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DRINKING WATER THROUGH RECYCLING:
THE BENEFITS AND COSTS OF SUPPLYING
DIRECT TO THE DISTRIBUTION SYSTEM
Direct potable reuse (DPR) – recycling directly to the drinking water distribution system – should be considered
as a viable water resource management strategy alongside other supply options around Australia.
There are many potential benefits to adopting direct potable reuse, including lower energy use and greenhouse
gas emissions, lower capital and operational costs, and a more robust, climate-independent water supply.
These are the key findings of a research project recently completed by The Australian Academy of Technological
Sciences and Engineering (ATSE). They have been published in an Academy report – Drinking Water through
Recycling: The benefits and costs of supplying direct to the distribution system – which defines the potential place of
direct potable reuse among drinking water supply options in Australia.
The report also states that water supply decision-making should be based on an objective assessment of
available water supply options, taking into account factors such as public safety, cost, greenhouse gas emissions
and other environmental impacts,
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Ultimately, leadership will be
required from governments,
community leaders, water utilities,
scientists, engineers and other
experts to foster the implementation
and acceptance of DPR proposals in
Australia.
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The report is on the ATSE website at
www.atse.org.au/water-reports
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KEY FINDINGS
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RECOMMENDATIONS

WHY NOW?

The report makes six recommendations to Australian Governments,

A safe and reliable drinking water supply is fundamental to the provision

regulators, water service providers and researchers which would

of high quality urban living, but drinking water supplies in Australia have

stimulate the adoption of DPR where suitable.

notoriously experienced ‘boom and bust’ cycles of floods and droughts.

Regulation

During the inevitable prolonged droughts, many water supply planning
decisions have tended to have been made with an extreme sense

 Regulation of drinking water quality should be health-based

of urgency, as conventional drinking water supplies for some of our

Government regulators should implement ‘health-based targets’ for water

major cities dwindled. Following the most recent extensive ‘Millennium

quality as the primary regulatory objective for drinking water supply.

Drought’, it is arguable that there are a number of large water supply

•

infrastructure projects that were initiated during the last decade which

 Harmonise guidelines to improve management and regulation of
DPR projects

The Australian Drinking Water Guidelines and Australian Guidelines

are now seen to be an imperfect fit for addressing long-term water
management needs.
Currently, much of Australia is experiencing higher levels of water

for Water Recycling should be amended as necessary to facilitate the

availability than was the case when these water supply infrastructure

safe management and regulation of DPR projects, and to remove

projects were initiated. Consequently, there appears to be little

uncertainties over which guidelines prevail in some circumstances

immediate urgency to identify and assess potential additional water

relating to potable reuse.

sources. However, it is essential that such assessment be conducted at

Oversight

this point in the climate cycle, rather than waiting for the next drought

•

to arrive. This ‘planning early’ approach facilitates sober analysis of all

Regulators should enhance external auditing of water quality

necessary community debate and public awareness-raising to be

management systems to help utilities and agencies maintain and

initiated in the absence of a perceived water supply emergency and with

demonstrate capacity to deliver safe drinking water through DPR.

adequate time to proceed.

 Implement external auditing of water quality management

issues associated with alternative water supplies. Furthermore, it enables

•

 Enhance capabilities and powers of regulators

Governments must resource regulators’ capabilities to fully understand
the complexities and challenges of managing and monitoring DPR
schemes, and to either audit schemes themselves or critically assess thirdparty audits.

Research and development
 Improve water treatment process reliability, monitoring, and
validation

THE REPORT’S CONTEXT
The Australian Academy of Technological Sciences and Engineering
(ATSE) report, Drinking Water through Recycling: The benefits and costs of
supplying direct to the distribution system, defines in objective scientific,
economic and social terms, the place of providing drinking water

Providers and regulators should examine world’s best practice DPR

through recycling directly to the distribution system in the spectrum

facilities, and focus research and development on the optimisation,

of available water supply options in Australia.

assessment and validation of water treatment process reliability and

The report builds on previous research in this area, including

monitoring capabilities to prevent unsafe water from being delivered to

international work such as recent reports from the USA by the

customers.

National Research Council, to provide independent, robust, evidence-

Community engagement
 Establish DPR reference sites around Australia and develop
community engagement programs about water reuse
Providers and regulators should collaborate to develop community
engagement initiatives to raise awareness of the potential advantages

based policy advice. It also includes primary research involving a
qualitative survey of 80 key stakeholders including representatives
from industry, academia, all levels of government departments and
agencies, health regulators, and interested individuals, to assess their
opinions on DPR in Australia.
Barriers to the adoption of DPR as a water resource management

of both indirect and direct potable reuse, and address perceived safety

option in Australia were identified and strategies to overcome these

concerns about recycled water. This must include the development of

barriers were explored. The relative costs and benefits of DPR among

reference sites to facilitate further training, research, and community

other alternative water supply options were also examined through

engagement.

extensive modelling. This report also provides a valuable resource
for the Australian Water Recycling Centre of Excellence’s Goal 3
project Overcoming the barriers to reclaimed water being viewed as an
acceptable ‘alternative water’ for augmenting drinking water supplies.
The Drinking Water through Recycling: The benefits and costs of
supplying direct to the distribution system report’s principal author
was Dr Stuart Khan. The project was funded by the Australian
Water Recycling Centre of Excellence, through the Commonwealth
Government’s Water for the Future initiative.
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WHAT IS DPR AND HOW DOES IT WORK?
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distribution system is known internationally as direct potable reuse (DPR).

Second objective – drastically reduce the
concentration of dissolved substances.

This differs from more established approaches to potable water recycling

Feed water for advanced water treatment plants can contain high

by the absence of a so-called ‘environmental buffer’, a practice referred

concentrations of dissolved substances, including inorganic salts and

to as indirect potable reuse (IPR). IPR involves the storage of treated

organic chemicals, which could impact public health. To produce safe

reclaimed water in environmental buffers – such as a river, lake, reservoir

drinking water, it is essential to drastically reduce the concentration of

or aquifer – prior to it being recovered through drinking water treatment

these substances. Common processes to achieve this include reverse

plants and distributed to consumers.

osmosis, activated carbon adsorption, and advanced oxidation.

Supplying highly treated reclaimed water directly to a drinking water

Any DPR scheme includes a number of general characteristics.

Reverse osmosis, also used for seawater desalination, involves forcing

A source of municipal wastewater is required, such as effluent from

feed water through semi-permeable membranes under pressure, and

wastewater treatment plants, which is purified using advanced water

removes a broad spectrum of substances including dissolved inorganic

treatment processes to effectively and reliably remove hazardous

salts, organic chemicals, and pathogens.

substances including pathogens and toxic chemicals. It would not

Activated carbon is derived from charcoal and has a very high surface

be possible to meet all demand for drinking water through recycling,

area – one gram can have a surface area of up to 2000 m2. This material is

so the use of additional water sources remains essential. Finally,

highly effective at removing organic chemicals from feed water, including

most DPR projects require a means of blending the recycled water

pharmaceutical and pesticide residues.

with conventionally sourced water prior to delivery to consumers.

Advanced oxidation involves the degradation of organic substances

Conceptually, DPR can be developed in a number of alternative

in feed water by the use of strong oxidising agents such as hydrogen

configurations which differ by their arrangement of the water sources,

peroxide, ozone, and ultraviolet light. These produce highly reactive

treatment processes and blending locations.

hydroxyl radicals which attack and rapidly degrade any organics, such
as toxic chemicals or pathogens, which remain in the treated water
following other treatment processes.

WATER TREATMENT PROCESSES

Third objective – disinfection.

Advanced water treatment plants are used to purify water for drinking

Treated water must meet specified targets for pathogens and be able to

in potable water recycling schemes. The purification processes involved

maintain its quality during distribution to consumers. Common processes

are predominantly designed to achieve four common water treatment

to achieve disinfection include chlorination, and ozonation.

objectives.

First objective – remove suspended solids
remaining from conventional wastewater
treatment.

Chlorine is a broad spectrum disinfectant which can provide a
persistent disinfecting residual in water distribution systems, which
provides continuing protection against ingress of contaminants and
microbial regrowth.
Ozone is a very effective disinfectant, and is generally believed to be

Suspended solids include colloidal material, fine particles and

more effective than chlorine. As described above, ozone is more often

microorganisms. Removing suspended solids improves the performance

used as an oxidant for the removal of synthetic and naturally occurring

and efficiency of subsequent treatment processes and reduces turbidity.

organic chemicals from feed water. Due to its high reactivity, ozone

Common processes to achieve this are microfiltration and ultrafiltration,

decays quickly and does not maintain a residual in the water, so it must

which involve passing feed water through microporous polymer

be followed by a secondary disinfectant, such as chlorine, for effective

membranes under pressure. Pore diameters of these membranes can

control in the distribution system.

range from 1 nanometre at the smallest up to 400 nanometres.

Fourth objective – stabilisation of
treated water.
Highly purified water, as is produced by advanced water treatment plants,
can be corrosive to materials used in drinking water distribution systems,
like concrete, steel and copper, due to the very low concentration of
dissolved salts. The final stage of water treatment therefore needs to
stabilise, or remineralise, the treated water to ensure it doesn’t damage
this infrastructure. Common processes to achieve this include blending
with other source waters, or addition of sodium hydroxide or lime,
followed by pH adjustment.
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