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❖What is the role of biofilms in the urban water cycle ? 

❖What is the impact of biofilms ?

❖What can be done to improve detection & water treatment quality ?

Biofilms in the 
Urban Water Cycle



Housekeeping
✓ To ensure a smooth webinar, please mute your microphone and turn off the

camera. You may communicate with us after the webinar.

✓ Please share your questions in the chat where we will try to provide answers

where possible in the Q & A Segment.

✓ Do identify yourself so we can respond to any unanswered questions after

the webinar

✓ We will be recording this webinar session and reserve the rights to the video

✓ Please complete a post event survey which upon return, we will forward the

recording and presentation deck to the respondents.



Disclaimer

❖ All information in this webinar is for general information

only and does not contain or convey any legal advice or

administrative assistance.

❖ Information shared today is true and accurate as of

publication date.

❖ SWA and SNBC reserve all rights in the provided materials



Prof Staffan Kjelleberg
Centre Director, Singapore Centre for Environmental Life
Sciences Engineering (SCELSE)
Director, Singapore National Biofilm Consortium (SNBC)

As SCELSE's centre director, Prof. Staffan Kjelleberg promotes
interdisciplinary research that focuses on overall community
structure, function and performance of microbial biofilms as well
as mechanisms behind their communication and micro-ecological
interactions. Commonalities in biofilm biology underpin this
research. He brings together complementary top-down meta-
omics/systems biology and bottom-up biofilm mechanism
approaches, with translational outcomes in biotechnology and
environmental/public health domains. Prof. Kjelleberg also leads
SNBC, a technology consortium, that aims to foster significant
interactions and close collaborations among IHLs, research
institutes, government agencies and industry, from startups to
MNCs in Singapore, to enable technology translation and deliver
economic impact.

Dr Law Yingyu
Program Manager, Singapore National Biofilm 
Consortium (SNBC)

Ying joined the Singapore National Biofilm Consortium in
September 2019. She started her Scientific career as a Research
Fellow and later Senior Research Fellow at SCELSE since 2012. She
has had experience in providing technical and regulatory solutions
to water utilities and building collaborations both in Australia and
in Singapore, during and after her PhD. She is also part of the
International Water Association Nutrient Removal and Recovery
Management Committee. She has worked with colleagues across
different disciplines in SCELSE and have also provided consulting
service to local startup in bioprocess and systems biological aspects
of environmental biotechnologies and associated complex
ecosystems. Ying holds a BSc Honours in Biotechnology from
Murdoch University, and PhD in Chemical Engineering from The
University of Queensland.

Dr Amit Kumar
Cofounder & CEO, Biopsin Pte Ltd

As a co-founder and director, Amit is responsible for leading
business communication, strategy and innovation at BIOPSIN. Prior
to this, he was working at Nanyang Technological University,
Singapore on a PUB funded multidisciplinary project to understand
and improve the safety and quality of surface water stored in
underground rock caverns. As a Research Fellow at National
University of Singapore, he led an A*STAR funded project to
mitigate food spoilage by improving microbiological quality of food.
Amit holds a PhD in Chemical & Biomolecular Engineering from
National University of Singapore and has over a decade of
experience working with industries and Government agencies on
their microbial safety and detection needs.
.

Mr Andy Wirjawan
Director, United Water Technologies Pte Ltd

Andy has more than 23-years of professional experience in water
and wastewater treatment industry. He started his career with GE
Water & Infrastructure Inc. in Australia and Singapore, and later on
established United Water Technologies Pte Ltd – Singapore in
2005. He has completed various process design improvement
projects, and has overseen construction of numerous industrial and
municipal scale water and wastewater treatment plants in a
number of APAC countries. He holds B.Eng. Chemical Engineering
(Hons) from Curtin University, and MBA from University of
Western Australia.
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Introduction to SCELSE and SNBC
Prof Staffan Kjelleberg
Centre Director, Singapore Centre for Environmental Life
Sciences Engineering (SCELSE)
Director, Singapore National Biofilm Consortium (SNBC)



A biofilm and microbiome 
Research Centre of Excellence

SCELSE’s Mission

To discover, control and direct the behaviour of 
microbial biofilm communities and microbiomes for 

sustainable environmental, engineering, public 
health and medical applications.

Image: Liang YANG

P.#aeruginosa!cfp,!P.flu!yfp,!Kp!Dsred!



Microbial Biofilms

Multispecies 
communities Mechanisms 

P.#aeruginosa!cfp,!P.flu!yfp,!Kp!Dsred!
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SCELSE Integrated Research Themes (SIRTs)

SIRTS emerge from cluster-based research and align well with the 
development of research priorities in Singapore.

Urban Water Cycle Air 
Microbiomes

Experimental 
Biofilm 

Communities
Biofilm Matrix

Marine Biofilms & 
Microbiomes

Host 
Microbiome
Interactions



SCELSE’s catalytic role in Singapore

Clinical Industry Agencies & Institutions



SINGAPORE NATIONAL 
BIOFILM CONSORTIUM 

(SNBC)

National Research Foundation technology 
consortium, established Feb 2019



Food and  

food safety

Health

Oil &
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Wastewater  

treatment

Marine

Corrosion

Industrial  

Biotech
Personal care

$5000 bn/year  
global

Biofilms & microbiomes: Market 
sectors

Data source: NBIC
(NBIC-SCELSE MOU 2019)

• CF respiratory biofilm infections 
biofilm burden: $3.99bn/p.a. globally 
(UK £330m) 

• Marine Shipping:  Biofilm fouling 
burden global $ 5.7bn/p.a.

• Biorefining e.g. bioethanol, global 
$38bn, UK £390m

• UTI infections: Biofilms cause an 
estimated global cost of $ 3.9bn/p.a.

• Food poisoning: Estimated global 
burden due to biofilms $315 bn/p.a.



Mission & vision

To foster significant interactions 
and close collaborations among

IHLs, research institutes, 
government agencies and 

industry in Singapore.

Leveraging the multidisciplinary 
expertise at SCELSE and beyond 

to effectively deliver scientific and 
translational outcomes.

Host Institution

PartnerInstitution

SNBC MEMBERSHIP
CATEGORIES

INDUSTRY

PRINCIPAL 
INVESTIGATORS

INSTITUTIONS*

* agencies, research centres, 
associations, platforms etc

SNBC structure

Industry-IHL partnership  
Technology adoption &  

translation

FUNDING

Administrative
host

RESEARCH  
LEAD

Global partner



Collaboration 
focus areas

Barraud et al. 2007

Clean Surface Technology
- Design surfaces that can disrupt or
augment bacterial colonisation.

Environmental Monitoring
- Biofilm based real-time detection 
sensors

Microbiome Engineering
- Manipulation or establishment of bacterial  
communities for functional applications

Assessment Framework:  
Tools & Technologies
- High-resolution assessment 
of microbiomes.



Governance  & organisation

Industry 
Advisory 

Board

SNBC Program 
Office @ 

NTUitive and 
SCELSE Yingyu Law

Program Manager, NTUitive

Michel Birnbaum

Business Development
Smitha Sunildeep

Manager, SCELSE

Steering 
Committee

Chair

Prof Staffan

Kjelleberg

Lead PI/Consortium

Director

Industry liaison officers for key 
topics:

• High throughput sequencing
• Microscopy imaging
• Bioprocess engineering
• Surface technologies
• Plant & soil microbiome
• Urban & built environment
• Human microbiomes

Technology 
Management

Committee



SNBC 
industry & 
domains

Oil & gas

Food & beverage

Surface technologies

Biofilm & microbiome analytics

Water

Agri- & aqua- technologies

Biomedical, healthcare & 
cosmetics

Biopsin



Funding
• Seed funding
• Collaborative grants

Expertise
• Technical expertise and consultancy

Facilities & resources
• World class facilities and equipment
• Library e-resources

Cutting-edge know-how
• Tailored courses, seminars and 

workshops by local and 
international expert instructors

International collaboration
• Global biofilm R&D academic and 

industry networks

SNBC membership support and activities



SNBC access to international biofilm network

Costerton Biofilm 
Centre, Denmark

National Biofilms 
Innovation Centre, UK

Center for Biofilm 
Engineering, USA

SCELSE, 
Singapore 



Role of biofilms in the overall
Urban Water Cycle 
Dr Law Yingyu
Program Manager, Singapore National Biofilm Consortium (SNBC)



Role of biofilms in the overall urban
water cycle

Yingyu Law, SNBC Program Manager

SNBC-SWA Joint Webinar

20th August 2020



What are Biofilms?

23

Fig. Biofilm life cycle (CBE Montana State Uni). 

Fig. Jiuzhai Valley National Park

In natural systems

On engineered/ man-made structure

Fig. Metal Biocorrosion of a Water Well (Calbo
et al., 2017)

Fig. Dental plaque buildup on the surface of teeth.
(Image: © Lighthunter | Shutterstock)

Health & the human body
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The urban water cycle 

Discharge



Biofilm causing odour and corrosion in concrete sewer systems
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Jiang et al. 2019Fig. Sewer network corrosion mechanism. 

Fig. Corroded sewer pipes.

Fig. Chemical dosing for corrosion control.



Biofouling of membranes for water & used water treatment
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Fig. Pressure-driven membrane processes for water 
treatment (Liao et al., 2018). 

Fig. Schematic of a 
membrane bioreactor for 
Sludge separation in used 
water treatment system
(Liao et al., 2018) 
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Controlling biofouling through the understanding of cell signalling 

Rinaldo et al. 2018



28

Biofouling control in reverse osmosis by nitric oxide treatment

Fig. Autopsy of biofouled membranes. (a) CLSM images of the biofouled
membranes. Image size: 424.27 × 424.27 μm. (b) Biovolume of live and 
dead cells on the biofouled membrane (Oh et al., 2018).
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Biofilm in drinking water distribution system

Liu et al. 2016

Yishi et al. 2018

Fig. Biofilm growth in drinking water pipes

Water flow with NH2Cl
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Biofilm for used water treatment NH4
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Biofilm for used water treatment
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Understanding Microbial Communities in the Waterways

• 17 Reservoirs (mostly manmade)
• 8,000 km of waterways and drains

ACTIVE

BEAUTIFUL

CLEAN

Saxena et al. (2015)

Intermediate Major canals
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Conclusion
Biofilms can be detrimental to some processes but can also be 
manipulated or optimized for biotechnological applications.

Contact us:

yylaw@ntu.edu.sg

Michel.birnbaum@ntu.edu.sg

mailto:yylaw@ntu.edu.sg
mailto:Michel.birmbaum@ntu.edu.sg


Rapid and Gold-standard Pathogen Detection
Dr Amit Kumar
Cofounder & CEO, Biopsin Pte Ltd
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Biofilm sensors and real-time application 
& benefits for water treatment.
Mr Andy Wirjawan
Director, United Water Technologies Pte Ltd



Biofilm in Urban Water Cycle

20th August 2020



 Introduction

 How does it work ?

 Case study - the impact of biofilms to HVAC Chiller & RO biofouling. 

 Collaboration opportunities 



NexGen Water Technologies’ focus is to bring 

the next generation of ‘break-through’ 

technologies to water & wastewater industries. 

➢ ALVIM Biofilm Sensor

➢ ULE Aeration System

➢ Nano-bubble Generator



 ALVIM Biofilm sensor is a real-time 

biofilm sensor.

 Developed by Italian Institute of Marine 

Science (www.ismar.cnr.it). 

 Measuring electrochemical signal of 

biofilm activity.  

 Representing biofilm’s thickness & 

coverage on the surface of the 

equipment.

 Only measuring biofilm growth & 

presence.

http://www.ismar.cnr.it/


Biofouling is 4.8X more 

insulating than common 

“hardness” scales.





Monitoring and control of biofilm in SWRO system →



 2 nos of ALVIM Biofilm Sensor available for 
TRIAL.

andy@nexgenwater.co

daryl@nexgenwater.co

mailto:andy@nexgenwater.co
mailto:daryl@nexgenwater.co




Q & A

❖What is the role of biofilms in the urban water cycle ? 

❖What is the impact of biofilms ?

❖What can be done to improve detection & water treatment quality ?

Biofilms in the 
Urban Water Cycle





Thank You

❖What is the role of biofilms in the urban water cycle ? 

❖What is the impact of biofilms ?

❖What can be done to improve detection & water treatment quality ?

Biofilms in the 
Urban Water Cycle

Singapore Water Association

T: 65150812  

E: enquiry@swa.org.sg

W: www.swa.org.sg


