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1. INTRODUCTION
1.1

Aim of this review

The purpose of this literature review is to provide a broad evaluation of Australian
and international literature relating to alternative water resources in new, nonresidential (commercial, industrial or institutional) developments. This information is
to be used as a basis for the development of guidelines for alternative water
resource use in new, non-residential developments – The Guide.
The Guide, to be developed from this information, will provide information that will
allow the development industry and other users to assess different applications of
alternative water supplies within various non-residential sectors.
Funding for this project has been provided by the Smart Water Fund 1 with the stated
aim of providing a concise and consistent set of information for developers and the
community that aids the implementation of alternative water resources for new nonresidential developments.
The Smart Water Fund intends to address alternative water sources as part of the
over-arching water strategy put forward by the Victorian Government, as described
in the Victorian Government White Paper - Securing our Water Future Together
(Department of Sustainability and the Environment 2004).
1.2

Scope and limitations

The core function of this literature review is to summarise the existing body of
knowledge surrounding alternative water resources. The document is intended to be
a foundation document that will be leveraged in developing The Guide. It is not
intended to be a separately published document.
This literature review is designed to address the existing body of literature where it
relates to alternative water resources in new, non-residential developments. As
much of the existing literature relates to residential alternative water supplies, this
information has also been included where a clear extension to non-residential
development can be drawn.
Alternative water resources considered include:
• Recycled water
• Reuse (as distinct from recycling)
• Stormwater
• Rainwater
Definitions for sources are described in Section 1.4.
A detailed review of legislation relating to alternative water resources has been
undertaken separately to this review in the report Alternative Urban Water Supplies –
Regulatory Review (Hyder Consulting 2005), so is addressed only in specific cases.

1

A consortium of Melbourne’s water businesses combined with the Department of
Sustainability and Environment.
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The following areas are considered outside of project scope:
• Agricultural industries
• Residential developments
• Desalination – as an alternative water source
1.3

Victorian Government White Paper

In 2004, the Victorian State Government released the Victorian Government White
Paper - Securing our Water Future Together which set out a plan to secure Victoria’s
water supplies over a 50 year period into the future. The White Paper sought to
emphasise a more sustainable approach to water supplies that moved away from a
traditional approach of increasing catchments such as dams. Four themes were
articulated as follows:
• We can’t create more water – we need to use it more wisely
• All water resources are valuable
• Our prosperity relies in the health of our environment
• Water is a precious resource and its value needs to be properly reflected
(Department of Sustainability and the Environment 2004)
Each of the above themes can be related to the need to develop alternative water
resources, however the second point is probably the most pertinent.
All water resources are valuable
The water cycle is not limited to converting rainwater into drinking water. We
can put water to better use by recycling and reusing it. We can also capture
the potential of stormwater to ease the pressure on our rivers.
(Department of Sustainability and the Environment 2004)
In an urban context, the White Paper highlights a desire to approach alternative
water supplies with two key policy objectives in mind:
Fit for purpose
In our urban communities, we will use water that is fit-for-purpose – many
uses of water do not require drinking water standards. We will use alternative
water supplies for non-drinking uses where there is a net benefit to the urban
community and to minimise detrimental discharges to the environment.
(Department of Sustainability and the Environment 2004)
Reduce quantity of discharge and improve discharge quality
To protect the amenity and health of the marine environment, water
authorities will continue to improve the quality and reduce the quantity of
effluent discharged from ocean outfalls.
(Department of Sustainability and the Environment 2004)
These objectives signal a desire by the government to prioritise alternative water
resources in preference to a traditional approach. The White Paper also recognises
the likely need to aid in financing large alternative resource infrastructure projects
and in educating the broader community.
Within the scope of this project, the ‘fit-for-purpose’ policy objective is particularly
relevant to non-residential water users. It indicates a desire by government to see
large potable water users justifying their needs for high grade water, and suggests
that alternatives need to be sought, where such quality compromise can be
tolerated.
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Moreover, the White Paper provides the impetus for the development of alternative
water resources in Victoria in a broad sense. This project, in turn, tackles a subset
of this problem – new, non-residential water supplies.
1.4

Important definitions

Of importance when reviewing water literature is the consistent use of language
when discussing water sources and related topics. For this reason a small glossary
of terms has been developed, using existing definitions wherever possible.
Drinking water (or potable water)- Water that is intended, and of a quality that
is suitable, for drinking. Within the water industry, water of this quality is also
referred to as potable water. (Hyder Consulting 2005) and (Department of
Sustainability and the Environment 2004)
Greywater – Household water which has not been contaminated by toilet
discharge and includes water from bathtubs, dish washing machines, clothes
washing machines and kitchen sinks.
Groundwater – All subsurface water, generally occupying the pores and
crevices of rock and soil. (Department of Sustainability and the Environment
2004)
Rainwater – water collected directly from roof run-off. (Department of
Sustainability and the Environment 2004)
Reclaimed water – Water recovered from sources that are considered to be
waste or unwanted supplies. (Department of Sustainability and the
Environment 2004)
Recycled Water – Water that has been derived from sewage (or any other
waste stream), greywater or stormwater systems and treated to a standard
that is appropriate for its intended use. Based on a definition from Hyder
Consulting (2005), altered to include any waste streams.
Reticulated drinking water supply - Drinking water supplied to a site by a
water authority through a network of pipes. (Hyder Consulting 2005)
Reused water – Water taken from a donor waste water stream that is used in
a subsequent application without treatment (defined by this document).
Sewage - Any waste containing human excreta or domestic wastewater.
(Hyder Consulting 2005)
Stormwater – Untreated rainfall run-off from urban areas. (Department of
Sustainability and the Environment 2004)
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2. CURRENT SITUATION
2.1

Water consumption in Australian Cities

Although one of the driest inhabited landmasses, Australia is the second largest
consumer of domestic water in the Organisation for Economic Cooperation and
Development (Radcliffe. J. 2004). Of water consumed in Australia’s major cities,
21.2% is used by commercial and industrial users; and 6.7% by local government,
parks and in fire fighting (Table 1).
Table 1 Water use in Australia’s 22 Largest Cities (Radcliffe. J. 2004)

At a residential level, much effort has been invested in educating consumers about
water scarcity, and providing consumers with alternative options to reduce their
water use. Home owners are becoming familiar with ‘water wise’ options that
extend beyond simple systems such as ‘low-flow’ shower heads and efficient garden
watering. Awareness of more complex potable water saving technologies such as
home rain water collection and grey-water recycling has also grown. Reinforcing
these voluntary changes have been complementary changes in regulations. Overall,
it is acknowledged that the momentum is growing with respect to private residential
water saving. Recent trends indicate that reduced flow shower heads and dual flush
toilets have increased from 22% to 44% and from 39% to 74% respectively over the
10 years to 2004 (Australian Bureau of Statistics. 2005).
However, less attention has been paid to commercial, industrial and institutional
water use compared to private residential water use. This is, in part, due to the
smaller proportion of total water use that industry represents (industry and
commerce account for one third of Melbourne’s water use) and, in part, due to the
extremely diverse range of processes employed by the commercial, industrial and
institutional sector. Achieving beneficial water use practices across a diverse range
of uses requires education of broad principles as well as tools that accommodate the
many ways water is used in a non-residential setting.
In Melbourne, industry and commerce accounts for one third of drinking water
supplied (Department of Sustainability and the Environment 2004). The top 200
water users account for 10% of the cities drinking supply (Department of
Sustainability and the Environment 2004). Water consumption in this sector is being
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addressed through programmes such as “WaterMAP” and “Environmental Resource
Efficiency Plans”. These programs are discussed in more detail in the following
sections.
2.1.1

WaterMAP

WaterMAP builds on prior successes achieved with the Victorian Government
engagement program ‘Pathways to Sustainability’, that targeted water efficiency in
the top 200 water users. Participation in the WaterMAP program is compulsory for
water users consuming 10 megalitres or more per annum from an urban water
supply and involves disclosing usage, setting improvement targets and managing
efficiency programs to reduce usage. The program is administered by Victorias
water corporations.
Table 2 WaterMAP program steps (Department of Sustainability and the Environment. 2007).

Step 1: Registering your intent to prepare a waterMAP
Step 2: Planning and preparation
Step 3: Understanding water use
Step 4: Considering other areas
Step 5: Develop your overall targets
Step 6: Identify potential improvements
Step 7: Assess opportunities for improvement
Step 8: Set more specific objectives
Step 9: Complete your waterMAP
Step 10: Lodge your waterMAP
Step 11: Implement your waterMAP
Step 12: Monitor your water use
Step 13: Report against your waterMAP
WaterMAP does not specifically address the potential of alternative water resources,
however mentions them in some examples – such as the use of rainwater to reduce
water use from the urban supply.
Of importance is the limited scope of water resources considered under WaterMAP.
Reporting and efficiency measures are focussed on urban water supply and exclude
alternative water sources.
2.1.2

Environmental Resource Efficiency Plans (EREP)

In a similar evolution of policy implementation, EPA Victoria is in the process of
implementing the EREP program which builds upon prior successes associated with
energy consumption under the ‘EPA Industry Greenhouse Program’. EREP focuses
on energy and water use and is compulsory for businesses consuming more than
100 terajoules of energy per year and/or 120 megalitres of water per year (EPA
Victoria 2008a).
Like the WaterMAP program, EREP requires an analysis of consumption, target
setting and the identification of savings measures, however there is one significant
difference: under EREP, actions identified must be implemented where cost
effective.
A feature of the EREP and prior program is that energy and water users are required
to take action to reduce use where certain payback criteria are met. Under
WaterMAP reduction activities are voluntary, however under EREP any identified
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project with a payback period of three years or less must be undertaken (EPA
Victoria 2008b).
Another key difference between the programs is that the EREP considers not only
urban water supplied to a site, but also water extracted from ground sources and
recycled water supplied to the site. The implication being that water reduction
activity must take place across all of these water sources.
Table 3 EREP key program steps (Allen Consulting Group. 2007)

•
•
•
•
•
•

register with the EPA under the EREP scheme
prepare an environment and resources efficiency plan which considers the
site’s use of environmental resources and identify efficiency opportunities
assess the costs and benefits of identified actions for energy efficiency, water
efficiency, and reducing waste
submit the EREP to EPA for review and approval;
undertake approved EREP actions that have a payback within three years
report to EPA on the implementation and outcomes of those actions which
are implemented as a result of the EREP program

2.2

Water resources and the built environment

2.2.1

Water resources in Australia

Australia is the driest inhabited land mass in the world with 80% of the land having a
rainfall less than 600 millimetres per year and 50% having even less than 300
millimetres (Bureau of Meteorology. 2006b). The large tracts of semi arid and arid
areas are illustrated in Figure 1. As illustrated, Victoria typically experiences wet
winter and low summer rainfall (Bureau of Meteorology. 2006c).

Figure 1 Climate zones of Australia as defined by seasonal rainfall (Bureau of Meteorology.
2006a)
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With an increasing population and with much of Australia receiving low average
rainfall levels, the efficient use of water is extremely important. Magnifying
importance further is water stress linked to climate change due to increasing
concentrations of greenhouse gases in the atmosphere. Levels of greenhouse
gases have risen at an accelerated rate over the past 200 years due to an increase
in human activity and an increase in industry and agriculture. The world is heating up
at a rate never seen before, causing changes to our climate (Australian Greenhouse
Office. 2005b).
These climate changes may lead to greater variation in weather extremes and more
frequent occurrences of these extremes. Examples of how Australia’s climate could
change are longer droughts; increased severity of floods and storms; fewer frosts;
rising level of seawater (already 10-20cm since 1900); increased temperature of
water bodies; less snow; higher risk of bush fires; habitat change; impact on food
sources; and social impacts through increased use of heating and cooling
(Department of the Environment and Heritage. 2005; Australian Greenhouse Office.
2005a; CSIRO 2005a; Australian Greenhouse Office. 2005b).
Specifically for Victoria, climate change may result in less rain and more varied
rainfall patterns for cities, agriculture and natural systems, greater fire risks, less
snow in the alpine areas (reduced by as much as two thirds by 2030), less frost
damage to crops but not enough chill for certain types of crops such as apples
(CSIRO 2005b). The average temperature could rise from just under 20oC to
between 23-25oC by 2070 and there is likely to be an increase in the number of
summer days over 35oC from 8 days currently to up to 20 days by 2070 (CSIRO
2005b).

Figure 2 12 month rainfall deficiencies for Australia (Bureau of Meteorology. 2007)
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Many regions of Australia are experiencing severe rainfall deficiencies (Figure 2).
These deficiencies in turn have led to falling water storage levels in many urban
water supplies.
“The deficiencies discussed above have occurred against a backdrop of
multi-year rainfall deficits and record high temperatures that have severely
stressed water supplies in the east and southwest of the country. Several
years of above average rainfall are required to remove the very long-term
deficits. Furthermore, the combination of heat and drought during the past
five to ten years over the Murray Darling Basin and south-eastern Australia,
is outside the typical range of variability experienced during the previous 100
years.” (Bureau of Meteorology. 2007)
Drought is described as abnormally dry periods where there is not enough water for
users’ normal needs (Bureau of Meteorology. 2006d). Droughts can last for varying
time scales with varying degrees of severity; some are caused as a result of El Niño,
while others are caused by regional factors unrelated to El Niño events.
The effects of drought impact Australian agriculture first and most severely, however
as the duration of drought increases, the severity of drought is also felt by those in
the metropolitan areas (Bureau of Meteorology. 2006d). Depletion of water
reservoirs due to prolonged drought can lead to increasing restrictions on the use of
water in cities. At the time of writing this document, the city of Melbourne was under
stage 3a water restrictions, involving:
• Limited garden watering days
• Restricted watering times
• Vehicle washing restricted to high efficiency processes
• Limitations on sports ground watering (1 in 4 to watered)
• Permanent water savings rules and mandatory water savings plans
• Restrictions on filling of pools and spas
Source: (Our Water. 2007)
Another significant impact relating to drought arises from the lowering of the water
table. A lower water table means that the natural environment is drier and this means
that when it does rain, the water is absorbed by the natural environment and water
table, which is trying to replenish itself. This means that there is reduced runoff to
storage systems, resulting in less water for metropolitan use.
Climate change combined with increased frequency and severity of droughts as well
as an increasing population means that Australia needs to make better use of its
limited and unreliable water supplies.
2.2.2

The built environment

The built environment has many effects on the natural water cycle 2 . The amount of
water soaking into the ground is reduced due to urban land use that usually
incorporates large areas of impervious surfaces (Carter. T. and Rhett Jackson. C.
2006). This means that large amounts of water flow into the storm water drains and
empty back into the sea, rather than soaking into the ground and replenishing water
2

The water cycle — or hydrologic cycle — is the continuous circulation of water within the Earth's hydrosphere, and
is driven by solar radiation. This includes the atmosphere, land, surface water and groundwater. As water moves
through the cycle, it changes state between liquid, solid, and gas phases. Water moves from compartment to
compartment, such as from river to ocean, by the physical processes of evaporation, precipitation, infiltration, runoff,
and subsurface flow.
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table levels. The impervious nature of many urban surfaces also alters the flow
regimes of rivers and creeks. The changes to the water cycle from the built
environment have a flow on affect which radiates away from the area of impact
(Niehoff. D., Fritsch. U. et al. 2002).
The built environment affects the flow of water on land and therefore adds another
link in the water cycle chain. It takes collected water (generally offsite), utilises it
(generally once), then disposes of it into the sewerage system. This discharged
water is often of a lesser quality and needs to be treated before it can be released or
recycled (Carter. T. and Rhett Jackson. C. 2006). In the case of Melbourne, most of
the water is treated and then released back into the sea. This water is not, however,
of the same quality as water filtering through the natural water cycle. The built
environment systems also currently cause water to be discharged back into the
natural environment in specific places, and these differ from the natural water cycle,
with consequential, potentially significant, environmental ramifications (Carter. T. and
Rhett Jackson. C. 2006).
By reducing potable water use, the impact of the built environment on the natural
water cycle can be reduced leading to flow on effects throughout the environment
including; increased river flows, increased nutrient distribution, decreased ground
instability, and improved flora and fauna health.
Similar benefits may be achieved through the effective implementation of alternative
water resources.
2.3

Water quality requirements – being “fit for purpose”

Treated water quality requirements will be highly dependent on the intended end-use
of the water. In general, applications involving human or animal contact will require
higher levels of treatment than uses involving contained industrial processes. In all
cases, treated water quality standards should be determined based on the unique
situational requirements and must consider risks to the environment and human
health.
Relevant documents that discuss water quality requirements under different
applications include EPA Victoria’s ‘Guidelines for Environmental Management –
Use of Reclaimed Water’ (EPA Victoria. 2003), the EPA’s ‘Guidelines for Dual Pipe
Water Recycling Schemes’ (EPA Victoria. 2005), and the ‘Australian Drinking Water
Guidelines’ (National Health and Medical Research Council 2004). Although these
documents are not specifically targeted at non-residential applications of alternative
water resources they do contain pertinent themes. A common theme across these
guidelines is the management of risks associated with water treatment and use.
Risks of particular concern fall into the following categories shown in Table 4.
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Table 4 Health and environmental risks identified in published guidelines (EPA Victoria. 2003).

Environmental
Protect beneficial uses of groundwater and surface waters
Avoid structural changes to the soil or contamination
Avoid contamination of the air environment from the production of
offensive odours, spray drift and aerosols
Human and livestock health
Reclaimed water use must not pose an unacceptable risk to humans,
livestock and associated products
Produce (food) safety
Reuse schemes must not result in the unacceptable microbial or
chemical contamination of produce or food, or otherwise adversely
affect produce quality
Legal liability
Liability may exist under the Trade Practices Act for the use of
reclaimed water
Development of an alternative water supply scheme, whether it be to collect
rainwater from a roof or to treat industrial effluent, requires addressing risks in the
above categories rigorously.
Other risks that may impact commercial, industrial and institutional applications
include, but are not limited to, those shown in Table 5.
Table 5 Other risks associated with water treatment system implementation.

Continuity of treatment water supply
Reliability of flow from alternative water supply system
Downstream infrastructure impacts
Potential for use of alternative water supply to cause machinery
damage
Financial
Potential for a system to generate unanticipated costs
Reputational
Potential for a businesses reputation to be adversely affected
A useful risk management technique is applied in the Australian Drinking Water
Guidelines (National Health and Medical Research Council 2004) that can be
extended to water supply more generally. The risk management approach
prescribed draws clear distinctions between three key elements:
“Hazard – a biological, physical, chemical or radiological agent that has the
potential to cause harm
Hazardous event – an incident or situation that leads to the presence of a
hazard
Risk – likelihood of identified hazards causing harm”
(National Health and Medical Research Council 2004)
Risk management involves the identification of hazards and hazardous events, then
the assessment of the likelihood of the event causing harm (the risk). Risk can be
defined using the matrix described in Table 6.
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Table 6 Risk quantification matrix (National Health and Medical Research Council 2004).

AS4360: Risk Management (Standards Australia. 2004) describes this approach to
risk management in more detail and is considered an appropriate method for
determining areas of focus when designing an alternative water supply system.
Having identified the risks associated with a water supply scheme it is possible to put
in place appropriate counter measures and prioritise risk management activities.
A useful reference point for risk assessments is presented in A Framework for
Alternative Urban Water Supplies (Department of Sustainability and the Environment
2006), which describes risk levels associated with various residential water collection
and treatment processes. Although geared toward water recycled from sewage, the
document sets out guidelines for the treatment and use of recycled water, risks and
responsibilities associated with treated water use, monitoring and reporting as well
as providing information about the environmental benefits of water recycling (EPA
Victoria. 2003). As Table 7 shows, the guidelines indicate those elements that
constitute the different classes of treated water, how each water class is achieved
and what the use of the recycled water may be. Table 8 provides a glossary of terms
used in Table 7.
Table 7 has been prepared with a primary goal of addressing risks to human health
and the environment. Although addressing health risks, the water quality
requirements described may not address the specific needs of the process
application being considered. These additional requirements also need to be
considered when selecting an alternative water resource.
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Table 7 Water quality and treatment (EPA Victoria. 2003)

Class

Water quality objectives –
Medians unless specified

Treatment processes

Range of usesuses include
all lower classes

A

Indicative objectives
•
<10.E.coli org/100 mL
•
Turbidity <2 NTU
•
<10/5 mg/L BOD/SS
•
pH 6-9
•
1 mg/L Cl residual (or
equivalent disinfection)

Tertiary and pathogen reduction with
sufficient log reductions to achieve:
•
<10 E.coli per 100 mL;
•
<1 helminth per litre;
•
<1 protozoa per 50 litres; &
•
<1 virus per 50 litres.

Urban (non-potable):
with uncontrolled public
access
Agricultural: eg human
food crops consumed
raw
Industrial: open
systems with worker
exposure potential
Agricultural: eg dairy
cattle grazing

B

•
•
•

<100 E.coli org/100 mL
Ph 6-9
<20/30 mg/L BOD/SS

Secondary and pathogen (including
Helminth reduction for cattle grazing)
reduction

C

•
•
•

<1000 E.coli org/100 mL
Ph 6-9
<20/30 mg/L BOD/SS

Secondary and pathogen (including
Helminth reduction for cattle grazing)
reduction

D

•
•
•

<10000 E.coli org/100 mL
Ph 6-9
<20/30 mg/L BOD/SS

Secondary

Industrial: eg
washdown water
Urban (non-potable):
with controlled public
access
Agricultural: eg human
food crops
cooked/processed,
grazing/fodder for
livestock
Industrial: systems with
no potential worker
exposure
Agricultural: non-food
crops including instant
turf, woodlots, flowers

Table 8 Glossary of water quality terms (EPA Victoria. 2003)

Term
BOD

E.coli
NTU
Pathogens
SS

Meaning
Biochemical oxygen demand - a measure of the amount of oxygen used in the
biochemical oxidation of organic matter. The BOD test is typically conducted
over a period of five days under specified conditions and may then also be
referenced as BOD5.
Escherichia coli. A bacterium found in the gut of warm blooded animals that
indicates faecal contamination.
Nephelometric Turbidity Unit — unit of measure of the turbidity of water due to
suspended, colloidal and particulate matter.
Organisms capable of causing disease. In untreated sewage, the key potential
pathogens are bacteria, viruses, protozoans and helminths.
Suspended Solids.

Subsequent to the release of the EPA guidelines with respect to recycled water, the
EPA has released guidelines with respect to dual pipe recycling schemes (EPA
Victoria. 2005). This document discusses the use of Class A water in a domestic
and industrial setting, introducing considerations for use according to application.
This latter set of guidelines (EPA Victoria. 2005) is now regarded as the more
appropriate guideline for Class A water quality (refer Table 9).
The EPA is currently in the process of updating published guidelines to incorporate a
more risk based approach and has issued a discussion paper outlining key issues
and possible future directions, with specific attention to potential alternative industrial
water supplies (EPA Victoria. 2006).
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Table 9 Considerations for acceptable use of Class A water (EPA Victoria. 2005).

Importantly, it should be recognised that guides produced by regulatory agencies
tend to (quite rightly) focus on mitigating risks associated with the environment and
human health. Risks exist beyond the environmental and human health for
commercial, industrial and institutional water users considering alternative water
sources. These additional risks should be incorporated by ensuring a rigorous risk
management exercise is undertaken and acted upon (as described above).
2.4

Regulatory environment

A complete study of the regulatory framework as it applies to alternative water
sources in Victoria has been completed: Alternative Urban Water Supplies –
Regulatory Review (Hyder Consulting 2005). The document details all of the
relevant legislation, the administrative bodies involved and suggested regulatory
improvements.
The regulatory environment is an important aspect of alternative water resources
and will need to be addressed by The Guide. Rather than repeat the Hyder
Consulting report (2005) in this review, it is suggested that a summary table that
describes the legislative framework be constructed from information contained with
the report. The summary table would allow an interested party to start to navigate
the complex regulatory environment.
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3. ALTERNATIVE WATER RESOURCES
Alternative water resources considered under this review include:
•
•
•
•

Recycled water
Reuse (wastewater recovery)
Stormwater
Rainwater

The definition of each resource is discussed in detail in the following sections, and is
shown diagrammatically in Figure 3.

Rainfall

Roof

Rainwater

Ground Surface

Waste
water from
another
process

Stormwater

Treatment

Recycled water

Reuse
Figure 3 Alternative water sources – diagrammatic definition.

The potential applications for alternative water resources vary considerably between
the various types identified. For untreated resources (rainwater, stormwater and
waste stream reuse) the quality of the resource is defined by the quality of the
feedstock. For a recycled stream, quality could vary across a range depending on
the feedstock supply and the treatment system efficacy.
Water qualities expected from urban sources are summarised in Table 10. The
summary does not directly reference the alternative resources above, however it
gives a guide as to the quality expected from each and the need for treatment or
otherwise.
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Table 10 Summary of water qualities for urban streams(City of Melbourne. 2005).

Ultimately, the application of the alternative water resource should drive the
treatment requirement, so Table 10 forms only a guide. Treatment should only be
undertaken if the application requires it, in keeping with fit-for-purpose principles.
“In our urban communities, we will use water that is fit-for-purpose – many
uses of water do not require drinking water standards. We will use alternative
water supplies for non-drinking uses where there is a net benefit to the urban
community and to minimise detrimental discharges to the environment.”
(Department of Sustainability and the Environment 2004)
EPA Victoria identifies potential applications for industrial water recycling as shown
in Table 11. Although limited to industrial wastewater sources, the table
encompasses many applications for alternative water resources in industry more
generally.
Table 11 Applications in which industrial wastewater could be reused (EPA Victoria 2006).

Industrial Applications
• Material washing
• Process rinse water
• Crate and pallet washing
• Hardstand and vehicle washing
• Industrial fire protection
• Cooling
• Boiler or cooling tower feed water supplement
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Non-Industrial Applications
• Crop irrigation (surface and subsurface)
• Landscape irrigation (surface and subsurface)
• Construction
• Dust suppression
• Fire protection
• Toilet flushing
• Heating/cooling (air-conditioning) systems
• Outdoor use (for washing cars, outdoor surfaces, outdoor recreation, and use
in ornamental water features)
• Washing machine (with dedicated washing machine taps)
The following sections will discuss each alternative resource in more detail.
3.1

Recycled water

Recycled water is defined in this review as water that has been derived from sewage
(or any other waste stream), greywater or stormwater systems and treated to a
standard that is appropriate for its intended use. (Hyder Consulting 2005). Of
importance in adopting this definition, is the implied exclusion of water reuse that
does not require treatment. By excluding straightforward reuse of a waste stream,
the recycled water definition becomes inextricably linked to waste water treatment
processes. For this reason, it is important to call out the reuse definition more
explicitly, especially because water reuse from waste streams (without treatment)
could be one of the most effective alternative water resources of all. Reuse is
discussed in more detail in Section 3.1.7.
Some of the primary advantages of recycled water use include; its availability;
consistent flow throughout the year; consistent qualities due to the use of new
technologies; and security of supply, especially in times of restrictions.
Applications of recycled water vary enormously from drinking water to basic
agricultural applications. Application is governed primarily by the treatment system
employed, which should be designed to deliver water quality that is fit-for-purpose.
3.1.1

Centralised wastewater recycling

A major source of recycled water is from centralised wastewater treatment plants.
Radcliffe (2003) states that 10% of waste water from Australian sewerage treatment
plants is currently being recycled. In the past, use has taken place in agricultural
areas with only a small fraction being reused in major cities, however in recent years
practices have changed significantly in cities. Using Melbourne as an example,
since Radcliffe’s (2003) report, recycling rates have increased significantly (refer
Table 12).
Table 12 Recycling rates for the consolidated Melbourne region (Water Services Association of
Australia. 2005).

Year
1999-2000
2000-01
2001-02
2002-03
2003-04
2004-05

% water
recycled
2.0
2.0
5.7
10.9
11.4
11.6
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The benefits of increasing wastewater recycling have been broadly recognised by
governments. In Victoria the government has a stated target of recycling 20% of
Melbourne’s wastewater by 2010, which was achieved by Melbourne in 2007
(Melbourne Water. 2007).
In Melbourne, recycled wastewater from the Eastern Treatment Plant and the
Western Treatment plant is available for use by industry (Melbourne Water. 2006).
In most applications, water is supplied to a Class A treatment standard making it
suitable for various uses as described by Table 9.
Risks associated with the use of treated sewage are inherently high, however they
are mitigated through the use of advanced treatment technology and other controls
that are most effectively undertaken at a centralised level. Risks and mitigating
controls are summarised in Table 13.
Table 13 Sewage risks - overarching management control approach and treatment. Source:
(Hyder Consulting 2005)

Extract of findings of an expert panel reviewing the risks and potential applications of alternative water resources
(Hyder Consulting 2005). Risk management key: H= high, M = medium, L = low, N= no, Y = yes, NA = not
applicable.

In most cases, water users do not have access to piped recycled water so must
transport it from the treatment plant to the application by truck. This not only
increases the cost of the water, but also increases environmental impacts – impacts
that increase as distance increases from the treatment plant.
3.1.2

Water treatment systems

Treatment of wastewater or water from alternative sources is undertaken to enhance
the water quality for use in other applications. There are several stages that can be
applied to a water treatment system. Inclusion or exclusion of stages depends on
the qualities of the effluent to be treated by the system and the qualities required of
the treated water generated. Depending on these requirements a treatment system
may include some or only one of the stages described below.
The stages of waste water treatment are illustrated in Figure 4.

LITERATURE REVIEW
GUIDELINES FOR ALTERNATIVE WATER RESOURCE USE IN NEW
NON-RESIDENTIAL (COMMERCIAL, INDUSTRIAL and INSTITUTIONAL) DEVELOPMENTS

19

Figure 4 Stages in waste water treatment (not all are required in all applications)

There are many different waste water treatment technologies available for each
stage of treatment. Technologies for each treatment stage range in specifications
such as the systems treatment capabilities, cost, maintenance, labour requirements
and size.
3.1.3

Primary treatment technologies

Primary treatment, involves the removal of sand, grit, and other settable solids, oils
grease and fats from the water stream through the use of screening and
sedimentation systems.
Primary treatment often utilises mechanical treatment technologies such as;
strainers to remove the large objects; sand channels, where the velocity of the
incoming waste water is slowed to allow for the settling of sand and grit for removal;
and sedimentation tanks to allow for removal of floating oils, greases and fats as well
as the removal of settled smaller particulates. It can also involve chemical dosing
with a flocculent.
3.1.4

Secondary treatment technologies

The Secondary treatment stage involves the removal of biological content such as
human waste, food waste, and detergents from the waste water stream often
through the use of fixed film or suspended growth systems.
Secondary treatment utilise biochemical technologies such as activated sludge
systems, rotating biological contactors and sequencing batch reactors to reduce
BOD, nutrients and pathogens. An overview of these technologies is presented
below.
Activated Sludge
Activated Sludge is a biological treatment process that uses micro-organisms to
stabilise a waste aerobically (Metcalf. and Eddy. 1991) 3 . The process involves the
mixture of primary effluent which settles solids from the settling tank to create a
sludge mix. The production of an activated mass of micro-organisms acts to reduce
the biological oxygen demand of the waste water (Spellman. F. 2003). This
stabilisation and treatment of the water is achieved aerobically by typically using
lagoons and machines to create a vigorous aeration process or by injecting
compressed air into the sludge mix (Figure 5). After this aeration process the
wastewater enters a settling tank where the treated water is separated from the
sludge. The sludge is then sent off for further treatment or used again at the start of
the process and mixed in with the primary wastewater to start the biological
treatment process again (Metcalf. and Eddy. 1991) (Figure 6).
.

3

Melbourne Water’s activated sludge plants use a combination of aerobic and anoxic zones
to reduce ammonia levels in the final discharge.
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Figure 5 Activated sludge system aerial view (SPG Media Limited. 2006a)

Untreated water

Aeration
tank

Settling
tank

Treated water

Sludge to
treatment

Figure 6 Activated sludge flow diagram.

Aerated Lagoons
Aerated Lagoon treatment involves the sequential use of large, shallow lagoons
through which the waste water flows, and like the Activated Sludge process uses
micro-organisms to reduce the biological oxygen demand of the waste water.
Aerated Lagoons are typically able to reduce two thirds to one half of the biological
oxygen demand of wastewater passing through them, depending on detention time
(Metcalf. and Eddy. 1991). The lagoons are aerated using large floating aerators
which introduce turbulence within the lagoon, mixing the wastewater and providing
oxygen throughout the liquid volume. The key difference between Aerated Lagoon
treatment and Activated Sludge is that Aerated Lagoons are a continuous flow
process that does not require the feedback of sludge to start the bacterial treatment
process (Ramalho 1983).
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Figure 7 Aerated lagoons (Rich, 1999).

Aerated Lagoon effluent often contains a large proportion of suspended solids and
consequentially a high value of insoluble biological oxygen demand. Treatment is
therefore usually followed by a settling pond process that removes suspended solids.
Settling ponds usually consist of large, shallow, earthen basins where effluent from
the Aerated Lagoons is detailed for a period of 6 to 12 hours (Metcalf. and Eddy.
1991). Solids collected in the lagoons are removed from sedimentation ponds
periodically as they reach capacity.
Rotating Biological Contactors
This treatment system involves the rotation of closely spaced circular disks of
polystyrene or polyvinyl chloride through the waste water (Figure 8). When the disk
rotates, the attached biomass film that grows on the disk surfaces moves through the
wastewater. While moving through the wastewater, the micro-organisms absorb the
organic material. Then, when it rotates out of the wastewater, oxygen activates
aerobic decomposition. Any excess solids are transported with the wastewater to a
settling tank where they are separated (Spellman. F. 2003).

Figure 8 Rotating Biological Contactors (Mission Green Canada. 2006)
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Sequencing Batch Reactor
This is a ‘fill-and-draw’ activated-sludge treatment system where the waste water is
added to the reactor (Figure 9). The reaction then takes place and the solids allowed
to separate and settle, creating a cleaner effluent on top (Metcalf. and Eddy. 1991).
The Sequencing Batch Reactor (SBR) is suited to treatment of wastewater which
has low or intermittent flow conditions and to areas of restricted land area.

Figure 9 Sequencing Batch Reactor (Public Works and Government Services Canada. 2006)

Trickling Filters
Trickling filters are made up of a medium upon which a biological layer adheres and
grows. Media can consist of broken rocks, slag, plastic baffles or other structures.
Water to be treated is ‘trickled’ over the media by a distribution system and exits the
filter from the base via an underdrain system. The underdrain system provides a
means for water to exit and for oxygen to enter the filter. In a modern trickle filter
flow rate through the system and organic loading are adjusted to maintain an even
biological layer on the media (Metcalf. and Eddy. 1991).
Although trickling filters are often designed for large scale applications, they can also
be used in small scale applications. The Centre for Education and Research in
Environmental Strategies (CERES), have installed such a small scale trickling filter to
treat waste water from their café operations (refer Figure 10).
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Figure 10 CERES cafe biofilter (Centre for Education and Research in Environmental Strategies.
2007).

3.1.5

Tertiary treatment technologies

The Tertiary treatment stage usually involves the removal of residual toxins, and
nutrients such as phosphorus and nitrogen through the use of filtration, lagooning
and constructed wetlands. However; if the treated waste water is to be used where
there may be the risk of direct human contact, a disinfection stage is added to
substantially reduce the number of pathogens still present in the water. Tertiary
treatment can also involve the removal of salts. Disinfection involves the use of
chlorination, ultraviolet (UV) light or ozone (O 3 ) but is not always required, depending
on other treatments used.
Tertiary treatment is the additional treatment required to remove suspended or
dissolved substances after secondary treatment has been completed (Metcalf. and
Eddy. 1991). Tertiary treatment can use technologies such as membrane filtration or
reverse osmosis. An overview of these technologies is presented below.
Membrane filtration
Membrane filtration involves the passing of a known volume of water through a
membrane filter which, due to its small pore size, filters out all the bacteria and other
solids. Different techniques based upon pore sizes are: microfiltration (pores
<0.2µm), ultrafiltration (pores 0.03-0.1µm), nanofiltration and reverse osmosis
(separation determined by charge or molecular weight) (Spellman. F. 2003).
Microfiltration is often used in smaller water supply systems due to the steady
decline in the cost of membrane systems and reliability of the technology (GHD.
2005). An example of the system in operation is illustrated in Figure 11.
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Figure 11 Membrane-Filtration (SPG Media Limited. 2006)

Reverse osmosis
Reverse osmosis is a similar treatment process to membrane filtration in that it
involves forcing water to be treated through a membrane at pressure. The
membrane used is semi-permeable, meaning it will only allow water without the
dissolved contaminant to pass through. In order to achieve the flow of treatment
water through the membrane, pressure that exceeds the osmotic pressure needs to
be exceeded. Osmotic pressure is caused by the natural tendency of
uncontaminated water to move to the contaminated (containing a dissolved
contaminant) side of the semi-permeable membrane (Ramalho 1983). The basic
components of a reverse osmosis unit are the same as those used for membrane
filtration: membrane, membrane support structure, a containing vessel and a high
pressure pump (Metcalf. and Eddy. 1991).
3.1.6

Disinfection technologies

Disinfection is only required if target pathogen levels are exceeded once Primary,
Secondary and Tertiary treatment processes have been undertaken. Disinfection
involves the application of chlorine, ozone or ultraviolet light to the treated waste
water (a combination can also be used). Chlorine disinfection is widely used due to
its low cost, and it’s effectiveness at eliminating pathogens. The application of
chlorine involves dosing the water following tertiary treatment with a chlorine
concentration tailored to the waste water characteristics. Chlorine disinfection works
by oxidising cellular material and therefore kills all pathogenic micro organisms that
may still be presented in the treated waste water 4 .
Ozone disinfection is increasingly being used due to it’s effectiveness at eliminating
pathogens with minimal contact time and without the production of by-products
foreign to natural water that chlorine produces (GHD. 2005). Ozone disinfection
works by exposing the waste water to ozone in a contact chamber.
Ultraviolet (UV) disinfection utilises UV radiation to deactivate the cell of pathogenic
micro organisms and can be particularly effective for protozoa (where chlorine is not
4

High chlorine levels can lead to corrosion issues in some cases.
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so effective). UV disinfection is often combined with one of the other disinfection
techniques mentioned.
3.1.7

Water Sensitive Urban Design (WSUD) treatment systems

Although not presented in detail here, it is also worthwhile noting that there is a
range of treatment systems that can be applied to support WSUD applications,
usually to treat storm water runoff. These systems in many cases encompass many
of the principles already discussed, however are tailored to directly address the
treatment and management of stormwater flows.
In alternative water resource projects that utilise stormwater, a review of WSUD
principles would aid substantially in ensuring an optimal design outcome. Guides of
relevance include Water Sensitive Urban Design Guidelines (City of Melbourne.
2005) and the Water Sensitive Urban Design Guidelines – Engineering Procedures –
Stormwater (Melbourne Water. 2005).
3.2

Water reuse

Water reuse, as defined in this review, is using untreated water from a given process
wastewater stream to undertake a secondary activity. The distinction between reuse
and recycling drawn in this guide is associated with treatment. Reuse, is the use of
a wastewater stream without water treatment. For example, a common water reuse,
is the use of household grey water to undertake garden watering (in those
applications where it is not treated).
Although reused water sources will often draw from similar streams to recycled water
sources, the lack of treatment associated with a reuse source makes it preferable to
a recycled source on a number of levels. Economically, reuse will be more effective
than recycling because treatment infrastructure is not required. Environmentally,
reuse may be preferable to recycling, because environmental impacts associated
with treatment are avoided, however emission to the environment due to the lack of
treatment may offset this benefit in some instances.
Reuse has been defined explicitly as an alternative water resource in this review,
because it provides benefits very similar to those provided by other alternative
resources (eg. avoids potable water use). This approach is not consistent with the
literature reviewed, which would not classify reuse as an alternative water source. It
could also be rationally argued that a reuse source is simply a form of water
efficiency. For the purposes of a guide that encourages users to consider all options
available when it comes to water resource alternatives, identifying reuse explicitly is
important, because the implications associated are quite distinct from recycling
options (involving treatment).
Drawing a distinction between reuse and recycling also has merit from a regulatory
perspective. An example is the Environmental Protection Act of 1970, administered
by EPA Victoria, which does not address untreated wastewater that is reused within
buildings and not discharged to the environment. Despite this, EPA Victoria has
issued guidance that suggests that storage of a waste stream for more than 24 hours
when considering the reuse of grey water, will be interpreted as treatment and
therefore the Environmental Protection Act will be applicable (Hyder Consulting
2005). The distinction being drawn is similar to the distinction drawn in this guide
which will refer to reuse sources (untreated) as different to recycling sources
(treated).
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Applications for water reuse are driven by the quality of the waste stream being
tapped, and the needs of the application. A spectrum of possible applications would
be envisaged, many of which would be described by Table 11.
3.2.1

Greywater

Greywater in an untreated form is probably one of the most common residential
reuse sources. In non-residential applications, reuse could extend to a variety of
waste flows in a manufacturing process, to large scale commercial building
greywater containment and reuse, or to other applications. Greywater is defined in
this review as household water which has not been contaminated by toilet discharge
and includes water from bathtubs, dish washing machines, clothes washing
machines and kitchen sinks. (Department of Sustainability and the Environment
2004).
Table 14 and Table 15 describe findings of an expert panel reviewing the risks and
potential applications of greywater reuse applied at a multi-site scale (Hyder
Consulting 2005). Similarities between the two scales exist at many levels, however
a key difference is the requirement of treatment as a mitigating control when
greywater is reused at a multisite scale. Inherent complexity of the larger scale
application increases risks, and therefore requires treatment, making the greywater
source a recycling source rather than a reuse source. Although the risks presented
below are generic and that actual application risks could be quite different, the
example suggests that greywater reuse in a non-residential application is probably
going to require some form of treatment to mitigate complexity risks.
Table 14 Single site greywater risks - overarching management control approach and treatment
Source: (Hyder Consulting 2005)

Extract of findings of an expert panel reviewing the risks and potential applications of alternative water resources
(Hyder Consulting 2005). Risk management key: H= high, M = medium, L = low, N= no, Y = yes, NA = not
applicable.
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Table 15 Multi site greywater risks - overarching management control approach and treatment
Source: (Hyder Consulting 2005)

Extract of findings of an expert panel reviewing the risks and potential applications of alternative water resources
(Hyder Consulting 2005). Risk management key: H= high, M = medium, L = low, N= no, Y = yes, NA = not
applicable.

3.3

Rainwater

Rainwater is defined here as water collected directly from roof run-off. (Department
of Sustainability and the Environment 2004). In general, rainwater provides a higher
grade of water supply, than other alternatives, and in many cases across Australia is
used for drinking water (Hyder Consulting 2005). A challenging aspect of the water
resource is potential unreliability of supply versus some other alternative water
resources such as recycling.
Use of rainwater to either fully or partially supply residential water needs has been
extensively studied. One study, Analysis of the Performance of Rainwater Tanks in
Australian Capital Cities (Coombes and Kuczera 2003), suggests that a significant
portion of household water requirements could be supplied by water tanks (13% to
67% of water requirements for a 200 square metre rooftop, and between 1 and 10
kilolitres of tank storage).
3.3.1

Rainwater system design considerations

Design of rainwater catchment systems requires consideration of a number of key
issues that are summarised in Table 16.
Table 16 Rainwater tank considerations (Melbourne Water. 2005).

Supply and demand - conditions such as a low roof area to occupancy ratio
(e.g. high density development) and low annual rainfall regions (e.g. northern
Victoria) can result in large rainwater tank volumes to provide a ‘reliable’
supplementary water supply to the end uses connected to a tank.
Water quality - the quality of water from rainwater tanks needs to be
compatible with the water quality required by the connected ‘end-use’. There
are several ways in which the water quality in rainwater tanks can be affected
and it is important to understand these so that appropriate management
measures can be implemented.
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Stormwater quality benefits - the quantity of the stormwater that is reused
from a tank system reduces the quantity of runoff and associate pollutants
discharging into a stormwater system. The benefits, in terms of pollutant
reduction, should be considered as part of a stormwater treatment strategy.
Cost - the cost of rainwater tanks needs to be considered against alternative
demand management initiatives and alternative water sources.
Available space - small lots with large building envelopes may preclude the
use of external, above-ground, rainwater tanks.
Competing uses for stormwater runoff - there may be situations where a
preferred beneficial use for stormwater runoff (such as irrigation of a local
public park, oval, or golf course) may provide a more cost-effective use of
runoff from roofs than the use of rainwater tanks on individual allotments.
Maintenance - most rainwater tanks will need to be maintained by the
householder or a body corporate (or similar).
3.3.2

Rainwater system design procedure

The rainwater supply design procedure prescribed in Water Sensitive Urban Design
Guidelines - Engineering Procedures – Stormwater (Melbourne Water. 2005), is
geared to a residential application, however could be readily altered to suit a nonresidential situation. The procedure involves steps as shown in Table 17.
Table 17 Design procedure for water tanks (adapted from (Melbourne Water. 2005)

1. Selection of end uses
a. Determine quantity and quality requirements
2. Determine tank size and associated supply reliability
a. Determine size of roof catchment
b. Identify demand characteristics
c. Identify rainfall expected
3. Hydraulic fixtures
a. Water filter or first flush devices
b. Mains top up supply
c. Onsite detention provisions
4. Maintenance provisions
Of the stages outlined in Table 17, tank sizing is probably one of the most critical.
Figure 12 describes a rainwater tank sizing curve generated from simulation
modelling of a household toilet supplied by rainwater. The diagram illustrates the
diminishing returns to scale as the size of the tank is increased.
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Figure 12 Relationship between toilet flushing water supply reliability and rainwater tank size for
Melbourne (Melbourne Water. 2005).

Creation of the curve described by Figure 12 is not as straight forward as might be
assumed, and is created using rainfall simulation software. The implication for nonresidential applications is that they will likely require specialised simulation analysis
to optimally size water storage.
3.3.3

Rainwater system applications and risks

Table 18 describes inherent risks associated with rainwater as an alternative water
resource, and associated mitigating controls. When compared to the other
alternative water resources reviewed, the lower risks associated with rainwater make
a wide variety of applications possible without treatment.
Table 18 Multi site rainwater risks - overarching management control approach and treatment
Source: (Hyder Consulting 2005)

Extract of findings of an expert panel reviewing the risks and potential applications of alternative water resources
(Hyder Consulting 2005). Risk management key: H= high, M = medium, L = low, N= no, Y = yes, NA = not
applicable.
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3.4

Stormwater

Stormwater is defined under this review as untreated rainfall run-off from urban
areas (Department of Sustainability and the Environment 2004). The definition
excludes treatment, however in many cases treatment is required to make
stormwater fit for purpose. Treated stormwater, in this guide, would fall under
recycled water resource category.
Excluded from the definition of stormwater is stormwater that has reached a defined
waterway of some kind. Extraction from such sources is considered diversion from
an existing waterway, and not an alternative water resource. The distinction can
become confusing, because many systems that use stormwater as an alternative
water resource, also involve storage systems such as private dams, that are
considered waterways (even if privately owned). For the purpose of this review,
provided stormwater has been collected on-site it will be considered part of the
overarching stormwater definition.
Rainwater, is differentiated from stormwater in that it is collected directly from roof
runoff, whereas stormwater is collected from surface run-off. Although the distinction
has been drawn in this review, other literature does not draw the distinction. For
instance the Water Sensitive Urban Design Engineering Procedures - Stormwater
(Melbourne Water. 2005), includes rainwater collection as part of stormwater
harvesting. This combining of stormwater and rainwater when it comes to
engineering is probably due to the similarity of design challenges associated with
both sources. i.e. both rainwater and stormwater will most likely require storage to
optimise supply capability. This storage will most likely be designed using similar
principals to those described in Table 17 (Rainwater storage design procedure).
The collection of stormwater for use as an alternative water resource can be
undertaken using a variety of methods. Water Sensitive Urban Design Engineering
(WSUD) Procedures (Melbourne Water. 2005), describes in detail the design
principles and methodologies, however the focus is primarily associated with
stormwater management, treatment and disposal to the environment. These
principles could also be applied to an alternative water resource, however this
application is not called out explicitly.
Application of WSUD thinking to storm water collection is discussed in Water
Sensitive Urban Design Guidelines (City of Melbourne. 2005). A particular
application (Docklands Precinct, NAB Building Forecourt), uses WSUD stormwater
collection and treatment principles to collect water for use in building toilet flushing.
The Alternative Urban Water Supplies – Regulatory Review (2005) discusses
stormwater in terms of varying scales of implementation:
Table 19 Stormwater system scale (Hyder Consulting 2005).

Small - surface water collected from single premises (eg single residential or
commercial/industrial premises).
Medium - surface water collected from multiple premises (eg residential
development or Industrial area including roads / public parks / nature strips
etc).
Large - surface water collected from a larger urban catchment area /
drainage system (eg including commercial / industrial premises, residential
premises, roads etc).
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3.4.1

Stormwater system applications and risks

The description (Table 19) illustrates the wide variety of potential water qualities that
could be expected to flow into a stormwater collection system, making the
assessment of risks and benefits of a system difficult without specific design
information. As with greywater, the Alternative Urban Water Supplies – Regulatory
Review (2005) differentiated between the risks associated with using stormwater at a
single site, versus a multisite application. The larger scale of non-residential
developments would suggest that the multisite assessment is probably the more
relevant – shown in Table 20.
Table 20 Multisite stormwater risks - overarching management control approach and treatment
Source: (Hyder Consulting 2005)

Extract of findings of an expert panel reviewing the risks and potential applications of alternative water resources
(Hyder Consulting 2005). Risk management key: H= high, M = medium, L = low, N= no, Y = yes, NA = not
applicable.

3.4.2

Aquifer Storage and Recovery (ASR)

Any of the treated alternative water resources described could apply ASR to
enhance the viability of a project, however ASR is most commonly partnered with
stormwater collection.
ASR involves feeding treated water into an aquifer for storage and later recovery.
The storage provided by the aquifer avoids problems associated with evaporation
and may provide a more cost effective storage option versus surface storage
(Melbourne Water. 2005).
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Requirements of an ASR are summarised in Table 21.
Table 21 Requirements of an ASR system (Melbourne Water. 2005).

•
•
•
•
•

protecting or improving groundwater quality where ASR is practiced
ensure that the quality of recovered water is fit for its intended use
protecting aquifers and aquitards (fractured rock) from being damaged by
depletion or excessive pressure (from overinjection)
avoiding problems such as clogging or excessive extraction of aquifer
sediments
ensuring reduced volumes of surface water downstream of the harvesting
point are acceptable and consistent with a catchment management strategy

ASR is only briefly mentioned here as a potential storage option. Some discussion
would be required as to its relevance in an alternative water resource guide for nonresidential developers.
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4. CONTEXT FOR CHANGE
The large portion of overall potable water consumption associated with residential
applications (as shown in Table 1) has led governments and water authorities to
focus attention on reducing usage in this area. In doing so, less attention has been
paid to areas such as alternative water supplies for non-residential applications.
This has led to an opportunity to increase alternative water resource use in nonresidential applications, by providing tools and guidance, along with other measures
(such as EPA Victoria’s Framework for Alternative Urban Water Supplies (EPA
Victoria 2006), currently under development).
4.1

Drivers for
applications

alternative

water

resource

use

in

non-residential

There are many different reasons to seek alternative water resources in non
residential applications. These can include:
• Reduction of bought water costs by reusing water onsite or purchase of
recycled water;
• Reduction of treatments and disposal costs of waste water;
• Environmental issues;
• Regulatory requirements;
• Drought and shortages;
• Social factors;
• Political drivers;
• Other economic reasons; and
• Possible other resource efficiencies eg. Reusing heat or chemicals in water
4.1.1

Tightening regulations

One of the main alternative water resource drivers is that water authorities are
increasingly tightening the regulations under which they allow commercial, industry
and institutions to use and dispose of water. When new agreements for water use
and discharge come up for renewal, water authorities are increasingly requiring
these water users to become more efficient with their water use, and the quality and
quantity which is bought and discharged.
Programs such as WaterMAP and EREP (discussed in Section 2.1) are also
encouraging non-residential water users to address water consumption issues.
Mandatory programs, such as EREP, require users to make changes to consumption
behaviour – including the use of alternative water resources.
4.1.2

Business drivers

There are a number of business drivers which can prompt changes to water use.
Alternative water resource projects in business sectors tend to be driven by a need
for water or a desire to generate an environmental marketing advantage.
4.1.2.1.

Cost structure

For business, alternative water resources can provide an effective mechanism for
reducing potable water related costs. Use of alternative water resources may also
reduce water leaving the facility as trade waste and sewage, reducing costs
associated with both of these. These savings will continue to increase as the cost for
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water increases. Alternative water resources may also lead to a more secure water
supply in times where restrictions apply, helping to ensure ongoing operations.
Uncertainty around water supply pricing, in itself, leads to an interest from
businesses to invest in alternative water resource projects. Recent statements
around projected future increases in water cost may help contribute to this
uncertainty.
“The Bracks Government warned yesterday that the price of water could rise
by up to 20 percent from the middle of next year, in part to help pay for new
infrastructure to guard against future shortages”(Gordon. Josh 2007)
In practice, it seems that opportunities for compelling business plans associated
solely with alternative water resource implementation appear to be limited on
economic grounds (MacDonald 2004). This outcome appears to suggest that there
may not be the necessary economic incentives available, at present, to those
considering alternative water resource investment, unless externalities associated
with water can be captured.
For water supply companies exposed to externalities, alternative water resources
present more compelling economic benefits. Studies in the UK have shown that
water treatment costs are significantly lower than costs associated with water
supplies such as desalination.
“Treating the wastewater to a higher standard than current drinking water
regulations has proven to be more than 40% cheaper than sea water
desalination.” (Hunter 2007)
As supplies of water fall in various areas it may be that pricing will increase, making
more alternative water source projects viable. Recent newspaper articles suggest
this may be the case (Gordon. Josh 2007).
4.1.2.2.

Reputational capital

Another business driver is to gain a perception of being environmentally friendly to
customers or clients. Increasingly customers and clients are searching for
environmentally friendly products and services, so conserving water through reuse
and collection can help to act as an attractant to potential customers and clients.
The reputations of businesses and institutions are also derived from consistency with
social, ethical and cultural norms. Reflecting social expectations in
business/institution practice enhances reputation.
4.1.3

Ethical, social and cultural drivers

There have been numerous studies into the social acceptability of alternative water
resources (Po. M., Kaercher. J.D. et al. 2003; Hurlimann. A. 2006), however these
have been aimed primarily at consumer attitudes towards using recycled water in
and around homes (both potable and non potable water).
A study has recently been conducted examining the attitudes of employees towards
using recycled water within their workplace (Hurlimann. A. 2006). This is believed to
be the first of its type in Australia, and it focuses on the attitudes of Melbourne City
Council employees towards the use of recycled water derived from sewer mining in
their new office building, CH2. The results indicate that occupants who were about
LITERATURE REVIEW
GUIDELINES FOR ALTERNATIVE WATER RESOURCE USE IN NEW
NON-RESIDENTIAL (COMMERCIAL, INDUSTRIAL and INSTITUTIONAL) DEVELOPMENTS

35

to move into the new building were happy to accept recycled water in certain
applications such as the cooling towers, toilet flushing and garden use, however their
acceptance declined as the water use had higher human contact, such as washing
hands and showering. The results also showed that occupants who were more
informed about environmental issues and, in particular, water recycling systems,
were more likely to accept the system.
There is very limited literature surrounding the risk management of alternative water
resources for commercial, industrial or institutional applications. In general, it is
derived from environmental agencies, such as the EPA Victoria, and provides
guidelines on the use of recycled water, with only indirect reference to risk
management (a recent notable exception is EPA Victoria’s Framework for Alternative
Urban Water Supplies (EPA Victoria 2006), which will fill this void). On the contrary,
case studies from around the world consistently indicate that, by increasing
community participation and education levels, especially at an early stage of
alternative water resource projects, the community is likely to be accepting of the
project (Hartley T. 2006). These studies, however, do not deal with social
acceptability of alternative water resources for use in commercial, industrial and
institutional applications. Nevertheless, they do illustrate the importance of social
capacity, ownership, consultation and involvement (Marks. J. 2006).
It has been shown that to attain long-term public support for alternative water
resource projects it is essential to involve the community prior to any proposal of
such projects (Recycled-Water-Task-Force. 2003). Through this, community views,
feelings and reasoning behind potential barriers towards alternative water resource
projects can be understood and this also has benefits in terms of savings in time,
money and avoided failure of the project. The report also suggests that the more
education the community receives about the issues surrounding the proposal, and
the more the advantages and disadvantages of different options are discussed and
clearly presented, the more likely projects are to receive support. The community
needs to feel that concerns are being heard and dealt with, especially regarding risk
management and health concerns. Hence, effective community involvement is likely
to be important in determining the success of any alternative water resource project.
A recent study has shown that acceptance of alternative water supply systems can
be assessed, and the assessment used to guide user engagement programmes
(Leviston, Porter et al. 2006). The study also found that perceptions of alternative
water supply systems, in a residential context, are complex and that emotional
responses to wastewater recycling are strongly countered by cognitive responses
regarding water supply sustainability.
“…acceptance ratings for these schemes also suggest that the seemingly
unpalatable connotations of reusing wastewater are countered to a large
extent by the cognitive perceptions of what such a system will deliver – longterm, sustainable water supplies.” (Leviston, Porter et al. 2006)
While social acceptance of alternative water resources as a topic in the literature
invariably relates to community projects, acceptance within commercial, industrial
and institutional applications may be expected to follow a similar pattern. If
employees are involved in the planning of alternative water resources and
empowered to consider the need and risks involved in implementing a new system,
social acceptance can be expected to increase. Hence, as communities and
employees become better educated about environmental issues through the media,
new technologies, their workplace and life experiences, social acceptance of more
sustainable methods and technologies will improve.
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5. TOOLS FOR CHANGE
Numerous tools exist to help water users broadly improve the effectiveness of water
use and to guide water treatment system design. Included in these guides, which
are often residence focussed, will usually be recommendations regarding alternative
water resources. The City of Melbourne’s guide Water Sensitive Urban Design
Guidelines (City of Melbourne 2004) that advocates a four point design strategy
informed by five guiding principles (Table 22).
Table 22 Water Sensitive Urban Design Guidelines – Summary (City of Melbourne 2004)
“Urban designers can lead the way by following these guidelines, and help:
•
reduce water consumption;
•
reduce wastewater;
•
maximise water reuse; and
•
treat stormwater before discharge to the aquatic environment.
All this can be achieved by following the guiding principles:
•
demand management - reducing the demand for water in our homes, and businesses;
•
'fit-for-purpose' water use - using appropriate quality water for the appropriate purpose;
•
alternative urban water sources – rainwater harvesting, greywater reuse and blackwater
reuse; and
•
applying stormwater best practice environmental management.”

Beyond ‘guiding principles’, the quantification of environmental benefits provided for
by alternative water supply systems is uncommon in the mainstream literature.
Indeed, analysis techniques that quantify the financial implications are equally
scarce. Given that financial impacts along with proposed environmental benefits are
likely to represent key priorities in non-residential applications, it appears that
quantification methods, along with case studies, would provide the most useful tools
for developing alternative water resources in this sector. For this reason the
following central ‘tools for change’ were explored:
Motivational tools
• Life cycle assessment
• Life cycle costing
• Alternative water resource – benefits assessment
Design and implementation tools
• Water balance
• Risk management
Practical examples
• Case Studies
• International examples
5.1

Motivational tools

5.1.1

Life cycle assessment (LCA)

Many water authorities (primarily) have identified the potential to reduce the
environmental impacts of their operations as well as those of users of their water
(Water Resources Strategy Committee for the Melbourne Area. 2001), however the
identification of precise environmental savings is often complex. LCA can assist, as
it is generally used to assess the environmental impacts and issues arising from a
product or service across its life cycle, including provision of raw materials through to
disposal or reuse. LCA has been defined as follows:
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“Life cycle assessment is the analysis and assessment process
examining environmental impacts of a product, process or activity”
(Consoli F., Allen D. et al. 1993).
LCA has its roots in energy analysis in the 1960s. The international ISO Standard
14040 (Standards Australia. and Standards New Zealand. 1998) identifies four key
steps in undertaking LCA: Goal and Scope definition, Inventory analysis, Impact
Assessment, and Interpretation.
Setting the Goal and Scope involves engaging with the basic concepts of LCA and
defining the question that is being addressed. This results in establishing the precise
question and setting functional units for the study, for example, an amount of product
produced per litre of potable water used. The system boundaries are also set, and
experience suggests that the main process chain is likely to be important. For
example, in the case of potable water provision, electricity used in pumping, and
impacts associated with fabrication of pipework is likely to be a dominant factor in the
impact as shown through the LCA, whereas impacts associated with marketing the
pipes for potable water systems fabrication is less likely to be important.
Inventory analysis involves establishing the process chains and quantities of
resources flowing through each step in the process. A simple potable water supply
example is provided in Figure 13.
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Figure 13 Example of an LCA process chain developed during inventory analysis

Note: this example generated using SimaPro LCA Software.
Often, the major challenge during this task is in collecting appropriate process data
relevant to the study case. Where this is not available, other aggregate data or
equivalent data from elsewhere may be used, or simulated or modelled data such as
that obtained from input-output economic flows data. However, care must be taken
to establish the accuracy and relevance of the data, and test the potential effect of
errors on results. This step can also involve overcoming difficulties in allocating
flows to different by-products and co-products where these occur in the production
chain.
Impact assessment involves attributing material and energy burdens identified in the
inventory to impacts in the environment. Depending on the scope of the LCA, the
impacts being assessed may be restricted to one or two categories, such as climate
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change or primary resources use, or it may be more extensive and include impacts
such as toxicity effects on the environment, nutrient loading effects, and land use.
The link between specific processes in specific locations and specific resultant
impacts is often difficult to establish without extensive specific study, and more
generic data sets and algorithms have been established to allow impact assessment
on a generalised level (examples include EcoIndicator 99 and Ecoinvent). Integrated
LCA Software tools such as Gabi and SimaPro allow automation and integration of
inventory and impact assessment steps, incorporating such impact assessment
tools.
LCA is complex and invariably involves data challenges. Therefore, the final step,
interpretation, is important in providing the appropriate level of information about the
LCA results, and also highlighting the limitations of the results and their
interpretation, including through sensitivity analysis, data quality and consistency
checks, and uncertainty analysis where appropriate.
Implementing the correct water supply system based on environmental LCA, and not
purely economic or political factors, has the potential to help reduce environmental
impacts across a range of areas. For example, by maximising alternative water
supply usage, less water will be needed from offsite which will help to reduce the
amount of water required from catchments. In turn, this will allow less human
interruption to the natural water cycle. The optimal water system may also result in
less water discharged into the sewerage system, which will mean there will be less
treatment required to the water before it is discharged back into the natural
environment (Chanan. V., White. S. et al. 2003).
LCA proves particularly useful when considering various water treatment design
options. The following extract from a case study from a textile factory Berendsen
Textile Service in Denmark:
“The first important result was that water recycling by a biofilter and
ultrafiltration were determined to be more environmentally sustainable than
disposing treated wastewater to the sewer with no reuse. The next important
result was regarding which alternate method for water recycling was
considered optimal in terms of the environment, resources and human health.
The life cycle assessment results indicated that ultrafiltration was more
environmentally sustainable than the biofilter option, as it was more efficient
in terms of energy and water savings. In terms of the residue disposal
alternatives, the life cycle assessment determined that the most sustainable
approach was the production of vitrification sand. This was concluded
because this method combines the residue, containing pollutants such as
heavy metals, in a glass matrix, meaning that there is a delayed release of
pollutants into the environment.” (Mediterranean Wastewater Reuse Working
Group 2007)
While environmental life cycle impacts are sometimes considered when looking into
alternative water supply system projects, other more important factors often override
the analysis. The biggest external factors are economic, political, social and reliability
concerns (Stokes. J. and Horvath. A. 2005). These factors, especially the
economics, are often the final determinate of the suitability of a water system, while
environmental life cycle impacts are often a secondary consideration. Despite the
fact that many alternative water supply systems involve a large upfront economic
outlay, many will generate long term savings that need to be considered over the life
of the system.
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5.1.1.1.

Application of LCA to alternative water resources

LCA is particularly useful when considering water supply and treatment options in
new residential or non-residential applications. The ability of the technique to
quantify environmental impacts in an objective manner adds weight to environmental
aspects leading to better, more balanced decisions. In particular, LCA allows
decision makers to quantify the impacts associated with water supply or treatment
infrastructure and balance these against impacts expected to occur due to system
operation. Exposure of an option to prominent environmental concerns, such as
climate change, can be determined using the LCA technique, and where necessary,
designs can be tailored to reduce impacts.
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Figure 14 Assessment of water supply and treatment options (Grant. T. & Opray. L. 2005).

Figure 14 illustrates how LCA results can be used to compare the lifetime
environmental impacts of various water supply options, allowing designers to assess
climate change impacts of various design options. The figure shows how LCA not
only determines the total climate change impact of each option, but also breaks this
down into design contributors. By using LCA in this way it is possible for decision
makers to more effectively address drivers of environmental impact across the entire
life cycle.
In seeking to use an alternative water resource in a new non-residential
development, an underlying objective is to reduce reliance on centralised water
supplies which are reaching capacity, in part, due to environmental constraints. In
seeking to reduce centralised water demands, solutions need to consider broader
environmental impacts so as not to exacerbate other environmental impacts, outside
of water use. Greenhouse emissions are of particular concern, given their
contribution to climate change. It is important that any alternative water supply
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option being considered in order to reduce potable water demand, does not
exacerbate climate change, otherwise its affect on water supplies could in fact be
counterproductive.
In addition, the economics of alternative water resources could vary significantly over
time as pressures increase to find cleaner energy supplies to run pumping processes
in water supply systems. Stokes and Horvath (2005) explain that 2-3% of energy
consumed worldwide is used to pump and treat urban water and that energy
requirements are expected to grow by 33% in the next 20 years.
“As readily available water sources are depleted, future supply options will
likely have higher energy requirements.”(Stokes. J. and Horvath. A. 2005)
Energy consumption at current prices in Australia will be unlikely to encourage
efficiency in water supply/treatment system design, so an alternative decision
consideration such as LCA needs to be incorporated. LCA, by looking more broadly,
can reveal what elements of system design need to be optimised in order to reduce
economic risks associated with energy cost exposures.
5.1.2

Life Cycle Costing

LCA is limited to environmental assessment. Life cycle costing, on the other hand,
can be used to identify financial considerations for a technology or action over its
lifetime:
“Life cycle costing is a process to determine the sum of all expenses
associated with a product or project, including acquisition, installation,
operation, maintenance, refurbishment, discarding, and disposal costs.”
(Standards Australia. and Standards New Zealand. 1999).
Life cycle costing is typically applied in a cash-flow framework, whereby projected
future cash flows associated with a water treatment option, over its life, are
discounted according to a prevailing interest rate to arrive upon a present cost of the
system.
Discounting of future costs and benefits in this way is inconsistent with an
environmentally sustainable view, making it important that a range of decision
making tools such as LCA are used when considering alternative water supply
options. This is not to say that financial considerations should be suppressed in
favour of environmental concerns, but rather to recognise the tendency of life cycle
costing within a discounted cash-flow framework will tend to undervalue future
benefits.
The application of life cycle costing to alternative water resources is primarily
associated with balancing investments in treatment technologies against ongoing
water supply savings. Life cycle costing provides a method for comparing costs
associated with different supply options, allowing the analyst to determine a least
cost option over the life of its operation. Typically such analysis would be
undertaken against a reference scenario, usually supplying water to the development
via a centralised reticulated network (Grant. T. & Opray. L. 2005).
Life cycle costing data can be presented alongside water saving and LCA data when
determining the viability of a supply system. This allows simultaneous consideration
of issues such as greenhouse gas emissions with water savings, investment costs
and net present value.
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Past applications of life cycle costing, undertaken by the Centre for Design at RMIT,
include the analysis of potable water supply and waste water disposal. Using
predetermined cost profiles, life cycle costs can be determined for major water
treatment types.
5.1.3

Alternative water resource – benefits assessment

The Water Corporation of Western Australia has developed a range or resources to
encourage developers to consider alternative water resources. The guidelines
developed exist within a 7 step process that developers are suggested to follow:
Table 23 Water Corporation suggested alternative water resource development process (Water
Corporation. 2007).

1. Develop an alternative water supply plan
2. Determine feasibility of concept
3. Develop a business case
4. Secure a service provider
5. Secure appropriate clearances and approvals
6. Develop your detailed design
7. Double check everything and implement
The guide also incorporates a regulatory annexure, shown in Table 24, that
simplifies the regulatory landscape. Such a diagram would also be useful if
developed for a Victorian regulatory environment (as mentioned in Section 2.4)
Table 24 Regulatory Stakeholder Matrix (Water Corporation. 2007).

Finally, the guidelines also incorporate two software tools that allow users to test the
implications of various alternative water sources across developments that include
residential, and non-residential components.
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The first tool, the Water Supply Consumption Tool (Data Analysis Australia. 2007),
provides developers with the ability to test various alternative water supply options
and measure the resulting savings in reticulated drinking water supply.

Figure 15 Water Supply Consumption Tool screenshot (Data Analysis Australia. 2007).

The tool uses straightforward calculations to estimate the demand for water of a
particular development, then allows the user to apply differing alternative water
supplies. Apparent technical difficulties surrounding the capacity of rainwater and
stormwater are overcome by simplifying expected yields from rainfall.
The second tool addresses the business case for alternative water resources, by
providing a simple cash-flow framework that can be completed by developers to
analyse potential benefits.
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Overall, the Water Corporation approach to alternative water supplies incorporates
many elements that would be applicable to a Victorian guide for alternative water
resources in non-residential applications.
5.2

Design and implementation

5.2.1

Urban water balance

Two of the alternative water resources considered in this review rely on rainfall as
the primary source of water: rainwater and stormwater. Designing alternative water
supply systems that use these resources requires modelling the urban water cycle in
detail. Apparently simple questions such as storage capacity requirements in nonresidential applications require detailed modelling to optimise (Melbourne Water.
2005).
There are a number of tools accessible to engineers that facilitate this modelling
including, PURRS (Coombes and Kuczera 2003), MUSIC, UVQ and Aquacycle
(Melbourne Water. 2005). One of the more accessible tools, Aquacycle, is reviewed
in more detail here.
“Aquacycle is a daily urban water balance model which has been developed
to simulate the total urban water cycle as an integrated whole and provide a
tool for investigating the use of locally generated stormwater and wastewater
as a substitute for imported water alongside water use efficiency.”(Mitchell
2005)
Aquacycle allows the technically trained user to determine key design parameters
such as storage for a rainwater and stormwater system. It does so by modelling the
urban water cycle described in Figure 16.

Figure 16 Urban water cycle as modelled by Aquacycle (Mitchell 2005).

In modelling the urban water cycle in detail it becomes possible to assess the
impacts of strategies such as alternative water resources. Figure 17 shows a
sample of the kind of output generated by Aquacycle. The detailed information
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provided, quickly allows the impact of introducing an alternative water resource
design into the water cycle. Even reuse and recycling impacts are addressed.

Figure 17 A sample of Aquacycle output (Mitchell 2005).

A useful additional feature of the program is the capability to optimise water storage
size across a series of applications (refer Figure 18).

Figure 18 Optimal water storage size generated from Aquacycle (Mitchell 2005).

Moreover, Aquacycle and other similar tools, provide an essential piece of
information required for implementation of alternative water resources – their actual
expected performance. Without understanding the expected performance of an
alternative water system, especially rainwater and stormwater, it is difficult for nonresidential users to assess the potential benefits of such systems. Somehow
addressing the existing technical barriers associated with the use of such tools by
uneducated users will be a key challenge of The Guide.
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5.2.2

Risk management frameworks

Risk management frameworks have already been discussed in Section 2.3, so will
not be repeated at length here. They are mentioned as a tool, because they are an
essential aspect of the decision making process when considering the use of an
alternative water resource (refer Figure 19).

Figure 19 Risk management framework (Standards Australia. 2004).

When a non-residential water user wishes to either use or provide an alternative
water resource in preference to the reticulated drinking water supply, they begin to
take on risks and associated responsibilities that are currently held by the water
supply authorities. Quantification of ongoing risk is critical in allowing the nonresidential agent to become comfortable with alternative water resources.
Particularly useful risk references include:
•
•
•
•

Australian Drinking Water Guidelines (National Health and Medical
Research Council 2004).
AS4360 Risk Management (Standards Australia. 2004)
A Framework for Alternative Urban Water Supplies (Department of
Sustainability and the Environment 2006)
Alternative Urban Water Supplies – Regulatory Review (Hyder Consulting
2005)

5.3

Practical Examples

5.3.1

Specific case studies to be developed

While many case studies exist relating water conservation, relatively few relate
directly to alternative water resource use on commercial, industrial and institutional
sites. The final version of The Guide, produced through this project, will present a
number of original case studies in a succinct, clear and accessible format, designed
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to provide information about what can be done, how different technologies and
approaches work, how problems were overcome, what the drivers were, and what
the learning’s and outcomes were for each project. In general the case studies will
reflect water conservation practices, as these are most prevalent in industry,
however reuse opportunities will be drawn out wherever possible and emphasised.
5.3.2

A selection of examples from the literature

Green Olympic Games
A potential area for growth could be the use of treated wastewater in public spaces
that incorporate lakes and waterways. The Beijing Olympics in 2008 are being run
under the motto “Green Games – Sustainable Development” and so have made
significant commitments regarding environmental performance. An initiative of the
Beijing Olympics will be to provide large lake areas for public enjoyment that will be
filled with recycled water (Ernst, Sperlich et al. 2007). This project represents a good
example of how alternative water resources will be able to provide enjoyable aquatic
spaces, while at the same time mitigating environmental impacts associated with
traditional water supplies. Although the project is municipal in nature, it does show
how a water application can be satisfied via an alternative water resource that avoids
further demands on clean water systems.
Singapore Dinking Water
The Singapore potable water supply incorporates a water recycling component
called ‘NEWater’. The NEWater facility treats sewage by employing micro filtration,
reverse osmosis and UV disinfection treatment to generate water that is then
injected into the drinking supply water cycle. The facility is capable of treating
10,000 kilolitres per day (Ministry of the Environment. 2002).

Figure 20 NEWater recycling process (Ministry of the Environment. 2002).

Although not strictly a non-residential application, the example shows that striking
capability of modern treatment systems when coupled with other mitigating process
controls and sampling regimes. It is also an interesting example of what is possible
if social and cultural barriers can be overcome.
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National Australia Bank (NAB) Building Storm Water Storage
In Melbourne’s Docklands development, the NAB Building collects Stormwater from
its forecourt which it treats for subsequent use in irrigation of gardens in the vicinity.
Potential also exists to extend this system to supply water for toilet flushing within the
building, although this has not been undertaken as yet. The system employs natural
treatment processes by employing WSUD principles (City of Melbourne. 2005).

Figure 21 NAB Building forecourt (City of Melbourne. 2005).
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6. NEXT STEPS
This review provides a summary of the state of knowledge and tools available in
planning and activating projects to develop alternative water resources applicable to
new commercial, industrial and institutional developments. Although much work has
been done to develop techniques for reducing water use in a non-residential setting,
very little work has been completed that aggregates this information and presents it
in a readily accessible fashion, suitable for a commercial audience. It is also clear
that the diverse nature of non-residential water-using processes makes a simple
one-size-fits-all solution to alternative water resources problematic. Guidelines
pertinent to all industry types are necessarily general. Improving specificity improves
applicability for certain industries, but runs the risk of alienating industries not
specifically considered. This tension between specific solutions yet inclusion of a
broad user-base, will represent the most significant challenge in developing The
Guide.
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