founded  in  1998,  is  a  globally  focused  company  in  the  wastewater  treatment  sector.  We are driven to provide  our industrial and  municipal  customers  proven  and  cost-effective  wastewater treatment solutions delivering superior  effluent  quality.  Biofilm  treatment  solutions  range  from BNR upgrades using MBBR / IFAS technology to  Partial deNitrification Anammox (PdNA) to granular  Anammox  Technology  using  the  DEMON®  process  for high strength Ammonia streams. 



We  are  a  passionate  and  adaptable  company  providing  value  through 

expertly engineered products and technologies. We have an unparalleled 

depth of application knowledge and experience. We have offices located 

throughout  the  US,  India,  and  UAE  with  a  fully  integrated  in-house 

manufacturing  facility  at  our  headquarters  in  Oklahoma  City,  OK.  This 

strategically  positions  us  to control schedule while  delivering  the  highest 

quality  products  and  solutions  at  the  lowest  cost  of  ownership.  Working 

hand-in hand with our customers, we can help optimize your wastewater 

treatment solution. 
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Gold sponsors 


ACAI  DEPURACION  S.L.  is  a  company  specialized  in  biodisc technology  manufacturing. 


Founded  in  1996,  ACAI  has  developed  its  own  biodisc  devices  as  well  as  static  lamelar 
 settlers and Imhoff tanks, to complete the water treatment line, in a biodisc based technology 
 WWTP. ACAI focusses in 100 to 5000 i.e. WWTP market, for carbon and nitrogen depletion. 


In  the  last  years,  ACAI  has  developed  DISKIFAS  technology,  based  in  IFAS  process 
 combined with biodiscs, that achieves C and TN depletion with a low footprint technology, 
 with the 50% of the energy cost and the 40% of investment costs compared to conventional 
 biodisc technology, that we was introduced in a presentation at the IWA Biofilm 2021 Virtual 
 Conference:  Biofilm  Reactors. ACAI  offers  package  plants  based  in  DISKIFAS  and 
 Conventional Biodisc Technologies for WWTP below 1000 i.e. 



With over 300 MABR projects sold across the globe, Fluence is the leader  in decentralized water and wastewater treatment. Fluence has the widest  MABR offering, treating capacities ranging from 5 to 100,000 m
3/d in various  configurations  including  containerized,  WWTP  upgrades,  and  greenfield. 



We are dedicated to providing our customers with clean water, worry-free.
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WFI Group cares deeply about conserving water and maintaining a healthy 

environment. Focusing on working closely with our global customers, we 

drive  change  and  create  economically  viable,  freshwater  treatment  and 

reuse solutions. We bring innovation to everything we do – from developing 

breakthrough technologies to bold thinking and novel financial models. By 

promoting  the  circular  economy  and  creating  new  value  from  water,  we 

transform challenges into savings and growth, enhancing public health and 

sustainability.  
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The OxyMem Drop-In Solution for Wastewater Treatment Plant Expansions  and Upgrades. With population growth, industrial expansion and tightening  legislation, Wastewater  Treatment  Plants  (WWTPs)  are  being  pushed  to  their  design  limits.  OxyMem  offers  an  easy  means  of  increasing  plant  capacity and improving effluent standards by intensifying existing biological  processes. 



Our  low  energy  consuming  drop-in  OxyMem  modules  make  process  intensification  and  incremental  plant  expansion  easy.  Zero  downtime  or  disruption  to  existing  processes  helps  eliminate  environmental  risk. 



Deployment is fast and operators remain safe; tanks may not need to be  drained and confined space entry may not be required during installation. 



 The advanced technology offers optimum performance with extremely low 

OPEX and can help owners meet their future carbon goals 
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Silver sponsors 


Since 1969, Aqua-Aerobic Systems, Inc. has led the water and wastewater treatment 
 industry  by  providing  advanced  solutions  in  aeration  and  mixing,  biological 
 processes, cloth media filtration, membranes, disinfection and process control. 


Black  &  Veatch  is  an  engineering,  procurement,  consulting,  and  construction 
 company  with  a  100-year  legacy  of  sustainably  solving  global  infrastructure 
 challenges.   We  design,  build,  and  maintain  critical  infrastructure  in  the  areas  of 
 power, oil & gas, telecommunications and water for a diverse set of clients. Every 
 single professional is a company owner, invested in the success of our work. Meet 
 us in our booth to discuss our work with biofilm reactors for water recovery and reuse 
 applications. 


Thorlabs is a supplier for the photonics industry and provides turnkey systems and 
 accessories for Optical Coherence Tomography (OCT) imaging.


Dynamita  is  a  software  and  process  modelling  company.  Our  flagship  product  is 
SUMO, a comprehensive wastewater simulation software package with user-friendly 
graphical interface and open-source process code.
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 AnoxKaldnes is a world-leading company in the field of biological water purification 
 for  industries  and  municipalities. With  passion,  teamwork,  and  knowledge  we 
 challenge any problem - cooperating with nature to develop compact, customized, 
 and effective water treatment solutions 



Bronze sponsors 
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KEYNOTE SPEAKERS 


Dr.  Mary  Jo  Kirisits  is  a  professor  and  the  J.  Neils  Thompson 
 Centennial Teaching Fellow in Civil Engineering in the Environmental 
 and Water Resources Engineering program at The University of Texas 
 (UT) at Austin. She completed her BS degree in Civil Engineering at 
 the  State  University  of  New  York  at  Buffalo  and  her  MS  and  PhD 
 degrees  in  Environmental  Engineering  at  the  University  of Illinois  at 
 Urbana-Champaign.  After  concluding  a  postdoctoral  appointment  at 
 Northwestern University in the Department of Civil and Environmental 
 Engineering,  she  joined  the  faculty  at  UT.  She  is  passionate  about 
 undergraduate research, having mentored 61 undergraduate students 
 in the laboratory. Past honors include a National Science Foundation 
 CAREER award and the American Water Works Association Emerald 
 Erlenmeyer  award;  she  also  was  the  Association  of  Environmental 
 Engineering and Science Professors keynote lecturer at the American 
 Water Works Association Annual Conference in 2017. Her research 
 interests  include  drinking  water  biofiltration,  opportunistic  human 
 pathogens  in  drinking  water,  SARS-CoV-2  in  wastewater,  and  the 
 impact of nanomaterials on antimicrobial resistance in bacteria. 


Dr.  Susanne  Lackner  is  a  Professor  for  Water  and  Environmental 
 Biotechnology at the Technical University of Darmstadt, Germany. She 
 holds  a  PhD  in  Environmental  Engineering  from  the  Technical 
 University of Denmark where she first started her research on MABRs. 


Dr. Lackner conducts fundamental and applied research in the field of 
 wastewater  engineering.  Her main focus  areas are  nutrient  removal 
 and biofilm reactor technologies, applied environmental microbiology 
 and  wastewater  based  epidemiology,  water  reuse  and  removal  of 
 emerging pollutants (organic micro-pollutants, antibiotic resistances). 


She is member of the Management Committees of the IWA Biofilms 
 Specialist Group (since 2018) and the IWA Specialist Group Nutrient 
 Removal and Recovery (since 2014).


Mike Parsons is a Treatment Process Engineer at HRSD where he is 
 responsible for a wide range of technical duties at three treatment 
 plants: James River, York River, and Williamsburg. Mike has a BS in 
 Civil Engineering from the Virginia Military Institute, a MS in 


Environmental Engineering from the University of Cincinnati, and is a 
 licensed Wastewater Treatment Plant Operator. 



Mary Jo Kirisits 



Susanne Lackner  



Michael Parsons 
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 Dr.  Cesar  I.  Torres  is  an  Associate  Professor  of  Chemical 
 Engineering in the School for Engineering of Matter, Transport and 
 Energy  at  Arizona  State  University  and  part  of  the  Chemical 
 Engineering  and  the  Civil,  Environmental  and  Sustainable 
 Engineering Graduate Program faculty. Cesar is a leader in microbial 
 electrochemical  cell  research,  focusing  on  microbial  kinetics  of 
 anode-respiring bacteria (ARB) and extracellular electron transport to 
 and  from  solid  electrodes.  Torres  combines  biofilm  modeling, 
 electrochemical,  microscopic,  and  analytical  techniques,  to 
 characterize ARB kinetics and thermodynamics. 


Dr. Erika  Espinosa-Ortiz  is  a  Research  Assistant  Professor  in  the 
 Department of Chemical and Biological Engineering and the Center 
 for  Biofilm  Engineering,  at  Montana  State  University  (MSU).  As  a 
 professional in the environmental engineering and technology areas, 
 her  work  has  been  devoted  to  the  development  of  alternative 
 biological  treatments,  particularly  fungal-based  systems,  for  the 
 remediation  of  polluted environmental matrices.  Dr.  Espinosa-Ortiz 
 received her PhD at UNESCO-IHE Delft Institute for Water Education 
 in the Netherlands as part of an Erasmus Mundus Joint Doctorate 
 Program on Environmental Technologies. Her research focuses on 
 the  myco-metallurgical  recovery  of  metals/metalloids  with  biogenic 
 synthesis  of  nanoparticles.  Dr.  Espinosa-Ortiz  also  specializes  on 
 biomineralization processes and biofilm engineering investigating the 
 formation of bacterial, fungal, and algal biofilms in a variety of model 
 systems, simulating medical, environmental, and industrial situations. 


Dr.  Bruce  E.  Rittmann  is  Regents'  Professor  of  Environmental 
 Engineering  and  Director  of  the  Biodesign  Swette  Center  for 
 Environmental  Biotechnology  at  Arizona  State  University.  His 
 research focuses on the science and engineering needed to “manage 
 microbial communities to provide services to society.” Dr. Rittmann is 
 a member of the National Academy of Engineering; a Fellow of AAAS, 
 WEF, IWA, AEESP, and NAI; and a Distinguished Member of ASCE. 


Dr.  Rittmann  was  awarded  the  first  Clarke  Prize  for  Outstanding 
 Achievements in Water Science and Technology from the NWRI, the 
 Walter  Huber  Research  Prize  and  the  Simon  Freese  Award  from 
 ASCE,  the  G.M.  Fair  Award  from  AAEES,  and  the  Perry  L. 


McCarty/AEESP Founders Award. He is the co-winner of the 2018 
 Stockholm Water Prize. Dr. Rittmann has published over 740 journal 
 articles, books, and book chapters, and he has 17 patents.  



Erika Espinosa-Ortiz 



Bruce Rittmann 

Cesar Torres 
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 Kim  Helleshøj  Sørensen  holds  a  MSc  Env.  Eng.  from  Aalborg 
 University 1986. He has more than 3 decades of experience in the 
 wastewater  industry.  He  is  now  working  as  Senior  Process  and 
 Technology Expert at Veolia Water Technologies AB Hydrotech and 
 AnoxKaldnes. Before that, he was CTO for WABAG (CH and India). 


Coming from another position as Chief Process Expert for Municipal 
 Wastewater  treatment  at  the  headquarters  of  Veolia  (F).  He  was 
 Senior  Process  Engineer  at  Krüger  (DK)  and  Sulzer  Water 
 technologies (CH). He has also worked as consultant for COWI (DK), 
 development  engineer  at  Faxe  (DK)  and  as  teacher  at  The 
 Engineering College of Copenhagen, giving lectures in Wastewater 
 Treatment. He has been working with all aspects of the field, with an 
 in-depth  knowledge  on  Biofilm  Technologies,  Activated  Sludge 
 processes,  Chemical  and  Biological  P-removal  and  Modelling  of 
 wastewater treatment processes. He is a Board member of the IWA 
 Specialist group on Biofilms and a regular member of the Scientific 
 Committee of the IWA WWRMod conferences. He has published or 
 been part of more than 30 scientific papers and given Lectures on 
 multiple  international  conferences  held  by  IWA  or  WEF,  including 
 several  as  invited  Keynote  Speaker.  He  holds  4  Patents  on 
 wastewater treatment processes. 


Blair  is  a  wastewater  design  and  process  engineer  with  9  years  of 
 experience as a consultant engineer and 5 years at the Metro District 
 in  Denver,  Colorado,  where  she  is  currently  serving  as  Director  of 
 Technology  and  Innovation.  Blair  obtained  her  B.S.  in  civil  and 
 environmental engineering from the University of Texas and her M.S. 


in Environmental Engineering from the University of Massachusetts. 


The  department  has  been  heavily  involved  in  research  related  to 
 continuous flow densification of activated sludge processes, advanced 
 disinfection  with  peracetic  acid,  and  advanced  data  analytics  for 
 process optimization. 



Blair Wisdom 

Kim Sørensen 
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PLENARY PANELISTS 



Panel I: Intensification with Aerobic Granular Sludge (AGS) 


Belinda Sturm 
       Kansas University, USA 


   Mark van Loosdrecht  
 TU Delft, The Netherlands 


   Bernhard Wett  
 Araconsult, Austria  



Panel II: Intensification with Membrane-Aerated Biofilm Reactor (MABR) 


Susanne Lackner  


Technical University of Darmstadt, Germany 


Eoin Syron 


University College of Dublin, Ireland 
 Glen Daigger  


University of Michigan, USA 
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WORKSHOPS 



Friday, December 3 


1.  Harnessing biofilms for low-pressure filtration: Dynamic membrane 


bioreactor (DMBR) characterization, operation, and scale-up (8 – 10:30 EST) 
 Coordinators:  Tim Fairley-Wax, Lut Raskin, Steve Skerlos, University of Michigan 
 Event  description: The  dynamic  membrane  bioreactor  (DMBR)  technology  is  an 
 emerging  approach  for  low-pressure  filtration  in  water  and  waste  treatment.  The 
 technology utilizes a biofilm developed on a low-cost mesh support to achieve liquid/solids 
 separation and contribute to biological treatment. Workshop participants will learn about 
 the  fundamentals,  current  development,  and  potential  to  scale  up  DMBR  technology. 


Speakers  will  discuss  DMBR  application  scenarios  ranging  from  aerobic,  anoxic,  and 
 anaerobic treatment of mainstream municipal wastewater to anaerobic digestion of food 
 waste and sewage sludge. 



Saturday, December 4 


2.  Fundamentals and New Developments in MABR Technology (9:00 – 11:30 
 EST). 


Coordinators:  Glen Daigger (University of Michigan) and Jeff Peters (Suez) 


Event description: This event will provide participants an opportunity to learn about the 
 current state-of-the-art and emerging applications for MABR technology and to contribute 
 their  own  experiences.   Following  an  initial  introduction  to  MABR  technology,  the 
 workshop will consist of a series of breakouts lead by industry experts engaged in large-
 scale  (demonstration  and  full-scale)  applications  of  MABR  technology  globally.   Each 
 breakout  session  will  have  an  assigned  general  topic.   There  will  be  two  rounds  of 
 breakouts, followed by a report-back session so that the discussions can be shared by 
 all.  


3.  Biofilm Modeling in Practice (11 – 3:30 EST) 


Coordinators:  Dwight Houweling, PhD, PE; Dynamita, and Leon Downing, PhD, PE; 


Black & Veatch 


Event  description: The  purpose  of  this  workshop  is  to  consolidate  and  transfer 
knowledge to workshop participants on the state-of-the-art in using biofilm models for 
engineering applications. Guided exercises for calibrating biofilm models to field data and 
applying to a retrofit case study will equip participants with skills and knowledge on how 
to use biofilm models as part of their day-to-day workflow. The speakers invited to deliver 
this workshop were identified as experts in both historic biofilm model understanding, as 
well  as  the  impacts  of  new  biofilm  reactor  technologies  on  biofilm  model 
assumptions. Their knowledge base will provide attendees with a learning opportunity 
that will help advance the use of biofilm models for engineering design. 
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Sunday, December 5 


4.  Intensifying Continuous-flow Processes through Biological and Physical 
 Selectors (9 – 2 EST) 


Coordinators: Joshua P. Boltz (ASU) and Sudhir Murthy (NEWhub Corp) 


Event  description:  This  workshop  will  explore  how biological  selectors can  be 
 combined  with physical  selectors for  the  controlled  accumulation  of  mobile  biofilms, 
 aerobic granules, and biological flocs, and how this can lead to process intensification of 
 continuous wastewater treatment (WWT) for a range of treatment objectives. 


5.  Biofilm density measurements by means of OCT - Fact or Fiction? (10 – 1 
 EST) 


Coordinators:  Dr.  Michael  Wagner  (Karlsruhe  Institute  of  Technology,  Engler-Bunte-
 Institut, Water Chemistry and Water Technology, Germany) 


Event description: Optical coherence tomography (OCT) has gained lots of attention in 
biofilm  research  within  the  past  ten  years.  Its  outstanding  advantages  over  other 
imaging/visualization  techniques  commonly  used  for  biofilms  are  (i)  representative 
visualization of biofilm‘s mesoscopic structure in all spatial directions (incl. void space) at 
(ii)  high-speed.  OCT  is  thus  developing  further  into  a  non-invasive  monitoring  tool 
following biofilm development over time as well as during treatment (e.g., flux change in 
membrane  modules,  application  of  cleaning  agents).  In  addition  of  just  being  a 
visualization approach, structural parameters are determined correlating biofilm structure 
and its changes to cultivation conditions (e.g., shear stress, availability of carbon source, 
etc.). Meanwhile OCT is also used to determine mechanical properties of biofilms non-
destructively and there are studies extracting feature of the biofilm matrix (e.g., biofilm 
wet density). Although, it seems logical to correlate signal intensity and density, there are 
challenges which might be underestimated to date. 
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PROGRAM 


   
Monday, December 6 


7:30- 7:45 


Plenary Session 


Introduction, conference overview: Robert Nerenberg (University of Notre Dame, USA), Sudhir 
 Murthy (NEWhub Corp, USA) 


7:45 - 8:30  Panel Discussion I: Intensification with AGS: Belinda Sturm (Kansas University, USA), Mark van 
 Loosdrecht (TU Delft, The Netherlands), Bernhard Wett (Araconsult, Austria) 


8:30 - 8:45  Short Break 


8:45 - 9:30 


Panel Discussion II: Intensification with MABR– Susanne Lackner (Technical University of 
 Darmstadt, Germany), Eoin Syron (University College of Dublin, Ireland), Glen Daigger 


(University of Michigan, USA) 


9:30 - 10:00  BREAK 


10:00- 10:15 


Drinking water 


Session Chairs:   Barth F. Smets & 


Caitlin Proctor 


MABR 


Session Chairs:  Akihiko Terada & Patricia 
 Perez-Calleja 


Keynote – Mary Jo Kirisits (The University of Texas at 
 Austin, USA) -Exploring Drinking Water Biofiltration 


Keynote – Susanne Lackner (Technische Universität 
 Darmstadt, Germany): Inside MABR Biofilms - what we can 


learn from microsensor and sequencing approaches 


10:15 - 10:30 
   


ORAL PRESENTATIONS  ORAL PRESENTATIONS 


Controlling the hydraulic resistance of membrane 
 biofilms by engineering biofilm physical structure. Peter 
 Desmond (RWTH Aachen, Institute of Environmental 
 Engineering) 


The effects of low oxidation-reduction potential in the 
 performance of full-scale hybrid membrane aerated biofilm 
 reactors. Nerea Uri Carreno (VCS Denmark / DTU) 


10:30 - 10:45 


Underwater skimming of slow sand filters leads to robust 
 biofilm performance, greater throughput and a resilient 
 microbiome for drinking water treatment. Tolulope Elemo 
 (Cranfield University; Thames Water Utilities Ltd) (Suez 
 International) 


Modeling dissimilatory nitrate reduction to ammonia in a 
 membrane aerated biofilm reactor. Jeseth Delgado Vela (Howard 
 University) 


10:45 - 11:00 


Biological removal of metaldehyde from drinking water: 


from elucidation of degrading genes to bioaugmentation 
 of biofilms in pilot-scale slow sand filters. Victor Castro-
 Gutierrez (Cranfield University / University of York) 


Unique Stratification of Biofilm Density in MABR Biofilms: An 
 Experimental and Modeling Study. Mengfei Li (University of 
 Notre Dame) 


11:00- 11:15  Short Break  Short Break 


11:15 - 11:30 


Enhancing 1,4-Dioxane Removal Through Co-Metabolic 
 Biofiltration in Advanced Water Treatment Systems for 
 Potable Reuse. Hannah Stohr (Virginia Tech/Hampton 
 Roads Sanitation District) 


Accelerated Startup of PN/A Biofilm in ZeeNAMMOXTM without 
 Anammox Inoculation. Zebo Long (Suez Water Technologies & 


Solutions) 


11:30 - 11:45 


Biological Activated Carbon for Control of Biogenic Taste 
 and Odour. Rafael de Medeiros Paulino (University of New 
 South Wales) 


Treatment of Supernatant from a Thermophilic Anaerobic 
 Digester Using a Full-Scale Spirally Wound MABR. Lotan Dagai 
 (Fluence) 


11:45 - 12:00 


FLASH PRESENTATIONS  FLASH PRESENTATIONS 


Effect of Feed water Monochloramine Concentration and 
 pH on Biofilm and Sessile Bacterial Community in Lab-
 scale Reactor Systems. Bal Krishna KC (Western Sydney 
 University) 


Full-scale Membrane Aerated Biofilm Reactor (MABR) for 
 sustainable process intensification at existing WWTPs: drivers 
 and performances. Amit Kaldate (Suez Water Technologies & 


Solutions) 
 Understanding the effect of free-living amoebae on 


detection of Legionella pneumophila in drinking water. 


Danielle Angert (The University of Texas at Austin) 


Temperature dependence of ammonium removal in membrane 
 aerated biofilm reactor (MABR). András Németh (Oxymem) 
 Biologically Active Contactors: Augmenting Drinking 


Water Membrane Treatment for Enhanced Taste & Odor 
 Control. Samantha Black (HDR engineering, Inc.) 


Effect of membrane type on MABR performance: silicone 
 membranes vs. micromembrane cords. Emily Clements 
 (University of Notre Dame) 


12:00 - 1:00  POSTER PRESENTATIONS
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Tuesday, December 7 – First Half 


6:30 - 7:30  POSTER PRESENTATIONS 


7:30- 7:45 


Emerging Technologies I 
 Session Chairs: He-Ping  Zhao & Huijie 


Lu 


MBBR I  


Session Chairs:  Maria Piculell & Oskar 
 Modin 


Session Chairs:  Akihiko Terada & Patricia 
 Perez-Calleja 


Keynote – Erika Espinosa-Ortiz 
 (Montana State University, USA) 
 Untapped potential of fungal biofilm 


engineering 


Keynote – Mike Parsons (Hampton Roads 
 Sanitation District, USA) 


 Engineering the Next Generation of 
 Mainstream Nitrogen Removal 
 Technology: Partial Denitrification-


Anammox (PdNA) 


ORAL PRESENTATIONS  ORAL PRESENTATIONS 


7:45 - 8:00 


A novel biofilm reactor supplies performance-enhancing 
 chemicals via microfiltration membranes. Bumkyu Kim 
 (University of Notre Dame) 


A strategy for fast anammox biofilm formation under 
 mainstream conditions. Zhen Jia (Northwestern University, 
 Beijing Technology and Business University) 


8:00 - 8:15 


Demonstration of robustness of partial denitrification – 
 anammox (PdNA) in deep-bed polishing filters. Rahil 
 Fofana (DC Water/ Howard University) 


Advanced Nitrogen Removal Using Mainstream Partial 
 Anammox Process Driven by Partial-denitrification Based on 
 Lab-, Pilot- and Full-scale Research. Jianwei Li (Beijing University 
 of Technology_ 


8:15 - 8:30 


Bioactive anti-biofouling membranes with the 
 immobilization of live quorum quenching bacteria. Syed 
 Salman Shah (Kyungpook National University) 


Low concentration nitrogen polishing via the synergy between 
 partial denitrification and anaerobic ammonia oxidation in 
 moving bed biofilm reactors under real-time feed forward 
 control at Noman M. Cole Jr., Pollution Control Plant. Jiefu Wang 
 (Virginia Tech) 


8:30 - 8:45  Short Break  Short Break 


8:45 - 9:00 


Denitrification for ultra-low total nitrogen (TN) achieved 
 with the vertical baffled bioreactor (VBBR). Yongming 
 Zhang (Shanghai Normal University) 


MBBR-based Wastewater Treatment System for Cold Weather 
 Nitrification. Siva Angappan (Headworks International) 


9:00 - 9:15 


Clean Biocide Project: Halophilic plant extracts for 
 prevention of microbiologically influenced corrosion 
 (MIC). Jakob Stein (Aalborg University) 


Biotreatment of high-strength and complex industrial 
 wastewaters with moving bed biofilm reactors (MBBRs). 


Fernando Morgan-Sagastume (Veolia Water Technologies - 
 AnoxKaldnes) 


9:15 - 9:30 


FLASH PRESENTATIONS  FLASH PRESENTATIONS 


Influence of mass transfer characteristics on nitrogen 
 removal in sponge-bed trickling filters. Thiago Ribeiro 
 (Ghent University/UFMG)  


Total nutrient removal in a moving bed biofilm reactor (MBBR) 
 with a novel media design for enhanced effluent quality. Anjani 
 Parsotamo (Cranfield University) 


Encapsulation of Nitrosomonas europaea for efficient 
 nitrogen removal. Zhiyue Wang (University of Minnesota) 


DISKIFAS: Novel technology to effectively treat wastewater at 
 low energy cost. Javier Salamero (ACAI depuration S.LU) 
 Spatiotemporal distribution of biofilm cell viability to 


study bioacoustic effect. Yanina Nahum (University of 
 Notre Dame) 


Water Reuse Solutions in Small Communities by Fixed Film 
 (MBBR/IFAS) Based Wastewater Treatment Systems. Afnan Din 
 (Headworks International) 


9:30 - 10:00  BREAK 
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Tuesday, December 7 – Second Half 


   Emerging Technologies II 


Session Chairs: Caitlyn Butler & 


Cynthia Castro 


MBBR II 


Session Chairs: Eberhard Morgenroth & 


Stephanie Klaus 


10:00- 10:15 


Keynote – Cesar Torres (Arizona State 
 University, USA) 


Hydrogen peroxide production and 
 consumption in a bioelectrochemical 


biofilm


Keynote – Kim Soerensen(Veolia Water 
 Technologies AB – AnoxKaldnes, Sweden) 


MBBR - Why is it still around?


ORAL PRESENTATIONS  ORAL PRESENTATIONS 


10:15- 10:30 


Photogranules for light-driven wastewater treatment and 
 resource recovery. Lukas Trebuch (Netherlands Institute of 
 Ecology (NIOO-KNAW)) 


Dominance of comammox Nitrospira in a high DO biofilm 
 reactor infers low affinity for oxygen. Jing Zhao (University of 
 Queensland) 


10:30 - 10:45 


Evidence of filamentous fungi in membrane aerated 
 biofilm reactors (MABRs) with high COD concentrations. 


Jonathan Garcia Perez (University of Notre Dame) 


Incorporating anammox into SND and EBPR process for stable 
 and efficient nutrient removal of low-strength municipal 
 wastewater Quan Yuan (Beijing Technology and Business 
 University) 


10:45 - 11:00 


Efficient furfural oxidation for methanogenesis via 
 enhancing direct interspecies electron transfer in 
 electroactive biofilms on activated carbon surface. Dong 
 Feng (Chongqing University) 


Success at Pilot-Scale leads to the Full-Scale Application of PdNA 
 in MBBR and IFAS and the Inadvertent Development of 
 Mainstream PNA Along the Way. Megan Bachmann 
 (HRSD/Virginia Tech) 


11:00- 11:15   Short Break  Short Break 


11:15 - 11:30 


Electrochemically active biofilms for high-purity butyrate 
 recovery from food waste. Abid Hussain (Carleton 
 University) 


Modeling hybrid biological wastewater treatment processes:   


the case of an anaerobic biofilm membrane bioreactor. Joshua 
 Boltz (Arizona State University) 


11:30 - 11:45 


Effect of electro-active biofilm development on the 
 performance of combined anaerobic digester and 
 microbial electrolysis cell (AD-MEC) system. Feride Ece 
 Kutlar (Middle East Technical University) 


Achieving nitrate partial denitrification and nitrite accumulation 
 in municipal wastewater by using fixed biofilm reactors. Lin Sun 
 (Western University) 


11:45 - 12:00 


FLASH PRESENTATIONS  FLASH PRESENTATIONS 


Effect of bioelectrode formation on methane production 
 from cattle manure in Anaerobic Digestion - Microbial 
 Electrolysis Cell (AD-MEC) integrated system. Mert Şanlı  
 (Middle East Technical University) 


Attachment surface chemistry design can shorten startup times 
 for nitrifying biofilms. Andrew Schuler (University of New Mexico) 


Effects of positive and negative applied voltages on the 
 formation and properties of anaerobic dynamic 
 membrane. Gyucheol Choi (Ulsan National Institute of 
 Science and Technology) 


Achieving stable mainstream anammox at pilot-scale with FNA 
 sludge treatment and residual ammonium control. Min Zheng 
 (University of Queensland) 


Self-luminous substrate construction of light guide plate 
 to regulate microalgae adhesion and biofilm growth. 


Weida Zeng (Chongqing University) 


Assessment of a full-scale denitrifying Moving Bed Bioreactor for 
 the treatment of agricultural drainage water. Pieter Van Aken 
 (KU Leuven) 


12:00 - 1:00  POSTER PRESENTATIONS 
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Wednesday, December 8 


6:30 - 7:30  POSTER PRESENTATIONS 


MBfR 


Session Chairs: Rongchang Wang & 


Yun Zhou 


Granular Sludge 


Session Chairs: Nicolas Derlon & Laurence 
 Strubbe 


7:30- 7:45 


Keynote – Bruce Rittmann (Arizona 
 State University, USA) 


Making the MBfR do more by depositing 
 catalytic nanoparticles 


Keynote - Blair Wisdom (Metro Wastewater 
 Reclamation District of Denver) 
 The Role of Densified Activated Sludge for 
 Meeting Long-Term Treatment Objectives at 


Metro Water Recovery


ORAL PRESENTATIONS  ORAL PRESENTATIONS 


7:45 - 8:00 


Microbial stratification affects the nitrogen removal by 
 biofilms coupling anammox and n-DAMO processes. Tao 
 Liu (University of Queensland) 


Effect of Molecular Weight on Solute Diffusion in Aerobic 
 Granular Sludge. Lenno van den Berg (Delft University of 
 Technology) 


8:00 - 8:15 


Study of a Membrane Biofilm Reactor for Nitrite 
 Reduction in a Hypoxic Environment Under Low Pressures 
 and Methane Concentrations. Rashmi Chandra (University 
 of Waterloo) 


Naturally-Occurring Granules and Application of Mobile Organic 
 Biofilm in Continuous Flow Systems. Stephany Wei (University of 
 Washington) 


8:15 - 8:30 


Rare biosphere in selenate-reducing membrane biofilm 
 reactors. Aura Ontiveros-Valencia (Instituto Potosino de 
 Investigación científica y tecnológica) 


Coupling a continuous upflow selector with feast/famine 
 selection for a smooth startup of continuous flow aerobic 
 granulation reactors without performance interruption. Zhaohui 
 An (Virginia Tech) 


8:30 - 8:45  Short Break  Short Break 


8:45 - 9:00 


Emergence of Antibiotic resistance during treating various 
 surfactants in Membrane Biofilm Reactors. Chen-wei 
 Zheng (Biodesign Swette Center for Environmental 
 Biotechnology) 


Granular biofilm for the production of exopolymer substances. 


Sidonie Durieux (Université de Toulouse, INSA, INRAE, CNRS,) 


9:00 - 9:15 


A kinetic model for 2,4-dichlorophenol adsorption and 
 hydrodechlorination in a palladized membrane biofilm 
 reactor. Chengyang Wu (Tongji University) 


Biomass densification and optimized hydraulic: Innovations in 
 the Sequencing Batch Reactor. Thibaut Saur (Suez Treatment 
 Infrastructure, Technical & Innovation Divisio) 


9:15 - 9:30 


FLASH PRESENTATIONS  FLASH PRESENTATIONS 


Biological biogas upgrading in a membrane biofilm reactor 
 with and without organic carbon source. Maximilian 
 Miehle (Karlsruhe Institute of Technology, Engler-Bunte-
 Institute Water Chemistry and Water Technology) 


Self-embedment of conductive submicron magnetite particles 
 into anaerobic granules in an upflow anaerobic sludge blanket 
 reactor. Jinsu Kim (Ulsan National Institute of Science and 
 Technology) 


Investigation of critical factors influencing denitrification 
 in a hydrogen-based membrane biofilm reactor. Yongsun 
 Jang (Korea University) 


Granular Anaerobic Membrane Bioreactor (AnMBR) for the 
 valorisation of urban wastewater at mainstream conditions. 


Aina Soler-Jofra (Eurecat, Centre Tecnològic de Catalunya, Water, 
 Air and Soil Unit) 


Functional genes control the extent of denitrification in a 
 hydrogen-based membrane biofilm reactor (MBfR). Si 
 Pang (Tongji University)  


Model-based analysis of salinity effect on aerobic granular 
 sludge treating industrial wastewater. Paula Carrera (Ghent 
 University)  


9:30 - 10:00  BREAK


Closing Session 


10:00- 10:45  Workshop summaries 


10:45 - 11:00  Summary of conference, future events 


11:00- 11:15  Short Break 


11:15 - 11:45  Biofilms SG priorities - discussion with participants 
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Poster sessions: 


   
Monday 


12:00 - 1:00


Drinking Water / MABR Sessions


The dynamics and significance of biofilm mediated chloramine loss in a 200 L reactor – 
 Reyad Roy (Western Sydney University) 


Treatment of biofilms and opportunistic pathogens in simulated drinking water distribution 
 systems using UV LEDs – Carlos Lara (Daalhousie University) 


Microbial growth and PFAS removal in point-of-use water filtration systems – Zhi Zhou 
 (Purdue University) 


Fingerprints of MABR biofilm – Characterizing Biofilm Conditions with Dynamic Hysteresis 
 and Steady-state Curve – Cheng Yang (University of Michigan) 


Effect of CO2 partial pressure on nitrogen transformation and microbial community 
 structure in microalgal-bacterial membrane-aerated biofilm reactor – Rongchang Wang 
 (Tongji University) 


Assessing Membrane Aerated Biofilm Reactor Configurations in Mainstream Anammox 
 Applications – Brett Wagner (University of Michigan) 


Effectiveness of Hydroxylamine for NOB Suppression in Conventional and MABR Biofilms – 
 Sarajane Roenke (University of Notre Dame) 


Factors impacting simultaneous nitrification and denitrification in a Membrane Aerated 
Biofilm Reactor (MABR) system treating in municipal wastewater – Harish Ravishankar 
(National University of Ireland Galway) 
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Tuesday – First half 


6:30 - 7:30 


Emerging I / MBBR I 


A novel microfluidic platform to study biofilm development in porous media – Christos 
 Papadopoulos (Fluid Mechanics institute of Toulouse) 


N-isopropylacrylamide@Sic to regulate biofilm formation for gas fermentation to produce 
 ethanol – Wentian Gan (Chongqing University) 


Impact of particle deposition on structural parameters of biofouling during ultrafiltration 
 of surface water - Pablo Guerra-Gómez (Hi Water Consortium. Ikiam University) 


Long-Term Operational Feasibility Anaerobic Dynamic Membrane Bioreactor for Saline 
 Wastewater treatment - Muhammad Ahmar Siddiqui (The Hong Kong University of Science & 


Technology) 



Tuesday – Second half


12:00 - 1:00 


Emerging Technologies II / MBBR II


Mainstream anammox enabled by a novel iron-dosing strategy – Zhetai Hu (University of 
 Queensland) 


Polyethylene glycol-based hydrogel protective coatings for improved performance of 
 microbial electrochemical cells in wastewater and other environmental matrices. – 
 Prathap Parameswaran (Kansas State University) 


Characterization of biofilm conductance measurement using a 2-Au electrode in multi-
 anode microbial electrochemical cells (MxCs) - Yifei Wang (University of Waterloo) 


A thermo-sensitive three-dimensional porous light-guided microalgae biofilm reactor for 
 CO2 fixation – Beiyu Zhang (Chongqing University) 


From Biofilms to Asset Integrity Management: Microbiologically Influenced Corrosion 
 (MIC) Research, Innovation and Beyond – Torben Lund Skovhus (VIA University College) 
 Understanding the Performance of Large-scale Algae Biofilm Reactors for Biofuel 
 Production – Samridhi Rana (IIT Delhi) 


Autotrophic nitrogen removal in a moving bed biofilm reactor – Zhicheng Zhao (Harbin 
Institute of Technology) 
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Wednesday  


6:30 - 7:30 


MBfR / Granular Sludge 


Biological Conversion of Sulfisoxazole in an Autotrophic Hydrogen‐based Membrane 
 Biofilm Reactor – Lin Yang (Tongji University) 


Research journey in methane-based membrane biofilm reactor – Tao Liu (University of 
 Queensland) 


Acceleration of Biofilm Colonization Using Double Layer Membrane (DLM) in H2-MBfR for 
 Removal of Nitrate – Xiaodi Li (Tongji University) 


Dissimilatory Antimonate Reduction and Cytoplasmic Antimonate reduction in a Hydrogen-
 based Membrane Biofilm Reactor (MBfR) – Jingzhou Zhou (Tongji University)  


Investigate the performance of aerobic granular sludge and hybrid bio-granular activated 
 carbon as biofilm-based bioprocesses to remove toxic dissolved organic compounds under 
 hypersaline conditions – Abdullah Ibrahim (University of Mosul)  


Effect of Calcium on Metabolism Characteristics of Polyphosphate Accumulating 
 Organisms in Granular Enhanced Biological Phosphorus Removal System at Low 
 Temperature – Zhu Li (Beijing University of Technology) 


Influence of operation mode on aerobic granular sludge: efficient nutrient removal and in 
 situ accumulation of polyhydroxyalkanoates – Elissandra Nascimento (Federal University of 
 Pernambuco) 


How bubbles reflect process behaviour: Control of a wastewater treatment plant using off-
 gas analyses – Laurence Strubbe (UGent) 


Nitrogen Removal of Enriched Anammox Cultures between Suspended-and Attached-
 Growth Systems and Restoration of Starved Attached-Growth System – Pongsak Noophan 
 (Kasetsart University) 


Local viscoelastic properties characterization of heterogeneous granular biofilms – Ziwei 
 Wang (Northwestern University)  


Bioreactor Compartmentalization by an Integration of CFD Modelling and Conventional RTD 
Analysis. The case of a granular UASB reactor – Maria Constanza Sadino Riquelme (University 
of Alberta) 
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CONTRIBUTIONS 
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Drinking Water Session 



Oral presentations 
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Engineering the hydraulic resistance of membrane biofilms  during Gravity Driven Membrane (GDM) filtration 


P. Desmond 1*, N. Derlon 2 , E. Morgenroth 2, 3 


1 Institute of Environmental Engineering, RWTH Aachen University, Mies-van-der-Rohe-Strasse 1, D52074   
 Aachen, Germany 


2 Department of Process Engineering, Swiss Federal Institute for Aquatic Science and Technology (EAWAG), 
 Dübendorf 8600, Switzerland 


3 ETH Zürich, Institute of Environmental Engineering, 8093 Zürich, Switzerland 


* Corresponding author: [desmond@isa.rwth-aachen.de] 


Summary: Biofilm  development  in  MF/UF  necessitates  increasing  the  feed  pressure  to  maintain  water 
 production and the need to apply chemical cleanings, and in ultimate cases untimely membrane replacement. 


Membrane  cleaning  and  frequent  membrane  replacement  represents  a  significant  portion  of  operating 
 expenditure (OPEX) and should be reduced to allow economic operation. The development of Gravity Driven 
 Membrane  (GDM)  filtration  prompted  the  realisation  that  membrane  filters  could  maintain  a  reasonable 
 hydraulic permeability without complete removal of the biofilm under continuous dead-end conditions. This 
 invited  fundamental  research  investigation  into  factors  determining  the  hydraulic  resistance  of  membrane 
 biofilms. A decade later, biofilm physical structure was identified as the key contributor to filtration resistance 
 in  low  pressure  membrane  systems  (MF/UF,  GDM).  In  the  current  presentation  we  will  discuss  recent 
 advancements made in linking not just biofilm hydraulic resistance to specific physical structures, but also to the 
 potential pre-treatment strategies (e.g., limitation of nutrients) and process operational conditions (e.g., TMP) 
 which can help engineer biofilms below the “threshold of interference”. 


Introduction: Gravity driven membrane (GDM) ultrafiltration is a biofilm-membrane hybrid system 
 which  tolerates  biofilm  development  on  the  membrane  surface  for  benefit  of  improved  permeate 
 quality and a stable permeate flux [1]. The presence of a biofilm at the membrane surface increases 
 the overall hydraulic resistance and decreases permeate flux to low levels (5–10 L/m2 /h) [2]. The 
 realisation  that  membrane  filters  could  maintain  a  stable  hydraulic  resistance  without  complete 
 removal of the biofilm under continuous dead-end conditions [3] prompted fundamental investigations 
 into  factors  determining  the  hydraulic  resistance  of  membrane  biofilms  [4-8].  Specific  structural 
 features of membrane biofilms were evidenced to favour low hydraulic resistance (e.g., thickness, 
 density stratification) [5, 7]. Counter-intuitively, biofilms with greater thickness did not always cause 
 a  higher  hydraulic  resistance  than  thinner  biofilms  [4-6].  Dense  biofilms  had  consistently  higher 
 hydraulic resistances compared to less dense biofilms, despite being considerably thinner (ca. 200µm 
 vs.  800µm).  The  mechanism  by  which  density  exerted  hydraulic  resistance  was  reported  to  be 
 dependent on the biofilms’ internal packing structure and EPS chemical composition (e.g., porosity, 
 polymer concentration). The identification of biofilm structural features which governed hydraulic 
 resistance during membrane filtration made plausible the possibility of engineering biofilms below 


“the threshold of interference” for long term operation without membrane cleaning [8, 9]. In the 
 current  presentation,  process-based  engineering  approaches  will  be  introduced  through  which 
 regulation of biofilm internal structure is made possible by alteration of key determinants of biofilm 
 physical  structure  such  as  (i)  feed  water  nutrient  composition/concentration,  (ii)  transmembrane 
 pressure (TMP) and (iii) cross-flow velocity (CFV). Future perspectives will be presented on whether 
 the concept of “biofilm engineering” can be extended to other biofilm parameters such as mechanical 
 stability  to  enable  better  management  of  recalcitrant  biofilms  in  water  engineering  systems  (e.g., 
 pipelines and/or, cooling towers). 


Materials and methods: Biofilm cultivation: Biofilms featured in this presentation were cultivated 
(ca. 30d) in dead-end GDM simulators with a transparent window. Experimental design: To engineer 
differences in biofilm physical structure (e.g., thickness, roughness, density), independent variables 
included; (i) feedwater composition (C:N:P), (ii) TMP and (iii) CFV, which were altered in separate 
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 experimental series. Biofilm structural development and its response to imposed independent variables 
 (i-iii)  were  monitored  by  optical  coherence  tomography  allowing  quantification  of  changes  in 
 thickness and surface roughness. Hydraulic resistance of the biofilm was calculated by subtracting the 
 intrinsic  membrane  resistance  from  the  systems  total  hydraulic  resistance.  Local  hydraulic  and 
 mechanical  properties:  Erosion  assays  were  performed  to  evaluate  local  hydraulic  resistance  and 
 cohesion over the biofilms depth. Bulk biofilm mechanical properties (e.g., yield stress) were analyzed 
 via plate rheology.  


Results  and  discussion: 1. Nutrient enrichment can engineer low density biofilms with a stable 
 permeate flux: Pre-treatment strategies are used to lower the loading of dissolved organic nutrients 
 (assimilable organic carbon (AOC), nitrogen (N) and phosphorus (P)) in influent water through the 
 membrane  by  applying  adsorbents  (e.g.,  granular  activated  carbon)  or  sand  filters.  It  is  generally 
 anticipated that a lower nutrient load onto the surface of a membrane filter will lower the rate of 
 microbial growth and biofilm establishment. In this contribution, we will demonstrate that biofilms 
 formed in GDM filtration systems in the absence of phosphorus, simulating a targeted pre-treatment 
 approach described by Vrouwenvelder, Beyer [10], exhibited increased EPS production and hydraulic 
 resistance  compared  to  biofilms  cultivated  with  a  balanced  nutrient  ratio.  The  increase  in  EPS 
 production  consisted  of  anionic  extracellular  polymeric  substances,  which  formed  dense  physical 
 structures and elevated hydraulic resistance. It was later determined in reverse osmosis membrane 
 systems that P limitation restrict biofilm development but only in feedwaters with limited assimilable 
 organic carbon (AOC) [9]. Meanwhile, nutrient enrichment of feedwater engineered the formation of 
 low-density biofilms with a higher and stable permeate flux. For practical implementation, the impact 
 of pre-treatment strategies to lower the nutrient load in influent water, for either removal (low growth, 
 RO) or retention (low hydraulic resistance, GDM), must consider the impact on influent macronutrient 
 ratio and AOC concentrations to better predict biofilm structural development and resulting hydraulic 
 resistance.  


2.  TMP  operational  design  of  GDM  systems  requires  consideration  of  biofilm  morphology: 


Increasing TMP in membrane filtration systems is used to overcome the hydraulic resistance of an 
 accumulating biofilm allowing operation at a constant flux [11]. In this contribution, we evidence in 
 GDM  filtration  systems  that  the  initial  physical  structure  of  membrane  biofilms  governs  its 
 compression, relaxation and hydraulic response to increased TMPs (fig 1.). When exposed to increased 
 TMPs, heterogeneous biofilm structures became irreversibly compressed leading to elevated hydraulic 
 resistance. The irreversible increase in hydraulic resistance was attributed to an irreversible increase 
 in biofilm density (kg C/m3). Practically, this indicates that the TMP operational design (constant, step-
 increase)  in  low-pressure  membrane  systems  (e.g.,  MF/UF,  GDM  systems)  should  consider  the 
 expected  biofilm  morphology,  which  is  linked  to  the  specific  influent  composition  and  hydraulic 
 operating conditions. 


3. Tailoring biofilm structure and hydraulic resistance by crossflow velocity: Hydraulic crossflow is 
used in membrane filtration systems to limit biofilm accumulation and aid the detachment of organic 
and inorganic material from the surface of the membrane and is cited as a biofilm mitigation strategy 
[12].  In  this  contribution,  we  will  demonstrate  the  utility  of  engineering  the  physical  structure  of 
membrane biofilms by controlled biomass erosion through use of crossflow. The main idea was to 
reduce  hydraulic  resistance  by  a  controlled  reduction  in  biofilm  thickness  while  allowing  partial 
retention of residual biomass on the membrane surface for organic pollutant removal (e.g., assimilable 
organic carbon, microcystin toxins). Nutrient enriched conditions led to the formation of biofilms with 
stratification in their hydraulic resistance and cohesion (fig. 2). Hydraulic resistance was governed by 
dense base layer adjacent to the membrane surface and exhibited greater cohesive strength than the 
detached surface layer. Biofilms cultivated under nutrient depleted conditions (P-limiting) had low 
cohesion and fully detached from the membrane surface (fig. 2). Complete washout of biomass is 
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 unwanted when the goal is to retain residual biomass for removal of organic pollutant. For practical 
 implementation  of  GDM  systems,  feedwater  composition  is  critical  in  determining  the  biofilms 
 mechanical response to controlled biomass erosion. For filtration systems seeking to retain biomass, 
 pre-treatment strategies which lower nutrient load to the membrane surface should be careful to avoid 
 limitation of nutrients (e.g., Phosphorus) which can weaken the biofilms mechanical stability.  


4.  Conclusion:  Engineering  membrane  biofilms  below  the  threshold  of  interference:  Our 
 fundamental investigations into the structural development of biofilms formed during low pressure 
 membrane filtration point to practical process-based solutions to help engineer biofilms below the 
 threshold of system interference (i.e., low hydraulic resistance). The future design of both conventional 
 (e.g.,  MF/UF,  NF/RO)  and  emerging  biofilm-membrane  hybrid  systems  (GDM,  MABR)  must 
 consider (i) macronutrient ratio, (ii) associated EPS composition and (iii) resulting biofilm physical 
 parameters  (structure,  mechanics).  Early  anticipation  of  said  parameters  (i-iii)  will  support  the 
 selection of an appropriate operational control strategy (e.g., TMP, CFV) for retention or removal of 
 the  biofilm  from  the  membrane  surface,  allowing  system  operation  without  interference  from  the 
 surface biofilm.  


Figures:  


Figure 1  Stepwise  change  in  transmembrane  pressure:  2-dimensional  optical  coherence  tomography  imaging  of 
compaction  and  relaxation  of  membrane  biofilms  with  different  physical  morphologies.  Heterogeneous  biofilms 
become  irreversibly  compressed  with  an  irreversible  increase  in  hydraulic  resistance.  Blue  line  indiacting  orginal 
topology of biofilm prior to compression. Scale bar: 200 mm. Red dashed line: membrane. (LMH = L/m2/h) [6]. 
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Figure 1 3- dimensional optical coherence tomography (OCT) imaging of the structural response of biofilms formed 
 under nutrient enriched, P limiting and river water conditions to increasing hydraulic shear stress of 0.8, 2, and 2.6 
 Pa.  Biofilms  formed  with  Phosphorus  limiting  nutrient  had  low  cohesion  and  was  washed  from  the  surface  of  the 
 membrane. Biofilms formed under Nutrient enriched and river water (without pretreatment) retained a residual layer 
 of biofilm A: surface heterogeneity, B: streamer-like appendage C: base layer, D: homogeneous physical structure, 
 E:  break  in  internal  structure  (sloughing),  F:  biofilm  peeling,  G:  exposed  membrane  surface  (red  dashed  line  = 
 biofilm/membrane interface, volume of observation = 1.5 mm (z) x 2 mm (y) x 2 mm (x)) [5]. 
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