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1. Introduction 
This document is a review of Australian urban development and practice in the application of the 
concept of integrated urban water management (IUWM).  The purpose of this review is to 
comment on the success or otherwise, to date, of integrated urban water management in 
Australia, derive principles for the application of integrated urban water management, identify 
knowledge gaps and provide signposts to fruitful areas of future research and demonstration.   

1.1. What is Integrated Urban Water Management? 
Conventional urban water management considers water supply, wastewater and stormwater as 
separate entities, planning, delivering and operating these services with little reference to one 
another.  Current urban water systems harvest large volumes of water from remote catchments 
and groundwater sources, deliver drinking quality water to all urban uses and subsequently 
collects generated wastewater.  This wastewater is removed, taken to treatment plants usually 
located on the fringe of the city or town, then discharged to the surrounding environment.  Only 
9% of this wastewater is currently reused (Radcliff, 2003).  Large volumes of stormwater are also 
generated within urban areas due to the increased imperviousness of urban catchments.  The 
majority of this stormwater flows out of the urban area, with little management of its quality and 
even less of it being used.  As a result, the adverse impact of conventional urban water 
management on the water balance of these areas is substantial (Mitchell et al, 1997; 2004). 

In comparison, Integrated Urban Water Management takes a comprehensive approach to urban 
water services, viewing water supply, stormwater and wastewater as components of an integrated 
physical system and recognises that the physical system sits within an organisational framework 
and a broader natural landscape.   

There are a broad range of tools which are employed within Integrated Urban Water 
Management, including, but not limited to water conservation and efficiency; water sensitive 
planning and design, including urban layout and landscaping; utilisation of non-conventional water 
sources including roof runoff, stormwater, greywater and wastewater; the application of fit-for-
purpose principles; stormwater and wastewater source control and pollution prevention; 
stormwater flow and quality management; the use of mixtures of soft (ecological) and hard 
(infrastructure) technologies; and non-structural tools such as education, pricing incentives, 
regulations and restriction regimes. 

Integrated Urban Water Management recognises that the whole urban region, down to the site 
scale, needs to be considered, as urban water systems are complex and inter-related.  Changes 
to a system will have downstream or upstream impacts that will affect cost, sustainability or 
opportunities.  Therefore, proposed changes to a particular aspect of the urban water system 
must include a comprehensive view of the other items and consider the influence on them.   

The principles of Integrated Urban Water Management can be summarised as: 

1. consider all parts of the water cycle, natural and constructed, surface and sub-surface, 
recognising them as an integrated system 

2. consider all requirements for water, both anthropogenic and ecological 

3. consider the local context, accounting for environmental, social, cultural and economic 
perspectives 

4. include all stakeholders in the process 

5. strive for sustainability, balancing environmental, social and economic needs in the short, 
medium and long term 

These principles have emerged in recent years, drawing on the view that sub-optimal outcomes 
have been produced from the traditional compartmentalisation of water supply, sewerage and 
stormwater services.  This compartmentalisation has been both physical, in terms of 
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infrastructure, and institutional in terms of responsibility for service provision, operation and 
maintenance, which, over time, has led to philosophical compartmentalisation and shaped 
perceptions of system boundaries (Coombes and Kuczera, 2002).  The sue of the ‘integration’ 
word in the IUWM acronym refers to the physical system and the many players who create, 
maintain, and are served by urban water systems. 

The primary aim of IUWM is to enable multi-functionality of urban water services to optimise the 
outcomes achieved by the system.  The dimensions of this multi-functionality include: 

• Affordability 

• Amenity, including recreation 

• Community satisfaction 

• Ecosystem protection, including the maintenance of the natural water balance within urban 
areas and the protection of supply catchments and receiving waters 

• Energy usage and greenhouse gas emissions 

• Equity 

• Maintenance of biodiversity  

• Waste minimisation including solid waste recycling and management 

• Pollution prevention and control 

• Public health protection and sanitation 

• Sharing of water resources with other uses, including the environment 

• Stormwater flow management, including flood protection 

• Stormwater quality management 

• Water supply 

1.1.1. Importance of Integrated Urban Water Management 
In areas of urban growth, population increases may well outstrip gains in water use efficiency, 
producing a need for additional water supply.  Historically, water authorities have developed water 
resources to meet the growth in demand.  But, this situation has changed.  Satisfying increases in 
demand for urban water by sources outside an urban area is facing increasing environmental 
constraints and competition for water, along with uncertainty associated with climate change and 
the potential for decreased yield from existing water supply catchments.  As a result, there is 
considerable potential for conflict over meeting increased urban water demands through 
traditional means of supply augmentation. 

The technical literature contains many examples of adverse economic, social and environmental 
impacts associated with the traditional approach to water service provision. These include: 

• impairment of aquatic habitat and modifications to natural ecosystems due to reduced 
environmental flows; 

• increased waste disposal, resulting in negative consequences for native flora and fauna 
and stream flow quality of river basins and coastal waters; 

• inadequate handling of contaminants and nutrients; 

• significant energy and chemical usage (e.g chlorine); and  

• high economic cost of rehabilitation and replacement of ageing water infrastructure in 
highly developed urbanised areas, which in many cities, is approaching the end of its useful 
service life.   
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Wastewater discharge standards are also becoming increasingly stringent due to environmental 
and public health protection requirements, while stormwater management has moved beyond 
purely a flood protection issue to encompass both quality and quantity management during wet 
and dry periods.  These are important steps, but as stated by Thomas and McLeod (1992): 

“our problems require a rethink of the basic system-wide design for water provision 
and wastewater disposal, and this in turn demands an unprecedented integration of 
knowledge about community preferences, systems options, economic analysis and 
technical research”. 

Concerns about the consequences of the traditional water servicing approach have led to what is 
often referred to as a paradigm shift in the urban water industry.  The “new paradigm” places an 
emphasis on demand side management as well as supply side management, utilisation of non-
traditional water resources, and the concept of fit-for-purpose and decentralisation, which appears 
in much of the literature discussing urban water and sustainability (see Table 1, Newman and 
Mouritz, 1996; Varis and Somlyody, 1997, Niemczynowicz, 1992).  This is in sharp contrast to the 
traditional water servicing paradigm of system expansion to meet increased demands.   

Table 1: Characteristics of ‘old’ and ‘emerging’ paradigms of urban water systems 
Source: Pinkham (1999) 

The Old Paradigm The Emerging Paradigm 

Human waste is a nuisance. It should be disposed 
of after treatment. 

Human waste is a resource. It should be captured 
and processed effectively, used to nourish land and 
crops. 

Stormwater is a nuisance. Convey stormwater 
away from urban area as rapidly as possible. 

Stormwater is a resource. Harvest stormwater as a 
water supply, and infiltrate or retain it to support 
aquifers, waterways and vegetation. 

Demand is a matter of quantity. Amount of water 
required or produced by different end-users is the 
only parameter relevant to infrastructure choices. 
Treat all supply side water to potable quality, and 
collect all wastewater for treatment. 

Demand is multi-faceted. Infrastructure choice 
should match the varying characteristics of water 
required or produced for different end-users in 
terms of quantity, quality, level of reliability, etc.  

One use (throughput). Water follows one-way path 
from supply, to a single use, to treatment and 
disposal to the environment. 

Reuse and reclamation. Water can be used 
multiple times, by cascading from higher to lower 
quality needs, and reclamation treatment for return 
to the supply side of infrastructure. 

Gray infrastructure. Infrastructure is made of 
concrete, metal or plastic. 

Green infrastructure. Infrastructure includes not 
only pipes and treatment plants, made of concrete, 
metal and plastic, but also soils and vegetation.  

Bigger/centralised is better for collection system 
and treatment plants. 

Small/decentralised is possible, often desirable for 
collection system and treatment plants.  

Limit complexity and employ standard solutions. 
Small number of technologies by urban water 
professionals defines water infrastructure.  

Allow diverse solutions. Decision makers are 
multidisciplinary. Allow new management strategies 
and technologies. 

Integration by accident. Water supply, wastewater 
and stormwater may be managed by the same 
agency as matter of historical happenstance. 
Physically, however, three systems are separated. 

Physical and institutional integration by design. 
Linkages must be made between water supply, 
wastewater and stormwater, which requires highly 
coordinated management.   

Collaboration=public relations. Approach other 
agencies and public when approval or pre-chosen 
solution is required. 

Collaboration=engagement. Enlist other agencies 
and public in search for effective solutions. 
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In the last few years, many of Australia’s water authorities, state governments and their agencies 
have responded to this paradigm-shift.  The Victorian Stage Government’s Securing Our Water 
Future Green Paper (Victorian DSE, 2003), the NSW State Government’s inclusion of integrated 
urban water planning as a Water Reform initiative, the ACT Government’s Think Water, Act Water 
strategy (www.thinkwater.act.gov.au), the Melbourne water businesses Water Resources 
Strategy (Water Resources Strategy Committee for the Melbourne Area, 2002) and Brisbane City 
Council’s formation of an Integrated Water Management team are but a few examples of such 
top-down responses.   

There have also been numerous examples of bottom-up responses, from individuals, community 
groups and developers as the case study review demonstrates.   

1.2. Scope of this review 
This review focuses on the practice and implementation of integrated urban water management, 
rather than the specific structural technologies and non-structural techniques utilised.  If the 
reader is interested in the more technical details of specific technologies, it is suggested that they 
refer to other reports in the AWCRRP review.  This review also focuses on the total water cycle 
integration aspects of IUWM, as opposed to the organisational integration aspect. 

The review considers development projects that are either built or likely to be built, where an 
integrated approach to water servicing has been taken, drawing on information currently in the 
public realm.  The criteria for case studies being included in the review were: 

• Demonstration of a total water cycle integration approach. Therefore, not just an example 
of best practice water supply, stormwater or wastewater management individually but best 
practice in at least two of these three realms.  Best management practices can be 
structural or non-structural, although more than one single technology or technique must be 
utilised. 

• Representative of the spectrum of climate zones, size of development, resultant land use 
type, greenfield, infill and redevelopment. 

• Larger than a single land block scale development, as single land block scale development 
is handled in other sections of the Australian Water Conservation and Recycling Research 
Program Stage 1 review. 

• Sufficiently documented and information available in the public realm to allow it to be 
reviewed. 

Where possible, the total water cycle implications of the approach taken in each case study are 
documented.  Unfortunately, these implications have not always been assessed and/or made 
available in the pubic realm.  In addition, only occasionally was there mention of (or research into) 
of the changes in the flux of nutrients and other water contaminants. 

In general terms, the reported social, environmental and economic benefits and dis-benefits of the 
water servicing approach of each of the case study sites are reported where the availability of 
information allows. 

Capital, operating and maintenance costs have not been reported in this review, as this is an area 
fraught with difficulty, where clear identification of the boundaries of the water system included in 
the costing, the method used to calculate the costs, and the underlying assumptions must be 
clearly stated before any reasonable understanding of the cost implications of integrated urban 
water management can be gained.  Also, in many case studies, a conventional water servicing 
approach was not feasible; therefore the notion of cost advantages or penalties relative to 
conventional practice is not applicable in these situations. 
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1.3. Structure of this report 
The second section of this report summarises the Australian case studies that have been 
reviewed and comments on the observed themes and areas in which there is room for improved 
practice.  Section three broadens its scope to discuss future challenges, identifying barriers to 
greater uptake of IUWM and the knowledge gaps and research needs which should be addressed 
to move forward with confidence.  This is followed by a section that outlines a series of principles 
for the application of IUWM.  The final section of the main body of the report draws conclusions 
and makes a number of recommendations.  Details of the case studies are provided in 
Appendices 1 and 2, divided into operational systems and case study sites that are in the 
planning, design or construction phase.   
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2. Reviewing Current Australian Practice 
This section of the report focuses on the findings of the review of Australian case studies of 
Integrated Urban Water Management.  A range of case studies has been selected and reviewed, 
wherever possible spanning from neighbourhood to regional systems, representing the different 
Australian climate zones, development types and land use.  The review considered examples that 
are both currently operational and those that are in the planning though to construction phase.  
The majority of information contained in the review is drawn from that available in the public 
realm, although some additional information is drawn from informal discussions with several 
individuals either directly involved in, or linked to, the case study sites.   

Due to the focus of this review on IUWM, urban developments and water authority programs 
which have demonstrated best practice in only one specific aspect of total water cycle 
management, such as water efficiency retrofit programs or stormwater sensitive urban design, 
have not been considered in this review (see section 1.2 for further explanation), although the 
later topic is covered in a separate AWCRRP review. 

2.1. Summary of the Case Studies Reviewed 
The following is a discussion of the case studies that were reviewed, providing an overarching 
view of the sixteen sites.  A summary of the IUWM features of the case studies is provided in 
Figure 1, while details of the reviewed case studies are provided in the appendices, separated 
into operational systems (Appendix 1) and sites that are in the planning, design or construction 
phase (Appendix 2).  A number of additional sites, which have not been as extensively reviewed 
as the case studies presented in Appendix 1 and 2, are listed in Appendix 3. 

The adoption of the IUWM approach is not the exclusive domain of capital cites, with Fig Tree 
Place operating in Newcastle and the Thurgoona Campus of Charles Sturt University operating 
on the fringe of Albury-Wodonga, while three of the six case studies in the development phase 
are located in regional centres.  Nor is the adoption of the IUWM approach the exclusive domain 
of greenfield development, with the majority of the operational sites having been redeveloped 
within existing urban areas, albeit at predominantly neighbourhood scale.  Homebush Bay, the 
site of the “Green Games” is the only large scale redevelopment site example currently operating.   

The majority of sites were neighbourhood scale, although there appears to have been a trend 
towards moving from predominantly neighbourhood scale examples of IUWM to larger sub-
divisional and regional scale systems in recent years.  This could be interpreted as an 
endorsement of the IUWM paradigm, as larger scale systems can involve more risk and require 
the support of a greater number of stakeholders and wider community.  Or, it could be due to 
larger systems being seen to be a more manageable size from a treatment technology sizing and 
operational perspective.  It is likely to be an economically sound trend, as research is suggesting 
that the optimum scale of integrated systems is in the range of 1000 to 10,000 connections 
(Booker, 1999; Fane et al, 2002). A few more years maybe required to determine if this trend is a 
function of the information dissemination process, with larger sites gaining prominence earlier in 
the development process and therefore being more readily identified and included in this review.   

The Bureau of Metrology’s climate classification system (see Appendix 4) was used to determine 
the climate zone in which sites are located.  The majority of case studies are located in the 
temperate zone.  The principles of IUWM are equally applicable in any climate zone, and the 
review did not identify any barriers to implementation unique to subtropical regions, so this bias 
towards implementation in temperate zones is most likely due to the geographic spread of 
population and regional drivers for innovation.  There is a longer history of implementation in the 
states of NSW and South Australia.  More recently, the South-East Queensland region has taken 
significant steps towards the uptake of IUWM within standard practice, lead by Brisbane City 
Council and, more recently, Gold Coast City Council with the Pimpama Coomera Water Futures 

10 



 

Project (Gold Coast Water, 2003), resulting in a small number of case studies falling in the 
subtropical zones of Australia.   

Figure 1: Summary of the case study sites features 
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Retrofit programs have been used in water conservation, increasing the uptake of efficient fixtures 
such as shower roses and taps, efficient appliances such as washing machines, and the 
installation of rainwater tanks and greywater systems within existing properties. However, no 
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retrofit examples fitted the review criteria (see section 1.2) and therefore none have been 
included.  Anderson and Iyaduri (2003) provide a clearly articulated integrated approach to the 
modification of an existing system and the benefits which could be reaped, albeit through desk-
top analysis at this stage.   

Somewhat surprisingly, despite much of the thinking underpinning IUWM deriving from the work 
of a number of key individuals in Western Australia, no documented case of an implemented 
IUWM system was found in this state during the review, although excellent examples of water 
sensitive stormwater management were found (but these do not fit the review criteria).   

All but one of the case study sites contained residential allotments, in part or in entirety, being by 
far the most dominant land use across the sites. Commercial and industrial land uses were 
represented, as well as other land uses including civic, sporting and educational facilities.  Within 
the residential sector of land use, the full spectrum of housing type was represented, from low to 
medium density detached dwellings to higher density apartment developments.  There does not 
appear to be a relationship between development spatial scale and housing density, although a 
trend towards providing a mixture of housing types within developments seems to be emerging, 
which is in line with more general development trends. 

The dominant reported drivers behind the case studies are focused on the environmental aspects 
of sustainability, in particular water resources.  In addition, virtually all sites incorporated energy 
and material selection aspects into their development.   

Several sites have social and/or economic primary drivers in addition to an environmental driver.  
The primary exceptions in this regard are Fig Tree Place, whose primary driver was the provision 
of affordable housing on an environmentally constrained site, and Rouse Hill, whose primary 
driver was the reduction of environmental impacts (nutrients due to the discharge of wastewater). 

There is a broad spread of IUWM features included in the sites, with most reducing the imported 
water delivery to the site as well as the amount of stormwater and/or wastewater leaving the site, 
overwhelmingly through structural means.  

Approximately half of the sites employed water efficient practices (the use of a compulsory low 
flush toilet is now mandatory so was discounted), a somewhat surprisingly low proportion given 
the current emphasis placed on water efficiency within the water industry.  Its lack of inclusion in 
the operational sites can in part be explained by the lesser emphasis on water efficiency during 
the early 1990s when several of these projects were first conceived, although this cannot be said 
for other sites such as Inkerman Oasis and Sharland Park.  These sites did not report the use of 
water efficient fixtures and the promotion of water efficient appliances and landscaping, despite 
being planned and/or constructed much more recently. 

Virtually no mention was made of biosolids management, with focus on recycling the aqueous 
portion of wastewater, rather than the solids portion. Likewise, few case studies considered the 
mitigation of the flux of contaminant loads within the urban water cycle due to the water servicing 
approach adopted or proposed, other than through stormwater quality management measures.   

The use of non-structural tools in several of the sites tend to be supplementary measures 
supporting the structural measures rather than being integral to system design in their own right.   

The information associated with the majority of sites made mention of operation and maintenance 
regimes, although not in sufficient detail to provide insight into lessons learnt in this area.  A few 
case studies appear to have employed non-standard organisational arrangements for the delivery 
and operation of the water services and although, again, little detail was available.  Mention was 
also made of public education and consultation with users, which was considered important to the 
success of the projects. 

2.2. Emerging themes 
Virtually all sites had some form of direct involvement of one or more public organisation.  Public 
organisations have often been involved in the developments in order to provide demonstration 
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projects, with the intention of stimulating private developers to adopt a more integrated approach 
to water servicing (as well as other sustainability aspects such as energy and social equity).   

A number of the developments set up public/private partnerships, formed between a public 
organisation such as a city council or water authority and a private development consortium.  This 
type of arrangement has generally been successful, enabling the drawing of skills and experience 
from both public and private organisations.  Such arrangements are also a good mechanism to 
avoid the often-adversarial relationship between a private developer and the various public 
authorities that are involved in the approval process.  This can be a significant benefit, as the non-
conventional nature of the water servicing approach often increases the complexity of the 
approval process and therefore the time and effort invested by a developer and, to a lesser 
extent, the approval authorities.   

Less formal partnerships or alliances have also been employed to provide a greater pool of skills, 
as have the accessing of grant money from state and federal government sources.  Although, 
words of caution were given by Salan (undated), commenting that increasing the number of 
groups involved increases the amount of negotiation required and that grants increase the 
amount of administration.  Also, several of the public parties who entered a public/private 
partnership found that, due to private organisations greater experience in development, the public 
organisation can be disadvantaged in negotiations.   

There is a long way to go before IUWM could be considered a mainstream practice within the 
water and development industries.  Often, the case study sites would have been difficult to 
service through conventional means due to environmental or infrastructure constraints and so an 
innovative approach was necessary to enable the development to proceed rather than a true 
alternative to conventional practice.  Rouse Hill, Aurora, and Manly West ESRD are all prime 
examples of this.  Often they also have had ‘champions’ leading the process and keeping it on 
track. 

Many of the parties involved in the IUWM case studies found breaking new ground is time 
consuming, often slowing the development process.  Most of the participants are taking an 
integrated approach to water servicing for the first time and are learning as they go.  The current 
lack of analysis tools and procedural frameworks has meant that, in some cases, different groups 
in different parts of the country have broken the same “new ground”.  It is hard to eliminate this 
completely, but its minimisation is certainly desirable. 

It is important to bear in mind that most of the operational case study sites were first conceived 
some five to ten years ago.  Therefore, the level of innovation incorporated into the water system 
and the degree in which they “pushed the envelope” should be judged against the state of IUWM 
knowledge and understanding at the time that planing and design decisions were being made.  
Sub-divisional and regional developments, due to the nature of staging land releases, take a long 
period of time, and by the completion of the development, the water servicing approach may no 
longer be leading edge, even if it was fairly ambitious when first proposed.  

On a quite different note, social research which has been conducted in association with 
developments employing IUWM features has found that the non-conventional nature of the water 
servicing acts as neither an attractor or detractor for a potential residential house purchaser (pers 
comm. Roseath, 2003).  Other factors, such as location, are significantly more influential in the 
purchasing decision.  

2.3. Areas in which practice can be improved 
The extent of information available on the IUWM sites varies greatly, from extensively 
documented through to poorly documented in the case of a number of examples of IUWM which 
were insufficiently documented to be included in this review.  The documentation that is available 
often lacks a comprehensive critique of the development, although there are several exceptions, 
with excellent examples such as those provided for Inkerman Oasis (Melbourne Water, undated) 
and Kogarah Town Square (Salan, undated). In order to allow people to build on the experience 
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of others and enable knowledge gaps to be filled, improved dissemination of knowledge gained 
and lessons learnt, including pitfalls to be avoided and process followed, is required.   

One constraint in this regard appears to be the propensity to report exclusively on success 
stories, with a lack of interest within the development industry in reporting the less than successful 
projects or aspects of the IUWM system within a project.  

Also, many organisations, particularly larger ones, find it a challenge to capture the knowledge of 
individuals and translate it into more widely held “corporate knowledge”.  Documenting the 
process followed can also be challenging as it is often iterative and involves many players, 
although, this is the area in which many “project killers” are encountered.   

As this is a relatively new area within the water industry, there is a general lack of access to skills 
and experience within the wide range of organisations, both public and private, involved in the 
delivery of an integrated urban water system.  An important step towards rectifying this problem is 
a greater understanding of the skills required and the exposure of more and more individuals to 
IUWM projects, although it is occurring on a fairly ad hoc basis at present.   

Monitoring is generally limited to that required for system operation, usually dictated by regulation 
and licensing requirements.  There is a lack of systematic performance monitoring, and in the few 
cases where this has occurred, it is associated with research projects which, by their very nature, 
have a relatively short life span compared to the operational life of the development and it’s 
infrastructure.  Long term performance monitoring is resource intensive, but essential to 
determine the efficacy of non-conventional systems and their components and refine their design.   

There is also a lack of post-implementation assessment, with much of the documentation ceasing 
to be updated once the site is commissioned.  There are a few notable exceptions to this trend, 
including that of Sydney Water Corporation currently conducting a post-implementation review of 
the Rouse Hill Project Area water servicing system.   

Marks et al (2002) found that there were varying levels of residential occupant awareness about 
the non-standard nature of their water service.  Ensuring that adequate levels of occupant 
awareness are maintained requires more effort than when a conventional water servicing 
approach is adopted.  Mechanisms to maintain continuing occupant awareness should be 
incorporated during the planning and design process and responsibility assigned during 
commissioning and operation.   

There is a gradual movement towards the utilisation of distributed and at-source approaches to 
IUWM, as opposed to bottom of catchment approaches.  For example, older sites often 
incorporated features such as a few large wetlands for managing stormwater quality or sole 
adoption of large scale “dual-reticulation” of non-potable water.  But, more recently, more 
localised alternatives are being implemented such as combinations of grass swales, bio-retention 
systems and smaller distributed wetlands and smaller scale potable substitution approaches such 
as rainwater tanks and greywater systems.  There is some way to go however before there is 
wide scale incorporation of source control and prevention at source (i.e. the use of alternative 
household chemicals).   

The degree of integration between water supply, stormwater and wastewater components of the 
sites varies from highly integrated to minimally integrated.  For example, Rouse Hill, includes 
water supply, stormwater and wastewater management features, but these features are not well 
integrated with one another, largely due to the initial emphasis on nutrient reduction to the 
Hawkesbury-Nepean river system, rather than water cycle management.  

Lloyd made the comment in 2001 that often the water sensitive stormwater management 
technologies are not well integrated into the landscape to form a treatment train, but instead act in 
isolation from one another.  More broadly, water sensitive stormwater management is usually not 
well integrated with the other elements of the urban water cycle.  The changing scope of urban 
stormwater management is illustrated in Figure 2, with the issues of concern broadening over 
time.  The next step in this progression is better integration of the rainfall-runoff component of the 
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water cycle with the water supply and sewerage components, representing total water cycle 
management. 

Figure 2: The widening scope of urban stormwater management 
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3. Future Challenges  
This section of the report broadens the focus beyond the case study review to discuss future 
challenges, identifying the key barriers to greater uptake of IUWM, and the knowledge gaps and 
research needs which should be addressed to move forward with confidence.  .   

3.1. Barriers to implementation 
Current guidelines, standards and regulations have been developed for conventional urban water 
systems, and as a result are not always appropriate for proposed designs which have adopted an 
integrated approach, and do not usually accommodate innovation. Guidelines, standards and 
regulations, by their nature, tend to lag behind leading edge practice, but more flexibility is 
required to foster innovation whilst protecting public health and the environment.  This barrier has 
been identify by a number of organisations, including the Natural Resources Management 
Ministerial Council, the Environmental Protection and Heritage Council and the Water Services 
Association of Australia, and activity in this area is underway.  It will take some time though before 
there are a comprehensive set of guidelines, standards and regulations that cover all aspects of 
IUWM. 

Due to the relatively short history of IUWM, many people involved in such projects are doing so 
for the first time.  As a result they do not always have the required skills themselves or access to 
others that do.  They also do not always have the appropriate tools and analysis techniques 
required to move through the process of reaching a preferred integrated urban water 
management approach for a given site.   

One of the required tools is a widely accepted robust process or framework for the assessment of 
a range of different IUWM options of a given site.  As Veldkamp et al (1997) stated, “in the 
practice of integrated urban water management it is difficult to choose the best combination of 
available techniques”.   

The current structures of water authorities, government departments, local authorities and private 
industry have been shaped in order to deliver conventional water services.  They are often 
fragmented, complex, and differ from state to state. It is timely for the appropriateness of these 
structures and the associated roles and responsibilities to be reassessed, as the current 
structures have been known to constrain integration and innovation.   

The management of risk has also been a barrier to innovation, with non-conventional systems 
creating new risk profiles that do not easily fit within current organisation and operational 
structures. 

Certainly from the perspective of private industry, there has been a lack of strong incentives for 
the adoption of IUWM approaches, although this barrier has lessened in the last few years.  In 
part, this is due to a changing attitude towards the marketing edge that a "green" urban 
development can accrue, but it is also due to the growing realisation that it is not necessarily a 
costly alternative to traditional practice.  However, the issue of unclear guidelines and regulations, 
and the often-lengthened development approvals process still act as counteracting forces for the 
development industry.  The inclusion of mandatory requirements for the adoption of IUMW 
approaches within the regulatory frameworks of planning codes as well as local councils, state 
environmental protection agencies and water authorities could provide both strong incentives to 
private industry and the “level playing field” that is often requested. 

3.2. Knowledge gaps and research needs 
Current and planned demonstration projects are important means for addressing knowledge gaps 
and raising industry and community understanding but there is much more work to be done 
before there is comprehensive knowledge about the benefits and dis-benefits of the many tools 
and systems which fall under the banner of integrated urban water management.  Other reports 
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within the AWCRRP review focus on knowledge gaps and research needs relating to specific 
aspects of technologies as well as plumbing codes, health and risk assessment, economics and 
water sensitive stormwater management.  The following comments about knowledge gaps and 
research needs relates to the integration aspect of IUWM rather than its constituent components. 

It has been stated that infrastructure cost savings will only be realised if water authorities 
downsize or defer augmentation of centralised infrastructure to account for lower system burden 
achieved by implementing IUWM approaches (Coombes and Kuczera, 2002).  At the present 
time, water authorities are not sufficiently confident of the resultant long-term changes in system 
performance and operation and maintenance costs and are aware of the experiences of other 
utilities, such as energy, who have not been able to realise the projected reductions in end use.  
As a consequence, they are reticent to diverge very far from traditional infrastructure planning 
practice, being risk adverse and conscious of the difficulties of enlarging buried infrastructure, 
such as pipes, once they are constructed.  Further research into the changes in system 
behaviour, and therefore, the changes in design, operation and maintenance requirements, is 
required to change this situation.  This will require greater activity in systems performance 
monitoring and analysis as well as tracking, reporting on operational and maintenance regimes 
(including costs) and broad dissemination of the findings.   

There is often a lack of knowledge about the degree to which the systems implemented in the 
case study sites achieved their original water servicing project goals, which could also be 
addressed by targeted long-term monitoring programs.   

Another knowledge gap is how best to integrate leading edge technologies into existing 
infrastructure systems.  Little work has occurred in the area of “retrofitting” existing systems 
beyond desk-top studies and water authority wide water conservation programs (encouraging the 
installation of efficient water fixtures and appliances and rainwater tanks and greywater systems).  
The potential of more strategically focused retrofit and/or replacement programs, collectively 
considering allotment, street scale and regional infrastructure warrants greater attention, given the 
combined forces of the aging of the existing infrastructure and the push to increase population 
densities within established urban areas.  The work of the former NSW departments of Land and 
Water Conservation and Public Works and Services (the former is now part of the Department of 
Infrastructure, Planning and Natural Resources and the later is part of the Department of 
Commerce) on integrated urban water planning in non-metropolitan urban areas is a good start in 
this area. 

It is likely that non-structural techniques will play a greater role in retrofit situations in comparison 
to greenfield and redevelopment sites, however, the efficacy of non-structural techniques is not 
well understood.  In response to this lack of understanding of the role of non-structural stormwater 
quality best management practices, the CRC for Catchment Hydrology has been working in the 
area of non-structural stormwater management for some years and has recently produced a 
number of reports that are available from their web site.  Sydney Water has also been conducting 
research on the impact of a range of technologies retrofitted within existing Sydney suburbs, 
especially in the area of water conservation and efficiency.  

Research into the acceptability of source control and prevention at source measures, particularly 
those that require behavioural change of individuals is also required, as this area is poorly 
understood, but may be required for certain IUWM options to be successfully implemented, 
particularly within existing urban areas. 

It is the author’s view that policies of increased urban densities have been endorsed in many 
cases without due reference to the consequence on existing water systems.  This is somewhat 
indicative of the fact that, to date, the relationship between urban water and land use planning 
has received little attention from policy makers or researchers. Water service provision needs to 
be added to the traditional equation that includes components such as transport, energy, housing 
and employment, to provide a holistic approach to urban planning and sustainable development.   
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There is significant scope to extend the concept of IUWM into the arena of integrated urban 
planning.  In fact, to make significant gains, it appears necessary.  In the words of Niemczynowicz 
(1999): 

“New integrated system solutions based on sustainability criteria must be introduced 
already at the level of long-term regional physical planning guide all subsequent 
detailed planning and implementation.  Such solutions should be put into practice in 
the construction of urban areas and their infrastructure.”  

The need for policy and planning frameworks and the opportunities within the planning hierarchy 
are discussed by Mouritz et al (2003), while a water sensitive planning guideline has recently 
been produced for the Sydney region (Donovan, 2003), which also contains a water sensitive 
toolbox, although the latter in particular is somewhat dominated by the stormwater aspects of the 
total water cycle.  BASIX, a building sustainability index, has recently been launched in NSW and 
will become a mandatory part of the development approval process from July 2004.  

We need to be careful that we are not just shifting the environmental, social and/or economic dis-
benefits of urban water servicing in either time or space. That is, the dis-benefits should not be 
simply shifted to a new location, such as from a local surface water body to a distant groundwater 
system, or delayed in time, such as form an immediate negative impact to a slow building but 
long-term impact.  The lack of a commonly agreed, robust, assessment tool or framework, that 
could be used to evaluate the merits of proposed alternative water servicing options, against 
environmental, social and economic criteria, considering short, medium and longer term time 
horizons is a key issue in this regard.  Such a tool would enable issues such as a apportioning of 
developer charges and incentives, management of risk (financial, public health, environmental, 
political), end user and community acceptance and operational roles and responsibilities to be 
assessed in an agreed manner between developers and approval agencies.   

There is certainly much research required in the area of risk, of which there are many dimensions 
(for example public health, financial, political, environmental and technical).  Issues relating to 
health risk are covered in four other reports within the AWCRRP review, so they are not assessed 
here.  But, more broadly, there is a need for risk assessment frameworks that are designed for 
use within an IUWM assessment framework.  Work in this area has begun by a number of groups, 
including CSIRO Urban Water, but it is a large area, and requires sizeable resources to be 
addressed fully.  Research into risk also should be linked to demonstration project monitoring 
programs, providing quantification of risk whenever practicable.  It should also take a balanced 
view of the risks in the existing conventional system and the potential benefits of alternate 
systems. 

Taking an integrated view of the water supply, stormwater and wastewater services should 
enable opportunities for conjunctive use of stormwater and the various forms of wastewater.  To 
date, there are few examples of this approach being incorporated into the system and when it 
has, technical and regulatory problems have been encountered.  More work needs to be done in 
this area to overcome these obstacles and to create technologies and systems that provide 
opportunities to utilise both streams of water. 
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4. Principles for the application of IUWM 
The following are a series of suggested principles for the application of integrated urban water 
management, which draw on the experiences of the participants involved in the case studies, the 
authors own experiences, and the experiences of other urban water industry practitioners and 
researchers. 

Have policy and planning frameworks and organisational structures which facilitate 
innovation 
Unless there is a clear policy framework that encourages innovation in water servicing, little is 
likely be achieved (Mouritz, 2000).  Policy and planning frameworks set the stage for the 
proceeding approach to the provision of urban water services.   

Think carefully about the process to be followed when embarking on an IUWM project 
Integrated urban water management by its very nature is an ‘unstructured issue’ and has multiple 
solutions.  The planning, design and implementation process must facilitate the derivation of the 
preferred local solution in a thorough, inclusive and transparent manner in order to allow 
stakeholders to understand the selection of the “preferred solution” amongst the multiple possible 
solutions and also to have ownership of the outcomes.  Also, within the adopted IUWM process, 
there is a need to be clear about roles and responsibilities. 

In the last few years, work has been occurring on developing guidelines for the process to be 
followed.  It is beyond the scope of this review to present the details of these guidelines, therefore 
the following references are recommended as information sources; Anderson and Iyaduri (2003), 
Mitchell (2002), The Institute for Sustainable Futures and CSIRO Urban Water (2002), Coombes 
and Kuczera (2002), DPWS (undated). 

Set clear, measurable objectives and assess options and outcomes against them 
Determine high-level goals for the site in question, then set clear, measurable objectives and 
criteria that will represent the delivery of these goals.  This injects rigour to the initial planning 
stages of the project, creates a forum for exploring the different values of the different parties 
involved and provides a yard-stick against which water servicing options can be assessed in later 
stages of the project.  

Consider other dimensions of sustainability beyond water 
Keep in mind other sustainability considerations such as energy, materials, biodiversity, and inter-
and intra-generational equity, in order to ensure that the knock-on effects of each possible water 
servicing option has been evaluated and accounted for within the whole process. 

There is power in partnerships, either formal or informal 
Cooperation beats confrontation hands down!  It also can help an organisation achieve certain 
goals which otherwise would not have been possible if acting alone, such as in the case of the 
public/private partnership which delivered the Inkerman Oasis development. 

Begin dialogue with authorities and community early 
Identify early in the planning phase of the project the key people within the various water and 
government authorities who can assist in determining regulatory and development approval 
requirements.  Next, initiate and continue to have active dialogue with these people throughout 
the whole process.  This is important to minimise backtracking due to unforseen regulatory and 
development approval conditions. It also enables these parties to aid in problem solving, as they 
understand the project and have had time to consider the issues that may be on the horizon. 

Likewise, begin dialogue with the community early, particularly if the project will directly impact on 
local residents or businesses.  In greenfield situations, there is no existing community with which 
to consult but there are potential purchasers.  There also may be surrounding community who 
should be including in the communication process. 
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Assess the validity of assumptions 
Throughout the whole process, assess the validity of assumptions and seek evidence for the 
basis of assumptions wherever possible.  But, first, questioning the assumptions that sit behind 
conventional practice requires us to take a step back and identify these assumptions (Mitchell and 
White, 2003). 

Get the right skills and form a strong, solution focused team 
Have a multi-disciplinary integrated team, who are solution focused, and committed to working 
together, within the principles of IUWM and sustainability more broadly.  Important skill sets to 
include in the design team, include, but not limited to: 

• urban planning 

• environmental science 

• engineering; environmental, civil and chemical 

• landscaping 

• surveying 

• marketing 

• economics 

• social science 

In addition, the persons assessing the developments from an approvals perspective must be 
sufficiently skilled to be able to assess non-standard systems on their merits, to avoid undue 
conservatism and system redundancy.  One possible solution to this approvals assessment 
hurdle is the formation of multi-disciplinary assessment teams to evaluate non-standard designs.  

Focus on the local context of the site in question 
Consider the local context of the project, the specific site requirements, environmental conditions, 
surrounding infrastructure condition and project objectives, allowing this information to shape the 
mix of structural and non-structural, hard and soft tools assembled into an integrated urban water 
system.  There is no one-size-fits-all solution, the key is to capture local opportunities and 
respond to local and regional pressures. 

“Sustainability implies different solutions for different places.  Like the word 
appropriate, sustainability is qualified by its context.” Van der Ryn and Calthorpe 
(1986) as quoted by Mouritz and Newman (1997). 

Consider urban form and landscape potential before focusing on infrastructure 
Much has been written about the need to move away from urban layouts which are dictated by 
infrastructure considerations such as road based transport and pipe networks, towards alternative 
forms which are more nodal and in sympathy with the local biophysical systems.  In reference to 
greenfield developments, McKnoulty (2002) stated  

“there is little doubt that retro-fitted engineering measures, bolted into a traditional 
engineering design to meet new environmental standards will cost more”  

Think divergently, then progressively converge on the preferred option 
Once goals for the site are established, think very broadly (or divergently) about how these 
objectives could be met, packaging up sets of tools into thumb-nail sketches of options.  Set aside 
all the usual barriers and constraints, and brainstorm!  Then, using the more specific objectives 
and criteria, and the preliminary understanding of the site, screen the options and select a hand 
full, making sure there is still a degree of spread from the business as usual option.  From this 
point forward, the preferred options will progressively emerge, as shown in Figure 3. 
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Figure 3: Being divergent and then convergent 
Use workshops as a design tool and communication forum 
Workshops are an ideal forum for multi-disciplinary teams to develop more integrated design 
solutions, providing a platform for different perspectives to be presented and areas of potential 
trade-off to be identified and worked through.  They are also valuable in the consultation process 
with the relative authorities and other stakeholders.  If held early in the process, potential 
stumbling blocks can be identified early, allowing sufficient time to be accounted for and averted. 

Stay focused on the original objectives and maintain design integrity throughout  
From the first kernels of project conception through to implementation and operation, there are 
many points where original objectives and/or design integrity can be compromised.  To guard 
against this, it is important to stay focused on the project objectives and keep a close watch on 
how the design, construction and commissioning process unfolds, addressing issues which have 
the potential to compromise the project. 

It has been recommended that development principles are drafted and widely distributed to those 
involved in the delivery of the project to ensure all are well informed and in a stronger position to 
understand the consequences of their decisions on design integrity (pers comm. C. Hoyle, 2003).  
It has also been recommended that thought is given to the scheduling of construction practices, 
as non-standard systems may well need non-standard scheduling (Melbourne Water, undated). 

Communicate well 
Communicate well to all stakeholders and the wider community and also to others in the water 
industry to aid transfer of knowledge and collective learning.  It is suggested that when reporting 
in non-technical forums, using aerial photos and Powerpoint slides as a presentation and 
reporting medium is much more effective than traditional engineering reports (Anderson and 
Iyaduri, 2003).  

Use appropriate costing, financial and economic assessment tools 
Water, wastewater and stormwater infrastructure has been traditionally costed taking into account 
only capital and operating costs. Non-monetary impacts of system infrastructure have typically not 
been factored into these calculations. Traditional analysis has therefore not appropriately 
accounted for the social and environmental benefits or dis-benefits of a scheme. To assess 
correctly the worth of a water servicing option, the cost of implementation must be compared to 
the true cost of current supply and disposal practices. This is more involved than conducting a 
simple comparison with the unit cost of water supplied to consumers or even the cost of the next 
incremental potable supply source. It requires a full assessment of the system, and of the impacts 
of the system on the environment and society. Where benefits or dis-benefits are identified, these 
must be included as part of the total system cost.  Research is in progress to develop appropriate 
methods to identify total system costs, and to internalise these within traditional costing models. 
Presently there is no standard method that is accepted across the industry that achieves such. 
The system boundary used to assess the capital costs of one or more water servicing options can 
substantially influence the outcome. This was clearly illustrated in a project CSIRO Urban Water 
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and the Institute of Sustainable Futures conducted for Sydney waster to investigate innovative 
options for a Greenfield development site in the south-west sector.   

Capital costs are just one component of the financial costs, while financial costs are just one 
component of the economic costs and economic costs are just one component of the total 
resource cost, incorporating externalities. Recent experience in the assessment of externalities 
for the Heathwood/Brazil Development Study Project by CSIRO Urban Water indicates that the 
cost benefit of externalities can be as high as 25% of the infrastructure-related lifecycle cost. This 
outcome suggests that, at least in some cases, the effects of externalities could be more 
influential than the differences between infrastructure-related costs for options.   

In the early stages of developing water servicing options, thought should be given to the 
mechanisms for cost recovery and pricing structures for alternative services/produces.  This is 
particularly important when the adoption of an innovative system would result in significant cost 
shifting or changes in cash flows. 

Select appropriate technical analysis and design tools 
The very nature of IUWM changes the technical analysis requirements.  Conventional analysis 
tools often do not adequately represent the newer water servicing tools and techniques upon 
which IUWM in built.  Technical analysis and design tools should be critically assessed and the 
most appropriate tool for the task selected.  Some guidance in this area is provided by McAlister 
et al (2003) and there are further tools that have been released in the last few years, such as 
PURRS (Coombes et al, 2003) and UVQ (Mitchell et al, 2003b), and further tools will no-doubt 
become available. 

Monitor and assess performance against design estimates 
Monitoring programs are required in order to be able to assess the performance of a system and 
its constituent technologies against design estimates, in-order for us to learn about how systems 
perform in-situ, enable system design to be refined, and assess the degree to which project goals 
were ultimately delivered.  Whenever possible, these monitoring programs should be conducted 
over the long-term, providing data upon which knowledge about long-tem performance. 
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5. Conclusions and Recommendations 
The last decade has been a period of substantial change in the urban water industry, in Australian 
and internationally.  A new paradigm of integrated urban water management has emerged and 
appears to have taken root.  As Niemczynowicz (1999) stated “we are beginning to talk not only 
about some new isolated technologies but instead about new total system solutions”.  Taking an 
integrated approach to the planning of water supply, sewerage and stormwater service provision 
can identify opportunities that are not apparent when separate planning is conducted for each 
individually (Anderson and Iyaduri, 2003).  An integrated approach enables synergies to be 
identified and realised, providing opportunities for more sustainable, more cost effective solutions 
to the challenge of managing the urban water cycle in the 21st century. 

The paradigm of integrated urban water management and total water cycle solutions have 
developed and matured alongside the planning and implementation of the “demonstration sites” 
which have formed the backbone of this review.  The review of the case studies has found that it 
certainly is possible to successfully implement integrated urban water management approaches, 
in a manner that is cost effective and acceptable to stakeholders.  

It was observed though, that there is still room for greater integration of the water supply, 
stormwater and wastewater components of the urban water cycle.  Other areas in which current 
practice can be improved include information dissemination and sharing of learnings, enhancing 
the skills of a greater number of staff in both public and private organisations, monitoring the 
performance of systems and technologies and ongoing awareness raising with those living and 
working in urban areas with IUWM systems. 

Public organisation involvement in the planning and implementation of the IUWM case studies 
has been very strong, either in an active role, driving or be party to the development, or in more of 
a support role.  Partnerships or alliances were often formed to deliver the case study projects, and 
are important to the IUWM process.  Project champions also have often emerged, providing the 
required drive to travel the still less known path of IUWM.   

A number of barriers to the uptake of integrated urban water management were identified during 
the review, including the lack of adequate guidelines, standards and regulations, the lack of 
understanding about appropriate risk management regimes, the lack of appropriate economic 
frameworks, the limited number of appropriate design and analysis tools, and the absence of a 
robust framework for the assessment of the many IUWM options which could be implemented at 
any given site.  Another, more intractable barrier is the structure of the industry which is tailored to 
the management of water supply, stormwater and wastewater as separate entities, and does not 
facilitate the adoption of integrated approaches to water servicing.  Several of these barriers can 
be lessened and eventually removed through research, while others require the effort of 
government agencies and public authorities.   

The knowledge gaps highlighted in this review, which can be addressed by further research and 
demonstration projects are as follows: 

• performance of IUWM technologies and systems in-situ, in the short, medium and long 
term, requiring increased monitoring and analysis of demonstration projects 

• incorporation of IUWM tools and technologies within existing urban water systems 

• efficacy of non-structural IUWM tools 

• development and the implementation of tools and techniques which are more distributed, 
focusing on source control, and/or conjunctively using stormwater and wastewater  

• costing, pricing and externalities, with particular reference to the boundaries of the water 
system included in the costing and the refinement of costing methods used 

• risk management frameworks 
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Expanding on this first point, effort should be invested in post-implementation assessments of 
demonstration projects, particularly in the area of the total water cycle outcomes and the degree 
to which the original project goals were delivered.  The outcomes of these assessments, along 
with the results of performance monitoring, should be widely disseminated to allow others to learn 
from the demonstration projects and continue to move forward in the quest towards more 
sustainable urban water systems. 

The creation and ongoing provision of sustainable urban water services require both sustainable 
technologies and sustainable actions and behaviours of many actors to produce the outcomes 
aspired to.  Integrated urban water management solutions will take many forms, tailored to the 
specific characteristics and requirements of diverse locations that make up Australian cities and 
towns.  There is much to be done before these cities and towns tread more lightly in terms of 
water service provision but, given the significant advances made in the practice of integrated 
urban water management in the last ten years, and the momentum for change within the water 
industry and the broader community, we are heading along the right path.  Many steps along this 
path are available, including water recycling, water efficiency programs and water sensitive 
stormwater management, and progressively these individual integrated urban water management 
tools are being combined to create the integrated total system solutions we require. 
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Appendix 1: Case Studies of Operational Systems 
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Christie Walk, Adelaide, South Australia 
In inner-city Adelaide, a former recycling depot 
has been transformed into a co-housing 
development (pers. comm. C. Hoyle, 2003).  The 
mixture of housing types include townhouses, 
apartments and straw bale cottages.  The site 
also includes a productive communal garden and 
a roof top garden.  

The water features of the development are only 
one component of many dimensions of ecological 
sustainability embraced at Christie Walk.  It has 
addressed the ESD challenge on numerous 
fronts, social and economic and well as 
environmental. 

The Wirranendi development co-operative, was 
formed by Urban Ecology Australia Inc 
(www.urbanecology.org.au), a non-profit 
association to act as the client for the 
development.  Each purchaser owns their own 
dwelling and shares ownership and responsibility for

Runoff from all imperv
underground tanks an
and sub-surface irriga
through purple pipes. 
available so the possib
gardens in the future i
2003).   

All wastewater genera
treatment plant, with re
system. The treated w
within the roof garden.
$1000 per week monit
of the treated wastewa
utilisation of this water

Low flow shower heads, flow restrictors, low water u
systems are installed throughout the site to reduce w
internal laundry, so these residents have the use of 
within the site.   

Total water cycle and contaminant flux impacts 
The development is not yet complete and fully occup
and contaminant flux outcomes are no yet available.
potable water supplied to the site and a reduction in 
contaminant loads leaving the site.   

Bio-solids are still directed to the external sewerage 
water servicing approach was to take the composted

Other Benefits 
• Lower household water and energy bills. 
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Key Facts 
Commenced in 1998, first occupants in 
2001, final stage commencing early 2004 

Mixed density community housing  

14 households and community facilities on
a 0.2 ha site 

IUWCM features: 

 Water efficiency  

 Wastewater treatment & use for 
irrigation 

 Stormwater used for toilet flushing & 
irrigation 

 Rooftop garden and landscaping 
 the community areas.   

ious surfaces is collected in two 20 kilolitre 
d, after filtering, is distributed for toilet flushing 
tion within the site (including the roof garden) 
 There appears to be a surplus of stormwater 
ility of supplying water to neighbouring 

s being considered (pers. comm. C. Hoyle, 

ted within the site is directed to an on-site 
sultant bio-solids directed into the sewer 

astewater is used for sub-surface irrigation 
  The development co-operative felt that the 
oring regime required to enable greater use 
ter was prohibitive, thereby limiting the 
 source within Christie Walk. 

sage plants and sub-surface irrigation 
ater usage.  The apartments have no 

the laundry in the community house located 

ied so final estimates of the total water cycle 
  There will definitely be a reduction in 
stormwater, wastewater and the associated 

system. The original intent of the planned 
 solids to rural sites as fertiliser. 

http://www.urbanecology.org.au/


 

• Communal lifestyle facilitated through the provision of community amenities as well as due 
to the co-operative approach taken to produce the development.   

• Food production within the site. 

• Design has resulted in a high standard of indoor air quality, reduced energy and transport 
impacts, and greenhouse gas reductions. 

Dis-benefits 
• It would be difficult to reproduce the Christie Walk development without the non-profit, co-

operative structure of the client, which was able to call on considerable input of people on a 
voluntary basis. 

• The communal nature of the development may not suit all people. 

Learnings 
• It is important to begin the dialogue with health and water authorities early in the 

development planning process.   

• Being clear about the development principles to all consultants, construction contactors 
and sub-contractors during the tendering process minimises the risk of mis-communication 
and compromise about the projects ESD goals. 

• It is possible to achieve the majority of the reasonably ambitious ESD goals with 
determination and persistence. 

• The co-operative approach allowed greater control over the development process and the 
outcomes achieved 

 

    

30 

Figure 4: Internal pipe detail (left) and the roof garden in construction (right) 



 

New Haven Village, Adelaide, South Australia 
New Haven Village is a medium density 
residential development located in north west 
Adelaide.  The project commenced in 1992 and 
has now been operating for some 5 years.  In 
addition to its innovative water management 
features, the site was designed in a manner to 
create a village type feel.  The development has 
won a string of awards including the HIA Green 
Smart Development of the Year award in 2002.  

New Haven’s wastewater treatment treats the 
first 40 kilolitres of stormwater runoff from the site 

as well as 
all of the 
residential 
wastewater ge
used for toilet 
and reserves t
sewers are us
treatment plan
overflow is dire
turn overflows
pond during he

Total water cycle and contaminant flux impacts 
• A 30% reduction in potable water usage and n

wastewater discharge from the site was projec

• As a result, the loads of contaminants associa
been treated and assimilated within the site ra
conventional practice. 

Other benefits: 
• Provision of affordable housing which is attrac

• Aimed to reduce household energy usage by 
encouragement of the installation of alternativ

• Marks et al (2002) found New Haven resident
their role in saving water resources as well as
experiencing in comparison to water bills in co
conventional water services. Table 2 presents
determine how residents felt they benefited fro

Table 2: Reported social benefits of the recycled
Lakes  
Benefit 
Cost savings 
Environmental, saving natural resources  
Not wasting potable water 
Nutrients in recycled water enables landscape beautificat
Feel good/responsible 
Automatic irrigation system is convenient 
source: Marks et al (2002) 
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Key Facts 
Completed & fully occupied since 2001 

Medium density residential 

65 households on a 2 ha site 

IUWCM features: 

 On-site stormwater and wastewater 
treatment and use 

 Grinder pump sewers 

 Source control of stormwater 
nerated within the village.  The water is then 
flushing and irrigation of gardens, road verges 
hrough sub-surface systems.  Grinder pump 
ed to collect and deliver wastewater to the 
t.  Once the stormwater first flush is full, 
cted into a soakage trench system, which in 

 to the sports field, which acts as a retention 
avy rain periods.  

ear elimination of stormwater and 
ted (www.housingtrust.sa.gov).   

ted with stormwater and wastewater have 
ther than being exported off the site as is 

tive and generates a community village feel 

30%, though energy efficient design and 
e energy systems. 

s expressed a high level of satisfaction in 
 appreciating the cost savings they were 
mparable developments which had 
 the results of interviews conducted to 
m the recycled water system.  

 water elements of New Haven and Mason 

New Haven Mawson Lakes 
60% 75% 
60% 30% 
10% 55% 

ion 50% 10% 
45% 10% 
35% 5% 

http://www.housingtrust.sa.gov/


 

Dis-benefits: 
• One tenant was found to be unaware that they were being supplied with recycled water 

(Marks et al, 2002), therefore, there are challenges in ensuring all occupants are informed, 
particularly in situations where there is a high turnover of occupants.   

• There have been problems with odour, colour and sediment in the recycled water, clogging 
in the irrigation system drippers and micro-sprays and occasional disruptions in service.  
Regardless, the residents still have a positive attitude to the system, indicating they have 
not found these issues outweigh the benefits they receive. 

Learnings 
• Starting with the development of the urban form rather than the infrastructure requirements 

provided greater flexibility and allowed the village-style approach to emerge from the 
planning process. 
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• Public/private partnership approaches are valuable in delivering projects such as New 
Haven 



 

Carindale Pines, Brisbane, Queensland 
Carindale Pines Estate developer, Patrick 
Brodie, of Property Marketing Corporation, has 
stated that the development has been created 
to be sympathetic to the natural environment. 
The water from the rainwater tanks is used for 
all household end uses including drinking.  The 
positioning of roads was designed in sympathy 
with the topography of the site and surface 
runoff is conveyed through vegetated swales. 

The lots average 720 m2 in size, somewhat 
larger than many greenfield developments 
occurring in the south-east Queensland region 
currently.   

Total water cycle and contaminant flux 
benefits 

• Estimated 70% to 80% of residential deman

• The reduction in potable water usage in com
greater than 80% 

• Internal water efficiency reduces wastewate

• Reduced stormwater flows and improved sto

Other benefits 
• Minimisation of disturbance of native vegeta

• Reduced energy usage 

• Lower household water and energy bills 

Dis-benefits 
• none reported 

Learnings 
• A private developer can successful impleme

commercially viable greenfield development 
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Key Facts 
Site works completed in 2001, construction 
of houses occurring 

Low density residential land use 

31 households in a 14 ha site 

IUWCM features: 

 Rainwater tanks  

 Water efficiency 

 Landscaping and urban form 

 Stormwater quality and flow 
management 
d supplied by rainwater tanks.   

parison to a conventional design would be 

r loads 

rmwater quality 

tion during development 

nt a wide range of ESD features into a 
 



 

Rouse Hill, Sydney, New South Wales 
The Rouse Hill Project Area, part of the larger 
greenfield Rouse Hill Development Area, is 
located in the Hawkesbury-Nepean region, north 
west of Sydney and includes the suburbs of 
Kellyville, Parklea and Rouse Hill.  It contains a 
number of integrated urban water management 
elements, including the Rouse Hill Recycled 
Water Scheme which collects, treats and 
recycles wastewater for domestic non-potable 
use, wetlands for treated wastewater prior to 
discharge into receiving waters, stormwater 
treatment in ponds and wetlands.  Rainwater 
tank and washing machine rebates are also 
available. 

The Rouse Hill water recycling scheme began supp
September 2001 via a dual water supply piping netw
flushing, garden watering and car washing.  The sch
homes, although, at present around 12,000 homes a
connection currently under development.   

The development is a public/private partnership betw
Infrastructure Development Authority. 

The water recycling scheme was implemented at th
Impact Statement conducted at the beginning of the
on development of the region was the adverse impa
Hawkesbury-Nepean river system.  Therefore, nutrie
the design objective of the system, rather than wate

Stages 1 and 2 are complete. The next release (Sta
stormwater management.  The design has not yet b
features such as bio-retention, grass swales and lan
detention basins, will be utilised in Stage 3.  All hous
non-potable water recycling system.  

Total water cycle and contaminant flux benefits:
While a water and contaminant balance assessmen
comm. M. Sherb, 2003), the following benefits have

• Minimal nutrient impact on the Hawkesbury/N
Engelbrecht, 2003) 

• Reduced release of stormwater and treated w
system 

• 20% reduction in the use of potable water (pe

Other benefits: 
• Ability to proceed with the land release for res

ensure post-development receiving water qua
That is, the development would not have occu
been implemented. 
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Key Facts 
Commenced in 2001, expected completion 
in 2010-2015 

Low density residential 

Currently 12,000 households connected  

IUWCM features: 

 Dual-reticulation of treated wastewater 

 Stormwater flow & quality management
lying treated wastewater to houses in 
ork.  The recycled water is used for toilet 
eme has the capacity to supply 35,000 
re connected with some 3,000 more infill 

een Sydney Water and the Rouse Hill 

e site due to the findings of the Environmental 
 development phase.  The primary constraint 
ct of additional nutrients entering the 
nt reduction to this receiving waterbody was 

r conservation (pers. comm. J. Winlaw, 2003). 

ge 3) will include greater near-source 
een completed but it is anticipated that 
dscaping of the urban form, as well as 
es in Stage 3 will also be connected to the 

 
t of the site has not been conducted (pers. 
 been reported: 

epean River system (de Rooy and 

astewater into the Hawkesbury/Nepean River 

rs. comm. J. Winlaw, 2003) 

idential development due to the means to 
lity would be no worse than pre-development.  
rred if the water recycling scheme had not 



 

• Residents have a positive view of the area, having pride in the recycling scheme and their 
role in “pioneering” a scheme which has positive outcomes for the environment and their 
children’s future (pers comm., N. Roseath, 2003) 

• Enhancement of Sydney Water’s reputation amongst the residents of the scheme in 
comparison to the overall population of Sydney (de Rooy and Engelbrecht, 2003) 

Dis-benefits: 
• Weakened the signal for overall water conservation 

• Increased total residential water usage in comparison to the Sydney wide average 

• Requires potable back-up, exacerbated by the higher than average residential water usage 
rates 

• System designed for nutrient reduction to inland receiving waters so not the optimal design 
of achieving potable substitution due to treatment system capacity and lack of storage 
(pers. comm., J. Winlaw, 2003) 

• Potable backup has increased the overall costs of the scheme (de Rooy and Engelbrecht, 
2003) 

Learnings 
In relation to the dual reticulation system, de Rooy and Engelbrecht (2003) recommended that 
future systems consider the following: 

• Implementation of adequate management procedures to ensure the quality of the allotment 
plumbing work (from reticulated recycled water main to final house fittings) to minimise the 
risk of cross-connections  

• Design the recycled water plant to reliably achieve microbiological parameters through 
continuous control of the critical treatment processes  

• Address the issue of high peak demands for recycled water through adequate sizing of the 
treatment, storage and reticulation system 

• Still provide water conservation messages to the customers of the recycled water scheme 

• Centralised management of operation, maintenance and routine inspection regime 

Other learnings from the Rouse Hill Project Area scheme include: 

• Greater indoor use of the recycled water would provide more year round use of the 
wastewater, increasing the potable substitution level, reducing demand variability and 
better utilising the schemes capacity 
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• Trade off between sizing a water reclamation plant to treat sufficient wastewater to supply 
peak summer demands for recycled water to minimise potable top up but this comes at a 
cost of having spare capacity most of the year 



 

Homebush Bay, Sydney, New South Wales 
Homebush Bay is a mixed land use 
redevelopment site, which transformed an area 
of land containing landfill, abattoirs and a navy 
armaments depot into the site of the 2000 
Olympic Games.  Homebush Bay contains 
Newington village, a medium density residential 
development, along with the Olympic Stadium, 
showgrounds, other sporting and cultural venues 
and public open space. The development of 
Newington began in 1997, containing in the 
order of 2400 houses, an industrial business 
park and a retail precinct within the 90 hectare 
village.  

The site’s Water Reclamation and Management 
Scheme (WRAMS) contains elements which 
provide water efficiency, stormwater quality and 
flow management and the utilisation of stormwater 
WRAMS scheme is the mixing of sewage and storm
70% of the water being sourced from sewage and t
al., 2000).  

Figure 5 shows the water servicing elements integra

Figure 5: The Homebush Bay w
(source: http://wsud.melbournewater.com.au

Total water cycle and contaminant flux benefits:
Listowski (2002) has reported the following water an
water management scheme to be: 
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Key Facts 
Completed in 2000 

2400 medium density residential 
households, industry, commercial and 
sporting facilities on a 90 ha site 

IUWCM features: 

 Dual- reticulated supply, with mix of 
stormwater and wastewater in the non
potable system 

 water efficiency 

 stormwater quality and flow 
management  
and wastewater.  One unusual feature of the 
water in the recycled water stream, with some 

he remainder from stormwater (Listowski et 

ted into the landscape at Homebush Bay.  

 

ater management scheme  
/content/case_studies/homebush.htm) 

 
d contaminant benefits of the Homebush Bay 

http://wsud.melbournewater.com.au/content/case_studies/homebush.htm


 

• 50% reduction in potable water demand 

• 850 ML/y reduction in wastewater discharge  

• reduction in total flow of stormwater leaving the site as well as a reduction in peak flow and 
flood damage potential 

• 70-90% reduction in suspended solids and nitrogen in the stormwater runoff  

Other benefits:  
• The residents of Newington report a sense of pride in reducing their use of potable water 

through the utilisation of locally sourced non-potable water (pers. comm. N. Roseath, 2003) 

Dis-benefits: 
• None reported 

Learnings: 
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• It is important to develop well thought out operational processes during the planning, 
design, construction and commissioning of non-conventional water servicing systems, 
particularly those with decentralised technologies which require more day-to-day operation 
and monitoring  



 

Kogarah Town Square, Sydney 
Kogarah Council, in southern Sydney, has 
incorporated water sensitive urban design 
principles into its new Town Square 
redevelopment site as well as innovations in the 
arena of energy and urban form. The 
development comprises 194 residential 
apartments, 224 parking spaces, 2500 m2 of 
commercial space and 2500 m2 of retail outlets, 
240 m2 of civil exhibition space and the Town 
Square.  

The site was identified as a future town square 
during a larger master planning process for 
Kogarah.  Public/private partnerships were used 
between the developer, design consultants, the 
community, Council and other levels of 
government. 

The project is using best practice rainwater and stormwater harvesting, as well as stormwater 
discharge quality and flow management, thereby reducing pollutant loads entering the Cooks 
River and Botany Bay and helping to improve and maintain water quality in the local area.  
Rainwater is used for toilet flushing, car washing and a water feature, while stormwater is used for 
irrigation of open space within the site.  Water conservation measures featured in the 
development include water efficient toilets, showerheads and appliances and flow restrictors and 
aerating taps. 

Total water cycle and contaminant flux benefits 
In the factsheets provided by Kogarah City Council (www.kogarah.nsw.gov.au), the following 
water cycle outcomes are reported: 

 Reduced potable water use by 42% through a combination of water efficiency, rainwater and 
stormwater use 

 Reduced volume of rainwater and stormwater leaving the site by 85% 

 Reduced volume of wastewater leaving the site by 4500 kilolitres 

 Reduced concentration and load of stormwater contaminants leaving the site 

Other benefits: 
• Public amenity 

• Revitalised town centre 

• Energy efficiency and solar energy generation 

• Incorporated passive design and enhanced natural ventilation 

Dis-benefits include: 
• The administration of grants took time and resources 

Learnings 
Salan (undated) provided a good critique of the Kogarah Town Square development, and the 
following comments are drawn from this article: 
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Key Facts 
Commenced in 1997 

Medium density residential, commercial, 
retail and municipal 

194 apartments 

IUWCM features: 

 Rainwater and stormwater utilisation 

 Water efficiency 

 Landscaping integrated into stormwater 
quality & flow management approach 



 

• Some of the challenges faced during the project were maintaining focus throughout the 
whole process, maintaining innovation during construction when a lot of issues arise within 
any development, and the balancing of risk and innovation. 

• It was possible to maintain environmental (and social) goals right through from the early 
planning stage through to the construction and commissioning of an urban development 
such as Kogarah Town Square 

• It was possible for a sustainable development to be profitable and maintain its integrity  

• It was important to begin the dialogue with the community at the beginning of the process 
and to be transparent at all times 

• Be thorough in all planning and documentation activities, not taking anything for granted  

• Consider staffing requirements and the expertise of all players and set clear boundaries on 
the different players roles. 
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• Maintain an eye on the political cycle, particularly when development timelines are 
sensitive to different levels of governments ability to make timely decisions 



 

Fig Tree Place, Newcastle, New South Wales 
A 0.6 ha urban site, located in Newcastle, has 
been redeveloped, containing 27 housing units 
(Coombes et al. 1999).  The site was previously 
part of the adjacent Hamilton Bus Station. The 
project was initiated to provide affordable 
housing within the suburb of Hamilton, in the city 
of Newcastle.  A secondary driver for the project 
was the raised awareness of water resource 
pressures generated by the 1993-1994 drought 
conditions.  The project resulted from a 
collaboration between the local council, the 
Australian Federal Government’s “Better Cities” 
programme and the NSW Department of 
Housing.   

Due to the site having been contaminated by 
hydrocarbons during its use as a tram and then bus station, site remediation was completed.  The 
concern remained that there were potential adverse environmental impacts if the sites runoff was 
not managed suitably.  This lead to the creation and implementation of Fig Tree Place’s water 
servicing approach.   

The stormwater system involves four underground rainwater tanks, which have been fitted with 
first flush devices, to collect all roof runoff, except the first flush.  In-house hot water and toilet 
flushing is supplied from the rainwater tanks and overflow is handled on-site through gravel 
trenches, providing groundwater recharge.  Runoff from the majority of pervious, road and paved 
areas within the site flows into a detention basin and surface spreading groundwater recharge 
basin.  Groundwater is then drawn for irrigation within the site and bus washing at the adjacent 
bus station.  

An extensive monitoring regime was set up, specifically to assess the performance of the system, 
which formed a portion of Peter Coombes PhD research (Coombes, 2002). This is in contrast to 
other sites, where the monitoring regime is set up primarily to meet operational requirements.  In 
addition, as a result of Fig Tree Place being a case study in Coombes postgraduate research, it is 
one of the most thoroughly documented examples of an operating integrated urban water 
management system in Australia. 

Total water cycle and contaminant flux benefits 
• Estimated long term reduction in internal potable water usage will be 45% (1.2 megalitres 

per annual), and combined internal and external reduction of potable water usage within 
Fig Tree Place will be of the order of 60%. 

• Reduction in external water usage within Figtree Place and the bus station due to irrigation 
and bus washing being supplied by stormwater (2.5 megalitres per annum) 

• No stormwater has left the site since the completion of the development.  The system is 
designed to retain all runoff up to the 1 in 50 year storm event (note: the desirability of such 
high stormwater retention depends on the overall hydrologic regime of the catchment in 
which the site is located). 

• Seven bores have been used to survey contaminant movements in the groundwater but 
the results have been inconclusive 

• Reduction of contaminants exported from the site through stormwater retention 

40 

Key Facts 
Completed & occupied since 1998 

Medium density residential 

27 households on a 0.6 ha site 

IUWCM features: 

 Rainwater and stormwater utilisation 

 Aquifer recharge & recovery 

 Stormwater quality and flow 
management 



 

Other benefits 
• Increased knowledge about the processes occurring in different elements of the water 

servicing system implemented at Fig Tree Place, such as hot water systems supplied with 
rain tank water. 

• Reduction of occupants and bus depots water bills 

• Provision of affordable housing 

• Strong sense of community, security and amenity generated by the layout of the 
development, particularly the common open space 

• Improved understanding of design and construction issues and the costs of the water 
servicing elements incorporated into the site and methods to reduce costs in future 
systems 

Dis-benefits 
• The design was not optimal in the regard to potable water substitution.  It is estimated that 

through improved system design, a 65% reduction in internal potable water usage could be 
achieved (pers. comm. P. Coombes, 2003). 

Learnings 
• Significant potential stormwater infrastructure savings through the application of a 

distributed approach to stormwater flow management 

• Poor construction practices compromised the water quality of underground tanks.  Care is 
required during the construction of all water servicing elements to ensure their integrity is 
maintained. 
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• Experience in operating the site has shown that there are opportunities to improve the 
design and make construction practice more efficient. 



 

Charles Sturt University Thurgoona Campus 
Construction of the Thurgoona campus, located 
10 km outside Albury, New South Wales began 
in 1996 and was completed in 1999.  The 87 
hectare site houses the university’s School of 
Environmental and Information Sciences and the 
School of Business and comprises research and 
teaching facilities, academic and administrative 
offices, residential accommodation and a 
regional herbarium.  

The water management system of Charles Sturt 
University’s Thurgoona campus is an example of 
innovative design that minimises the demand for 
water from external sources and utilises 
stormwater and wastewater onsite.  Passive 
energy building design, low cost maintenance, 
minimisation of non-renewable resources, use of re
solar energy are also features of the development. 

The water management system was designed to m
external sources, virtually eliminating the discharge
sensitive design within the site and beneficially usin
system incorporates dry composting toilets, a greyw
harvesting.   

The site has been landscaped to create sinuous ov
retention pond.  The system was designed to circula
pleasing and provides water quality benefits.  The u
kept to a minimum. 

Water conservation practices employed onsite inclu
shower heads and landscaping of the site with plan
need for irrigation.  Water conservation is promoted
locations obvious to people living, working, and stud
vegetation along the waterways and in the wetlands

Further detail of the components of the water mana

The monitoring program serves two purposes: mee
the assessment of system performance.  It was rep
found the system is meeting required water quality 

Total water cycle and contaminant flux benefits 
• Minimal potable water supplied to the site 

• No blackwater generated within the campus 

• All greywater handled within the site  

• Minimal stormwater flows from the site, with 
in a 1 in 20 year event and above (note: the d
depends on the overall hydrologic regime of t
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Key Facts 
Completed & occupied since 1999 

University campus & student 
accommodation in an 87 ha site 

IUWCM features: 

 Greywater, rainwater and stormwater 
use 

 Stormwater flow & quality management

 Composting toilets 

 Landscaping and plant selection 
cycled material and employment of wind and 

inimise the demand for potable water from 
 of water from the campus, providing a water 
g stormwater and wastewater onsite.  The 
ater system, rainwater tanks and stormwater 

erland flow pathways to the wetlands and 
te water in a manner that is both aesthetically 

se of pipes to convey stormwater has been 

de the fitting of water efficient taps and 
ts indigenous to the region to minimise the 
 through the positioning of rainwater tanks in 
ying on the campus.  The planting of native 
 helps to filter the water and remove nutrients.   

gement system are described in Table 3. 

ting regulatory criteria and providing data for 
orted in 2000 that the ongoing monitoring has 
standards (Mitchell and Croft, 2000).  

the system designed to discharge stormwater 
esirability of such high stormwater retention 
he catchment in which the site is located). 



 

Table 3: Components of the water management system  

Component Comments 
Dry composting toilets  Reduces the demand for water 

 Eliminates the generation of blackwater 
 Seepage is discharged to the greywater system 

Greywater system  Collects flows from hand basins, showers, kitchen sinks and the small 
amount of seepage from the composting toilets. 

 Treatment train consists of 2 intermittently loaded wetlands, an 
evaporation mound and an ephemeral wetland for overflow in wet 
periods 

 Used for sub-surface irrigation and clothes washing in residences 
Rainwater tanks  Collects all roof runoff 

 Made of corrugated iron are visible to promote water conservation 
 Used for building temperature control and clothes washing 

Stormwater 
harvesting 

 Collects all other sources of runoff, including roads, car parks and 
vegetated areas, as well as rain tank overflow 

 Incorporates brick spoon drains, diversion banks, swales, sinuous 
waterways, in-stream wetlands, a retention basin and hill top 
reservoir. 

 Used to supply landscape irrigation 
Potable system  Supplied by Albury City Council 

 Used for drinking, cooking, washing, and other purposes  
Source: Mitchell and Croft, 2000 

Other benefits 
• Lowered energy usage  

• Increased awareness of the natural environment among the people using the campus 

Dis-benefits 
• Some design, construction and commissioning difficulties were experienced with the 

system, creating ‘teething problems’ (Mitchell and Croft, 2000).   

• Some odour problems have occurred in association with the composting toilets but this 
should be virtually eliminated with increased operational experience 

• The evaporative mounds are not as effective in winter periods 

• Ducks are compromising the quality of water in the reservoirs 

Learnings 
• The greywater pipe and trench collection system should be designed in a manner that 

ensures it does not become a preferential flow path for stormwater in wet periods, 
inadvertently increasing the volumetric load on the greywater treatment system. 

43 

• The compost material from the toilets is of sufficiently high standard to be used within 
campus gardens 



 

Inkerman Oasis, Melbourne, Victoria 
Inkerman Oasis is a 236 apartment, multi-level 
residential redevelopment site located within a 
1.2 hectare former council depot in the inner city 
suburb of St Kilda.  The development also 
contains two retail outlets.  

The project is a joint venture between the local 
council (City of Port Phillip) and Inkerman 
Developments Pty Ltd.  A master plan was 
developed for the site, which included the 
provision of 28 units for community housing 
owned by the local council. Four additional units 
will be purchased by state government and 
other community housing developers.   

The development has adopted a range of sustainab
water features include a combined grey and storm 
from about half of the units is treated on-site, in com
off from across the development.  This water is the
landscape and garden irrigation.  The overflow of tr
system.   

The developer will take responsibility for the operat
during the commissioning period and first year of o
responsible for the long-term maintenance and ser
which they will contract out to a service provider. 

Total water cycle and contaminant flux benefits
• Estimated up to 40% reduction in potable wa

• Reduced wastewater and stormwater flowing

• Reduced nitrogen and phosphorous entering

• Reduced landscape and garden fertiliser usa

Other benefits 
• Provision of community housing in a central 

• Enhanced natural air flow in the apartment b

• Reduced energy usage  

• Waste minimisation during construction 

• Integration with surrounding urban area, with

Dis-benefits 
• The development has been slowed by the in

the approvals process 

• Difficulties over the negotiation of headworks

Learnings 
• The lack of industry and authority experience

such developments occur, but the increased
approvals should be factored into the develo
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Key Facts 
Initiated in 1996 & occupied in 2003 

Medium density residential & retail 

236 apartments on a 1.2 ha site 

IUWCM features: 

 Combined treated greywater & first flush 
stormwater use 

 Stormwater flow & quality management

 Landscaping and roof gardens 
le development approaches.  Specifically, the 
water recycling system.  Bathroom greywater 
bination with the first flush of stormwater run-

n used for toilet flushing and sub-surface 
eated greywater is directed into the sewer 

ion and maintenance of the water system 
peration. After this, the body corporate is 
vicing of the sites plant and equipment, a role 

 
ter demand 

 from the development  

 Port Phillip Bay 

ge  

part of St Kilda 

uildings and car park 

 pedestrian access through the site 

clusion of the sustainability initiatives, including 

 charge reductions from the water authorities 

 and policy frameworks will diminish as more 
 length of time associated with gaining 
pment process 



 

• Scheduling of construction activities should be modified to integrate the requirement of 
water servicing features with the rest of the conventional construction process 
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• A combination of incentives and regulations would make the inclusion of innovative water 
servicing features more attractive to private developers  



 

Reservoir Civic Centre, Melbourne, Victoria 
The Reservoir Civic Centre was recently 
refurbished, and the council took the opportunity 
to incorporate ESD principles into the redesign.  
Water, materials and energy aspects of ESD 
were tackled in this project.   

A range of options were investigated, ranging 
from a “do nothing” case through to an option 
which has water efficiency as well as utilised 
rainwater and treated wastewater onsite.  The 
option which was selected and implemented 
contains low flow taps, toilets and showers, 
waterless urinals, efficient dishwashers and 
underground tanks collecting roof runoff used 
for toilet flushing and car park runoff used for 
garden bed irrigation.  

One interesting feature of the design is the location of the hot water services close as possible to 
the points of use, done in order to minimise the waste of water while waiting for the water in the 
tap to be a sufficient temperature for the end-user.  This has both water and energy benefits.  
Another feature is the real time reporting of water use and rainwater tank storage. 

Total water cycle and contaminant flux benefits 
• Estimated saving of 1200 to 1400 kilolitres of potable water per year 

• Reduction in stormwater leaving the site, estimated to be up to 600 kilolitres per year 

• Reduced wastewater leaving the site, of the order of several hundred kilolitres per year 

Other benefits 
• waste minimisation during the construction phase of the redevelopment 

• use of recycled construction materials 

• materials selection to improve indoor air quality 

• solar energy generation 

Dis-benefits 
• None reported  

Learnings 
• Redevelopment can be used as an opportunity to improve the water services within 

existing buildings 
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Key Facts 
Redevelopment - completed in 2003 

Darebin City Councils civic centre 

Council and community facilities,  

IUWCM features: 

 Water efficiency 

 Rainwater and stormwater utilization 

 Real time reporting of water use & 
rainwater tank storage 



 

Appendix 2: Descriptions of Selected Case Studies in the 
Planning, Design and Construction Phases
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Mawson Lakes, Adelaide, South Australia 
Mawson Lakes is a master-planned urban 
greenfield development located 12 km north of 
Adelaide that plans to have a fully self-
contained recycled water scheme.  The 
development covers some 620 hectares, and 
will contain approx. 4000 homes by 2010, as 
well as educational, commercial and industrial 
districts. In 2003 the population was of the 
order of 1600 people, occupying 600 homes, in 
addition to 3,000 workers. When complete, it 
will have a community of approximately 10,000 
people as well as 6,000 workers and 5,000 
students. 

The  project is a joint venture between the 
South Australian Government Land 
Management Corporation and Delfin Lend 
Lease, with support from the University of 
South Australia, the City of Salisbury and Telstra. T
Australia campus.   

It is planned that 50% of household water usage a
provided via the non-potable dual reticulation syste
stormwater and treated wastewater.  All house and
will be fitted with two sets of water supply pipes an
flushing, garden watering, car washing and other o
body contact activities).  Recycled water is also us

A wetland system is used to treat stormwater runo
then stored in the urban lakes and wetlands. Aquif
a seasonal balancing store, so any of the stormwa
immediate requirements is recharged into the aqui

Total water cycle and contaminant flux benefits
One of the aims of the development is to reduce th
use of local water sources.  It is estimated that the
ML/y of externally sourced potable water, and 1,20
wastewater (Marks, 2002).  An additional 100 ML/y
which will act as a buffer of extended dry periods.  

Insufficient information was available to estimate th
wastewater flows from the site, nor the reductions 
environments. 

Other benefits: 
• See Table 2 

• Energy savings due to energy efficient allotm
energy 

• 70 ha of the site contains parks, ovals, hike 

Dis-benefits: 
• The water servicing approach has been alte

48 
Key Facts 
Commenced in 1997, expected completion 
in 2010.  Non-potable system operational 
early 2004. 

Low density residential & industrial and 
commercial land use 

4,000 households on a 620 ha site 

IUWCM features: 

 Aquifer storage & recovery 

 Dual-reticulation of non-potable water  

 Stormwater quality management 

 Wastewater treatment and utilisation 
he site is adjacent to a University of South 

nd all public open space irrigation will be 
m, which supplies a mix of locally generated 
 other properties (commercial and industrial) 
d the recycled water will be used for toilet 
utside uses (except swimming pools and other 
ed for a lake that is central to the development.   

ff from the roofs and roads within the site.  It is 
er storage and recovery will be used to provide 
ter and treated wastewater that is surplus to 
fer for storage and later use.   

 
e usage of potable water by 70% through the 
 site, when fully developed, will use some 400 
0 ML/y of locally sourced stormwater and 
 will be retained in the aquifer due to ASR, 
 

e percentage reduction in stormwater and 
in contaminants exported to receiving 

ent and house designs, solar and photovoltaic 

and bike trails and recreational lakes 

red during the development process  



 

• Low price of recycled water will lead to a low return on the capital invested in the recycling 
system 

• Lower profit margins experienced by developer and/or higher house prices for purchasers 
(Marks, 2002) 

• Despite the effort to provide information on the recycled water system within Mawson 
Lakes, less than two thirds of the residents interviewed by Marks et al (2002) reported that 
they were aware of the proposed source of the water.  The author attributed this to three 
factors: 

o The recycled water system is not yet completed and operational 

o Establishment of their properties is of greater interest to the house occupant 

o Misinformation being disseminating in the media  

Learnings 
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 The owner-operator should be involved in the process of design, construction and 
commissioning of the water servicing system (Marks, 2002) 



 

Aurora, Melbourne, Victoria 
Aurora is a greenfield development located in 
Epping North, covering some 668 ha.  The 
developer, VicUrban (previously Victorian Urban 
and Regional Land Corporation), has previous 
experience in the application of water sensitive 
stormwater management elements in other 
developments within the City of Melbourne, and 
this development represents the next step in 
water servicing innovation for the government 
owned developer. Energy efficiency is also a 
priority for the development.   

The site will contain a mixture of residential 
house densities, open space areas of passive 
and active recreation, a primary school, retail zone

The proposed Aurora Water Model consists of: 

• a rainwater tank, which supplies hot water to
disinfection unit)  

• collection, treatment and use of the developm
treatment plant for toilet flushing, gardening 

• stormwater quality management 

Total water cycle and contaminant flux benefits
• It is estimated that the water servicing appro

69% in potable water (assumes full penetrati

• Reduced stormwater flow from the site 

• All wastewater handled within the developme

• Substantial reduction in the load of contamin
quality improvement features and the use of 

• Estimated reduction of 24 tonnes of Nitrogen
Phillip Bay each year due to the wastewater 
Pty Ltd, 2003) 

Other benefits 
• Integration with public transport facilities and

forms of transport such as walking and cyclin

• Reduced energy usage 

• Reduced embodied energy in materials used

Dis-benefits 
• estimated slight increase in development cos

Learnings 
• forming partnerships with government agenc

valuable in seeking solutions to the water se
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Key Facts 
Planned commencing occupation in ~2005 

Mixed density residential 

8455 households on a 668 ha site 

IUWCM features: 

 Rainwater tanks for hot-water use 

 Dual-reticulation of non-potable water  

 Stormwater flow & quality management
s and community facilities.  

 the laundry, bathroom, and kitchen (with UV 

ent’s wastewater and an estate wastewater 
watering and the irrigation of open spaces 

 
ach will provide an overall reduction of up to 
on of rainwater tanks).  

nt and adjacent open space 

ants leaving the site due to both stormwater 
stormwater and wastewater  

 and 8 tonnes of Phosphorus entering Port 
recycling system (Coomes Consulting Group 

 provision of facilities to encourage alternative 
g 

 

ts 

ies, water authorities and local councils is 
rvicing of challenging sites 



 

Sharland Park, Geelong, Victoria 
The owner of the Sharland Park development, 
Barwon Water, took the opportunity to convert a 
parcel of surplus land into a residential 
development that would act as a sustainable 
development learning experience.  It is the first 
example of water sensitive stormwater 
management incorporation into a residential 
development in the regional city of Geelong. 

The proposed water servicing design 
incorporates stormwater flow and quality 
management and stormwater utilisation.  
Pervious gravel pathways will be used where 
possible. 

A show home which demonstrates water and 
energy efficiency is included in the development.  

Total water cycle and contaminant flux benefits 
• Reduced potable water usage 

• Reduced stormwater peak and total volume of flow 

• Improved stormwater quality leaving the site 

Other benefits 
• Positive community acceptance, with all lots sold at the auction in late 2003 

• Good relationships formed between a number of government and community groups in 
association with the project 

• Educational activities (focused on sustainability) with local school groups 

Dis-benefits 
o None reported at this early stage in the development  
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Key Facts 
Site works completed in 2003 and land 
blocks sold  

Low density residential and open space 

36 households  

IUWCM features: 

 Plant selection and landscaping 

 stormwater flow and quality 
management 

 Stormwater use for open space 
irrigation



 

Pimpama Coomera, Queensland 
The Pimpama Coomera region is the next major 
growth area contained within Gold Coast City 
Council.  The region will become increasingly 
water stressed due to population growth and 
therefore there is a strong need to minimise the 
expanding demands on the current 
infrastructure and natural system.  

A master planning process is being used to 
provide a fully integrated approach to the 
provision of water supply, stormwater and 
wastewater services to the region (Gold Coast 
Water, 2003).   

This initiative is the largest scale project to date 
that plans to implement an integrated approach 
to urban water management.   

Total water cycle and contaminant flux benefits 
The intended benefits are: 

• Reduced potable water usage 

• Reduced the volume of wastewater and associated loads of contaminants released into the 
environment 

• Reduced stormwater volumes and improved quality 

Other benefits 
• It is intended to provide water services to the region in a manner which is more equitable 

and cost effective to the overall community (Apostolidis, 2003) 

Dis-benefits 
• None reported at this early stage 

Learnings 
• None reported at this early stage 
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Key Facts 
Proposed regional development, master 
planning process complete early 2004 

Regional growth from a population of 5,000 
to 150,000 in an area of ~6,000 ha 

Proposed IUWM features: 

 Wastewater recycling for outdoor use 
and fire fighting 

 Innovative sewer design 

 Water efficiency 

 Rainwater tanks 



 

Manly West ESRD, Brisbane, Queensland 
Conventional servicing of the site was cost 
prohibitive, providing the motivator for the 
exploration of alternative approaches to 
providing water services to the site.  As a result, 
the Manly West ESRD (Environmentally 
Sustainable Residential Development) was 
initiated by Brisbane City Council, who owned 
the land.  

The concept plan for water servicing includes 
the following elements (Apostolidis, 2003):  

• Rainwater used for kitchen, bathroom and 
laundry end uses, backed up by potable 
town water supply 

• Separate greywater (bathroom and 
laundry) and blackwater (kitchen and 
toilet) collection and treatment 

• Treated greywater for toilet flushing, 
backed up by the rainwater tanks 

• Treated blackwater used for subsurface irrigation  

• Wetlands treating road and open space runoff and overflow from the wastewater treatment 
plant 

• Irrigation using treated wastewater  

• Composting of bio-solids and other site organic waste 

Total water cycle and contaminant flux benefits 
The following water cycle outcomes estimated are (Apostolidis, 2003; Tanner, 2002): 

• 93% reduction in potable water supply to the site compared to conventional practice 

• No wastewater leaving the site 

• Of the order of 1 ML/y will be discharged from the site in the form of stormwater flows 

Estimates were not made about the contaminant flux outcomes but, through the on-site 
management of greywater, blackwater and bio-solids, as well as the use of roof runoff and 
stormwater treatment, there will be significant reductions in the load of contaminants leaving the 
site. 

Other benefits 
• Energy savings 

• Material selection  

Dis-benefits 
• Householders are required to take more responsibility in the operation of the water system, 

which may limit the attractiveness of the development to some potential purchasers and 
occupants 
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Key Facts 
Proposed project 

20 houses in a 1.9 ha site 

IUWCM features: 

 Aims for self-sufficiency in water supply 
and wastewater management 

 Roof and treated wastewater utilization 

 Separation of greywater & blackwater 

 Nutrient adsorption  

 Stormwater flow and quality 
management 



 

Learnings 
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• Challenging site, requiring a collaborative approach between the client, consultants and 
authorities to find solutions 



 

Appendix 3: Other Integrated Urban Water Management sites 
and desktop studies of interest 

The following is a list of other integrated urban water management projects that may be of interest 
to the reader.  It includes several allotment scale systems which do not meet the review criteria 
but which are valuable sources of information in the implementation of IUWM within residential 
and commercial allotments. 

Table 4: Other sites and studies of interest 

Name Key Details 
Oakland Park Location: Northern fringe of Melbourne, VIC 

Status: Operational 

Further information: www.oaklands-park.com.au/discover/green_community.php3 

Heritage 
Mews 

Location: north west Sydney, NSW 

Status: Operational 

Further information: Coombes et al (2003) 

West Wyck Location: Melbourne, VIC 

Status: Operational 

Further information: www.westwyck.com 

Healthy 
Home  

Location: Gold Coast, QLD 

Status: Operational (single household scale) 

Further information: healthyhomeproject.com 

The 
Sustainable 
House 

Location: Sydney, NSW 

Status: Operational (single household scale) 

Further information: www.sustainablehouse.com.au 

60L Building Location: Melbourne, VIC 

Status: Operational (retrofitted commercial building) 

Further information: www.60lgreenbuilding.com 

Flintenbriete Location: Lubeck, Germany 

Status: Operational 

Further information: www.otterwasser.de/english/concepts/flinte.htm 

Beddington 
Zero Energy 
Development 

Location: London, UK 

Status: Operational 

Further information: bioregional.com/zero/zero1.htm 

Strathfield 
Library 

Location: Sydney, NSW 

Status: Construction 

Further information: www.wsud.org/downloads/SWCStrathfield.pdf 

Springfield Location: Ipswich, QLD 

Status: Construction 
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Name Key Details 
Further information: 
www.epa.qld.gov.au/environmental_management/water/water_recycling_strategy/springfield_urban_development/

Parramatta 
Civic Place 

Location: south west Sydney, NSW 

Status: Initial planning 

Further information: contact Sydney Water 

Former 
Prince Henry 
Hospital site 

Location: Sydney, NSW 

Status: Initial planning 

Further information: www.wsud.org/downloads/SWCRandwick.pdf 

Edmondson 
Park 

Location: south west Sydney, NSW 

Status: Initial planning 

Further information: contact Sydney Water 

South Beach 
Village 

Location: Fremantle, WA 

Status: Initial planning 

Further information: www.southbeachvillage.com.au 

Heathwood Location: Brisbane, QLD 

Status: Desk top study, potential for northern portion to be developed 

Further information: Mitchell et al (2003a) 

Eurobadalla Location: Eurobadalla, NSW 

Status: Desktop study, potential for implementation 

Further information: www.dpws.nsw.gov.au quick link to Eurobodalla Water Strategy 
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http://www.dpws.nsw.gov.au/


 

Appendix 4: Australian Climate Zones 
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