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Introduction

 Firstly, thank you very much for inviting me to give a presentation at this 
celebration of a major milestone – the world’s first DPR project is now 50 
years old …. and still going strong !!!

 My presentation will discuss the role that Water Reuse plays in Australia; 
looking at the National Guidelines that ensure that all reuse applications 
are ‘fit for purpose’ as well as presenting some examples of recent 
applications of potable reuse;

 It will then touch on the important role that Water Reuse plays in 
Singapore in ensuring water supplies into the future for the island nation.





	

Percentage of WWTP Effluent Recycled (BoM, 
2015)



http://www.bom.gov.au/water/crews/





Regulations and Guidelines Vary Depending on Type of 

Reuse

Potable reuse

Agricultural Reuse on Food Crops

Unrestricted Recreational Reuse

Unrestricted Urban Irrigation Reuse

Restricted Urban Irrigation Reuse

Restricted Recreational Reuse

Industrial Reuse

Environmental Reuse

Agricultural Reuse on Non-food Crops

More Stringent Regulations

Less Stringent Regulations



The Australian Guidelines for Water Recycling

 The Australian Guidelines for Water Recycling (AGWR) were released after 
extensive international review:

• Managing Health & Environmental Risks (2006)

• Augmentation of Drinking Water Supplies (2008)

• Stormwater Harvesting & Reuse (2009)

• Managed Aquifer Recharge (2009)

All the Guidelines are based on a Risk Assessment & Management approach.



The ‘Key Principles’ of the AGWR, 2008

 Protection of public health remains paramount;

 Community engagement and support is essential;

 Institutional capacity must be in place;

 Effective trade waste (or source control) programs 
must be in place 

 Robust and reliable multiple barriers must be 
installed to ensure reliable operation of all 
treatment stages;

 On-going operational & verification monitoring

 Personnel skills, training and accountability 
essential;

 Regulatory surveillance and independent auditing.



Example of the  “Multiple Barrier” 
concept

Western Corridor Recycled
Water Project, Brisbane
A$2.6B of assetts constructed in a ‘fast track’ 
arrangement – completed in 2008.

Project stopped during the lead up to a State 
Election – will commence operation when 
water storage drops to 30%.

About to be recommissioned as the drought bites



Perth’s Groundwater Replenishment Project -Injection bore 
viewing area



Demonstration of Robust Recycling in Antarctica

An AWRCE Funded Project



Secondary Treatment Plant 
(MBR)

Ozone MF BAC RO UV Cl2

Davis Station: Demonstration Plant

Feed
AWTP

RO concentrate Plant Outlet



Linking TrOC Removal to Pathogen LRVs(1) –
another benefit

1. Reference: Scales, P.J. et al (2015). Risk Assessment of the Removal of Chemicals of Concern in the Davis Station 
AWTP, Project No 3170, Australian Water Recycling Centre of Excellence, ISBN 978-1-922202-55-0, July

	

Study Outputs:
• Classified molecules based on Class (Aromatic, Aliphatic, 

Inorganic), Sub-class (EDG, EWG and combinations), Sub-class 2 
(Hydrophobic, Hydrophilic, Charged or Neutral);

• Linked removals to operational CCPs for pathogen removal and 
established TrOC LRVs for the range of molecules. 

For example: Ibuprofen (aromatic, hydrophilic, EDG, charged) 
removal through MBR, Ozone & RO: overall LRV is 2; Triclosan
(Aromatic, EWG, hydrophobic, charged): overall LRV is 1.8.

Work is on-going – watch this Space



Caveats on Treatment Efficacy
 Processes must be validated to demonstrate that they provide the claimed 

reductions (published data, pilot plants, challenge testing …);

 Maximum log removal credit per unit process for reference pathogens not 
greater than 4 in Australia (6 in the US) – multiple barriers required;

 Performance can only be claimed if they can be operationally monitored;

 Implications for membrane systems – MF, UF, NF & RO.



Demonstrating the capability of treatment processes to remove or inactivate 
target pathogens and correlating performance with operational monitoring





National Validation Protocols
Work initiated by the Australian Water Recycling Centre of 
Excellence (AWRCE) and led to the development of National 
Validation Protocols for validation of :

• Membrane Bioreactors (MBRs);
• Ultraviolet Disinfection;
• Reverse Osmosis (RO);
• Chlorination;
• Activated Sludge process.

The protocols are accepted across all jurisdictions within 
Australia and that for MBRs is finding application in the US.





The Hydro-illogical Cycle 
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Drought
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Concern



On-line survey in October 2014 – 400 respondents in 
each of Australia’s largest cities; Brisbane, Sydney, 
Melbourne and Perth – some 49% of Australia’s 
population.

Methodology:
• Questions on use of of water & attitudes towards 

reuse;
• Shown 10 mins of excerpts from the set of educational 

videos about water reuse and the water cycle;
• Questions (some the same) about water reuse;
• Control group only asked the preliminary questions.



Before and after viewing the video, respondents were asked for their level of support for 
augmenting drinking with purified water taken from used water sources. 

Support for Augmenting Drinking Water with Highly Treated 
Water 





Report funded by the Australian 
Water Recycling Centre of 
Excellence (AWRCE) and released 
in October 2013

Extols benefits of the DPR option –
and motivates for its consideration 
in any assessment of future water 
supply options.



Greenhouse Gas Emissions



NPV and Capital Cost Summary, 120 
ML/d, 40 GL/yr



Singapore’s NEWater Initiative

Bedok NEWater Plant, 2003 Demo Plant, 2000



4

Using Technology to Close the Water Loop – the 
Singapore expereince

- Sources of Water Supply
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Multiplier Effect of Recycling at System Level

Multuplier Effect: 1/1-r where 
r=fraction recycled

Target 2060 – 55%, 
currently 40%

Ref: Seah, H. (2018). Nanjing, China



1. Margaret Mead, distinguished anthropoligist, intellectual and scientist

“Never doubt that a small group of thoughtful, committed citizens can change the world. 
Indeed, it’s the only thing that ever has.”

2. Charles Lyell, mentor to Charles Darwin

“Don’t hope to convert your peers; the next generation will believe you”
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