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Executive summary 
Purpose 
Some Australian water businesses are implementing a range of alternative water supply 
schemes in an attempt to conserve centralised supplies of potable water. However, the 
justification of alternative schemes often relies on best guess potable water savings, 
alternative source demand values and cost components. Seeking a more rigorous 
assessment process, this study followed an evidence-based approach in accordance with 
Step 5 of the Australian integrated resource planning (IRP) framework, whereby scheme 
water consumption was monitored through end-use studies and costs were evaluated using 
actual cost and performance data. Such detailed evaluations can extract accurate total 
resource perspective unit costs ($/kL) of alternative water supply schemes and better inform 
decision-making. 

Objectives 
This research study had the following key objectives: 

• undertake a potable water saving, alternative source demand and present value life cycle 
unit cost assessment for a traditional infrastructure mix supplemented by 

○ desalination plants (Scheme 1) 

○ internally plumbed rainwater tanks (Scheme 2) 

○ dual-supply (Scheme 3) 

○ hybrid of dual supply and internally plumbed rainwater tanks (Scheme 4) 

• scheme comparative assessment and discussion 

• conclusions, implications, recommendations and policy implications. 

Study context and scope 
The context and scope of this study are as follows: 

• Evaluated schemes were located in the Gold Coast City, South East Queensland. 

• The study was confined to examining the residential sector of the urban water system. 

• Residential water end-use data (summer and winter dataset from 2010) and rain tank 
modelling software were applied to formulate an average year end use water balance per 
residential connection for each scheme evaluated. 

• The study provides unit costs based on a potable water saving (i.e. difference between 
potable water demands from traditional potable-only household sample and alternative 
water supply scheme) and alternative source demand (e.g. demand for recycled water). 

• Examined scheme 1 for three operating capacity scenarios (100%, 67% and 33%). 

• Considered various potable water savings and source demand scenarios. 

• Considered both total resource and water business unit cost perspectives, where the 
former includes all costs to all stakeholders of a scheme and the latter was narrowly 
focused on those costs borne by the water business. 

• Base case life cycle cost modelling parameters were applied based on best available 
information, and sensitivity analysis to examine critical cost factors. 

• A 50-year present value life cycle cost was modelled.  
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Key findings  
Potable water savings and alternative source demand values were as follows: 

• Scheme 1 potable water savings are not applicable, as unlike the other schemes, 
desalination plants add to potable supply instead of substituting it. 

• Scheme 2 potable water savings of 47.4–51.8 kL/hh/a, and demand for alternative water 
supply of 54.2 kL/hh/a. 

• Scheme 3 potable water savings of 29.5–41.1 kL/hh/a, and demand for alternative water 
supply of 48.2 kL/hh/a. 

• Scheme 4 potable water savings of 59.5–70.8 kL/hh/a, and demand for alternative water 
supply of 82.5 kL/hh/a. 

Base case present value life cycle unit costs from a total resource cost perspective were: 

• Scheme 1 unit costs were $1.59/kL, $2.13/kL and $3.73/kL for the desalination plant 
operating at 100%, 67% and 33% operating capacity, respectively 

• Scheme 2 unit costs were $3.71–4.06/kL for potable water savings, $3.55/kL for current 
water demand and $2.82/kL for a set water savings target from internally plumbed 
rainwater tanks of 70 kL/hh/a (aligned with Queensland development requirements) 

• Scheme 3 unit costs were $7.45–10.38/kL for potable water savings, $6.33/kL for water 
demand and $3.55/kL for a higher historical demand scenario 

• Scheme 4 unit costs were $6.06–7.22/kL for potable water savings, $5.20/kL for current 
water demand and $3.40/kL for a higher historical demand scenario. 

The results of the base case unit cost comparative assessment from a total resource cost 
perspective were: 

• Scheme 1 operating at 67% or 100% capacity had the lowest unit cost 

• Scheme 2 had the second lowest unit costs, but is highly sensitive to the rain tank and 
pump replacement schedule. If the equipment life spans were reduced from 25 to 
15 years for the rain tank and from 15 to 10 years for the pump, the scheme’s unit costs 
would increase to $3.66–5.33/kL, depending on the scenario examined.  

• Scheme 3 had the highest unit costs ($7.45–10.38/kL for potable water savings and 
$6.33/kL for alternative source demand) 

• Scheme 4 had unit costs of $6.06–7.22/kL for potable water savings and $5.20/kL for 
alternative source demand. 

The base case unit costs from a water business perspective were: 

• Scheme 4’s unit cost of $1.70/kL was estimated on the basis of direct expenditures to the 
water business and the current water demand profile. The scheme would have been 
designed for historical water demand. For this scenario, a $1.20/kL unit cost was 
estimated, which is below the 2009–10 recycled water charge to residents of $1.60/kL. 

Comparison with other unit cost economic assessments 

• Scheme 1 unit costs were within ±10% of the mean value reported by others 

• Scheme 2 unit costs of $3.55–4.06/kL were similar to those reported in the literature 

• Schemes 3 and 4 unit costs were at the upper end or higher than the $2.27–6.00/kL 
range reported in the sparse literature addressing the economics of such schemes. 
However, this may be due to these assessments only considering the water service 
provider perspective unit costs for implementing these schemes, which could reduce unit 
costs by about 40% to $1.70–3.86/kL for the hybrid scheme. 
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Recommendations and policy considerations 
A number of key recommendations or policy considerations have been formulated from this 
study for consideration by stakeholder groups. 

For water businesses considering dual-supply and hybrid schemes: 

• If considering dual-supply (i.e. purple pipe) schemes, also consider conservative irrigation 
demand scenarios at the feasibility stage. 

• Investigate the feasibility of reticulating Class A+ recycled water to a wider range of 
residential end uses (e.g. washing machine provides 25 kL/hh/a potable substitution). 

• Investigate the wider application of Class A+ recycled water in the non-residential sector, 
particularly targeting any potential large-scale users of recycled water. 

• Conduct research to gain a better understanding of actual Class A+ recycled water peak 
demand factors, compared with those presently applied for planning purposes, and make 
the necessary refinements to service standards documentation. 

• Complete rigorous economic viability assessments when considering capital-intensive 
reticulation of both recycled and rainwater supplies to residential households. 

• Given that dual-supply infrastructure is designed for peak-demand parameters, 
investigate the cost–benefit of larger storages (e.g. reservoirs) to meet short-term peak 
demand periods compared to augmenting recycled water treatment plant capacity. 

For agencies governing and implementing internally plumbed rainwater tank schemes 

• Conduct extensive modelling to test whether desired citywide potable water savings 
targets are achievable from a particular internally plumbed rainwater tank scheme 
configuration. 

• Develop a governance framework for the long-term management and maintenance of 
internally plumbed rainwater tanks by householders. 

• Develop a detailed registry, database and social marketing material to better educate 
customers on the life cycle maintenance requirements of rainwater tanks. 

For state government and water businesses 

• Wider application of smart metering and associated end-use studies to better understand 
the end uses of residential and non-residential water demand, and to use collected data 
to conduct evidence-based assessments of scheme performance. 

• Examine schemes based on both potable water savings and source-demand level. 

• Increase the volumetric charge component of the two-part tariff so that rainwater tank 
holders have a greater incentive to maintain their systems and substitute for potable 
water. 

• Investigate the influence that water source substitution schemes have on the average and 
peak day diurnal demand patterns when compared to those of traditional town water 
schemes, and investigate implications on pump and pipe infrastructure deferral. 

For the Australian Government and national water associations 

• Promote Council of Australian Governments (COAG) urban water planning principles, 
which call upon integrated resource planning and whole-of-water-cycle planning. Such 
approaches provide consistent terminology, definitions and rules for the levelised-unit 
costing of water supply–demand opportunities, enabling more transparent comparisons 
between schemes. 
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• Promote national approaches to research, collation and documentation of evidence to 
support fit-for-purpose uses of recycled water to improve confidence in scheme design 
and consistency with national water quality frameworks.  
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1. Introduction 
1.1. Report overview 
Water security is becoming one of Australia’s greatest issues of concern. As the second driest 
continent on the planet, many regions of Australia have recently suffered severe droughts 
after many years of continued lower-than-average rainfall. South East Queensland (SEQ) has 
recently come through one of its most severe and prolonged droughts on record. For this 
reason, as well as the addition of high population growth and strong economic development, 
water and its use must be managed very carefully. In an attempt to improve water security, 
many government authorities have imposed a number of water restrictions and water-saving 
measures to ensure the conscious use of water across the residential, commercial and 
industrial sectors. Moreover, due to greater social awareness, people are beginning to value 
water as a precious resource. The human socio–psychological domain has forever changed 
with respect to both potable and recycled water, thus requiring renewed understanding on the 
link between these factors and water end use.  

Water businesses are implementing alternative water supply schemes in an attempt to 
conserve centralised supplies of potable water. Dual reticulation and mandated internally 
plumbed rainwater tanks (IPRWTs) are the two most prominent schemes, offering potential to 
reduce substantive potable water consumption. Also, hybrid schemes exist that have both 
dual reticulation and IPRWTs. The effectiveness of the targeted savings achievable from 
these schemes has not yet been fully explored. 

This project provides residential water consumption end use breakdowns for various supply 
scheme samples of single detached households located in Gold Coast City (GCC), 
Queensland. This data can feed into water demand models to forecast supply requirements, 
as well as provide an evidence-based assessment on potable water savings achievable from 
contemporary water supply schemes. To date, analysis to justify contemporary schemes has 
been completed by consulting engineers and economists. Financial models were generally 
developed using best guesses on possible water savings and life cycles due to the limited 
availability of reliable and region-specific data and information.  

This study seeks to develop evidence-based assessments on the life cycle costs (LCCs) of 
contemporary water supply schemes. Applying an evidence-based approach reduces the risk 
of commencing or continuing with schemes that may not be the best option, considering all 
costs and benefits. By following a rigorous urban water integrated resource planning (IRP) 
approach, water planners can better determine the optimal mix of schemes of varying scales 
with a range of varying costs and benefits. 

1.2. Study objectives 
The objectives of the National Water Commission Fellowship project were as follows: 

• collate existing end use data and technical reports and papers from Gold Coast Dual 
Reticulation End Use Study and Gold Coast Potable-only Supply End Use Study 

• conduct a modelling study to capture the potable and tank supplied end uses of IPRWT 
supply schemes 

• complete a comparative assessment of single (i.e. potable only), dual reticulation, IPRWT 
and hybrid supply schemes across residential household end uses 

• verify, or otherwise, existing government-set targets established for these contemporary 
water supply schemes 
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• complete a unit cost assessment for each water supply scheme, enabling a comparative 
assessment 

• evaluate the overall performance of each water supply scheme and develop policy 
recommendations for refining the existing schemes or developing further alternatives. 

1.3. Study scope 
The scope of my research investigation into four water supply schemes across residential 
household end uses was as follows: 

• unit cost assessment of traditional infrastructure mix supplemented by desalination plants 
(Scheme 1) 

• unit cost assessment of traditional infrastructure mix supplemented by IPRWTs 
(i.e. IPRWT with switch to potable when empty, supplying cold water laundry tap, toilets 
and two outdoor taps, and potable supply to all other end uses) (Scheme 2) 

• unit cost assessment of traditional infrastructure mix supplemented by dual supply 
scheme (i.e. Class A+ recycled water to toilet and two outdoor taps and potable supply to 
all other end uses) (Scheme 3) 

• unit cost assessment of traditional infrastructure mix supplemented by a hybrid scheme 
consisting of both dual supply and IPRWT (i.e. Class A+ recycled water to toilet and two 
outdoor taps, RWT with switch system supplying cold water laundry tap and one outdoor 
tap, and potable to all other end uses) (Scheme 4). 

The scope of the research investigation has the following limitations: 

• Sampling region covers GCC to enable comparative assessments between schemes. 
Diverse water supply schemes were examined in the same season and year. Sampled 
end uses were collected for summer 2009–2010 (December 2009 – February 2010) and 
winter 2010 (June–August 2010). Rain tank modelling considered the average of 1980–
2007 rainfall. 

• Residential end use data was available for a sample of single detached dwellings with 
both single (i.e. potable-only water) and dual reticulated (i.e. potable and Class A+ 
recycled water) supplies. 

• IPRWT scheme specified according to QDC MP 4.2 requirements and typical rain tank 
installation conducted in GCC and throughout SEQ. 

• IPRWT and potable supplied end uses were determined through an advanced modelling 
approach using two available software tools. 

• Determined potable-water savings for examined water supply schemes were subject to 
sampling representativeness of scheme populations and modelling software accuracy. 

Readers should note that future supply and demand planning opportunities are expected to 
be multi-faceted, complex in nature and likely to include desalination. For this study, scheme 
comparisons have been made based on the additional costs and benefits associated with the 
inclusion of the alternative supply scheme and their associated potable water savings. 
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2. Background 
2.1. Urban water consumption in Australia 
Although water consumption in Australia is primarily dominated by agricultural use, 
households and the supply of water for urban consumption accounts for 22% of Australia’s 
total water consumption; residential households consume between 60–70% of the total 
potable treated water supplied (WSAA 2009). GCC has a population of 0.5 million, which 
consumes 75% (2008–09) of its total yearly water supply (GCW 2009). Australia’s population 
is estimated to rise from 22 million in 2009 to 34 million in 2050—a growth rate of 2.1%—and 
most of this growth will be experienced in cities. Large residential growth has necessitated 
better understanding, prediction, forecasting, measurement and validation of urban water 
consumption. 

2.2. Climate change and urban water security 
In many parts of the world, an escalating demand on potable water resources resulting from 
increasing populations has become commonplace (Willis et al. 2009). While this has triggered 
higher water consumption, water availability is also becoming increasingly variable due to 
global climate change (Inman and Jeffrey 2006). Most of the Australian continent experienced 
a drought for most of the 2000–2009 period, which demonstrated the severe localised effects 
of climate change.  

Coupled with reduced rainfall reliability is increasing urbanisation, which intensifies the 
concern over the existing urban water resources and places a strain on future water security. 
A study by Birrell et al. (2005) on the effects of demographic change and urban consolidation 
on domestic water use in Australian cities revealed that during 2001–2031, water demand in 
major cities will increase on average by 37%. Estimates of dwindling supplies and increasing 
demand have triggered water industries and all levels of government to seriously reconsider 
the management of water resources in Australia. A significant investment in adequate 
planning and the adoption of smarter approaches to water management is required to ensure 
a sustainable water future.  

Internationally, many governments and water businesses that are similarly affected by water 
crises are investing significant funds in the development and implementation of water 
strategies to meet future water demands. Predictions and estimations of future demand and 
potential savings through the introduction of demand management strategies or source 
substitution options are now commonplace. Demand management strategies include water 
metering, water restrictions, rebate programs for installation of water-efficient devices, water-
efficiency labelling, water conservation or education programs, and pressure and leakage 
management (Inman and Jeffrey 2006). Source substitution or ‘fit for use’ water involves 
replacing specific potable end uses, such as toilet flushing and irrigation, with recycled water, 
grey water or stormwater. Water savings achievable from such programs are calculated 
through a variety of assumptions but, once in place, limited consideration is given to 
determining the actual water savings associated with these strategies. It is well documented 
that more data and information should be collated on the effectiveness and sustainability of 
demand management techniques, to improve long-term forecasting (Chambers et al. 2005). 
Having adequate water resource measuring and monitoring practices is essential to improve 
management of urban water resources. 
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2.3. Water security decision-making in 
Australia 
Provision of water services is a fundamental duty of a water service provider. It involves the 
day-to-day management of the business, delivery of clean water, removal of waste material 
and ensuring that water demand can be met for at least the next 25 years. The objective of 
urban water planning is to ensure the available supply meets the demand at the least 
economic, environmental and social cost (Turner et al. 2007). Balancing the costs and 
benefits of additional security is a multifarious task (Productivity Commission, 2008).  

Water reform from 1995 onwards highlighted that existing water institutions were inadequately 
prepared to meet future allocation challenges (McKay 2005). McKay (2005) also said that in 
an attempt to separate service provision activities from regulatory responsibilities, Australia 
had opted for both corporatisation and private sector participation. Water companies are 
required to recover their costs, including the capital cost of infrastructure, whilst paying 
dividends to government. Corporatisation involves dividend payments to shareholders 
(McKay 2005). 

The National Urban Water Planning Principles provide Australian governments and water 
utilities with tools to better plan the development of urban water and wastewater service 
delivery in a sustainable and economically efficient manner (KBR 2008). It was envisaged that 
proper planning would facilitate a balance in supply and demand, as well as building 
community confidence in diverse sources of water supply (KBR 2008). The principles are 
listed below. 

• Deliver urban water supplies in accordance with agreed levels of service. 

• Base urban water planning on the best information available at the time and invest in 
acquiring information on an ongoing basis to continually improve the knowledge base. 

• Adopt a partnership approach so that stakeholders are able to make an informed 
contribution to urban water planning, including consideration of the appropriate supply–
demand balance. 

• Manage water in the urban context on a whole-of-water-cycle basis. 

• Consider the full portfolio of water supply and demand options. 

• Develop and manage urban water supplies within sustainable limits. 

• Use pricing and markets, where efficient and feasible, to help achieve planned urban 
water supply–demand balance. 

• Periodically review urban water plans. 

The impetus for developing water distribution infrastructure is to supply water and to 
guarantee that supply, making the maintenance of supply the highest priority for a water 
service provider (de Lange 2006). When water managers want to expand existing system 
capacities to meet demand, their options are to construct infrastructure, such as storage 
dams and reservoirs, or to source alternative measures of water production, such as 
desalination plants. These approaches require significant capital investment. Figure 1 shows 
the increase in water and sewerage expenditure since 2003. 

Significant increases in the prices of utilities have been a notable feature of Consumer Price 
Index (CPI) in Australia in recent years, with further large increases expected over the coming 
years (RBA 2010). The recent price rises reflect a number of factors, such as a move towards 
cost-based pricing, major investment expenditure to replace and expand infrastructure, and 
rising input costs (RBA 2010). Large changes in utilities prices can have a significant effect on 
aggregate CPI. Water utility price inflation has accelerated in the latter part of the 2000–2010 
decade (Figure 2), and no respite is expected in the medium term as state governments 
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across most of Australia seek to pay back loans associated with significant drought-proofing 
water and sewerage capital expenditure since the middle of that decade. 

Figure 1: Water and sewerage capital expenditure 2003–2009 (RBA 2010) 

 

http://www.rba.gov.au/publications/bullet�
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Figure 2: Utilities price inflation 1994–2010 (RBA 2010) 

 
It is more cost-effective to source as much water as possible from the lowest cost origin and 
then from the next lowest cost source and so on until water requirements are satisfied 
(PMSEIC 2003). The principle of least-cost planning (LCP) in the short term is to decide how 
much water can be extracted from an existing source, whilst considering longer-term 
decisions by investing in alternative sources of supply (PMSEIC 2003).  

Strategic decision-making concerning bulk water supply typically involves 25-year planning 
cycles, whereas government operates in terms of four years in office. De Lange (2006) noted 
some of the issues facing water managers as: 

• budget constraints with regard to management options 

• long implementation periods (7–12 years) 

• different perceptions of the decision-making process, assessment criteria and their 
importance 

• numerous stakeholders involved with different needs and agendas 

• difference between rational theory and actual behaviour; people do not consistently select 
the best alternative based on the set criteria. 

Decision-makers cannot account for all the long-term costs and benefits of different water 
management strategies. The rationale for this is due to the less tangible impacts; socio-
economic and environmental factors are not easily quantified in monetary terms. Society is 
driven by an understanding of risk and how risk affects decision-making. Risk is then 

http://www.rba.gov.au/publications/bullet�
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expressed in terms of the expected value of gain when selecting an option or alternative 
(Fugitt and Wilcox 1999). 

Traditional water supply schemes are often dependent on rainwater to maintain supply. Carry-
over capacities in dams are dependent on rainfall, and there is controversy over creating 
additional storage capacity when climate conditions may not reliably justify the expansion. It is 
for this reason that seawater desalination is considered a water production process with 
unlimited potential that guarantees supply (de Lange 2006). 

2.4. Urban water demand forecasting 
Any statistical or economic performance monitoring and analysis of urban water systems 
requires accurate input data. Lack of reliable data is often an impediment to fully 
understanding the performance of urban water systems. Altman (2007) suggested that water 
regulators had a duty to oversee data collection and ensure water businesses reported 
scheme key performance indicator (KPI) data in common standards.  

Determining the water demand of a city requires consideration of water services historical 
records, system performance and projected changes in demand patterns. Factors considered 
for water demand predictions include potable, waste and recycled water average demand at 
source, level of treatment required and distribution level (DNRM 2005). Water demand 
modelling elements include peaking factors (maximum day, mean day, maximum month and 
maximum hour), diurnal patterns, end use water consumption, fire fighting parameters, 
pressure parameters, system losses and non-revenue water (WSAA 2003). Some of the 
factors that influence and need to be considered when forecasting urban water demand are 
demonstrated in Figure 3. 

All of the forecast parameters displayed in Figure 3 are relevant for the accurate forecasting 
of urban demand, especially residential, but all too often ‘demand forecasting studies have 
relied on projections of historical metered data without considering end uses’ or by adopting 
end use data from different locations or countries (WSAA 2003, pg. 6). Because household 
water consumption differs between countries, locations and populations, it is paramount that 
location-specific end-use data is used for local demand forecasting and options analysis 
studies (Inman and Jeffrey 2006; Turner et al. 2005). This is because the location-specific 
variations in climate, tourism, residential characteristics, stock, education, lot size, income, 
attitudes and behaviours of consumers all affect water demand (Mayer and DeOreo 1999; 
Inman and Jeffrey 2006; Renwick and Green 2000; WSAA 2003). With all of these elements 
influencing local water demand, a growing requirement for accurate data at an end-use level 
has been called for (Giurco et al. 2008). The mounting demand on Australia’s scarce water 
supplies, due to population increase, has also triggered the need for determining local 
residential water consumption behaviours and demand to accurately forecast future water 
requirements.  



 

NATIONAL WATER COMMISSION — WATERLINES 13 

Figure 3: Factors that influence water demand (White and Turner 2003; WSAA 2008) 

 
Forecasting and planning to ensure a secure supply of water for future urban populations 
requires the integration and adoption of supply-side, demand-side and source-substitution 
measures, as demonstrated in Figure 3 (White and Turner 2003; Bates et al. 2008). In water-
constrained situations, such as those experienced in Australia, demand-side management is 
very beneficial for the reduction of demand, which in turn assists to offset the need for 
additional supply (Brooks 2006). Growing demand, diminishing supply, population growth, 
rainfall variability, issues of water-source pollution and the need to ensure continued releases 
of water for environmental flows for the protection of surviving downstream ecosystems have 
all influenced thinking towards an integrated urban water resource management approach 
(Turner et al. 2007). This encompasses a multitude of supply, demand and source 
substitution solutions to manage the increasing pressure for providing a secure source of 
water. 

2.5. IUWRM philosophy 
Traditionally, urban water utilities made decisions based primarily on finance and engineering, 
but in the past few decades, significant consideration has been placed on incorporating 
sustainability principles into the process (WSAA 2009a; Mitchell 2006). Integrated urban 
water resource management (IUWRM) involves the planning and integration of supply, 
demand and source-substitution options for the sustainable, secure and reliable supply of 
water to meet projected future water demands of cities or towns (Inman 2006; Mitchell 2006). 
Some of the expected benefits of IUWRM are listed below (Mitchell 2006; Butler and 
Maksimovic 1999; White and Turner 2003):  

• reduced potable demand 

• reduced wastewater discharges 

• reduced stormwater flows 

• lower peak flows and flood damage 

• greater water efficiency 

• increased variation and diversification of supply sources 
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• increased stormwater quality (load and concentration) 

• incorporation of green infrastructure, such as wetlands for wastewater treatment. 

A framework for the planning and implementation of IUWRM is provided in Figure 4. This 
demonstrates the steps or phases of IRP. Australian water entities have actively set about 
planning and incorporating IUWRM principles for long-term water security and have been 
recognised around the world as a leader, especially in water efficiency and climate change 
adaptation (WSAA 2009b).  

Turner and White (2006) suggested that while substantial effort was placed on the first four 
steps of the IUWRM framework (see Figure 4), often the final step of monitoring, evaluating 
and review was not adequately undertaken. This final step feeds necessary data and 
information back into the demand forecasting and options models to assess how individual 
programs are contributing to the overall demand management target or the supply–demand 
gap. Turner and White (2006) specified that monitoring and evaluation should be undertaken 
on individual programs to alleviate the risk of over-estimating the actual savings achieved by 
the programs. This is paramount for accurate planning. The following sections present details 
on popular source-substitution initiatives that embody the principles of IUWRM. 

2.6. Planning for alternative water sources 
The planning system plays an important role in delivering necessary infrastructure to meet 
needs. It has to integrate national, regional and local benefits in conjunction with economic, 
environmental and social objectives (DECC 2007). With a range of alternative sources of 
supply or source substitution comes the need to balance economic, environmental and social 
outcomes to ensure that the most appropriate schemes are implemented (WSAA 2009). For 
example, for dual-supply schemes, the treatment of effluent to a higher standard (e.g. Class B 
to Class A+) has both cost and environmental implications in terms of greenhouse gas (GHG) 
emissions. Current standard approaches in moving from secondary to tertiary treatment 
standards typically results in a substantial increase in energy consumption. Careful 
assessments are necessary to assess the benefits of increased effluent quality versus the 
cost of incremental increases in materials, energy and GHG emissions to achieve desired 
standards (WSAA 2009). 

LCP is based on understanding the trends driving demand for water as opposed to 
predictions based on historical volumes supplied (Fane et al. 2004). Infrastructure planning is 
also based on future requirements and considers demographic trends and historical patterns 
of use. Levelised cost estimates are used to compare water-supply options in terms of relative 
cost based on the potential to satisfy demand and the consideration of cost avoidance (Fane 
et al. 2004). Avoided costs of supply are those that encompass the operating cost, energy, 
chemicals, deferred cost of augmentation and the indirect cost to customers that are not 
incurred. Figure 5 presents a framework for LCP and Figure 6 details the spectrum of societal 
costs covered in an LCP assessment. 
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Figure 4: The Australian integrated urban water resource management (IUWRM) framework 
(Turner and White 2006) 
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Figure 5: Least-cost planning (LCP) framework (Beecher 1996) 

 

Figure 6: Least cost planning (LCP) spectrum of cost and avoided cost (Howe and White 
1999) 

 
The levelised cost means the net present value (NPV) unit cost of water over a period of time 
(e.g. 25-year assessment), incorporating all capital and operating expenditure by a water 
service provider divided by the amount of water saved or supplied (Howe and White 1999). 
The process applies NPV analysis using appropriate assessment periods (e.g. 25 years) and 
discount rates to ensure that opportunities can be compared on an equal footing. The choice 
of a discount rate can significantly affect the outcome of the NPV analysis, leading to 
markedly different determinations about policy efficiency (Fugitt and Wilcox 1999).  

The Australian Government’s Office of Best Practice regulation suggests an annual discount 
rate of 7% with sensitivity analysis including a range of higher and lower discount rates to 
rank options (Fane et al. 2011). LCP has more recently evolved into an IRP framework, which 
broadens the approach to examine the cost-effectiveness of a portfolio of supply and 
demand-side opportunities to ensure that this combination meets the objectives of 
government and water service providers over a strategic planning timeframe (Turner et al. 
2008). An IRP assessment can be undertaken considering the following perspectives: 

• total resource cost perspective (net cost of water supply or demand opportunities is borne 
by the utility, government and customers) 

• societal cost perspective (net societal costs are borne by the utility, government and 
customers, and all reasonable and quantifiable costs should be included) 

• individual stakeholders (assessments should consider all main stakeholders, especially 
the utility and customer). 
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For the purpose of this study, unit costs were established considering the total resource cost 
and stakeholder perspectives. Societal costs and benefits are often difficult to quantify; these 
have not been financially modelled herein due to the lack of available data on such costs and 
benefits, but they have been discussed qualitatively. 

2.7. Infrastructure planning considerations 
2.7.1. Infrastructure cost recovery approaches 
Defining the full cost of water supply and sewage treatment is, in principle, fairly straight-
forward. However, the true full cost of a productive activity is the total sum of the opportunity 
costs. Opportunity costs are not such straight-forward estimation, and opinions differ on what 
to consider in this assessment; economists tend to follow investment principles, which 
engineers and professional planners generally omit. Specifically, there is often discrepancy in 
the way full costs of supply are presented (Renzetti 2003). Some argue that it is sufficient that 
operation and management are fully accounted. Others are in favour of including capital costs 
as well. Others argue that all external costs, such as environmental damage and the 
opportunity costs of raw water supplies, must be included. 

In Queensland, urban water businesses are owned by local government, who sets retail water 
and wastewater prices. The Queensland Competition Authority (QCA) is responsible for 
reviewing pricing policies and recommendations for all utilities. Price setting has become 
increasingly based on a more detailed analysis of a wider spectrum of allowable costs than 
has been the case in the past. Moving beyond traditional subsidy-based pricing approaches 
to urban water, regulatory bodies are issuing a greater mandate to allow water businesses to 
set prices to recover costs for capital outlay and achieve an acceptable rate of return on 
infrastructure development (QCA 2010; RBA 2010).  

2.7.2. Understanding system capacity 
System capacity is often designed for peak demand. Peak demand is an assumption of 
maximum use that can be achieved without over-extending capacity. The assumption is 
based on the number of connections and maximum water use of all connections at any one 
time, including a major fire event. The system design must comply with fire flow regulations, 
which are a legislative obligation. Trunk mains from reservoir and reticulation mains are 
designed to carry required flow to meet the highest hourly peak expected to occur per annum. 
In effect, any reduction in the highest peak flow will create spare capacity in the existing 
infrastructure. This resulting spare capacity can lead to deferred infrastructure upgrades that 
might be needed to satisfy growth (Cole 2010).  

It is important to understand how the system is designed. A buffer would exist between 
capacity and current demand, which we assume to be monitored by the water authority. 
Sections of the network would be identified and targeted for infrastructure upgrades, 
depending on when capacity is likely to be exceeded. System capacity and up-to-date 
monitoring of demand is essential to understand how pump and pipe systems are performing 
in the present context. For example, if a city’s water distribution network was designed to 
cater for an average day demand (ADD) of 360 L/p/day but has sustainably reduced to 
230 L/p/day, the system is working well below designed capacity and pipe reticulation 
activities may no longer be required in certain areas. Ideally, such pump and pipe capacity 
effects should be considered in any future IRP assessments, as source-substitution measures 
such as IPRWT can have a substantial effect on trunk main and reservoir sizing. 
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2.8. Urban water policy 
Urban water policy is concerned with the allocation of scarce resources, equity, sustainability, 
ageing infrastructure, increasing demand for water and drought response. Policy is defined as 
a framework that is used to guide decisions and actions to achieve a set of objectives. Public 
policy developed by governments has far-reaching effects on individuals and businesses. It is 
imperative that public policy be developed with complete information and with rigorous 
analysis of the consequences of implementation.  

Urban water infrastructure networks require significant capital investment with a delay in 
returns, despite the return continuing for a long time (Mandele et al. 2010). The urban water 
infrastructure has three major stakeholder groups: users, water service providers and levels 
of government. If the cost of building, operating and regulating the network could be reduced 
and its operation made more efficient, all stakeholders would benefit (Mandele et al. 2010).  

The stakeholder groups have varying demands and these ultimately influence water policy. 
Mandele et al. (2010) claimed that the water user needed the service with a guarantee of 
security; dependence was on water being readily available and assurance that the water 
infrastructure network was reliable. This in-turn demands that infrastructure is robust, having 
extra—yet often redundant—capacity, protection and resilience. The water service providers 
cater to water demand by increasing system capacity and reliability of network operations. 
However, as demand increases, so does network vulnerability (Mandele et al. 2010). 

Water managers are faced with a balancing act between scarcity and population growth. 
Hansen (2009) developed a model that uses optimal control theory to set up a water utility’s 
investment decision. The decision is to minimise the utility cost, and the model considers 
input and output costs with changes in system capacity and investment. Optimal investment is 
a function of three main parameters: population, capital stock and policy. The model reveals 
three major insights:  

• population effect—a 1.0% increase in population correlates to a 2.0% increase in 
investment 

• capital stock effect—a 1.0% increase in system capacity reduces investment expenditure 
by 2.2% 

• policy effect—increasing water prices for existing rate payers may increase investment, 
whilst increasing connection costs for new customers may reduce investment needs. 

The latter insight may be of interest to policy-makers in Australia, even though the study was 
undertaken in the US; it indicates where the burden of expansion may be better placed. Both 
water policy and management have organisational imperfections because the business of 
water is a natural monopoly tending towards justifications to fund capital-intensive 
infrastructure (Krozer et al. 2010). It is difficult to reduce water costs because most sources of 
water supply, such as traditional dams, dual supply and desalination, with the exception of 
rainwater tanks, need to transport the product through pipes and wastewater requires a sewer 
network (Krozer et al. 2010). This necessitates major infrastructure and energy-intensive 
operations, incurring further implications on future cost due to an imminent carbon price. 
Accurate demand forecasting and appropriate sizing of assets is integral to future water 
policy. If the amounts of waste and emissions can be reduced, and smaller quantities of 
material and energy used, then economic savings could have a major effect on the levelised 
cost (Fresner et al. 2010). 
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3. Potable source substitution 
3.1. Achieving potable water savings 
Anderson (2003) stated that source substitution is a key element of IUWRM. Source-supply 
substitution involves substituting traditional potable water demand with an alternative source 
of water, which can be either recycled, rainwater, grey water or stormwater. Source-
substituted water is generally used for ‘fit-for-use’ activities or non-potable consumption 
activities, such as irrigation, toilet flushing or clothes washing. Having an alternative source of 
water for residential consumption is now legislated by QDC MP 4.2 in Queensland. IPRWTs 
are suggested as the most common means to meet these requirements.  

Recycled water is most commonly used as a fit-for-use domestic source through dual 
reticulation, where a separate pipeline supplies water for irrigation and toilet flushing 
(Anderson 2003). Another indirect approach is to introduce recycled water into water 
reservoirs as purified recycled water (PRW) for treatment and distribution through the potable 
supply system (Turner et al. 2007a). Although it still remains controversial, in recent years, 
community perceptions towards recycled water re-use have dramatically improved 
(Nancarrow et al. 2007). This improved perception and the need to reduce the demand on 
potable supply sources have paved the introduction and acceptance of recycled water as a 
source substitution alternative (Dimitriadis 2006). Recycled water as a source substitution 
alternative is discussed in detail in the following section.  

3.2. Source substitution with recycled water 
While water demand management (WDM) measures will assist in delaying the need for new 
supply sources, they cannot alone resolve the pressure on diminishing water supplies. As 
populations grow and rainfall patterns become increasingly irregular, alternate sources of 
water must be made available for consumption (Dolnicar and Schafer 2006). Currently, 
Australia only recycles 9–14% of all produced wastewater, which can be increased 
considerably (WSAA 2009). In the late part of the past decade, there was significant 
investment in recycling schemes in various urban centres of Australia.  

The reuse or recycling of wastewater for residential use generally occurs through source 
substitution of potable water with an alternative fit-for-use water source that does not 
necessarily require potable water, such as irrigation, toilet flushing or clothes washing 
(Hurlimann and McKay 2006). Source substitution has become a well-accepted method to 
alleviate the escalating demand on potable water sources and is promoted as a viable 
component of the urban water cycle (Brown and Davies 2007). In Australia, one of the most 
significant foci of fit-for-use water substitution and recycled water reuse is through the 
application of dual-water supply in new developments (Hurlimann and McKay 2006). 

3.2.1. Dual-supply schemes 
Dual reticulation is a water supply scheme comprised of two separate main supplies to the 
consumer: one potable drinking water and the other non-drinking recycled water (WSAA 
2002; GCW 2004). In dual reticulated residential regions, each supply pipe connects to 
appropriate end uses within the household. Recycled water is typically supplied for toilet 
flushing and all outdoor irrigation uses except filling pools and spas (GCW 2004; Kidson et al. 
2006; Marks and Zadorozynj 2005).  

In Australia’s drought-prone environment, the introduction of an additional reclaimed source of 
water through dual reticulation enables outdoor use when water restrictions are in place, 
allowing households the freedom to irrigate externally. Other benefits associated with the 
reuse of recycled water include the use and reuse of a once considered ‘waste’ form of water, 
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the reduction of wastewater discharges to the environment and reducing the need to obtain 
more potable water (Dimitriadis 2006; Hurlimann and McKay 2006). The downside to having a 
second piped supply system is the additional cost of the second reticulated network and 
additional household plumbing required to safeguard against cross connections (Anderson 
1996).  

3.2.2. Overview of dual-supply schemes in Australia 
Numerous residential developments adopting dual-supply schemes have been implemented 
in Australia. Some of the more prominent schemes include Mawson Lakes (Adelaide, South 
Australia), New Haven Village (Adelaide, South Australia), Rouse Hill (Sydney, NSW), Aurora 
(Melbourne, Victoria), Marriott Waters (Melbourne, Victoria) and the Pimpama Coomera 
Water Future (PCWF) scheme (Gold Coast, Queensland). Table 1 presents an overview of 
Australia’s in-ground dual-supply systems and detailed estimates or measurements of 
supposed ‘actual’ potable water savings being achieved from the introduction of recycled 
water.  

The data presented in Table 1 demonstrates that recycled water is well used in operational 
dual-supply regions, and that predictions of uptake have been similar to those measured for 
mature schemes. Residents in New Haven Village are using up to 50% of their total water 
consumption as recycled water (Fearnley et al. 2004). Residents of Rouse Hill use 35–40% of 
their total household water consumption as recycled water (Sydney Water 2008; Kidson et al. 
2006). The price of recycled water was determined to be an important issue, especially in 
Rouse Hill where residents were consuming higher volumes of total water than residents in 
conventional, single-reticulated suburbs (recycled water was $0.28/kL compared with 
$0.98/kL for potable water). As argued in this report, sending price signals that increase 
overall consumption in such schemes, when compared to traditional, potable-only schemes, 
is counterproductive given the goal of source substitution measures is to strengthen water 
security. 
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Table 1: Summary of dual-supply schemes in Australia 
Scheme Description Recycled 

water end 
uses 

Predicted or actual potable 
water savings 

Rouse Hill, Sydney, 
NSW (Sydney Water 
2008) 

Online 2001 
Serves up to 36 000 homes 
Centralised supply system 

Toilet & 
outdoor 
uses 

40% (prediction) 
35–40% actual reduction 
on total demand 

Mawson Lakes, 
Adelaide, South 
Australia (Hurlimann 
2006) 

Online 2005 
Services up to 3500 homes 

Toilet & 
outdoor 
uses 

50% (prediction) of 
householder’s water 
demand (265 kL/a) 

New Haven Village, 
Adelaide, South 
Australia (Fearnley et 
al. 2004) 

65 homes Toilet & 
outdoor 
uses 

30–40% (prediction) 
50% (actual) 

Aurora (VicUrban), 
Melbourne, Victoria 
(Baldwin 2008) 

8500 lots 
Development onsite 
collection & reuse 

Toilet & 
outdoor 
uses 

Up to 45% (prediction) of 
recycled water & 
conservation 

Pimpama–Coomera, 
Queensland (GCW 
2004) 

Online December 2009 
Services up to 45 000 homes 
Centralised supply system 

Toilet & 
outdoor 
uses 

35–45% (prediction) 

Marriott Waters, 
Melbourne, Victoria 
(Victorian 
Government 2009) 

Online 2009 
Currently 100 homes 
On completion 1000 homes  
Dual reticulated development 
supply 

Toilet & 
outdoor 
uses 

Up to 40% (prediction) 

As demonstrated, numerous dual-supply schemes have been planned and implemented with 
figures reported for the potential demand of recycled water estimates and bulk metered water 
consumption when available. Willis et al. (2011) provides a world first investigation on the 
end-use consumption of recycled water in dual-reticulated regions. It is important to undertake 
such investigations to determine actual water demand through irrigation and toilet flushing 
end uses during seasonal periods. This study uses the available smart meter fleet in the Gold 
Coast dual reticulated end use study (Willis et al. 2009) to capture the necessary end-use 
data for comparison with other schemes. 

3.3. Source substitution with IPRWTs 

3.3.1. Implications of QDC MP 4.2 policy 
Over 750 000 new dwellings are forecast for SEQ to house the expected increase in 
population from 2.8 million to 4.4 million people in 2032 (DIP 2009). Assuming a business-as-
usual (BAU) approach to development, this would equate to around 660 000 ML/a additional 
demand on potable water supplies (MWH 2007). When QDC MP 4.2 was introduced in 
January 2007, its first performance criterion, listed in the ‘Water savings targets’ section, 
stipulated that all detached residential households needed to achieve potable water savings 
(DIP 2009). The water savings targets for new detached houses in Queensland range from 
16 to 70 kL/hh/a depending on the local government area. The widely accepted solution to 
reduce potable water use was through the installation of a 5 kL rain tank plumbed to the toilet, 
laundry and external taps of detached, single residential households. Internal fixtures supplied 
from a rain tank must have a backup supply of potable water using a trickle top-up or 
automatic switching system. Gardiner (2009) described the different circumstances under 
which residential rain tanks have been installed in SEQ, noting that of more than 300 000 
tanks in SEQ, about 30 000 were installed under the QDC (Figure 7). 



 

NATIONAL WATER COMMISSION — WATERLINES 22 

Figure 7: Main categories of tank installations in South East Queensland (Gardiner 2009) 

 

3.3.2. Popular IPRWT configurations 
Retamal et al. (2009) provided a comprehensive description of a range of IPRWT 
configurations and their advantages and disadvantages. The majority of residential dwellings 
being constructed use fixed speed pumps with potable switch systems or tank top-up 
systems. The more elaborate and efficient designs, incorporating pressure vessels and 
variable speed pumps, are rarely considered by home builders as they are predominantly 
concerned with satisfying mandated building code requirements at least capital cost. The 
experimental procedure discussed later suits the commonly installed potable switch system, 
specifically the popular Davey Pump with RainBank™ model. For this system, rain from the 
roof is collected in the tank and used for the toilet, laundry and irrigation. The switch system 
senses demand for water from end uses and checks the level of water in the rain tank. If the 
switch system detects inadequate water in the rain tank, it will automatically let the potable 
water flow. Also, if there is very low flow demand (i.e. small leak) or a power failure, the 
system will automatically supply potable water. Inspections on Gold Coast households 
determined that switch systems and potable top-up systems with fixed speed pumps were the 
most common.  

3.3.3. Reported rainwater tank performance 
Various rain tank modelling studies have reported tank yields of 26–144 kL/hh/a in 
Queensland, with an average of 78 kL/hh/a (e.g. Coombes et al. 2003; MWH 2007; NWC 
2007). The residential demand for rainwater is strongly influenced by connected roof area, 
household occupancy, rainfall and tank size. Coombes et al. (2003) predicted annual 
reductions of 31–144 kL in Brisbane, depending on tank size and household occupancy. 
However, the modelling assumed rainwater was used for hot water and rainfall data was 
taken in pre-Millennium drought conditions. Average reductions of 26–31 ML/a were forecast 
by MWH (2007) resulting from the introduction of mandatory rain tanks in new SEQ 
developments. Marsden Jacob Associates (NWC 2007) presented a number of modelled 
scenarios for Australian cities where base case rain tank yields ranged from 42 kL/hh/a 
(externally plumbed only) to 71 kL/hh/a (internal and external). For Brisbane, the range was 
41–99 kL annual yield depending on connected roof area. A number of different rain tank 
scenarios using the PURRS (Probabilistic urban rainwater and wastewater re-use simulator) 
model were investigated for various SEQ regions by WBM Oceanics Australia (2006). Results 
predicted rainwater tank yields of 52–133 kL/hh/a. Beal et al. (2010) completed a desktop 
study of a significant sample of households with and without IPRWTs that revealed potable 
water reductions of 55 kL/hh/a for GCC. 

Obviously, rainfall is the key factor that is not property-specific in rainwater yield. However, 
rainwater yield in terms of actual rainwater used by the household is highly dependent on the 
regular use (emptying) of the tank; a half-full tank will only capture 50% of its total potential 
during good rainfall. The water demand management campaign in SEQ has been highly 
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effective in reducing household water consumption, and this is extending to prudent use of 
rainwater, thus reducing the maximum potential of the rainwater to reduce potable water use. 
Therefore, households with high water consumption are also tending toward higher reductions 
from potable as they are probably using rainwater to a greater extent and allowing the 
rainwater tank to empty and refill more frequently. 

3.3.4. IPRWT water end use modelling 
A number of researchers and engineers have conducted rain tank model storage–yield–
reliability studies. Virtually all employ some form of behaviour model as their analysis 
approach, either by developing their own model or by using a model developed by a third 
party. The model developer will have made decisions about how to codify the behaviour 
model into a computer simulation program, such as the computational time step or the 
ordering of processes within a computational time step. Some models consider more 
parameters and include more advanced modelling approaches, and others include modules 
covering rain tank economics and configuration optimisation. Recently, due to the renewed 
interest in rain tanks as a water-supply source, advanced computational modelling software 
for rain tank yields have evolved (e.g. Coombes et al. 2003; Jenkins 2007; Vieritz et al. 2007). 
I have applied the Rainwater TANK (Vieritz et al. 2007) and RainTank models (Jenkins 2007) 
in this study. The principal parameters underpinning these models are outlined below, as well 
as the input values for modelling used in the environmental context explored in this particular 
study. 
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4. Evidence-based scheme 
evaluation 
4.1. Advent of smart metering 
Smart meters can obtain high quality data to provide additional water use information, such as 
end use or leakage data, which benefits water utilities and policy-makers alike (Giurco et al. 
2008). Smart metering couples two distinct elements for the collection of such disaggregated 
water consumption data: technologically advanced meters that capture water use information, 
and a communication system that both captures and transmits usage information in real, or 
almost real, time intervals (New York State Energy Research and Development Authority 
2003). The three essential functions performed by smart water meters are: automatic and 
electronic data capture, data collection and the communication of water usage data (Idris 
2006). In practice, a smart meter has a high-resolution water meter linked to a data logger 
that captures water-use data that can be downloaded as an electronic signal and analysed 
using available technology (Britton et al. 2008; Stewart et al. 2010). The electronic signals 
from smart meters can also be transferred to computers or central data hubs via data 
distribution technologies like the GSM network (Hauber-Davis and Idris 2006). An example of 
a smart water metering setup is displayed in Figure 8. 

Figure 8: Typical smart meter setup in residential household (Stewart et al. 2010) 

 
Smart metering technology has enabled the accurate and reliable measurement of water 
consumption data of a range of resolutions, which is useful for identifying the effectiveness of 
a variety of WDM measures. The resolution of the water meter and data loggers used in the 
smart metering system determines the richness of data obtained. Current, large-scale smart 
metering systems used for leak detection, peak-demand identification and time-of-use tariffs 
have lower resolution water meters and only log at hourly intervals, as this is adequate for 
application (Stewart et al. 2010). Detailed end-use water consumption data requires a smart 
metering system with higher resolution water meters and data loggers that record information 
in 5–10 second intervals (Giurco et al. 2008). Figure 9 shows that obtaining high level 
disaggregated data through smart metering allows for identification of actual water savings of 
differing WDM or source-substitution initiatives (Inman and Jeffrey 2006). It highlights the 
increasing cost and complexity required to measure various urban water management 
initiatives, instigating the need for more complex, advanced smart metering configurations.  



 

NATIONAL WATER COMMISSION — WATERLINES 25 

Figure 9: Matching technologies to objectives (Giurco et al. 2008) 

 
Advanced smart metering technology allows for the capture of high-resolution end-use water 
consumption data, which is necessary to ascertain the water savings attributed to individual 
WDM programs. Figure 9 demonstrates that end-use data is imperative to determine the 
effectiveness of most demand management measures, such as efficiency and education, and 
is also required for restrictions and pricing effectiveness. End-use monitoring is also useful for 
evaluating, measuring and validating the planning for the demand and supply of water (White 
2001). 

4.2. Residential water end-use research 

4.2.1. Introduction 
Recent focus on water efficiency in Australia highlighted the need for more detailed 
information on how water use is proportioned in households, and how this might change both 
spatially and temporally across SEQ. Thus, the disaggregation of residential water end use 
should be considered as a critical first step in the development of relevant and successful 
water policy. More specifically, end-use data can facilitate the identification of correlations 
between water behaviours and key demographical subsets within a population (e.g. income, 
age, gender and family composition). This information can inform government and water 
business demand management policy, water rebate program effectiveness and householders’ 
response to changed water policy. Measured long-term end-use data is the foundation for 
water-consumption predictions and the development of demand forecasting or water 
distribution network models (Blokker et al. 2010).  

4.2.2. Advanced end-use measurement  
Advanced end-use measurement encompasses a range of attributes associated with all 
components of an end-use study, and is not just limited to improved data capture. Advances 
in methods for data capture, transfer, storage and analysis have improved the resolution of 
water-volume data and made transfer and collection of data substantially more time efficient. 
Giurco et al. (2008) considered the key elements of smart metering to be real-time monitoring, 
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high resolution interval metering (e.g. 1 second), automated water-meter reading (e.g. drive 
by, GPRS) and Internet access to data. 

Willis et al. (2009) used a mix-method approach of high-resolution water meters 
(0.014 L/pulse), 10-second interval data logging and detailed household stock inventories to 
measure and characterise the end uses of 151 dwellings in GCC. With this level of detail, 
sophisticated statistical analysis and water-demand modelling can be performed with a much 
higher degree of certainty and fewer (often critical) assumptions embedded within the results. 
Indeed, Arbués et al. (2003) argued that water-price modelling, particularly when 
incorporating time-of-use tariffs, would only be useful if a high level of detailed input data was 
used. 

Data transfer has also improved in recent times, enabling stored data from loggers to be 
transferred remotely from the site. Such examples include drive-by technology where data is 
uploaded while driving past the metered property (e.g. Britton et al. 2009) or data is sent 
wirelessly via a GPRS system (i.e. email) from the loggers to an external office computer (e.g. 
Mead and Aravinthan 2009). As mentioned previously, information on the social and 
behavioural aspects of metered properties, along with an audit of water appliance and 
fixtures, is absolutely essential for flow trace analysis (Athuraliya et al. 2008; White et al. 
2004). Software such as Trace Wizard™ has provided a key link between measured data and 
end-use disaggregation (DeOreo and Mayer 1999). However, without a stock inventory and 
information on water use behaviour or patterns for each dwelling, it would be extremely 
difficult to create meaningful and accurate end-use templates.  

4.2.3. Typical residential end uses 
In Australia, there have been only a few end-use studies using a combination of metering 
technology, household surveys and end-use software (i.e. Trace Wizard). In addition to the 
national studies detailed in Table 2, several studies have been conducted in the US (Mayer et 
al. 1999; Mayer et al. 2004), as well as a recent study in New Zealand (Heinrich 2007). End 
uses of water in residential households include showers, clothes washers, toilets, indoor taps, 
dishwashers, baths and outdoor irrigation (Mayer and DeOreo 1999). Factors that influence 
end-use consumption include demographics of the household, water appliance or fixture 
efficiency, and residential attitudes and behaviours. 

Table 2: Comparison of Australian water end-use studies (Willis et al. 2010) 

End use 
category 

Perth (2003) 
Melbourne 
(2005) 

Gold Coast 
(2008) 

Toowoomba 
(2008) 

 L/p/day % L/p/day % L/p/day % L/p/day % 

Clothes 
washer 42.0 13 40.4 19.0 30.0 19.0 27.7 22.7 

Shower 51.0 15 49.1 22.0 49.7 33.0 53.1 43.5 
Tap 24.0 7 27.0 12.0 27.0 17.0 18.9 15.5 
Dishwasher na na 2.7 1.0 2.2 1.0 2.6 2.1 
Bathtub na na 3.2 2.0 6.5 4.0 3.4 2.8 
Toilet 33.0 10 30.4 13.0 21.1 13.0 15.6 12.8 
Irrigation 180† 54 57.4* 25.0 18.6 12.0 0.5 0.4 
Leak 5.0 1 15.9 6.0 2.1 1.0 0.5 0.4 
Other na na 0.0 0.0 0.0 0.0 0.0 0.0 

Total 335.0 100 226.1 100 157.2 100 122.2 100.0 
* Irrigation volume per person calculated from provided volumes per household and end-use breakdowns.  

Average daily end-use consumption per capita for the four most recent Australian studies is 
presented in Figure 10. Bathroom (toilet, shower) and laundry activities generally place the 
greatest residential demand on potable water, using on average around 95 L/p/day. At an 
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average of nearly 40 L/p/day, cumulative tap usage throughout the day may not be evident to 
individual users and could be a significant area to target in future demand management 
initiatives. Notwithstanding, the inherent differences in household occupancy rates between 
studies, the volume of water end use varies (often substantially) between research categories 
and regions. Not surprisingly, the water appliances and fixtures that have fixed water volumes 
and cycles (i.e. dishwasher, clothes washer, toilet) have less variation per person than those 
that are operated manually (taps).  

Figure 10: Averaged consumption for common residential end uses (Beal et al. 2010) 
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Variation is typically a result of region-specific factors such as climate, restriction regime, yard 
size, water-using devices or fixtures and the number of residents within the home (Roberts 
2005). End-use consumption can also vary within studies when doing a comparative analysis 
of seasons, such as winter versus summer (e.g. Heinrich 2007; Roberts 2005; AWWA 1999). 
Outdoor irrigation can be relatively easy to detect in a flow pattern where an automatic 
irrigation system is used or there is a continuous flow rate through a standard hose nozzle for 
an extended period (i.e. 30 minutes). However, sporadic irrigation through trigger nozzles are 
significantly more difficult to accurately disaggregate using a single meter and Trace Wizard 
approach. Leaks are an important end use that is often overlooked by consumers if they are 
not visually evident (Britton et al. 2009). The contribution of leaks can also vary from 2 to 8% 
of the total indoor water usage in a city area, depending on its dwelling stock age and a range 
of other factors (Figure 10). 

4.2.4. Residential end-use study comparison 
Australian end-use studies in Melbourne, Perth, GCC and Toowoomba are presented in 
Table 2. This demonstrates the variability between the breakdown for end uses in both 
percentage and volume. One example is the percentage use for showering, which ranges 
from 15% in Perth to 43% in Toowoomba, but when considering shower volumetric 
consumption, Toowoomba residents use 53.1 L/p/day and Perth residents use 51 L/p/day, 
which is not significantly different. Again, this variance between indoor and outdoor 
consumption demonstrated from earlier end-use studies reiterates the need for location-
based research. 
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5. Research method 
5.1. Method overview 
The key research phases of this project are listed below: 

• Smart metering to establish water end-use summary for potable-only traditional, dual 
supply and a pilot sample of IPRWT households. 

• IPRWT end-use modelling using two readily available software tools. 

• Based on the end-use and IPRWT modelling data, development of a per capita end-use 
water consumption water balance for 

○ Scheme 1—traditional potable-only supply supplemented by desalinated water 

○ Scheme 2—main-potable supply supplemented by IPRWT 

○ Scheme 3—dual supply scheme 

○ Scheme 4—hybrid scheme consisting of both Class A+ recycled water and IPRWT. 

• Development of a net present value (NPV) life cycle cost (LCC) economic model for each 
scheme to establish a unit cost ($/kL) for potable-water savings and alternative source 
demand. 

• Scheme comparative assessment based on per capita potable-water savings and the 
potable source-substitution level, as well as the associated unit price of such savings. 

These key research phases are discussed in detail below. 

5.2. End-use study experimental procedure 
High-resolution smart metering equipment for the collection of water consumption and end-
use analysis was used for a sample of GCC single, detached potable-only supply 
(i.e. traditional) and dual-supply households (i.e. potable and Class A+ recycled water 
supplies). A modelling approach was applied to reveal the GCC end uses supplied by potable 
mains and the rain tank. The IPRWT modelling method is discussed later. 

The relationship between smart metering equipment, household stock inventory surveys and 
flow trace analysis is shown in Figure 11. Essentially, a mixed-method approach was used to 
obtain and analyse water-use data. I adopted and aligned two main processes: physical 
measurement of water use via smart meters with subsequent remote transfer of high-
resolution data, and documentation of water-use behaviours and compilation of water 
appliance stock via individual household audits and self-reported water-use diaries. 

5.2.1. Instrumentation for data capture 
Standard council residential water meters were replaced with Actaris CTS-5 water meters 
(Figure 12). These meters measure flow to a resolution of 72 pulses/L, or one pulse every 
0.014 L. The smart meters were connected to Aegis Data Cell series R-CZ21002 data loggers 
programmed to record pulse counts at 5-second intervals. Each logger was wired to a meter, 
labelled and activated prior to installation to reduce reliance on external plumbing contractors 
to prepare and activate the equipment, but all equipment was installed by approved plumbing 
contractors. To ensure a high quality installation process that would substantially reduce the 
possibility of water ingress and subsequent data loss, I waterproofed all seals including wire 
connections and aerial fittings on loggers; allowed a minimum of three days between silicone 
work and installation of loggers for sufficient sealing; replaced standard sized meter boxes 
with a wider and deeper box to fully accommodate meter and logger and eliminate the need 
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for a forced installation; and developed a thorough quality assurance program, including a 
weekly review of all emails sent by loggers to ensure satisfactory data quality and frequency. 

Figure 11: Schematic process for acquisition, transfer and analysis of water flow data 

 

Figure 12: Smart metering equipment (a) waterproofed data logger (b) installed Actaris CTS-5 
smart meter and Aegis Data Cell series R-CZ21002 data logger (Beal et al. 2010) 

 

5.2.2. Data transfer and storage 
As the loggers were wireless, data was transferred remotely to a central computer at Griffith 
University through a GPRS network via email. Removable SIM cards were inserted in each 
logger and tested prior to installation. The data was transferred weekly, creating 
approximately 120 000 data records, to two separate email addresses (at Griffith University 
and an external address that served as a data backup, as the loggers did not store data 
indefinitely). Raw data files in the ASCII format were modified to .txt files for flow trace 
analysis. 
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5.2.3. End use analysis process 
End-use data in .txt file format was analysed using Trace Wizard version 4.1. Water diaries 
and stock appliance audits were used to help identify flow trace patterns for each household. 
A template was created for each household, and data for a sampled 2-week period was 
analysed. I used Trace Wizard in conjunction with water audits and diaries to analyse and 
disaggregate consumption into a number of end uses, including toilets, irrigation, showers, 
clothes washers and taps. I generated a Microsoft Excel spreadsheet as a final output for 
more detailed statistical trend analysis and the production of charts. 

5.3. IPRWT experiment for end-use summary 

5.3.1. Designing rain tank end use study experiment 
As mentioned previously, the primary goal of the pilot study was to design an experiment that 
would enable the disaggregation of water consumption from both the potable and rain tank 
supplies into end-use events. Moreover, the study sought to design an experiment that could 
reveal the energy consumption of each and every end-use event supplied by the rain tank 
pump. The predominant issue resolved through the exploratory data analysis process in this 
study was the accurate disaggregation of events and water-balance calculations when the 
supply switched between the rain tank and potable supplies, even part way through high 
consumption events like irrigation.  

Five GCC households were included in the pilot study. Stock inventory and socio-
demographic surveys were completed for each of these households, providing an 
understanding of the family makeup and its likely water-using behaviours (e.g. young children 
typically bathe at 5 pm), along with the model and star rating of every water-using fixture or 
appliance (e.g. 75 L/wash, 4-star rating washing machine). I also assessed the rain tank 
system in detail (e.g. pump size, switch system type, first flush size, etc.). This information 
aids the analyst completing the end use analysis process (see Willis et al. 2009 for overview 
of end use analysis process) and improves the accuracy.  

Figure 13 depicts the experimental design, which includes three modified Actaris CT-5 high-
resolution water meters (i.e. one at front of household; one each side of switch system), EDMI 
Mk7c high-resolution electricity meter (0.1 Wh/pulse), and two Aegis DataCell-R loggers (i.e. 
one at front of household; one at rain tank with two flow and one electricity meter inputs). 
Flow and energy data was collected at 5-second intervals and transferred via mobile phone 
network to the data server on a weekly basis. The pilot study period was only two months, 
which was sufficient to ensure that the experiment could handle end-use disaggregation of 
flow data when the rain tank supply switched to potable and vice versa.  

Figure 13: Rain tank end-use study experimental design 
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As shown in Figure 13 and discussed in detail later, the three meters enabled the 
determination of all end-use events in the household and their supply source, even when the 
event was split between supplies. For example, if the rain tank plumbed end use is supplied 
by potable water, the same flow trace will appear on the front of house meter and both meters 
located before and after the switch system. Otherwise, a flow-event pattern supplied by the 
rain tank only appears for the meter after the switch system. The experimental design proved 
to provide even higher accuracy of end-use categorisation than the ongoing potable-only end-
use studies. Improved trace analysis came from the additional meters after the switch system, 
which improved the deductive process when multiple potable-supplied events are occurring 
simultaneously (e.g. shower and clothes washer running concurrently).  

5.3.2. Designing rain tank end use study experiment 
The trace analysis and end use derivation processes for the pilot study site, as well as sample 
results for the experiment described above, is shown in Figure 13. The site had a 5000 L rain 
tank with a Davey Pump and associated RainBank switch system. The wireless loggers were 
set to record for a five-week period. The primary purpose of the logging period was to ensure 
that the supply sources switched over at least once in this period, capturing both the rain tank 
and potable supply of the three mandated end uses.  

The flow trace process using Trace Wizard has an essential role in this particular study 
beyond disaggregating flow into end-use events. The process also has a critical role to reveal 
whether individual events from the rain tank plumbed end uses have been supplied by either 
the tank or potable water supply sources. For potable supplied events, the identical flow trace 
pattern will be clearly evident for the two smart meters each side of the switch system, and 
the flow pattern will also be displayed at the front meter along with all other events supplied 
by potable supply. As an example, Figure 14 shows a clothes washer event from the potable 
supply. For a rain tank supplied end use, a flow trace event will be evident only on the smart 
meter after the switch system (i.e. not the meter before the switch system). As an example, 
Figure 15 shows a toilet event that is supplied by the rain tank. 

End-use analysis for the two smart meters each side of the switch enables the resolution of 
supply from the rain tank and potable supplies. Figure 16 illustrates the end-use summary for 
the smart meter before the switch (Figure 16a), after the switch (Figure 16b) and the resolved 
rain tank supplied water (Figure 16c), which represents the difference between (a) and (b). 
For example, the water consumed by the clothes washer from the rain tank is the difference 
between 1571 L and 922 L, equating to 649 L for the study period. The potable supply 
consumed 922 L, which will also be evident in the front potable water supplied end use 
breakdown, along with all other potable supplied end uses (Figure 17). 

Figure 14: Trace Wizard software showing a clothes washer event supplied by potable water 

(a) potable supply smart meter (b) meter before switch (c) meter after switch 

   

Front meter 
Clothes washer 
10.7.2010 
8:00 – 12:16 AM 
 

Meter before switch 
Clothes washer 
10.7.2010 
8:00 – 12:16 AM 
 

Meter after switch 
Clothes washer 
10.7.2010 
8:00 – 12:16 AM 
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Figure 15: Trace Wizard software showing event supplied by rain tank 

(a) potable supply meter (b) meter before switch (c) smart meter after switch 

   

Figure 16: Resolving rain tank end uses 

(a) end-use summary of meter 
after switch 

(b) end-use summary of 
meter before switch 

(c) rain tank end-use 
summary 

   

Figure 17: Potable water supplied end-use summary 

 
As noted previously, while the pilot study revealed the end uses of the potable and rain tank 
supplies, I used a modelling approach in this study for three reasons. Firstly, funds to 
undertake a rain tank end use study were not forthcoming at time of fellowship project (it cost 
approximately $3000 per household for the experimental equipment. Secondly, Griffith 
University ethics approval and household consents were not available at the time of study. 
Finally, I would need to collect and analyse 12 months of end-use data for a sample of at 
least 50 households for this type of scheme to obtain a representative end-use summary for 
both the potable and rain tank supply sources. Due to these constraints, I adopted a 
modelling approach to reveal the end uses of the potable and rain tank supplied end uses, as 
discussed below. 

Front meter 
No toilet event 
21.7.2010 
6:04 – 7:04 PM 
 

Meter before switch 
No toilet event 
21.7.2010 
6:04 – 7:04 PM 
 

Meter after switch 
Toilet event 
21.7.2010 
6:04 – 7:04 PM 
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5.4. IPRWT end use modelling approach 
I used two available software packages to model the performance of IPRWTs installed to 
QDC MP 4.2 specifications. A brief description of the method of analysis applied for each of 
these approaches is provided below. As mentioned previously, while smart metering 
equipment has been installed on a small number of pilot study sites (n = 3) to determine the 
end use breakdown of IPRWTs, an insufficient sample size and data collection period is 
available at present. Therefore, a modelling approach has been applied using two available 
software packages. 

5.4.1. Rainwater TANK model 
The Rainwater TANK model is an Excel-based spreadsheet linked to a FORTRAN executable 
application (Vieritz et al. 2007). Rainwater TANK simulates the capture of rain by an urban 
roof. The primary aim of the model is to assess how the rainwater tank can meet the water 
demand of the urban allotment. The tank water volume for the current day is determined from 
mass balance as expressed in Equation 1. 

TW = Yest_TW + TopUpW + TankInflow – IWUtank – EWUtank   (1) 

Where: 
TW = tank water volume (m3) 
Yest_TW = yesterday’s tank water volume (m3) 
TopUpW = volume of potable water added to the tank by top-up or trucked water to top it up to its specified Top Up 
Mark Volume (m3) for the current day 
TankInflow = flow of rainwater into the tank from the roof for the current day (m3) 
IWUtank = internal Water Use for tank water (m3) for the current day 
EWUtank = external Water Use for tank water (m3) for the current day. 

The key assumptions and mathematical formula for the model are described by Vieritz et al. 
(2007). In summary, the initial water level in the tank is set to the user-defined top-up point. 
Within each daily time step, the order of calculations depends on the ‘Run’ setting chosen. 
The rain tank is assumed to be any regular shape, whereby the volume is calculated by 
multiplying the tank’s basal area and its height. Household water end uses have a fixed 
amount of water used per day (nominated by the user) and the primary assumption with 
respect to internal water use is that the demand must be always fulfilled. This internal water 
use is assumed to be constant for each day of the run. When the tank runs out of water, the 
model will automatically meet the internal demand using potable water, thereby providing an 
estimate of the supply shortfall (Vieritz et al. 2007). 

5.4.2. RainTank model 
The second rainwater tank modelling software I used was RainTank (Jenkins 2007), which is 
designed to simulate the collection and use of water from a rain tank connected to the roof of 
a house. The model uses daily rainfall and consumption information for the house, based on 
the location of the house and tank site. The model uses a continuous simulation of rainfall and 
runoff from the house roof to the rain tank, and a daily water consumption model for water 
stored in the rain tank.  

The conceptual arrangement of the RainTank model includes the following elements (Jenkins 
2007): 

• roof area—the total area of the house roof that drains into the tank. 

• tank volume—the total volume of the rain tank, including the air space that is available for 
stormwater detention. 
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• rainwater storage—the part of the tank that is available for storage of rainwater collected 
from the roof, which is equal to the tank volume minus the air space available for 
stormwater detention. Water overflows from the tank when the amount of water in the 
tank exceeds the volume of the rainwater storage. 

• air space for stormwater detention—the top section of the tank that is available for 
stormwater detention is defined as a percentage of the tank volume. It is assumed that 
the invert of the overflow pipe is located at the bottom of the air space for stormwater 
detention. As it takes some time for the water within this air space to drain out of the tank, 
this water is used first to supply the daily consumption before the remaining volume is 
withdrawn from the tank. 

• initial loss—the rain that falls at the beginning of a rainstorm is often absorbed into the 
pores of the roofing material or is trapped on the roof by surface tension effects. This 
water then evaporates off the surface before any runoff can occur. Although this initial 
loss will be affected by antecedent rainfall, the model assumes a constant initial loss for 
each rain day throughout the simulation period, measured as a depth of rainfall 
distributed over the roof area. 

• drainage system efficiency—during a rainstorm, the runoff is directed to the rainwater 
tank via the roof gutters and downpipes. During intense parts of the storm, runoff often 
overflows from these drainage system elements before it can reach the rain tank. 
Although the amount of overflow will be affected by the intensity of the rainfall, the model 
assumes a constant drainage system efficiency, which defines the percentage of daily 
runoff that reaches the rain tank. 

• first flush loss—the initial runoff from a roof surface often contains a higher concentration 
of contaminants than the remaining part of the storm runoff. This first flush effect is due to 
the build up and wash-off of pollutants on the roof surface. Many rain tank installations 
allow for the inclusion of a first flush device, which discards this initial volume of rainwater 
before runoff can enter the tank. The first flush loss defines the volume of roof runoff that 
is discarded from the first flush device each day. No runoff enters the rain tank when the 
daily roof runoff is less than the value defined by the first flush loss. 

A discussion of the RainTank analysis method and scenario input parameters is provided in 
section 0. The purpose of using two modelling software was to compare results and confirm, 
or otherwise, rain tank yield. 

5.5. NPV LCC unit cost evaluation 
From the end-use study described above, I formulated a per capita end use water balance for 
each of the four schemes. This laid the foundations for an evidence-based assessment on the 
potable water savings from installing the alternative supply source, as well as its overall 
demand.  

The water savings over the life cycle (LC) of the schemes can be aligned with the NPV LCC 
of the scheme, including all capital and operating costs. GHG emissions from energy 
generation will incur further costs, and it is likely that both water customers and water utilities 
will pay for these costs in higher energy prices (Fane et al. 2011). This resulted in a unit cost 
($/kL) for each scheme based on their ability to derive such potable water savings. I 
compared the unit costs with other examined schemes, as well as other reported unit costs 
for schemes. This unit cost assessment follows both the total resource cost and stakeholder 
perspective assessment methods discussed in the IRP framework. 

The IRP framework for urban water planning has five main steps (Figure 4). Step 5; monitor, 
evaluate and review) is the most critical to the successful operation of IRP (WSAA 2008) and 
is used as the main point of reference for this study. Figure 18 outlines the process involved 
in Step 5 of the IRP framework adapted for this particular study. 
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Figure 18: The process involved in Step 5 of the integrated resource planning (IRP) 
framework (Fane et al. 2011) 

 
This study undertook a unit cost assessment of four water supply scenarios: a traditional 
infrastructure mix supplemented by desalination; a traditional infrastructure mix supplemented 
by dual supply; a traditional infrastructure mix supplemented by an IPRWT; and a traditional 
infrastructure mix supplemented by a hybrid scheme composed of both dual supply and an 
IPRWT. 

Saliba and Withers (2009) stated that scenarios were a necessary framework to assist with 
analysing and understanding emerging complexities, exploring areas of uncertainty, 
assessing interdependence and coherence, and ‘what if’ events. By using scenarios in this 
study, we can see the dynamics that could influence performance of the water system now or 
into the future (Saliba and Withers 2009). 
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6. Determining scheme end uses 
The research method was applied to reveal a comparable total per capita consumption and 
end use breakdown for the four examined schemes. For each scheme, the applied study 
sample and context is firstly mentioned, and then the results, which are summarised as the 
total and end use per capita consumption. These results are used for comparative 
assessments and to determine potable water savings resulting from diversified water supply 
schemes. An IRP assessment discussed later in this report provides the foundations for urban 
water policy implications. 

6.1. Scheme 1: Potable-only supply 
The South East Queensland residential end use study (SEQREUS) includes a sample of 
households located in GCC. I have included this GGC subsample in this investigation to 
represent summer and winter 2010 end use breakdown for a traditional, centralised, single 
detached potable-only reticulated household. Such households represent a baseline against 
which to compare diversified schemes, as they are still the most common water supply 
scheme in Australia. A discussion of the sample selection process, sample characteristics, 
climatic and situation context data and end use results is provided below.  

6.1.1. Sample selection process 
A filtering and quality control process was applied to each of the households that consented 
to be a part of the Gold Coast residential end use study (GCREUS). Each property was 
visually inspected prior to being selected for the final sample. Key criteria for sample selection 
are listed in Table 3. Properties identified as having an IPRWT or alternative-supply source 
were not included in this sample. The sample comprises potable-only supplied detached 
dwellings. Information on household occupancy and characteristics was also collected for 
each dwelling.  
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Table 3: Criteria for sample selection of GCREUS households 

Criteria Comment or justification for criteria 

Consented to end use study Ethical clearance requirement for all collaborating research 
partners. 

Residential single, detached 
dwelling 

Required to have a single residential water meter specific to the 
property being metered in order to capture singe household data. 

No internally plumbed rain 
tank. Rain tank for external 
use permitted 

Toilet and laundry end uses would be sourced from the rain tank 
and thus could not be measured by the potable water meter. All 
internal end uses needed to be measured in this study. Rain tanks 
used predominantly for external use only (i.e. not plumbed into 
house) were accepted and this fact documented in water audit to 
allow irrigation comparisons. 

Water meters accessible and 
readily replaced with smart 
meters and associated 
loggers 

Water meters need to be replaced with minimum disturbance to 
property. Data transfer requires clear signal. Concrete lid may 
reduce reception. In summary, the site was reviewed to ensure that 
it was fit for purpose for equipment installations and data collection 
reliability. 

Owner-occupied household Due to consent reasons and that water bills are paid by the 
homeowner (i.e. landlord), only homeowners have been included in 
the study. Also, rental households are typically transient and can 
move every 6–12 months, thus not providing a good sample for 
seasonal comparisons.  

6.1.2. Participating household characteristics 
A sample of properties was taken from the GCC Council local government area. On average, 
each household had 2.6 residents, with 58% of households having two or fewer residents. 
Only 34% of households had children aged17 or younger, and the average age of children 
was 8.8 years. Only 36% of households included retired persons. The traditional potable-only 
sample was slightly biased toward smaller-sized, older-resident households.  

6.1.3. Environmental data 
The climate data for GCC during the two-week study period (in June 2010) showed average 
minimum and maximum temperatures of 13.1°C and 21.3°C, respectively. During that time, 
19.5 mm of rain fell over four wet days (i.e. number of days where rainfall exceeded 1 mm). 
June rainfall was markedly lower than the reported long-term averages. Summer data 
(December 2009 – February 2010), collected for a smaller sample of GCC households, 
showed average minimum and maximum temperatures of 20°C and 29.1°C, respectively. 
During summer, each month received an average of 166 mm of rain and had an average of 
11 wet days. Summer rainfall was fairly representative of rainfall patterns over the previous 
five years. 

6.1.4. Water policy context 
During 2010, permanent water conservation measures (PWCM) were in place in GCC (and 
had been since 1 December 2009) with a target of 200 L/p/day. (PWCM represents the lowest 
current restriction level, and SEQ dam storages were over 90% full during the study period.) 
Target 200 PWCM are as follows: 

• use efficient sprinklers (less than 9 L/minute) and hoses between 10 am and 4 pm, 
except on Mondays 

• do not water garden at all on Mondays 

• use a bucket or watering container at any time 

• top up pools when no alternative-supply source (i.e. rain tanks) are available. 
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Water conservation marketing by the Queensland Government and water businesses was 
prevalent in 2007 and 2008, but these messages had been reduced substantially in 2009 and 
2010, as dam storages had been replenished with above-average rainfall in 2009. 

6.1.5. Developing winter 2010 end-use summary 
I sampled 87 GCC single, detached households in winter 2010. This case serves as the 
business-as-usual water supply scheme for the purposes of this study, and is used for 
baseline potable water savings comparisons. The sample provides a reasonable 
representation of household types with a strong mix of family types, income categories and 
household occupancies. Additionally, results suggest that the data obtained from this study 
compares well with other estimations of household consumption (i.e. weekly reports from 
QWC).  

Properties in GCC recorded an average total water consumption of 331 L/hh/day or 
140.8 L/p/day (Figure 19), ranging from 26 to 549 L/p/day. End use breakdown on a per 
capita basis indicates that, on average, shower (28%), tap (24%) and clothes washer (20%) 
activities comprised the bulk of the water consumption (Figure 19).  

Daily per capita toilet use did not vary significantly between homes in comparison to other end 
uses, such as shower–bath, clothes washer and irrigation. This is commonly reported in other 
end use studies (e.g. Willis et al. 2009; Roberts 2005). Dual-flush toilets have been 
incorporated into homes for some time and are not a new concept relative to water efficient 
washing machines and low-flow taps and showerheads. While Arthuraliya et al. (2008) noted 
an absence of any significant increases in the use of dual-flush toilets, they did observe a 
clear decrease in flush frequency over the same four-year period (in the early 2000s). This 
suggests that while adopting new technology in water-efficient toilets (e.g. ultra low flow, 
waterless urinals) may be slow, the behaviour of toilet use is tending toward a more 
conservative approach. 

Irrigation contributed an average of 9.4 L/p/day or only 7% of total water use. The homes that 
used the most water had a disproportionately high contribution from irrigation. Water used for 
clothes washing and showers varied markedly across the sample, maybe reflecting the mix of 
household types (single, family, pensioners) present in the region. Temperature, rather than 
rainfall, may be a stronger trigger for irrigation.  

Figure 19: Average daily per capita water end-use breakdown during winter 2010 (n = 87) 
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6.1.6. Developing summer 2010 end-use summary 
The summer single detached potable-only reticulated sample size was 34. Irrigation end uses 
are the most variable and difficult to sample reliably. Given that irrigation end-use values have 
much higher variance around the mean than indoor end uses, data was collected at different 
times over the summer period in an attempt to provide a representative end-use breakdown. 
Figure 20 illustrates the end use water consumption for single reticulated regions in 
summer 2010.  

Figure 20: Average daily per capita water end-use breakdown during summer 2010 (n = 34) 

 

 

 

 

 

 

 

 

 

 

Firstly, total consumption was 171.9 L/p/day. Irrigation in the summer sample was 
21.9 L/p/day, which was considerably more than the winter 2010 value (9.4 L/p/day). 
However, irrigation in summer still represents less than 13% of total consumption, which is far 
less than that recorded in previous end-use studies in Melbourne and Perth. Clothes washing 
was slightly higher in summer than winter (36.9 versus 27.9 L/p/day), as was shower usage 
(52.7 versus 40.9 L/p/day). As expected, toilet usage was similar (23.1 L/p/day in summer 
compared with 20.6 L/p/day in winter). Tap, dishwasher and bathtub usage were similar. 
Leakage was considerably higher in the winter sample because a few households 
experienced severe leaks during the study period. The summer and winter data provides a 
representative range of end uses for potable-only, single detached households. This end-use 
breakdown will serve as a baseline for later comparisons.  

6.1.7. Potable scheme end use values summary 
A summary of the summer and winter 2010 end-use breakdown for the single detached, 
potable-only reticulated scheme end use values is presented in Table 4. The average 2010 
end-use breakdown will serve as the baseline for comparison with the three popular 
diversified water supply schemes examined. There is a notable difference in irrigation 
between the two seasonal periods monitored. Winter 2010 irrigation end use was 9.4 L/p/day, 
representing only 7% of total consumption. This is less than half of the 21.9 L/p/day recorded 
in summer 2010, supporting historical bulk reading data that irrigation in GCC is greater 
during summer. The average sampled total per capita residential consumption value of 
156.5 L/p/day is very close to the QWC reported SEQ monthly per capita residential 
consumption average for the 2010 period (140–160 L/p/day), indicating that the end-use 
results are representative and useful for comparisons. 

Clothes 
Washer

36.9 L/p/d
21.5%

Shower
52.7 L/p/d

30.6%

Tap
33.3 L/p/d

19.4%

Dishwasher
1.4 L/p/d

0.8%

Bathtub
1.6 L/p/d

1.0%

Toilet (Pot)
23.1 L/p/d

13.5%

Irrigation (Pot)
21.9 L/p/d

12.7%

Leak (Pot)
1.0 L/p/d

0.6%
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Table 4: GCC single, detached potable-only reticulated scheme end-use values (baseline) 

End-use category Single reticulated 

winter 2010 (n = 87) 

Single reticulated 
summer 2010 (n = 34) 

Single reticulated 

average 2010 

 L/p/day % L/p/day % L/p/day % 

Clothes washer 27.9 20.0 36.9 21.5 32.4 20.7 
Shower 40.9 29.0 52.7 30.6 46.8 29.9 
Tap 34.2 24.0 33.3 19.4 33.8 21.6 
Dishwasher 1.6 1.0 1.4 0.8 1.5 1.0 
Bathtub 1.9 1.0 1.6 1.0 1.8 1.1 
Toilet 20.6 15.0 23.1 13.5 21.9 14.0 
Irrigation 9.4 7.0 21.9 12.7 15.7 10.0 
Leak 4.3 3.0 1.0 0.6 2.7 1.7 

Total (potable) 140.8 100 171.9 100 156.5 100 

6.2. Scheme 2: Potable supplemented by an 
IPRWT 
6.2.1. Introduction 
In newly constructed dwellings in many regions of Australia, the use of IPRWTs is considered 
as a viable potable source substitution measure for certain end uses. The QDC MP 4.2 
requires all new households constructed after 2007 to include an IPRWT to certain water end 
uses, including toilets, the cold water laundry tap and two outdoor taps. Provided the 
particular area has reasonable rainfall, the installation of IPRWT can save centrally supplied 
potable water. However, while the QDC MP 4.2 stipulates a targeted saving of 70 kL/hh/a, 
there is little evidence to demonstrate that such targets are achievable in theory or in practice.  

The advent of switch systems has made IPRWT schemes more appealing to domestic water 
consumers. Typically, an IPRWT would use a switch system (Government of South Australia 
2003; GCW 2005) when the level in the rain tank reaches a certain threshold; potable water 
can be used until the rain tank is sensed to have an adequate volume. This allows an 
uninterrupted supply of water to the household. Even if the electricity or pump system fails, 
the system will transfer to potable supply. The main drawback with these systems is that if 
householders are unaware that their rain tank pump has failed, they are unknowingly using 
potable water instead of readily available rainwater. 

I used two rain tank models to achieve the stated objectives of this study: RainTank (Jenkins 
2009) and Rainwater TANK (Vieritz et al. 2007). Both these modelling software and the input 
parameters applied in this study will be discussed in greater detail later. This study involves 
modelling 5 kL rain tanks, attached to a 100m2 roof area with a switch-over system for a 
typical GCC single detached dwelling. The modelling period was 1980–2007 and climatic data 
was obtained from the Southport weather station in GCC. The two models were used to 
simulate rain tank yield, potable supply and end use water consumption breakdown for supply 
sources for a range of scenarios, including: 

• household size (single person, 2.8 persons and 3.4 persons) 

• driest and wettest weather periods (low and high rainfall years in 1980–2007) 

• average yield for 1980–2007 rainfall for 2.8 person households 

• increasing outdoor use (i.e. irrigation end use) above prior recorded irrigation demand. 

Firstly, total consumption from both the rain tank and potable supplies were compared for the 
two modelling software, in order to verify similar rain tank yield. Rainwater TANK was 
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considered the more sophisticated model and was used to determine the end use breakdown 
for both the rain tank and potable supplied water.  

Appendix A details the IPRWT modelling process and results. The ‘Models applied’ section 
explains the RainTank and Rainwater TANK computer programs used to run the models for 
this study. ‘Modelling stages’ describes the step-by-step process used in the study, 
‘Limitations’ explains the differences and limitations involved in the study and the two 
programs, ‘Model parameters’ lists the inputs and assumptions used in the programs and 
‘Modelling scenarios’ describes the different scenarios used in the study. The variables were 
mentioned earlier (i.e. household size; average, dry and wet weather periods and increasing 
irrigation use). The ‘Results’ section discusses modelling analysis findings from both 
computation software and an end-use breakdown. A section is devoted to exploring the 
influence of increasing irrigation demand on the rain tank yield and potable demand. Finally, a 
summary of results is presented. 

The following sections detail the key findings from the IPRWT modelling exercise. 

6.2.2. IPRWT scheme end use summary 
Table 5 presents the tabulated summary for the potable and rainwater end uses. The total 
rain and potable water use was calculated to be 53.0 L/p/day (33.4%) and 105.8 L/p/day 
(66.6%) respectively, leading to a total per capita water use of 158.8 L/p/day. Total demand 
for rain tank supplied end uses was estimated by the model at 76.6 L/p/day, with 53.0 L/p/day 
supplied by the rain tank and another 23.6 L/p/day having to be sourced through potable 
mains due to depleted rain tank supplies. This implies that the utilisation ratio for the rain tank 
is approximately 70% for the ‘average’ conditions modelled, as expected. 

Table 5: Summary of rainwater and potable water uses 

End use category End use consumption (L/p/day) Percent (%) of total demand 

Potable water supply 

Clothes washer 12.8 8.1 
Shower 50.0 31.5 
Tap 22.2 14.0 
Dishwasher 2.3 1.4 
Bathtub 6.6 4.2 
Toilet 4.9 3.1 
Irrigation 5.9 3.7 
Leak 1.1 0.7 

Total (potable) 105.8 66.6 

IPRWT supply 

Clothes washer 22.3 14.0 
Irrigation 13.9 8.8 
Toilet 15.7 9.9 
Leak 1.1 0.7 

Total (rain tank) 53.0 33.4 

Total (all supplies) 158.8 100 

6.2.3. Modelling variation in irrigation demand on IPRWT yield 
Once establishing an end-use breakdown, scenarios were analysed to evaluate the influence 
of increasing irrigation demand from current levels on rain tank yield (Table 6). The total per 
capita water use for the 19 kL/a, 30 kL/a, 40 kL/a and 50 kL/a scenarios modelled equates to 
158.8 L/p/day, 171.5 L/p/day, 180.4 L/p/day and 189.4 L/p/day, respectively. The most 
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notable finding here is that approximately three-quarters of any increased irrigation demand 
comes from the potable supply, implying that the tank switches to potable supply more 
frequently due to this higher irrigation demand. The system is not providing the intended 
potable water savings from the centralised water supply source at these higher levels of 
irrigation. Reliable yields above this range are unlikely without modifications to tank sizing, 
roof connection and the number of end uses to which this supply source is connected. For the 
latter suggestion, adding additional end uses (e.g. hot water system) will unlikely generate 
substantial potable water savings without also increasing both roof catchment area and tank 
sizing. 

Table 6: Varying irrigation demand (2.8 person household; 1980–2007 modelled) 

Annual irrigation 
demand 

19 kL/hh/a 
(18.6 L/p/day) 

30 kL/hh/a 
(29.4 L/p/day) 

40 kL/hh/a (39.1 
L/p/day) 

50 kL/hh/a 
(48.9 L/p/day) 

L/p/day % L/p/day % L/p/day % L/p/day % 

Potable water supply 

Clothes washer 12.8 8.1 14.3 8.3 15.1 8.4 15.8 8.3 
Shower 50.0 31.5 50 29.2 50 27.7 50 26.4 
Tap 22.2 14.0 22.7 13.2 22.9 12.7 23.2 12.2 
Dishwasher 2.3 1.4 2.3 1.3 2.3 1.3 2.3 1.2 
Bathtub 6.6 4.2 6.6 3.8 6.6 3.7 6.6 3.5 
Toilet 4.9 3.1 5.9 3.4 6.8 3.8 7.8 4.1 
Irrigation 5.9 3.7 12.7 7.4 17.6 9.8 22.5 11.9 
Leak 1.1 0.7 1.1 0.6 1.2 0.7 1.3 0.7 

Total (Potable) 105.8 66.6 115.6 67.4 122.5 67.9 129.5 68.4 

IPRWT supply 

Clothes washer 22.3 14.0 20.5 12.0 19.6 10.9 18.6 9.8 
Irrigation 13.9 8.8 18.6 10.8 22.5 12.5 26.4 13.9 
Toilet 15.7 9.9 15.7 9.2 14.7 8.1 13.7 7.2 
Leak 1.1 0.7 1.1 0.6 1.1 0.6 1.2 0.6 

Total (rain tank) 53.0 33.4 55.9 32.6 57.9 32.1 59.9 31.6 

Total (all supplies) 158.8 L/p/day 171.5 L/p/day 180.4 L/p/day 189.4 L/p/day 

6.2.4. Summary 
The 158.8 L/p/day total consumption value is very close to the potable-only supply sample 
(i.e. 156.5 L/p/day for potable-only sample determined through the end use study approach), 
with a potable demand of 105.8 L/p/day (see Table 5). This IPRWT scheme result is 
compared with the traditional potable-only supply scheme in a later section, as it appears that 
increased irrigation demand only provides diminishing potable water savings. Table 6 
indicates that if irrigation demand increased total per capita consumption to 189.4 L/p/day 
(i.e. 30.6 L/p/day increase in demand from current levels in GCC), only 7.5 L/p/day or one-
quarter of this increased demand would be supplied by the IPRWT.  

6.3. Scheme 3: Dual-supply scheme 
The dual-supply, residential end-use study includes a sample of households located in the 
northern growth corridor region of GCC. Such dual-supply schemes, where both potable and 
Class A+ recycled water supplies are reticulated to particular fit-for-purpose end uses in 
residential households, are becoming increasingly popular in Australia. While such schemes 
are gaining in popularity, there is little evidence illustrating the end uses they supply. Willis et 
al. (2011) are conducting pioneering research to better detail the end use breakdown of these 
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dual-supply schemes. The summer and winter 2010 end-use data collection process for the 
dual-supply scheme is detailed in the following sections. 

6.3.1. Sample selection process 
A filtering and quality control process was applied to each of the households that consented 
to be a part of the dual supply end use study. Each property was visually inspected prior to 
being selected for the final sample. Key criteria for sample selection were that the household 
had both a potable and recycled water supply. Properties identified as having an IPRWT or 
another alternative-supply source were not included in this sample. Information on household 
occupancy and characteristics was also collected for each dwelling.  

As described above, there are two variants of the residential Pimpama Coomera (PC) 
diversified water supply scheme. Most households constructed prior to 2007 in this northern 
growth corridor had potable and recycled water supplies (i.e. dual supply). After 2007, the 
QDC MP 4.2 was introduced and the majority of dwellings constructed now have three supply 
sources (i.e. potable, Class A+ recycled and IPRWT to washing machine cold water feed and 
one external tap). This section considers the dual-supply scheme constructed prior to 2007, 
with only potable and recycled supplies; the latter scheme is presented in Scheme 4, 
section 11. Rain tanks may be evident in some households in the sample, generally installed 
due to generous Queensland Government rebates during the drought period, but these were 
not plumbed internally (i.e. external only).  

6.3.2. Participating household characteristics 
A sample of properties was taken from the PC region within GCC. Some general 
characteristics of the participating households are described. On average, households 
contained 3.4 residents—more than the GCC average and the potable-only sample—because 
the PC region is in the growing fringe suburbs that are occupied by families (77%). Lot sizes 
averaged 711 m2 and average gross annual income exceeded $75 000 per household. The 
larger proportion of families in the dual-supply sample, when compared to the potable-only 
sample, had some bearing on the per capita end-use breakdown and subsequent 
comparisons; this will be discussed later. 

6.3.3. Environmental data 
The climate data for GGC during summer 2009–10 and winter 2010 is presented below. As 
mentioned, summer sampling was dispersed over two-week sampling periods from 
December 2009 to the first week of March 2010. Average minimum and maximum 
temperatures were 20°C and 29.1°C, respectively. An average rainfall of 166 mm per month 
was recorded in the summer study period over an average 11 wet days per month. Summer 
rainfall was fairly representative of rainfall patterns over the previous five years.  

The climate data for GCC during the winter sample period (August 2010) is presented below. 
Average minimum and maximum temperatures of 11.8°C and 21.7°C, respectively, are 
representative of historical data. During that time, 83.4 mm of rain fell, which is above the 
long-term average of 55.6 mm due to a significant one-off 56.2 mm rain event on 11 August. 
The rain fell over five wet days, which is close to the long-term average of 5.7 days. The one-
off soaking on 11 August would likely have an effect on irrigation volumes in the sampling 
period.  

6.3.4. Water policy context 
As mentioned previously, PWCM had been in place in GCC since 1 December 2009 with a 
target of 200 L/p/day, and dam storages exceeded 90% in the study period. The Class A+ 
recycled water was officially commissioned on 1 December 2009. Some initial marketing was 
conducted to educate householders on the commissioning process, as well as some 
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promotion of the benefits of recycled water, including the opportunity to irrigate lawns. Broad-
based marketing of the recycled water reduced during 2010, but some targeted information 
was provided to householders. 

6.3.5. Developing summer 2010 end-use summary 
As at 1 December 2009, recycled water was supplied to the PC recycled-water region. Post-
commissioning end use water consumption data was sampled over summer 2009–10, 
identified as December 2009 to the beginning of March 2010. Two-week data sets were taken 
from dissected samples over the season to account for seasonal effects (rainfall) on irrigation 
usage. In total, the dual-supply scheme sample size was 100. The irrigation category end use 
is the most variable and difficult to sample reliably. The strategy to collect end-use data from 
a portion of households over the season serves to provide a mean irrigation volume for the 
sample in the season. Figures 21–23 illustrate the dual-supply end-use water-consumption 
breakdown for all supply sources, potable supply and Class A+ recycled water supply 
sources, respectively. 

Figure 21: Average daily per capita consumption (L/p/day) in summer (dual supply only) 
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Figure 22: Average daily per capita consumption (L/p/day) in summer (potable supply only) 
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Figure 23: Average daily per capita consumption (L/p/day) in summer (recycled supply only) 
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The average sampled total consumption for the PC region (i.e. both the potable and recycled 
supplies) during summer was 183.6 L/p/day. This comprised 59.1 L/p/day or 32.2% 
consumed on the recycled water line and 124.5 L/p/day or 67.8% consumed on the potable 
line. Recycled water irrigation was 28.9 L/p/day and potable supplied irrigation was 
18.7 L/p/day. The potable supplied irrigation end use was relatively high in this scheme 
compared to the baseline results (Scheme 1). It was expected that the potable irrigation level 
would have reduced to a minimum with the introduction of a recycled water supply but this 
was not the case. This may be due to potable taps being used to fill pools or for other 
activities where householders might feel uncomfortable using recycled water. 

Recycled line toilet and leakage were 27.5 and 2.7 L/p/day, respectively. Most potable 
supplied end uses were comparable to other potable-only end use studies, with shower and 
clothes washer activities accounting for 43.3 and 28.9 L/p/day, respectively. Overall, the 
major difference in end uses compared to traditional single reticulated schemes is expectedly 
due to the end uses related to irrigation. Table 7 provides a summary end use breakdown for 
summer. 

6.3.6. Developing winter 2010 end-use summary 
A dual-supply end-use sample was collected in winter 2010 (a two-week period in 
August 2010). The dual supply sample size for winter 2010 was 41. The average sampled 
total consumption for the PC region (i.e. both the potable and recycled supplies) was 
143.6 L/p/day in winter (Table 7). This comprised 35.6 L/p/day or 24.8% consumed on the 
recycled water line and 108.0 L/p/day or 75.2% consumed on the potable line. Recycled 
water irrigation was 8.3 L/p/day and potable supplied irrigation was 4.7 L/p/day, which was 
markedly less than that recorded in summer 2010. Moreover, the potable irrigation demand 
was considerably lower. The lower irrigation volumes on both supply sources were the 
primary driver for the lower total consumption in winter. All other end uses were close to those 
obtained in the summer reading. The results indicate a seasonal increase in outdoor use in 
summer to water gardens and fill swimming pools. As a final note, the winter per capita 
demand for the dual-supply sample (143.6 L/p/day) was very close to that recorded for the 
traditional potable-only sample (140.8 L/p/day), indicating that the availability of recycled 
water induced no additional demand during winter months. 

6.3.7. Dual-supply scheme end-use summary 
A summary of the summer and winter 2010 end-use breakdown for the dual supply scheme is 
presented in Table 7. As noted above, all end uses are similar for the summer and winter 
readings, with the exception of both potable and recycled irrigation, which was markedly 
higher in summer. This is expected, as outdoor demand would be higher in the hotter summer 
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months. The average 2010 sampled total per capita residential consumption value of 
163.7 L/p/day fits suitably within the QWC reported SEQ monthly per capita residential 
consumption average for the 2010 period (140–170 L/p/day), indicating that the end-use 
results are representative and useful for comparisons. 

Table 7: Dual-supply scheme end use values summary 

Supply source Dual supply winter 
2010 

Dual supply 
summer 2010 

Dual supply average 
2010 

End use categories L/p/day % L/p/day % L/p/day % 

Potable water supply  

Clothes washer 29.8 20.8 28.9 15.7 29.4 17.9 
Shower 41.4 28.8 43.3 23.6 42.4 25.9 
Tap 26.7 18.6 28.0 15.3 27.4 16.7 
Dishwasher 1.5 1.0 2.2 1.2 1.9 1.1 
Bathtub 2.7 1.9 2.6 1.4 2.7 1.6 
Irrigation (potable tap) 4.7 3.3 18.7 10.2 11.7 7.2 
Leak (potable line) 1.2 0.8 0.8 0.4 1.0 0.6 

Total (potable) 108.0 75.2 124.5 67.8 116.3 71.1 

Class A+ recycled water supply  

Toilet 26.2 18.2 27.5 15.0 26.9 16.4 
Irrigation (recycled taps) 8.3 5.8 28.9 15.7 18.6 11.4 
Leak (recycled line) 1.1 0.8 2.7 1.5 1.9 1.2 

Total (recycled) 35.6 24.8 59.1 32.2 47.4 28.9 

Total (all supplies) 143.6 100 183.6 100 163.7 100 

6.4. Scheme 4: Hybrid scheme 
6.4.1. Introduction 
After implementation of the QDC MP 4.2 in 2007, dwellings within the PC northern growth 
corridor of GCC included an IPRWT, as well as the recycled water supply. In effect, the PC 
community now has a potable, Class A+ recycled and recycled supply to each residential 
household. This hybrid scheme has Class A+ recycled water plumbed to two external taps 
and the toilet (as per traditional, dual-reticulation homes) and the 5000 L rain tank plumbed to 
one external tap and the cold-water laundry tap. All other end uses are supplied by potable 
water, including one external tap. 

6.4.2. Modelling approach applied 
Similar to Scheme 2, field collected end-use data was not available for this scheme. Given 
that we had end-use data for the recycled water scheme and traditional, potable-only scheme, 
as well as a built modelling approach for IPRWTs, a robust model could be created for this 
hybrid scheme using data from the existing schemes. The Rainwater TANK software was 
used to model consumption patterns of a tri-supply scheme for the clothes washer (cold tap) 
and irrigation end uses. The clothes washer was supplied by potable mains (hot water and 
tank top up) and an IPRWT (cold tap), and irrigation was supplied by potable mains, recycled 
water and the IPRWT.  

An initial total value for clothes washer and irrigation demand was taken as the average total 
demand for these end use categories across the three above measured sources (i.e. potable, 
dual supply and IPRWT). The remaining end-use values within this hybrid tri-supply scheme 
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were assumed to be the same as those found in the dual-supply scheme. Table 8 details the 
resolved model for this hybrid scheme and its end-use breakdown.  

Table 8: End use results for hybrid tri-supply scheme 

Supply source end-use categories Average water consumption 

 L/p/day % 

Potable water supply  

Clothes washer  8.6 5.1 
Shower 42.4 25.3 
Tap 27.4 16.3 
Dishwasher 1.9 1.1 
Bathtub 2.7 1.6 
Toilet (potable) na na 
Irrigation (potable tap) 3.2 1.9 
Leak (potable line) 1.0 0.6 
Total (potable) 87.2 51.8 

Class A+ recycled water supply 

Toilet (recycled line) 26.9 16.0 
Irrigation (recycled) 18.6 11.1 
Leak (recycled line) 1.9 1.1 
Total (recycled) 47.4 28.2 

Internally plumbed rainwater tank supply 

Clothes washer (cold)  23.8 14.2 
Irrigation (rain tank taps) 8.5 5.1 
Toilet (rain tank sourced) na na 
Leak (rain tank line) 1.1 0.7 
Total (rain tank) 33.4 20.0 

Total (all supplies) 168.0 100.0 

Clothes washer water demand comprises both hot and cold water sources. Hot water is 
supplied entirely from potable water and represents 25% of total clothes washer demand. The 
average total demand for the existing measured or modelled schemes was 32.3 L/p/day. Cold 
water is sourced primarily from the IPRWT, and a very small amount (0.72 L/p/day) came 
from the potable-switch system when the rain tank was modelled as being empty.  

Total irrigation demand was assumed to be same as the dual-supply scheme (30.3 L/p/day). 
The recycled water line supplied 18.6 L/p/day, as per the dual-supply scheme end-use study, 
while the remaining 11.7 L/p/day came from both potable mains and the IPRWT supply 
sources. In order to split the remaining 11.7 L/p/day irrigation demand, it was assumed that 
75% would come from the IPWRT with 25% sourced from the potable supply. A very small 
portion of the IPRWT supplied irrigation consisted of potable water (0.26 L/p/day). Given that 
the 5000 L rain tank in this hybrid scheme is only plumbed to a limited number of end-use 
categories, it rarely switched to potable supply as indicated by the Rainwater TANK model.  

6.4.3. Hybrid end-use breakdown discussion 
When compared to other schemes, there was a slight overall increase in water demand. As 
expected, this scheme had the lowest demand in daily volume and percentage from the 
potable supply source across all schemes (Table 8). The scheme resulted in potable water 
savings of 69.3 L/p/day (156.5–87.2 L/p/day) or 70.8 kL/hh/a.  
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The tri-supply scheme can be expected to significantly reduce potable water demand through 
the implementation of both recycled water and rainwater supply sources. Since rainwater is 
not used for toilet flushing under a tri-supply scheme, demand on the rain tank is less than the 
IPRWT scheme, and thus top-up from potable mains is minimal. In a residential setting, this is 
beneficial as space limitations for water storage enables a mandated 5000 L tank to be 
effectively used without regular depletion before the next rain event, thereby requiring minimal 
potable top up. Clothes washing can be largely supplied from a rain tank with only a small 
portion from potable used for hot water.  

Irrigation and external use activities benefit from having three water sources available for fit-
for-purpose end uses. While total consumption for the tri-supply scheme is the highest of all 
the schemes, the choice of supply enables appropriate water sources to be used where 
required. Most importantly, potable water consumption is reduced through the presence of 
recycled water and rainwater sources within a household. 
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7. Unit cost assessment 
7.1. Overview 
A comparison of the capital and operating costs will only provide a reliable answer if 
annualised cost and benefit parameters are determined for the appropriate LC periods. The 
comparison of all scenarios requires the simulation of the operation of the whole system. 
Three principal components were included in the analysis: 

• capital cost 

• annual operating cost, including some environmental costs (e.g. GHG emissions) 

• water saved or supplied. 

The PV LCC analysis included a very limited financial assessment on the wider environmental 
and societal benefits and costs of the different schemes. These costs and benefits are 
discussed, and arguments provided alongside the formulated unit costs for the various 
schemes. 

7.2. Objectives and scope 
In order to undertake a reliable cost comparison, IRP requires a consistent basis for 
comparing the four schemes so that the final results may reflect differences in the choice of 
technologies, and not inconsistencies in underlying data. Considering this, the only 
differences in the underlying water balance are those created by the different choice of 
technologies. For example, the supply of recycled water will change the source of some 
household end uses, and it will also change the total water usage. 

I applied 25- and 50-year IRP assessment LCs in this study. While the Pimpama Coomera 
Water Future (PCWF) Master Plan has a 50-year life span and staging, current lower-than-
expected demand has meant that this plan will need to change. Forecasting work has 
determined that the current recycled water plant capacity of 9 ML/day is likely sufficient to 
satisfy current demand levels for longer than presently reported. Therefore, staging costs 
have been considered for this LCC assessment. The life span of the desalination plant could 
be longer than 25 years but a significant rehabilitation cost, potentially equivalent to the 
original cost outlay, would be required at around this period. Therefore, a 25-year LCC period 
was deemed appropriate for the plant to derive a comparable unit cost for this scheme type. 

IPRWT systems generally have a structural guarantee or warranty of 25 years but some 
models have been shown to have a much lower life span. Moreover, IPRWT pump and switch 
systems would last 5–15 years and external parts (e.g. filters) may need to be replaced even 
more regularly. A 25-year LC for the rain tank was considered appropriate for the base case 
capital replacement schedule. NPV formulas were applied to determine PV and annualised 
equivalents for total LC investment costs. All applied cost parameters and life spans are 
provided for each scheme evaluated. 

The analysis scope did not consider the funding package (i.e. government revenue, bank 
debt, bonds, etc.) applied and the interest costs associated with each individual scheme. For 
the purposes of this assessment, all PV LCC assessments consider capital costs and 
recurrent expenses to be funded through government or business revenues. 
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7.3. Residential end use water balance 

7.3.1. Established end-use balance 
Table 9 shows the water end-use breakdown established from two significant end-use studies 
conducted in GCC and associated IPRWT modelling.  

Table 9: Scheme water end use comparative assessment 

Supply source 
and end-use 
category 

Scheme 1 
Potable-only avg. 

2010 

Scheme 2 IPRWT 
avg. 1980–2008 

Scheme 3  
Dual-supply 
avg. 2010 

Scheme 4 
Hybrid tri-supply 

 L/p/day % L/p/day % L/p/day % L/p/day % 

Potable water supply  
Clothes washer 
(potable) 

32.4 20.7 12.8† 8.1 29.4 17.9 8.6† 5.1 

Shower 46.8 29.9 50 31.5 42.4 25.9 42.4 25.3 
Tap 33.8 21.6 22.2 14 27.4 16.7 27.4 16.3 
Dishwasher 1.5 1.0 2.3 1.4 1.9 1.1 1.9 1.1 
Bathtub 1.8 1.1 6.6 4.2 2.7 1.6 2.7 1.6 
Toilet (potable) 21.9 14.0 4.9† 3.1 na na na na 
Irrigation 
(potable tap) 

15.7 10.0 5.9† 3.7 11.7 7.2 3.2† 1.9 

Leak (potable 
line) 

2.7 1.7 1.1 0.7 1.0 0.6 1.0 0.6 

Total (potable) 156.5 100 105.8 66.6 116.3 71.1 87.2 51.9 
Class A+ recycled water  
Toilet (recycled 
line) 

na na na na 26.9 16.4 26.9 16.0 

Irrigation 
(recycled line) 

na na na na 18.6 11.4 18.6 11.1 

Leak (recycled 
line) 

na na na na 1.9 1.2 1.9 1.1 

Total (recycled 
line) 

na na na na 47.4 28.9 47.4 28.2 

IPRWT supply 
Clothes washer 
(IPRWT cold 
tap) 

na na 22.3† 14.0 na na 23.8† 14.2 

Irrigation 
(IPRWT taps) 

na na 13.9† 8.8 na na 8.5† 5.1 

Toilet (IPRWT 
taps) 

na na 15.7† 9.9 na na na na 

Leak (IPRWT 
taps) 

na na 1.1 0.7 na na 1.1 0.7 

Total (IPRWT 
taps) 

na na 53.0 33.4 na na 33.4 19.9 

Total (all 
supplies) 

156.5 100 158.8 100 163.7 100 168.0 100 

*NA: End use is not applicable for particular supply scheme. 
† Rain tank end use demand switches to potable supply when the tank is depleted thus demand is split. 
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7.3.2. Alternative source water demand 
Water demand from alternative sources can be determined from the end-use balance in 
Table 9. For the dual-supply scheme, the Class A+ recycled water demand was 47.4 L/p/day 
or 48.4 kL/hh/a (2.8 ET/hh applied for all household conversions). For the IPRWT scheme, 
the tank water demand was 53 L/p/day or 54.2 kL/hh/a. For the hybrid scheme, consisting of 
both dual supply and an IPRWT, the Class A+ recycled water demand was 47.4 L/p/day or 
48.4 kL/hh/a, and the IPRWT-sourced demand was 33.4 L/p/day or 34.1 kL/hh/a. These water 
demand input parameters have also been applied in the PV LCC models, in addition to the 
potable water savings values, as most urban water economic assessments to date apply the 
demand value when formulating PV LCC unit costs. 

7.3.3. Demand-adjusted potable water savings 
The unadjusted potable water savings were established as 40.2 L/p/day (41.1 kL/hh/a) for the 
dual-supply scheme (i.e. 156.5 – 116.3 L/p/day) and 50.7 L/p/day (51.8 kL/hh/a) for the 
IPRWT scheme (i.e. 156.5 – 105.8 L/p/day). The IPRWT scheme has higher savings 
principally because this supply was also plumbed to the cold-water tap feeding the clothes 
washer. The hybrid scheme (rain tank and dual supply) resulted in potable water savings of 
69.3 L/p/day (i.e. 156.5 – 87.2 L/p/day) or 70.8 kL/hh/a, the highest potable water savings of 
the three alternative-source schemes. However, given that there are water demand 
differences between the schemes for comparable end uses (e.g. shower) that would not likely 
be influenced by the available supply source, an end use adjustment procedure was followed 
to determine the modified potable water savings that are perceived to better reflect the true 
savings derived from the scheme. 

7.3.4. Adjusted water end-use balance 
Table 10 shows the modified end-use breakdown and the resulting potable water savings, 
which has also been applied in the IRP assessment. Adjustments to the actual sampled end-
use values in Table 9 are considered necessary to enable better scheme comparisons. To 
permit accurate comparisons between schemes that best demonstrate the costs and savings 
of alternative water sources, rather than a variation in consumption patterns (e.g. differences 
in per capita showering end-use volumes related to end-use sampling rather than scheme 
type), each scheme assumes the same demand for certain potable end uses, as described 
above (shower, tap, dishwasher, bath tub, potable line leak).  

Moreover, each scheme has its own unique end-use value for other end uses, such as 
clothes washers, toilet and irrigation. These end uses are supplied by different sources and it 
is likely that there would be differences in demand based on the user’s perception of the 
sources intrinsic value (e.g. more likely to use the full flush more often for toilet supplied with 
recycled water).  

I followed specific rules to modify the end-use breakdown and derive adjusted potable water 
savings, such as: 

• identifying the highest per capita demand for shower, tap, dishwasher and potable line 
leak end uses from all schemes and applying it as the demand for all schemes 

• applying an averege value for bathtub across all end uses (the average value was applied 
instead of highest, as per previous rule, since the IPRWT sample value was significantly 
higher than the others). 

All other end uses remained as per the original end-use datasheet (Table 9). 
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7.3.5. Adjusted potable water savings 
From Table 10, the resultant adjusted potable water savings were established as 28.9 L/p/day 
(29.5 kL/hh/a) for the dual-supply scheme (i.e. 162.3 – 133.4 L/p/day) and 46.4 L/p/day 
(47.4 kL/hh/a) for the IPRWT scheme (i.e. 162.3 – 115.9L/p/day). The IPRWT scheme has 
higher savings principally because this supply was also plumbed to the cold-water tap feeding 
the clothes washer. The hybrid scheme resulted in potable water savings of 58.2 L/p/day 
(i.e. 162.3 – 104.1 L/p/day) or 59.5 kL/hh/a.  

The hybrid scheme had the highest potable water savings of the three alternative-source 
schemes. Adjusting the end uses reduced potable water savings for all the schemes, most 
notably the dual-supply scheme where potable water savings reduced from 40.2 to 
28.9 L/p/day. Again, it is important to premise the analysis philosophy taken for this study.  

The potable water savings (i.e. difference between the traditional, potable-only scheme 
demand and alternative scheme potable demand) rather than total water demand for that 
water source (which is higher due to some induced demand given the availability of the 
alternative-water source) has been inputted into the financial model. This philosophy will most 
likely result in higher unit costs than those formulated in other completed unit cost 
assessments. 
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Table 10: Demand adjusted scheme end use comparative assessment 

Supply source  Scheme 1 
Potable-only 

avg. 2010 

Scheme 2 
IPRWT avg. 
1980-2008 

Scheme 3 Dual 
supply avg. 2010 

Scheme 4 
Hybrid tri-supply 

End use category L/p/day % L/p/day % L/p/day % L/p/day % 

Potable supply taken for all scenarios 
Shower 50.0 30.8 50.0 29.6 50.0 27.7 50.0 27.0 
Tap 33.8 20.8 33.8 20 33.8 18.7 33.8 18.3 
Dishwasher 2.3 1.4 2.3 1.3 2.3 1.3 2.3 1.2 
Bathtub 3.5 2.2 3.5 2.1 3.5 1.9 3.5 1.9 
Leak (potable line) 2.7 1.7 2.7 1.6 2.7 1.5 2.7 1.5 
Total (Potable A) 92.3 56.9 92.3 54.6 92.3 51.1 92.3 49.9 

Potable – scheme specific         
Clothes washer (potable) 32.4 20.0 12.8† 7.6 29.4 16.2 8.6† 4.7 
Toilet (potable) 21.9 13.5 4.9† 2.9 na na na na 
Irrigation (potable tap) 15.7 9.6 5.9† 3.5 11.7 6.5 3.2† 1.7 
Total (Potable - B) 70.0 43.1 23.6 14.0 41.1 22.7 11.8 6.4 
Potable – total (A+B) 162.3 100 115.9 68.6 133.4 73.8 104.1 56.3 

Class A+ recycled water supply         
Toilet (recycled line) na na na na 26.9 14.9 26.9 14.5 
Irrigation (recycled taps) na na na na 18.6 10.3 18.6 10.1 
Leak (recycled line) na na na na 1.9 1.0 1.9 1.0 
Total (Recycled) na na na na 47.4 26.2 47.4 25.6 

IPRWT supply         
Clothes washer (IPRWT cold) na na 22.3† 13.2 na na 23.8† 12.9 
Irrigation (IPRWT taps) na na 13.9† 8.2 na na 8.5† 4.6 
Toilet (IPRWT sourced) na na 15.7† 9.3 na na na na 
Leak (IPRWT sourced) na na 1.1 0.7 na na 1.1 0.6 
Total IPRWT na na 53.0 31.4 na na 33.4 18.1 
Total (all supplies) 162.3 100 168.9 184.9 180.8 100 184.9 100 
*NA: End use is not applicable for particular supply scheme. 
† Rain tank end uses switch to potable supply when the tank is depleted, thus the demand is split. 

7.4. Determining key IRP input parameters 

7.4.1. Inflation rates applied to the costs 
An assumption made during the analysis procedure was that the cost of water will inflate 
proportionally to the increase in annual operating expenditure. Table 11 displays the CPI for 
utilities’ prices to 2010 (RBA 2010) and Table 12 illustrates the increase in the electricity price 
since 2007 (QCA 2011). Over the past decade, utilities have declined in the margin of their 
debt repayments to profit (NWC 2009). In recent years, utilities have significantly increased 
the price of water above CPI to cover their debt repayments. For the purposes of this study, a 
7.3% inflation rate has been adopted for electricity, which represents the average for the past 
five years, and recent evidence indicates no likelihood of reduced electricity inflation 
expectations in the medium term. 
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Table 11: Utilities in the CPI September Quarter 2010 (ABS 2010; RBA 2010) 

Cost category Effective 
weight (%) 

Inflation over the year 
(%) 

Annualised inflation over 
the previous five years (%) 

Utilities 4.2 12.0 7.5 
of which:    
Electricity 2.2 12.4 7.3 
Gas* 0.9 9.8 6.1 
Water & sewerage 1.1 12.8 9.1 
*Includes other household fuels 
Sources: ABS 2010; RBA 2010 

Table 12: QCA increase in household energy prices 2007–2012 (QCA 2011) 

Year Actual annual increase 

2007- 2008 11.37% 
2008- 2009 9.06% 
2009- 2010 11.82% 
2011- 2012 5.83% 

7.4.2. Offset principles 
From a water supply planning perspective, the requirement of alternative technologies such 
as desalination, RWTs and dual supply is to offset the need to extract water from existing 
dams or groundwater (Lane et al. 2010). Comparing the merits of each water supply scheme 
requires that all costs are transparent and levelised equally (UNESCO 2008), including: 

• capital costs 

• annual operating costs 

• potable water saved or supplied 

• 25 or 50-year LCs where appropriate 

• GHG and associated carbon costs. 

7.4.3. Sensitivity analysis 
Sensitivity analysis was completed for a number of IRP model input parameters to explore 
their effect on overall levelised costs. Sensitivity analysis permits the understanding of one 
uncertainty at a time (Saliba and Withers 2009). Estimates of costs and benefits are 
influenced considerably by assumptions or values used for variables (Dobes 2009). By 
manipulating the variables, decision-makers can see the degree of influence a variable has in 
shaping a system (Saliba and Withers 2009). The parameters subject to sensitivity analysis 
are discussed under their respective scheme assessment. 

7.4.4. Primary data sources for IRP assessment 
A range of data sources were used for this IRP assessment. The primary sources of data for 
input parameters are listed in Table 13. The reference list provides full citations for these 
resources. 
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Table 13: Primary data sources for IRP assessment 
LCP/IRP 
reports 

Turner et al. (2003) ACTEW AGL Demand Management & LCP model 
Turner et al. (2007) Review of water supply demand options for SEQ 
Fane et al. (2011) Integrated resource planning for urban water – resource papers 

Desalination Crisp (2010) Reducing carbon footprint of a seawater desalination plant: Case study 
UNESCO (2008) Emerging trends in desalination: A review (NWC Waterlines Report) 
Wilf (2004) Fundamentals of RO-NF technology 
Fritzman (2007) ‘State-of-the-art’ review of reverse osmosis desalination 

Dual supply Lane et al. (2010) Life cycle assessment of the Gold Coast urban water systems 
PCWF Stage 2 EIS – Pimpama Coomera 
Allconnex single dwelling property accounts Pimpama Coomera – Dual supply & RWT 
Allconnex Pimpama plant data 2010–011 

Rainwater 
tanks 

Allconnex single dwelling property account Pimpama Coomera – RWT 
Retamal et al. (2009) Energy implications of household rainwater systems 
WBM Oceanics (2005) PCWF Masterplan Implementation – RWT Optimisation Study 
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8. Scheme 1—Traditional 
infrastructure mix supplemented by 
desalination 
8.1. Scheme overview 
The definition of the traditional infrastructure mix is the town water supply and wastewater 
infrastructure in operation during the 2007–08 financial year. This report follows a similar 
methodology to the Lane et al. (2010) LC assessment of the Gold Coast urban water system. 
Figure 24 illustrates how the desalination plant sits within the traditional framework. The Gold 
Coast (Tugun) has a seawater reverse osmosis (RO) desalination plant with full operational 
capacity of 133 ML/day. Product water is released into the existing potable water supply 
network. 

Figure 24: Traditional infrastructure mix supplemented by desalination (Lane et al. 2010) 

(a) Traditional dam supply source scheme (b) Dam and desalination plant backup 

 

8.2. Potable scheme end-use breakdown 
Tables 9 and 10 summarise the established potable-only residential water supply scheme end 
use. Given that desalination plants merely add to the existing, traditional supply base, they 
are considered as an existing available potable source in the traditional scheme, rather than a 
potable water savings measure as argued for the other schemes. For this IRP assessment, it 
has been considered that future water demand from the ‘traditional’ potable-only scheme will 
need to be supported by desalination plants, where other alternative schemes are not 
implemented. Table 10 shows the water demand per connection for a potable-only scheme. 
This scheme scenario was created to enable a reference unit cost that could be compared 
with the other three schemes. Contemporary schemes that have a lower unit cost than 
desalination should undoubtedly be considered in the mix of opportunities for future urban 
water planning. 
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8.3. Desalination capital and operating costs 
Desalination scheme costs are divided into capital costs, which are influenced by plant 
capacity, and operation and maintenance costs in relation to water salinity and energy prices 
(El Saliby et al. 2009). Seawater desalination is affected by physical, biological and chemical 
factors that contribute equally to the composition of fresh water. These factors heavily 
influence the cost of pre-treatment operation, plant maintenance and brine composition (El 
Saliby et al. 2009). Desalination plants are generally operated to meet shortfalls in long-term 
water supply yield predictions. 

8.3.1. GCC desalination plant capital and operating costs 
The Gold Coast Desalination Alliance (GCDA) comprises Veolia Water, John Holland Group 
and Sure Smart Water (owned by the Queensland Government). The alliance operates under 
a build–own–operate–transfer (BOOT) agreement. Table 14 describes the key project 
parameters for the Tugun plant. Many of these parameters and others have been applied for 
the PV LCC assessment. A unit cost of $2.03/kL is provided in Table 14; the other unit costs 
determined from this study can be compared with such numbers. 

Table 14: Tugun desalination plant capital and operating parameters (Crisp 2010) 
Client Water Secure 

Capacity 133 ML/d 
Plant capital $958 million 
Connecting system  $198 million 
Total capital $1.156 billion 
Total operating cost $32 million/year 
Unit cost $2.03/kL 
Energy consumption 3.6 kWh/kL 

8.3.2. GCC desalination plant energy costs 
The Tugun plant commenced operation in 2009 and experienced a five-week shutdown in 
May 2009 and another three-month cease in operation between June and August 2010, as 
well as ongoing problems with rust and valves. Crisp (2010) stated that the production of 
1 million L of drinking water required 3.6 MWh of electricity. Energy demand estimates 
prepared by the GCDA in 2006 estimated requirements of 5.1 MWh/ML at full production, 
based on data sourced from GCDA’s material change of use (MCU) application (KBR 2008). 
Table 15 shows the annual energy consumption for its production capacity steps according to 
various sources. 

Table 15: Energy consumption according to plant production 

  Energy use (MWh/ML) 

Production capacity ML/day Crisp WaterSecure GCDA 

100%  133 360 412 510 
66% 88 238 272 367 
33% 44 119 136 168 

Detailed information regarding the capital costs of desalination plants around Australia exists 
(Crisp 2010) but little information is available on the annual operating cost; typically a total 
cost figure is presented with no detailed breakdown on energy, labour, material, maintenance, 
etc. This study compared a typical breakdown of operating costs (Figure 25) provided by 
UNESCO (2008) and Wilf (2004). The annual operating cost of $32 million stipulated by 
WaterSecure (Crisp 2010) was separated according to Figure 25 and then reassigned 
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according to operating capacity levels to illustrate the difference according to set parameters 
(Table 16). Fixed cost or charges include land acquisition and process equipment, as well as 
plant construction (Fritzman 2007). Membrane replacement cost is related to plant capacity 
and operation time (Fritzman 2007). For the purpose of this study, the average of the two cost 
breakdown methods (i.e. (A + B) / 2) was applied for the PV LCC analysis.  

Figure 25: Comparison of allocation of annual operating costs (UNESCO 2008; Wilf 2004) 

 

Table 16: Operating expenditure ($) according to operational capacity steps 

Operating capacity 100% 66% 33% 

Apportionment method (A)* (B)* (A) (B) (A) (B) 

Energy 19 200 000 14 080 000 12 798 720 9 385 728 6 399 360 4 692 864 
Maintenance & monitoring 3 200 000 2 240 000 2 133 120 1 493 184 1 066 560 746 592 
Membrane replacement 3 200 000 1 600 000 2 133 120 1 066 560 1 066 560 533 280 
Chemicals 3 840 000 960 000 2 559 744 639 936 1 279 872 319 968 
Labour 2 560 000 1 280 000 1 706 496 853 248 853 248 426 624 
Fixed Charges† – 11 840 000 – 11 840 000 – 11 840 000 

Total 32 000 000 32 000 000 21 331 200 25 278 656 10 665 600 18 559 328 
† denotes a fixed charge for all operating capacity steps. 
Source: (A) UNESCO 2008; (B) Wilf 2004; GCC desalination plant carbon costs 

The Garnaut Review (Garnaut 2008) proposed a carbon price of $20–30/t starting in 2011. 
The cost of carbon is effectively an additional operating expense, so the NPV and levelised 
cost of water will increase. The conveyance of desalinated water at a distance (e.g. pumping 
from the coast to an inland city) can significantly drive up the energy requirements; to 
transport 1 kL over 418 km uses 3.3 kWh of energy (Crisp 2010). Desalination is often 
considered as one of the most energy-intensive water supply options and is highly susceptible 
to the introduction of a carbon price; a carbon price of $50/t would add 16% to the operating 
costs of a desalination plant (UNESCO 2008). For the purpose of this study, a $20/t carbon 
price has been applied for the desalination plant for its operating electricity requirements. 

8.4. Non-monetary considerations 

8.4.1. Environmental effects 
Environmental effects of desalination plants are related to carbon emissions and saltwater 
brine (Ebensperger and Isley 2005). The other major effect is during the construction phase, 
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and the effect of marine atmospheric conditions on daily operation and maintenance tasks 
(UNESCO 2008). 

8.4.2. Economics and social effects 
Desalination has become a commonplace supply extension measure in Australia. However, if 
there are no capacity constraints and the traditional supply of water can be set below the cost 
of desalted water, it is likely that desalination plants will be placed on standby mode. Altman 
(2007) commented that water prices in the future may be guided by the marginal cost of 
desalination. The QWC conducted a study on the expansion of the Gold Coast desalination 
facility. Table 17 illustrates some of the various future augmentation options proposed. Given 
that the plant is currently operating at minimum capacity and dam storages are close to full 
due to the above-average rainfall in 2009–2011, the anticipated timing for future expansion 
will need to be revised. 

Table 17: Gold Coast desalination plant future augmentation capacity and costs 

Augmenta
tion option 

Increase in 
daily 

capacity 
(ML) 

Total daily 
capacity 

(ML) 

Capital 
cost 
($M) 

Capital 
cost per 

ML ($/ML) 

Annual 
operating 
cost ($M) 

Operational 
cost per ML 

($/ML) 

Option 11 45 180  262.5 5.83 $15.0 $0.97 
Option 22 135 270 748.4 5.54 $41.80 $0.90 
Option 33 270 405 1 261.9 4.67 $81.00 $0.87 
1. Limited alteration to existing marine and network integration 
2. Duplication of plant size, extensive new marine and network integration 
3. Triplication of plant size, extensive new marine and network integration 

8.5. Economic assessment summary 
8.5.1. Plants operating capacity scenarios 
The Tugun desalination plant, on which this assessment is based, has a 133 ML/day potable 
water output at 100% operating capacity. It was designed to operate at three operating 
capacity steps: 100%, 67% and 33 %. Therefore, three operating capacity (OC) step 
scenarios were considered for the water supplied input parameter to the PV LCC assessment 
model as follows: 

• OC1—100% operating capacity with potable water output of 133 ML/day 

• OC2—67% operating capacity with potable water output of 88.66 ML/day 

• OC3—33% operating capacity with potable water output of 44.33 ML/day. 

• desalination PV LCC modelling parameters. 

The list below represents the primary parameters used for the PV LCC assessment for 
augmenting the existing town water supply system with desalinated water: 

• capital cost of $1.2 billion (WaterSecure 2010; Crisp 2010) 

• operation and maintenance cost of $32 million/year in 2010 (WaterSecure 2010; Crisp 
2010) 

• 3% annual increase for plant operation and maintenance costs 

• 3% annual increase on fixed charges 

• 4% annual increase for labour costs 
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• 7.3% annual increase in energy costs based on past five-year annualised energy CPI 
(RBA 2010) 

• 7% discount rate applied for PV LCC analysis 

• 25-year investment period considered with no major refurbishment requirements for plant 

• carbon price of $20/t with 4% annual increase on base cost.  

The UNESCO approach assigns a higher proportion of the costs to energy but does not 
consider the degree of fixed cost associated with the plant at different operating costs. To 
provide a balanced proportioning of the operating costs, they were taken as the average of 
the UNESCO (2008) and Wilf (2004) techniques listed in Table 16, for the assignment of 
desalination plant costs for different operating capacities (Table 18). These costs were 
applied in the PV LCC modelling described below. 

Table 18: Operating costs for each plant operating capacity step 

Operating capacity OC1: 100% OC2: 67% OC3: 33% 

Energy $16 640 000 $11 092 224 $5 546 112 
Maintenance & monitoring $2 720 000 $1 813 152 $906 576 
Membrane replacement $2 400 000 $1 599 840 $799 920 
Chemicals $2 400 000 $1 599 840 $799 920 
Labour $1 920 000 $1 279 872 $639 936 
Fixed charges† $5 920 000 $5 920 000 $5 920 000 

Total* $32 000 000 $23 304 928 $14 612 464 
† denotes a fixed charge for all operating capacity steps and all other variable; * does not include cost of carbon. 

8.5.2. Desalination PV LCC unit cost summary 
Table 19 summarises the PV LCC analysis results. The PV LCC analysis showed that a 
$1.59/kL cost when operating the plant at 100% OC increased to $2.13/kL at 66% OC and 
$3.73/kL at for 33% OC. Crisp (2010) calculated a unit cost of $2.03/kL, which is close to the 
67% OC unit cost ($2.13/kL). Differences could result from different apportionment of 
operating cost categories and estimates on inflation rates for different cost categories, as well 
as the applied discount rate. A lower discount rate (e.g. 6%) would result in a higher unit cost 
for the water. The influence of changes in financial parameters (discount rates, inflation rates, 
etc.) is explored in the next section. The capital unit cost component of the total unit cost 
becomes a much higher proportion when the operating capacity reduces. Moreover, average 
annual operating capacities below 33% (e.g. 10%) would result in higher unit costs for the 
scheme (approximately $10/kL). The funding package (debt, government equity, etc.) for a 
desalination plant—or other schemes—was not considered here but would also be a 
decision-making factor. The LC interest cost associated with capital-intensive schemes over 
long life spans can sometimes be more than the initial capital outlay. 
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Table 19: PV LCC assessment for three examined operating capacity levels (OC1–OC3) 

Parameter Operating capacity 

OC1: 100% OC2: 67% OC3: 33% 

PV LCC ($) 1 933 478 097 1 720 153 467 1 506 892 821 
Supplied water (kL) 1 213 625 000 809 002 425 404 501 213 
Capital unit cost ($/kL) 0.99 1.48 2.97 
Operating unit cost ($/kL) 0.60 0.65 0.76 
Total unit cost ($/kL) 1.59 2.13 3.73 

8.5.3. Desalination PV LCC unit cost sensitivity analysis 
Sensitivity analysis was conducted to explore the implications of different financial parameters 
variance scenarios (SA–SC) on unit costs: 

• SA—discount rate set at 4%, 6%, 7% (base case) and 9% 

• SB—1% increase in base case operating cost inflation rates (i.e. CPI) 

• SC—1% decrease in base case operating cost inflation rates. 

Firstly, modifying the discount rate (4–9%) and the annual operating inflation index (±1% 
change) resulted in a matrix of possible unit costs for the various capacities as shown in 
Table 20. Sensitivity analysis indicated a unit cost range of $1.43–1.99/kL, $1.95–2.55/kL and 
$3.52–4.21/kL for 100%, 67% and 33% plant operating capacity steps, respectively. The most 
realistic outcome beyond the base case was the +1% increase on CPI with a 6 or 7% 
discount rate, which resulted in a range of $1.53–1.67/kL, $2.06–2.21/kL and $3.64–3.82/kL 
for 100%, 67% and 33%, respectively. This range compares with other unit cost assessments 
completed for desalination plants. 

Table 20: PV LCC assessment unit cost summary—sensitivity analysis 

 Unit cost ($/kL) 
OC1: 100% 

Unit cost ($/kL) 
OC2: 67% 

Unit cost ($/kL) 
OC3: 33% Operating capacity 

Discount rate applied i 4% 6% 7% 9% 4% 6% 7% 9% 4% 6% 7% 9% 

SA Base case CPI 1.87 1.67 1.59 1.47 2.41 2.21 2.13 2.00 4.06 3.82 3.73 3.58 
SB Base case CPI +1% 1.99 1.76 1.67 1.53 2.55 2.30 2.21 2.06 4.21 3.93 3.82 3.65 
SC Base case CPI -1% 1.76 1.59 1.53 1.43 2.30 2.13 2.06 1.95 3.93 3.72 3.64 3.52 

8.5.4. Desalination unit cost comparison with other studies 
The determined base case unit cost for desalination was $1.59/kL, $2.13/kL and $3.72/kL for 
100%, 67% and 33% operating capacities, respectively. These values are in the range 
reported by other PV LCC studies. Crisp (2010) calculated a unit cost of $2.03/kL, which is 
close to the 67% operating capacity unit cost of $2.13/kL. Turner et al. (2007) calculated a 
$2.55/kL unit cost for a proposed 125 ML/day Bribie Island desalination plant. UNESCO 
(2008) indicated desalination unit costs of $1.16–2.29/kL, based on the existing Kwinana 
(Perth) low capital cost plant and the recently completed Kurnell (Sydney) plant. QWC (2009) 
indicated unit costs of $2.00–4.00/kL for 100 ML/day desalination plants depending on 
electricity escalation, inclusion of carbon cost and a discount rate of 4–10%. Overseas, the 
sale price for desalinated water at the port of Singapore is approximately A$1.70/kL.  

All the other studies report a unit cost in line with this report’s calculations. For the purposes 
of this study, the desalination plant enabled potable supply extension unit cost is 
predominately used for the purpose of region-specific comparisons with the three potable 
source-substitution schemes (i.e. Schemes 2–4). As a final note, while not believed to be 
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covered in most of the above mentioned unit cost assessments on water supply schemes, the 
funding package implications (debt, equity, government revenue, etc.) can have a large 
influence on the actual unit cost. 
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9. Scheme 2: Traditional 
infrastructure mix supplemented by 
IPRWTs 
9.1. Scheme overview 
In 2007, the Queensland Government established the requirement (QDC MP 4.2) that all new 
dwellings in SEQ meet water savings targets through potable source substitution measures. 
The IPRWT was selected by the building industry to comply with this requirement. It was 
considered to be the lowest cost and most feasible option available. The major proportion of 
new, detached dwelling stock in SEQ (above 95%) has IPRWTs installed. Figure 26 provides 
a schematic diagram of this evaluated scheme, which includes a dam supplemented by 
IPRWTs. 

Figure 26: Traditional infrastructure mix supplemented by internally plumbed rainwater tanks 

 

9.2. Bulk water demand estimates and 
balance 
After many decades of discouraging rain tanks in urban environments, the recent drought of 
the mid- to late 2000s led many governments to reconsider rain tanks as a water security 
measure. Firstly, state governments tended to encourage rain tanks mainly for external use 
only in existing homes through generous rebates covering most of the costs of a 2000 L tank. 
However, after some internal assessments on the benefits on external-only tanks, some state 
governments realised that their generous rebates were not delivering significant potable water 
savings and reduced their rebate amount, cancelled them altogether or required the rain tank 
to be plumbed internally.  

A significant end use study completed by Willis et al. (2009) indicated that households with 
external rain tanks only saved 13.5 kL/hh/a. Other studies indicated savings of around 5–
15 kL/hh/a. Moreover, it could be argued that external-only rain tanks induce additional total 
water demand due to higher discretionary irrigation across the network, and therefore do not 
provide meaningful long-term potable water savings. In the later stages of the drought across 
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most of Australia in the late 2000s, state governments began to explore IPRWTs to certain 
end uses (e.g. cold water laundry, toilet and external taps) and began to mandate such 
installations for new residential households. For example, in Queensland, the QDC MP 4.2 
introduced in 2007 specified a targeted 70 kL/hh/a to be achieved from internally plumbed 
rain tanks to these end uses for new single detached residential households. Similarly, to the 
external-only rain tanks, the IPRWT scheme needs to be assessed to ensure that it is 
providing value-for-money potable water savings over the long term.  

Gardner (2003) proposed that an alternative method of estimating water savings was to 
compare projected population growth with and without RWTs. Gardner (2003) claimed that 
residential water demand was expected to grow at an average rate of 1270 ML/a with a total 
increase of 25 425 ML/a by 2021 assuming no new water savings or initiatives were 
implemented. However, if IPRWTs were mandated for all new houses, he predicted that water 
demand would reduce to 105 kL/hh/day, equating to a saving of 8990 ML/a in GCC. This is 
more than double the modelled IPRWT-induced potable water savings in this study, 
suggesting that it was an overly optimistic estimate of potable savings achievable from 
IPRWTs. 

The unadjusted and adjusted water balance used in this study is provided in Tables 9 and 10, 
respectively. These demand values and their associated potable water savings have been 
applied in this study. 

9.3. IPRWT cost and effectiveness aspects 
The objective of RWT schemes is to encourage residents to use rainwater as a means to 
reduce the overall demand on potable supply and manage urban runoff (Coombes 2007). 
Tam et al. (2010) investigated the cost elements and effectiveness considerations of using 
RWTs via a series of interviews requesting detailed cost information from households across 
seven major cities in Australia. The study incorporated reported GCC cost and effectiveness 
considerations and covered a range of relevant factors (Tam et al. 2010; NWC 2007). 
Table 21 summarises the interview findings. 

Table 21: Internally plumbed rainwater tank cost elements and effectiveness considerations 
(Tam et al. 2010) 

Cost elements Effectiveness considerations 

Rainwater tank Roof catchment area 
Tank installation and fitting Tank size 
Water pump The use of rainwater for outdoor and indoor 
Operating cost Annual rainfall 
Maintenance and pump replacement Impact of climate variability 
Tank requirements (i.e. gutter guard, mosquito 
stopper, top-up system, leaf catcher, inlet 
screen) 

Rainfall pattern 

9.4. IPRWT capital cost estimates 
For GCC and most of SEQ, new residential households are mandated to have IPRWTs with a 
capacity of 5000 L connected to 100 m2 of roof area and plumbed to the toilet, cold washing 
machine tap and two outdoor taps. The cost of the additional works required to meet QDC 
MP 4.2 is included in the building contract cost in a new dwelling, and ultimately borne by the 
homeowner. There are some other options for new homes under the QDC MP 4.2 but they 
are often more expensive and difficult to implement. Thus, close to all new homes install an 
IPRWT, which is a relatively straightforward addition to building works. 
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The average capital works cost of IPRWT installations in new dwellings, including the cost of 
tank, delivery, installation, plumbing plus incidentals such as concrete slab, tank stand and 
potable water switching devices is available in a number of studies (e.g. Tam et al. 2010; 
NWC 2007; WBM Oceanics 2005; Coombes 2007). This study extracted capital costs from 
these studies and used the most representative considered of the average or median value 
for application in this PV LCC assessment (Table 22).  

A total capital cost of $3078 for 2010 was determined for the additional building works 
required to include an IPRWT in a new household. The reticulation of IPRWT installations is 
cost prohibitive for existing homes and there is no requirement or indeed general desire for 
existing households to implement them. 

Table 22: Capital cost of installing an internally plumbed rainwater tank 

5 kL RWT ($) Pump ($) Plumbing ($) Installation ($) Total ($) Source 

1150 355 730 550 2785 Tam et al. 2010 
1091 650 727 548 3016 NWC 2007 
1388 770   - WBM Oceanics 2005 

    2765 Coombes 2007 
1150 650 729 549 3078 This study 

9.5. IPRWT operating and maintenance costs 
9.5.1. IPRWT energy requirements and GHG implications 
Recent monitoring suggests an average energy intensity value of 1.5 kWh/kL for the most 
common pump and switch systems (Retamal et al. 2009). Recent reports provide a range of 
1–3.4 kWh/kL difference in energy intensity due to pump types (Talebpour et al. 2011; 
Retamal et al. 2009: Lane et al. 2010).  

In this study, the IPRWT energy intensity was taken as 1.5 kWh/kL. Energex (2009) published 
a peak tariff rate of $17.13 c/kWh, which has been applied for this scheme in conjunction with 
53 kL/hh/a of pumped water determined from the end-use breakdown (Table 9). In this study, 
a 7.3% inflation rate (Table 11) was adopted for electricity, which represents the average for 
the past five years; there is no evidence of reduced electricity price inflation expectations in 
the medium term. 

A GHG cost implication of running the pump and an assigned cost of $20/t CO2 was applied 
in this study. An assigned 1.046 kg CO2-e/kWh was determined as the rate of carbon 
generated from the pump system, as reported by DERM (2007). 

9.5.2. Maintenance and replacement schedule 
There is still limited evidence on the life of urban water rain tanks and pump systems as they 
have not been widespread in urban areas until recently. Current documentation from 
suppliers indicates a 25-year structural life of polymer rain tanks, which represent the majority 
of stock. Also, pumps are often reported of having a life span of approximately 15 years. 
These life spans will be applied for the purposes of the PV LCC analysis, however, there is 
some anecdotal evidence that poor quality tanks have been manufactured and that pumps 
used for domestic purposes may not have such long life spans. Sensitivity analysis will 
examine lower life span implications further. Tank and pump replacement will also generally 
require a labour cost contribution, as most homeowners would not be suitably skilled or feel 
comfortable installing these components.  
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9.5.3. Other annual operating and maintenance costs 
IPRWTs have a number of components that need to be readily checked and maintained, 
including first flush systems, leaf protection mesh and filters, to name a few. In this study, a 
$20 annual miscellaneous maintenance amount was proposed (NWC 2007; Tam et al 2010), 
which considers that homes owners would replace filters, etc. (i.e. no labour cost). 

9.5.4. Rain tank operational reliability 
Anecdotal evidence suggests that some homeowners may unknowingly or knowingly have a 
tank or switch system that is not functioning. Given the design of switch systems, the water 
supply reverts to potable supply when the pump has failed or the power is turned off. Owners 
will therefore still receive water even if their pump is not functioning and may choose to turn 
them off completely if the noise upsets them or they do not have sufficient funds to replace 
the pump. Based on recent discussions with researchers and field technicians, a rain tank 
reliability reduction factor was applied in the PV LCC analysis. This factor considers a failed 
switch or pump system in a proportion of households with IPRWTs at any time. A reduction 
factor of 0.9 (i.e. 1-in-10 connections estimated as not providing water savings at any time for 
the base case scenario) was applied for the base case PV LCC assessment. 

9.6. Non-monetary considerations 

9.6.1. Design and building serviceability implications 
Master Builders Queensland (2009) claimed that the construction industry bore the brunt of 
compliance regimes and suggested that the costs of water conservation should be shared 
across all sectors of the industry and community. A proper drainage system to a RWT is often 
viewed by householders as being aesthetically poor and subsequently they are typically 
installed as a charged wet system. Potentially, leakage from these inadequate drainage 
systems may result in water ingress to service trenches causing moisture variation to the 
foundations of dwellings.  

Vieritz et al. (2007) stated that urban RWT have not yet achieved the status of a mature 
technology and have potential to be improved substantially. There are a number of 
opportunities for improving the design, robustness and reliability of rain tanks in the future. 
Gardiner (2007) commented that despite RWTs being required by legislation, the design of 
roofs and guttering has not been revised to allow for improved water collection. They 
suggested for SEQ governing bodies to consider legislating design modifications to improve 
rainwater collection whilst maintaining structural integrity. 

9.6.2. Financial implications 
Homeowners with an IPRWT will likely have a lower quarterly water bill due to reduced 
consumption. This represents a small proportional saving since the majority of water bills in 
Australia are composed of fixed charges (i.e. water service and wastewater charges). Given 
that homes with an IPRWT draw less from the potable supply and have a proportionally lower 
contribution to peak demand, which drives all pump and pipe infrastructure upgrades and 
greenfield development infrastructure sizing, they could potentially be entitled to a reduction in 
fixed charges. Such infrastructure deferral benefits are discussed later. 

9.6.3. Social implications 
The cost of purchase, installation and operation should be compared to the value derived by 
the householders. Benefits of RWTs to owners include a reduction in water consumption 
charges and a lessened effect when water restrictions are enforced (Tam et al. 2010). One of 
the main benefits of having an IPRWT is that the homeowner may be less susceptible to high-
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level water restrictions during a severe drought. However, given the IPRWT is designed to 
switch to potable supply when empty, these schemes are also generally subject to the same 
restriction regime as traditional potable-only households. Regardless, during non-restricted 
periods, homeowners may feel more comfortable to spend time irrigating outdoor gardens 
with their tank-sourced water supply. This is a social benefit to the consumer.  

9.6.4. Public health risk implications 
While the scheme is plumbed only to end uses that will not likely be ingested by humans 
(toilet, washing machine, outdoor taps), there is some risk that at some point rainwater will be 
ingested by home occupants. In an urban context, a comprehensive study (CRC for Water 
Quality & Treatment 2005) did not indicate any significant public health risks associated with 
rainwater tanks (e.g. waterborne disease, mosquitoes). Nonetheless, the incidence of health 
related issues might increase with a growing number of IPRWTs across Australia. Also, given 
that IPRWTs are a decentralised supply source that is maintained by the householder, there 
may be a higher incidence of dilapidation over time, thereby increasing public health risks.  

In time (i.e. 2018 as the first cohort of IPRWT under QDC MP 4.2 requirements get close to 
their replacement life), governments could assess whether IPRWTs pose a significant public 
health or governance risk. 

9.6.5. Infrastructure deferral implications 
IPRWTs reduce total daily per capita potable demand by approximately one-third. They also 
have some flow-on reduction to the peak hour (8–9am) demand (L/p/h/day) for potable water. 
Peak demand parameters drive the design of most pump and pipe infrastructure for 
distributing water. Reductions in peak demand may mean reduced requirements to upgrade 
or duplicate existing major trunk mains, reservoirs and pump stations. Also, greenfield regions 
can be implemented using smaller infrastructure due to the lower potable demand 
requirements.  

Such infrastructure deferral benefits from IPRWTs have not been considered here because 
they are not yet fully understood and have not been adequately costed. Nonetheless, the 
infrastructure deferral benefits of decentralised systems such as IPRWTs should be 
considered as a general benefit alongside developed unit costs for potable water savings. 

9.6.6. IPRWT yield reliability implications 
This study used modelling tools to predict IPRWT yields and volumetric reliability. Other 
studies commented that it might not be best practice to assume a linear relationship between 
the expected total yield achievable from a large number of RWTs in a region (Mitchell et al. 
2006; Loonat 2011). Household RWT systems comprise a mix of roof catchment areas, tank 
storages capacities and end-use characteristics that are not represented by the behaviour of 
a single-household system (Mitchell et al. 2006.). Linear upscaling of the performance of a 
single RWT to represent a large number of RWTs is called ‘spatial lumping’ (Mitchell et al. 
2006; Loonat 2011). Loonat (2011) examined the volumetric reliability and average annual 
yield from various clusters of 10–2000 L capacity RWTs, and reported that clusters of more 
than fifty homes were overestimated by 15% of average annual yield. The results 
demonstrate that spatial lumping has an overestimation effect on volume and yield, 
regardless of cluster size. Loonat (2010) proposed that a 1000-home cluster was an 
appropriate sample to monitor the effect of spatial lumping at a regional scale. Further 
analysis is required to gain an understanding of the range of IPRWT sizes and installations in 
a region, as well as a relative frequency distribution of water end-use demand.  
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9.6.7. Stormwater management implications 
In terms of effects on stormwater flow, WBM Oceanics (2005) showed that larger tanks 
provide greater benefits. A 5 kL tank reduced the two-year average recurrence interval (ARI) 
peak flow by approximately 8%, which may affect pipe sizes. When RWTs are included as 
part of water sensitive urban design (WSUD) treatment train (combination of different 
treatment technologies), the hydraulic benefits are provided by the longer flow path velocities 
associated with swale drainage and bio-retention systems, as opposed to capture or 
retardation of roof runoff in RWTs (WBM Oceanics 2005). WBM Oceanics (2005) stated that 
RWTs reduce the total volume of runoff associated with design storm events, in turn reducing 
downstream flooding. The capture and reuse of roof water in RWTs makes a difference to the 
stormwater quality infrastructure required by a development (WBM Oceanics 2005). The 
stormwater system monetary and environmental implications of the widespread roll-out of 
IPRWTs should be a consideration in the evaluation of options, along with unit costs 
presented here. 

9.7. IPRWT economic assessment summary 

9.7.1. Potable water savings and source demand parameters 
For this scheme, four potable water savings or IPRWT-sourced water demand scenarios (S1–
4) have been considered to examine the implications of the various approaches to evaluating 
scheme performance. 

• S1—47.4 kL/hh/a potable water savings per residential connection with IPRWTs 
(Table 10; adjusted end-use breakdown and associated modified potable water savings) 

• S2—51.8 kL/hh/a potable water savings per residential connection with IPRWTs (Table 9; 
unadjusted end-use breakdown and associated potable water savings) 

• S3—54.2 kL/hh/a total annual household demand for IPRWT-sourced water (Table 9; 
total IPRWT water demand of 53 L/p/day) 

• S4—70 kL/hh/a according to the legislated QDC MP 4.2 target set for households with 
IPRWTs installed. 

9.7.2. PV LCC base case financial model parameters  
Based on the discussion presented earlier, as well as examination of other financial indicators 
(e.g. inflation rates), the following IPRWT PV LCC base case model input parameters were 
established: 

• 25-year LC period 

• 7% discount rate applied for base case PV LCC 

• capital costs as per Table 22 

• 1.5 kWh/kL average energy intensity rate applied for IPRWTs 

• $0.1713/kWh peak electricity tariff rate (Energex tariff for 2009–10) 

• 7.3% electricity price inflation 

• 1.046 kg CO2-e/kWh emissions conversion rate (DERM 2007) 

• $20/t carbon price with 4% escalation 

• replace pump and switch system every 15 years (once in LC) (NWC 2007) 

• replace tank every 25 years (lasts the full 25-year LC period) 
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• 0.9 rain tank reliability reduction factor (see section 9.5.4)  

• $20/year for minor maintenance activities (Tam et al. 2010) 

• 3% inflation rate for pump and tank replacement costs 

• 4% inflation rate for labour, general maintenance and carbon costs 

• pump replacement labour of 3-labour hours @ $70/hour (2010 rate) 

• tank replacement labour of 4-labour hours @ $60/hour (2010 rate). 

The NPV LCC analysis was considered on a per connection basis to determine a unit cost for 
potable water savings resulting from this scheme. The scheme is largely related to individual 
households and the flow-on pump and pipe infrastructure benefits could not be monetised for 
this NPV LCC assessment, as insufficient evidence is available to link reductions in peak 
demand and infrastructure deferral opportunities. These potential benefits and others have 
been discussed in the above sections and should be taken into consideration when 
considering IPRWT schemes. 

9.7.3. IPRWT PV LCC unit cost summary 
Table 23 details the PV LCC assessment conducted on a per connection basis and the 
resulting base case unit cost ($/kL) for this scheme for potable water savings or demand 
scenarios S1–S4. Note, that unlike centralised schemes, the decentralised IPRWT scheme 
costs are largely borne directly by the customer in their home building cost (i.e. IPRWT capital 
cost) and household electricity and general expenditure budgets (electricity bill, annual 
maintenance costs, etc.). The costs associated with the IPRWT scheme governance 
arrangements in Queensland (reporting, inspections, etc.) would be quite low as they are 
presently limited. If a more comprehensive governance framework was introduced in the 
future (e.g. annual compliance inspections), the scheme’s unit cost would increase. The 
advent of such a widespread governance program has not been costed here as long-term 
governance arrangements are not presently in place.  

The difference between the potable water supplied to a traditional potable-only household and 
the potable demand in the IPRWT scheme (extracted from Tables 9 and 10) is considered to 
be the water saving in this study. The unit cost was $4.06/kL and $3.71/kL for the adjusted 
(S1) and unadjusted (S2) potable water savings, respectively.  

Given that most PV LCC assessments conducted previously consider the alternative-source 
demand to be the potable water saving (i.e. they do not consider a potential induced higher 
demand from the alternative source being available), the actual demand sourced from the 
IPRWTs (54.2 kL/hh/a) was also considered (S3). For this scenario, a unit cost of $3.55/kL 
was established. 

Finally, a future possible water demand scenario was created, considering if the QDC MP 4.2 
targeted saving of 70 kL/hh/a was achieved by the IPRWT scheme. It needs to be stated that 
it is not clear from the QDC MP 4.2 terminology and descriptions whether this target is a 
‘demand’ value or potable water saving. Regardless, the 70 kL/hh/a demand or saving 
scenario resulted in a unit cost of $2.82/kL. 

It is evident that for all demand scenarios, the major capital outlays (tank, pump, etc.) make 
up the majority share (80–82%) of the total unit cost for this scheme. Arguments that the 
electricity cost (including carbon cost) of running a domestic-sized pump is a high cost 
component for this scheme have been shown to be unfounded, which has also been 
suggested by a recent IPRWT end-use study (Talebpour et al. 2011). Initial capital cost 
expenditures at the building stage are the most critical component, followed by pump and 
tank replacements at the end of their life. The influence of IPRWT capital infrastructure life 
spans and reliability of potable water savings or demand are presented in the sensitivity 
analysis (Section 9.7.4). 
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Table 23: PV LCC base case assessment for IPRWTs on a per connection basis 

Financial item description Value 

S1: adjusted potable water savings (47.4 kL/hh/a)  

PV LCC per connection ($/connection) 4 326 
Life cycle potable savings per connection (kL/connection) 1 067 
Capital cost component of total unit cost ($/kL) 3.36 
Operating cost component of total unit cost ($/kL) 0.70 

Unit cost ($/kL) 4.06 

S2: unadjusted potable water savings (51.8 kL/hh/a)  

PV LCC per connection ($/connection) 4 326 
Life cycle potable savings per connection (kL/connection) 1 166 
Capital cost component of total unit cost ($/kL) 3.07 
Operating cost component of total unit cost ($/kL) 0.64 

Unit cost ($/kL) 3.71 

S3: IPRWT sourced water demand (54.2 kL/hh/a)  

PV LCC per connection ($/connection) 4 326 
Life cycle potable savings per connection (kL/connection) 1 220 
Capital cost component of total unit cost ($/kL) 2.94 
Operating cost component of total unit cost ($/kL) 0.61 

Unit cost ($/kL) 3.55 

S4: QDC MP4.2 IPRWT targeted demand (70 kL/hh/a)  

PV LCC per connection ($/connection) 4 440 
Life cycle potable savings per connection (kL/connection) 1 575 
Capital cost component of total unit cost ($/kL) 2.27 
Operating cost component of total unit cost ($/kL) 0.54 

Unit cost ($/kL) 2.82 

9.7.4. Sensitivity analysis 
Sensitivity analysis was used to explore the unit cost implications of a range of possible 
situations (Table 24). The four water saving or demand scenarios (S1–S4) were analysed for 
various financial parameters (i.e. discount rates and inflation rates), IPRWT capital 
infrastructure life spans and water demand or savings reliability (i.e. reduced due to 
proportion of tanks not functioning properly) (SA–SE). 

• SA—discount rate set at 4%, 6%, 7% (base case) and 9% 

• SB—1% increase in base case operating cost component inflation rates (i.e. CPI) 

• SC—1% decrease in base case operating cost component inflation rates 

• SD—reduced base case life spans for rain tank (25 years reduced to 15) and pump 
(15 years reduced to 10) 

• SE—IPRWT water reliability factor reduced from 0.9 to 0.8 (i.e. IPRWT not functioning 
satisfactorily and delivering potable water savings in 1-in-5 homes). 
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Table 24: Changed PV LCC model parameters influence on IPRWT unit cost 

Scenario Parameter modified Unit cost ($/kL) 

 Discount rate (i) 4% 6% 7% 9% 

S1: adjusted potable water savings (47.4 kL/hh/a)  

SA Discount rate change alone 4.62 4.22 4.06 3.80 
SB 1% increase in base operating cost inflation rate 4.88 4.40 4.22 3.92 
SC 1% decrease in base operating cost inflation rate 4.40 4.05 3.92 3.70 
SD IPRWT water reliability reduced from 0.9 to 0.8 5.20 4.74 4.56 4.28 
SE Reduced life spans of RWT and pump 6.50 5.64 5.30 4.76 

S2: unadjusted potable water savings (51.8 kL/hh/a)  

SA Discount rate change alone 4.23 3.86 3.71 3.48 
SB 1% increase in base operating cost inflation rate 4.46 4.03 3.86 3.59 
SC 1% decrease in base operating cost inflation rate 4.03 3.71 3.58 3.39 
SD IPRWT water reliability reduced from 0.9 to 0.8 4.76 4.34 4.18 3.92 
SE Reduced life spans of RWT and pump 5.95 5.16 4.85 4.36 

S3: IPRWT sourced water demand (54.2 kL/hh/a)  

SA Discount rate change alone 4.04 3.69 3.55 3.33 
SB 1% increase in base operating cost inflation rate 4.27 3.85 3.69 3.43 
SC 1% decrease in base operating cost inflation rate 3.85 3.54 3.43 3.24 
SD IPRWT water reliability reduced from 0.9 to 0.8 4.55 4.15 3.99 3.74 
SE Reduced life spans of RWT and pump 5.69 4.93 4.63 4.16 

S4: QDC MP4.2 IPRWT targeted demand (70 kL/hh/a)   

SA Discount rate change alone 3.24 2.94 2.82 2.63 
SB 1% increase in base operating cost inflation rate 3.43 3.07 2.94 2.72 
SC 1% decrease in base operating cost inflation rate 3.07 2.82 2.72 2.56 
SD IPRWT water reliability reduced from 0.9 to 0.8 3.64 3.30 3.17 2.96 
SE Reduced life spans of RWT and pump 4.51 3.90 3.66 3.28 

For water saving or demand scenarios S1–S4, sensitivity analysis indicated a range of unit 
costs for the IPRWT scheme as follows: 

• $3.70–6.50/kL for S1 (base case = $4.06/kL) 

• $3.39–5.95/kL for S2 (base case = $3.71/kL) 

• $3.24–5.69/kL for S3 (base case = $3.55/kL) 

• $2.56–4.51/kL for S4 (base case = $2.82/kL). 

For all water saving or demand scenarios (S1–S4), it was evident that the life span of the 
RWT and pump (i.e. SE) was the most sensitive factor. Reducing the average base case 
IPRWT infrastructure life spans from 25 to 15 years or the RWT and 15 to 10 years for the 
pump was highly probable. This change added $0.84–1.24/kL to the unit cost of IPRWT-
sourced water (e.g. 5.30 – 4.06 = $1.24/kL increase for S1 and 7% discount rate). Scenario 
SE is a very real possibility due to a range of reasons. Firstly, while most manufacturers 
report long life spans, the industry has a number of low quality manufacturers producing rain 
tanks with thin wall thicknesses that are prone to breakages. Also, low cost pumps are now 
available that may not be as reliable as the long-established products. Another issue for 
concern is the management of the IPRWT system is presently the responsibility of 
homeowners, many of whom rent out the household and do not readily inspect the tank or 
pump operation. Urban home occupants are typically unfamiliar with external pumps and 
tanks and may not be sufficiently competent to maintain these systems, thereby reducing their 
reported life span. 
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The second most influential parameter on the unit cost is related to the reliability of actually 
receiving the water saving or demand from the IPRWT (i.e. SD). This change adds $0.35–
0.50/kL to the unit cost of IPRWT-sourced water. The reduction factor of 0.9 (i.e. 0.9 × water 
saving or demand per year) was applied as a base case due to above arguments, and it was 
reduced to 0.8 in Scenario SD. It is a real possibility that this scenario might eventuate given 
the same arguments presented for the life span of the IPRWT. Additionally, as a household 
ages and equipment requires replacement, homeowners will need to consider whether to 
replace their pump and switch system, which could cost $400–800 installed. Given that the 
pump and switch system is designed to revert to potable in the event of an empty rain tank, 
loss of power or failed pump, the homeowner will still receive adequate water service. They 
will not be inconvenienced by the failed pump, so can delay pump replacement and possibly 
never replace it. The pump or switch replacement of $600 equates to 224 kL of potable-
sourced water (or 4.13 years of bill savings when using IPRWT-sourced water) when priced 
at $2.68/kL using 2010-11 Allconnex water prices. Some homeowners will consider these 
economic indicators and purposely not replace their tank pump, thereby reducing the 
reliability of potential water savings. Moreover, some homeowners have complained of the 
noise generated by the pump and turned them off, particularly if there is a small toilet leak 
causing the pump to continuously operate.  

In summary, IPRWT infrastructure serviceability considerations and governance are two 
factors that could potentially escalate the unit cost of IPRWTs. These factors need to be 
further investigated. 

9.7.5. IPRWT unit cost comparison with other studies  
From a potable water savings perspective, the IPRWT had a unit cost of $3.71–4.06/kL (S1 
and S2 base case). Considering the water-sourced demand (S3), the IPRWT had a slightly 
lower unit cost of $3.55/kL. If demand had increased considerably to historical levels (i.e. S4), 
a lower unit cost of $2.82/kL may have resulted for the IPRWT, but it would have beeen very 
unlikely given the yield modelling. S1–S3 are considered realistic scenarios for comparison 
with other studies conducting a PV LCC for IPRWT.  

In 2009 the Water Corporation (Marsden Jacob 2009) released a factsheet indicating that 
IPRWTs have a unit cost of $4.00–13.00/kL. Turner et al. (2007) indicated a unit cost of 
$3.96/kL. Marsden Jacobs’s (2007) comprehensive investigation on the cost-effectiveness of 
RWTs indicated a unit cost of $2.29/kL (50 m2 roof area) to 5.47/kL (200 m2 roof area) for a 
5 kL tank in Brisbane plumbed both internally and externally. The base case unit costs 
determined in this study are close to those reported in the literature, particularly the value 
reported by Turner et al. (2007). 
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10. Scheme 3—Traditional 
infrastructure mix supplemented 
by dual supply 

10.1. Scheme overview 
This scheme has been premised on data and end-use results collected in GCC, principally 
the PC dual-supply region. For this scheme, sewage is treated using the sewage treatment 
plant (STP) and advanced water treatment plant (AWTP) for the PC region. Advanced treated 
Class A+ recycled water is reticulated to households in this special planned region and non-
residential users in the STP catchment via a third pipe network. Figure 27 provides a 
schematic of a traditional infrastructure mix supplemented by dual supply.  

Figure 27: Schematic of traditional infrastructure mix supplemented by a dual supply scheme 

 

10.2. Dual-supply scheme demand estimates 
10.2.1. Per capita potable and recycled water demand 
The PCWF Master Plan was conceived to reduce potable water demand in this fastest 
growing region of GCC. Based on Quarter 1 2011 bulk water use records, the water-use 
breakdown for the region was 66% residential potable water, 9% non-residential potable 
water, 19% residential recycled water and 6% non-residential recycled water. The scheme 
was designed as a response to the prolonged drought on the Gold Coast in the mid-2000s, 
which strained the existing Hinze Dam supply source.  

Per capita water demand per residential connection was calculated from bulk water data and 
connection registry data. Figure 28 shows the bulk water average daily per capita demand 
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comparison for scheme residential type subsets for 2010. This figure provides a top-down 
(i.e. bulk water data stripped back to a per capita residential demand) breakdown of potable 
and recycled water demand for households with and without an IPRWT. Across the region, 
bulk water analysis determined 36.61 L/p/day residential demand for recycled water; recycled 
water demand was 35.31 L/p/day and 37.56 L/p/day for households with and without an 
IPRWT, respectively.  

The bulk data actually indicates a lower recycled water demand than that determined from the 
bottom-up end-use study conducted here (47.4 L/p/day) (Table 9). The bottom-up approach 
to water balance estimates (i.e. smart meters collecting end use demand data at residential 
connection) was applied for unit cost analysis here as it better represented actual demand 
(Tables 9 and 10). 

Figure 28: 2010 bulk water average daily per capita demand comparison (GCW 2010) 

 

The number of domestic connections in PC is expected to grow from 2508 in 2009 (ET = 2.8; 
population = 6252) to approximately 22 000 in 2034 (ET = 2.8; population = 61 600) and 
approximately 43 000 in 2056 (ET = 2.8; population = 120 400).  

For Scheme 3, it was assumed that the entire PC domestic population would have dual-
supply only, which is presently not the case. The hybrid scheme (Scheme 4) that is presently 
being implemented in the PC region is discussed in section 11. The purpose of Scheme 3 
assessment is to examine the water demand and to gauge the unit costs of standalone dual-
supply schemes. 

10.2.2.  Reconciling planned and actual demand differences 
Figure 29 illustrates differences in planned and actual ADD estimates for Class A+ recycled 
water. This study indicates that present demand using both a bulk (top-down estimate) and 
end use (bottom-up estimate) is less than half planned demand. Allconnex Water is presently 
reviewing the water demand projections of the scheme, and such estimates are essential for 
determining whether planned future AWTP staging infrastructure in the region is still required 
according to the original schedule, or can be delayed or cancelled. Planned infrastructure 
staging plans and associated costs are detailed in section 10.2.4. 
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Figure 29: Comparison of daily water use projections for recycled water in PC region 

 

10.2.3. Exploring implications of DSS and peak demand 
The average utilisation rate of the Class A+ treated water is of concern when costing dual-
supply schemes. If there is insufficient demand for the Class A+ recycled water, it may 
potentially be stored for short periods but if lower demand persists, this water will be 
discharged to outflow. Also, the AWTP may be conservatively set to treat on a daily basis 
sufficient Class A+ recycled water to meet peak demand standards of service requirements. 
The advanced treatment of unused recycled water would be included in the cost of the 
scheme in any unit cost assessment process.  

For recycled water schemes highly dependent on irrigation demand, it is not conceived that 
the maximum day demand will be achieved in the climate context where irrigation demand is 
below historical norms. There are a number of factors driving down average day irrigation 
demand, including smaller lot sizes and a higher proportion of detached housing, dual 
working families limiting time for home-based activities, higher utility prices, higher 
environmental consciousness, less social pressure to irrigate lawns in dry times and advent of 
external-only rain tank storages, to name a few. 

The peak demand multiplying factors applied presently in most water businesses are 
conservative and may not adequately reflect the current lower ratios between average and 
peak day demand. Given dual-supply schemes are relatively new, longitudinal recycled 
demand research work is required to examine the true peaking factors for recycled water 
communities. Slightly less conservative peaking factors of 1.8–2.3 have been considered for 
this study for RWTP capital duplication triggering purposes. 

10.2.4. Staging plan based on demand estimates 
For the PC scheme, the current AWTP plant capacity is 9 ML/day. While original planning 
called for the completion of an additional capacity of 3 ML/day in 2010–11, infrastructure 
works has been delayed due to lower-than-expected demand. Prediction of future recycled 
water demand based on current per capita demand and region population projections was 
conducted to explore the potential need for future AWTP staging requirements. Figure 30 
details the forecast future demand until 2056 for recycled water based on the residential end-
use recycled water demand assessment (i.e. Table 9).  
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Figure 30: Forecast average daily demand for A+ recycled water (2010–2056) 
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Figure 31 presents the 2056 results of this recycled water ADD analysis, as well as an 
associated sensitivity analysis for key parameters that may deviate from the base case 
scenario (i.e. irrigation demand -20–50% and ±10% 2056 population variance from the base 
case). The estimated most likely recycled water ADD was 6.66 ML/day for 2056, with an 
estimated upper limit of 7.93 ML/day with 50% more irrigation than currently being used. 
Considering peaking factors of 2 or more on most likely ADD (i.e. 2 × 6.66 = 13.32 ML/d) 
would trigger 6 ML/day (i.e. 9 + 6 = 15 ML/day) future AWTP staging for 50-year LCs.  

Figure 31: 2056 estimated average daily demand range for Class A+ recycled water with 
sensitivity 
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In summary, for this study, the existing recycled water infrastructure (i.e. 9 ML/day) was 
deemed sufficient for the 25-year analysis period without further consideration of major 
staging costs, except for S4 where household demand was increased to 102.2 kL/hh/a due to 
higher irrigation. All 50-year LC periods required some form of AWTP staging (e.g. 6 ML/day). 
The capital expansion requirement for S4 recycled water demand over 50 years, where total 
demand was considered to have returned to pre-2005 or pre-drought response levels of 
300 L/p/day (102.2 kL/hh/a) and associated Class A+ recycled water demand assumed one-
third of consumption was 12 ML/day (i.e. 9 + 12 = 21 ML/day). These aspects will be covered 
further in section 10.3. 
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10.3. Dual supply scheme capital costs 
10.3.1.  Government and water service provider capital costs 
Originally planned future augmentation of the wastewater treatment plant (WWTP) and 
recycled water treatment plant (RWTP) in PC (PCWF 2008) is higher than that determined 
through independent forecasting conducted in this study based on the actual demand context. 
The future PC planning scheme demand conditions allowed for a maximum day demand of 
37.4 ML for Class A+ water (Optimatics 2009). As mentioned previously, future staging plans 
initially conducted are currently being reviewed and will unlikely be implemented in the years 
planned, given the lower-than-expected current demand for recycled water. Therefore, in 
order to provide a true picture of the demand and staging requirements for the scheme, the 
above independent forecasting work was completed. This revised staging plan has 
implications for capital cost schedules over the next 50 years. 

Stage 1 capital works for the PC dual-supply scheme involves a treatment capacity of 
17.1 ML/day average dry weather flow (ADWF), 9 ML/day RWTP, and 210 ML storage 
lagoon. Table 25 shows the capital costs for the Stage 1 PC dual-supply scheme. The 
scheme’s initial capital cost was $228 million, including a $47 million Australian Government 
subsidy. This stage is currently in operation in the PC region in 2011, and given the above 
estimates on future recycled water demand, Stage 1 capital investment was deemed 
sufficient for some of the economic assessments (S1, S2 and S3 for 25 years). Other 
scenarios (S4 for 25 years and S1–S4 for 50 years) required further staging. Significant 
changes in demand due to a potential large rebound in demand to past historical levels of 
300 L/p/day (e.g. pre-2005, pre-drought and restrictions) as indicated in S4 would also 
translate to higher potable water savings but would require additional capital infrastructure 
(i.e. duplication of Stage 1) (see Section 10.7.1 for S1–S4). 

This study only considered the cost of providing the advanced treatment components of the 
cost components presented in Table 25 (i.e. treatment of Class B recycled water to Class A+ 
and associated pump and pipe infrastructure to deliver Class A+ recycled water to the 
customer). Other wastewater and potable costs would be required for the region, regardless 
of the reticulation of dual supplies to customers (i.e. traditional infrastructure mix base case).  

Finally, the Australian Government subsidy was for the dual-supply component of the greater 
scheme (i.e. purple pipe scheme) and this cost will need to be considered as part of the total 
resource cost for the scheme in any economic assessment, as it reflects the true cost of the 
potable source-substitution measure.  
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Table 25: Pimpama Coomera dual-supply scheme capital costs (Stage 1 only) 

Package Responsibility Works undertaken Cost ($m) Package cost ($m) 

A Alliance Partnering Pimpama WWTP 32 122 
 Pimpama RWTP 6  
 Common cost 44  
 (Govt subsidy) (40)  

B Alliance Partnering Wastewater trunk main 10 10 

C Managing Contractor Recycled water main 7 16 
 Days Rd Recycled main 2  
 (Govt subsidy) (7)  

D Managing Contractor Potable water 7 73 
 Recycled water 15  
 Wastewater 34  
 Reservoirs, pump stations 17  
Total scheme cost    $221 million 

 Subsidy component   ($47 million) 

10.3.2. Developer and builder capital cost considerations 
In addition to the cost attributed to the government and water business, there is a cost to the 
developer to construct the recycled water service pipe to each individual connection 
(i.e. purple service pipe and meter box). This capital cost needs to be considered as an 
additional cost to derive the potable water savings from the scheme. An approximate cost to 
provide the additional purple service pipe above the normal potable-only build, on a per 
connection basis, has been established through discussions with consulting engineers and 
with reference to the Rawlinsons Construction Cost Guide 2011 (Australian Building Codes 
Board 2010). A conservative lump sum of $3000 per connection was determined from this 
research. 

The developer is responsible for providing Class A+ purple pipe to the front of the lot and the 
builder is responsible for plumbing to the appropriate end uses in the home (e.g. toilets and 
two outdoor taps). An approximate cost to provide the additional recycled water supply, above 
a normal potable plumbing works, to the appropriate household end uses in the home was 
established through discussions with builders, recent homeowners and with reference to the 
Rawlinsons Construction Cost Guide 2011 (Australian Building Codes Board 2010). A 
conservative lump sum of $2000 per connection was determined from this research. 

10.4. Dual supply scheme operations costs 
The supply of reclaimed water is determined by the plant’s productive capacity and the 
demand for water depends on potential customers (Hernandez et al. 2006). For this study, the 
operation costs were related to the fixed and variable costs associated with Class A+ recycled 
water treatment and distribution, as well as the recycled water system infrastructure 
maintenance requirements. 

10.4.1. Recycled water treatment and distribution 
The PC dual-supply scheme has both a WWTP and RWTP, each with its own particular 
operational regime and associated costs (Table 26). Energy (treatment and pumping) 
requirements and labour comprise most of the operating cost of both the WWTP and RWTP. 
Labour and chemical costs make up the remaining cost components. 
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The future projection of plant operating costs is difficult to ascertain precisely as the RWTP 
does not operate linearly to the demand for Class A+ recycled water (i.e. operating costs are 
not directly proportional to number of connections serviced); instead the RWTP is set to treat 
a fixed volume of recycled water (ML/day) to Class A+ standard and unused treated water is 
stored and then discharged. Currently, the plant is treating a fixed volume of water to Class A+ 
standard, which is well above the present demand. For PV LCC considerations, base-year 
treatment and distribution operating costs have only been aligned with the rate of inflation for 
the different operational cost components over years projected until there is a stepwise shift in 
the plant production capacity due to much greater demand. Then there is a new base year 
operating cost used for projecting future years. 

Table 26: Pimpama Coomera dual-supply scheme annual operating costs in 2010 (GCW 
2003) 

Operating cost categories  WWTP $ RWTP $ Combined $ 

Treatment energy 210,999 107,589 318,588 
Chemical costs 41,646 65,294 106,939 
Labour 374,004 93,444 467,448 
Operational (other) 180,336 -  180,336 
Pumping energy  52,680 9,403 62,083 

TOTAL  859,665 275,730 1,135,394 

10.4.2. Recycled water system management and maintenance 
The RWTP and associated pipe and pump network needs to be managed and maintained 
over its LC. For the purpose of a cost breakdown, three elements were assigned to this 
operational cost component: RWTP major maintenance, pump and pipe infrastructure 
maintenance and system management or governance. For RWTP major maintenance, 
significant costs are associated with the replacement of various components in the plant, 
most notably the treatment membranes that need to be replaced every 5–7 years depending 
on water demand and quality of water received for advanced treatment. Pump and pipe 
infrastructure maintenance will fluctuate year to year depending on factors such as pipe burst 
frequency, pump replacements and major refurbishments. Finally, the recycled-water system 
requires considerable governance and management to control public health risks and to 
ensure that it is functioning to a high standard. For this assessment, base year lump sum 
amounts were estimated for these cost elements (see Section 10.7.2). 

10.5. Dual supply scheme energy costs 
Advanced treatment of wastewater to Class A+ standard is generally energy intensity. While 
some argue that receiving waters associated with the outflow of Class A+ water instead of 
traditional Class B effluent creates environmental benefits, there are GHG implications 
associated with additional treatment. These environmental trade-offs need to be carefully 
considered in a modern context where a carbon tax scheme is being implemented along with 
the stricter environmental protection of waterways. Each of these constraints will undoubtedly 
increase the unit cost of Class A+ recycled water over its LC. Table 27 shows the most likely 
range of values for the dual-supply scheme energy intensity (kWh/ML) cost components. 
Such values were considered for the PV LCC analysis conducted later. 
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Table 27: Dual supply scheme energy cost components (GCW 2003; Radcliffe 2003) 

Function Energy use (kWh/ML) 

Water pumping station 40 – 450 
Sewage pumping station 140 
Conventional water supply treatment 50 
Recycled water treatment (membranes) 200 
Dual membrane filtration plant 200-400 
Wastewater treatment 500-1000 
Household pressure pumps (for rain tank) 230-3100 

10.6. Non-monetary considerations 
The economic assessment conducted here only incorporated direct costs associated with 
implementing the dual-supply scheme. The cost of carbon was incorporated given that it will 
very likely be a direct cost in the not-too-distant future. However, other cost and benefit 
externalities are related to dual-supply schemes that are either too difficult to cost or are of a 
non-monetary nature. A discussion of such factors is provided in the following sections, as 
they should be considered alongside the unit costs established and presented in a later 
section. 

10.6.1. Environmental implications 
Dual-supply schemes are often premised on their environmental benefits, rather than potable 
water saving potential. The reuse of wastewater through centralised dual-supply schemes, 
like that in PC, offers a range of environmental advantages (Willis et al. 2010). These include 
reducing the quantum of effluent disposal, improving the receiving water quality through 
reducing the pollutants discharged into downstream water systems and a reduced draw on 
the water extracted from the fresh water system. On the downside, these schemes can be 
energy intensive due to the energy required for the recycled water treatment processes, as 
well as the additional pump energy required to distribute two water supply sources to the 
household (White and Turner 2003; Anderson 2003). 

10.6.2. Social implications 
Well-maintained gardens and outdoor areas are understood to provide a range of benefits, 
including serving to facilitate human relationships (Bhatti and Church 2000); physiological and 
recreational benefits (Syme et al. 2004, Kaplan and Kaplan 1990); provision of a sense of 
place (Sime 1993); and demonstrating a reflection or extension of residents’ homes (Bhatti 
1999). Research such as this encourages the application of dual-supply schemes as they 
may remove the constraint of water restrictions and allow householders to enjoy and maintain 
their outdoor living spaces. There are also benefits of re-using a once considered waste form 
of water. 

10.6.3. Public health risk implications 
All water-supply schemes inherently have some form of public health risk associated with 
them, predominately due to harmful biological constituents (e.g. pathogens) or incorrect 
treatment procedures (e.g. over fluoridisation). Dual-supply schemes have additional public 
health risks associated with them including cross-connections in pipe work at the lot or 
building development stage; incorrect use at end use (e.g. drinking from outdoor recycled 
tap); and failure of advanced treatment trains resulting in lower-than-specified water quality to 
households. All these risks are present and can happen, but are easily contained with good 
governance, operational procedures and practices. Nonetheless, while not considered a 
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major issue as highly controllable, the additional ongoing costs to control the system can be 
quite high and need to be considered. 

10.6.4. Water pricing implications 
Recycled water is typically priced lower than the potable supply (e.g. $1.60/kL for Class A+ 
recycled water versus $2.68/kL for potable water in the PC region). Moreover, there is not 
often an additional recycled water service charge applied for this water source (e.g. in PC). 
This benefits the householder as they have the potential to have a reduced bill, particularly if 
they have an interest in gardening. However, for the water business and entire customer base 
not having Class A+ recycled water, there are related cost implications. Recycled water costs 
more to treat than traditional potable supply and has similar distribution, reticulation and 
maintenance costs. Therefore, some form of citywide (or state government) subsidy is 
necessary to ensure that this alternative source is offered at a lower cost for those in the 
region having it provided to their home. 

10.6.5.  Infrastructure planning implications 
One benefit of dual-supply schemes is their ability to influence costs in other parts of the 
water supply and wastewater system (Marsden Jacob Associates 2006). Reductions in 
citywide potable water demand in a growing city can possibly aid the deferral of the next 
required major potable supply source (e.g. desalination). Also, the introduction of recycled 
water means that the potable demand in the trunk main network would be expectedly lower 
than what it would have been if traditional, potable-only supply was only reticulated. 
Therefore, peak demand will reduce slightly, thereby potentially enabling some existing pump 
and pipe infrastructure expansions to be deferred. However, while there may be reduced 
demand on traditional potable pump and pipe infrastructure, this scheme effectively 
duplicates a range of water assets in the dual-supply region, thereby potentially doubling the 
operation and maintenance costs.  

10.7. Dual supply scheme summary 
10.7.1. Potable water savings and source demand parameters 
For this scheme, four potable water savings or Class A+ recycled water demand scenarios 
were considered to examine the implications of the various approaches to evaluating scheme 
performance: 

• S1—29.5 kL/hh/a potable water savings per residential connection with dual supply 
(Table 10; demand adjusted end-use breakdown and associated modified potable water 
savings value) 

• S2—41.1 kL/hh/a potable water savings per residential connection with dual supply 
(Table 9; unadjusted end-use breakdown and potable water savings value) 

• S3—48.4 kL/hh/a total annual household demand for Class A+ recycled water (Table 9; 
total Class A+ recycled water demand value) 

• S4—102.2 kL/hh/a possible future demand scenario based on historical demand of 
300 L/p/day (Figure 32; January 2005 water use in GCC approximately 300 L/p/day prior 
to introduction of restrictions regime) and 33% of demand related to Class A+ recycled 
water use. This last demand input more closely relates to the planning forecasts for 
recycled water demand, which are close to double current demand based on the Willis et 
al. (2011) dual reticulation end-use study. 
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Figure 32: Historical water demand in South East Queensland (restrictions start in 2005) 
(Beal et al. 2011) 
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10.7.2. Dual supply scheme PV LCC modelling parameters 
The PV LCC for the dual supply scheme considers the additional costs required above a 
traditional town water and wastewater scheme, in order to derive the determined potable 
water savings. For example, a WWTP and associated wastewater pipe and pump 
infrastructure (Tables 25 and 26) would have been required in the PC region regardless of the 
implementation of the dual supply system to residential households. Also, the scheme has 
been reticulated to a number of commercial customers. Given that this study only considers 
the residential sector and its recycled water demand costs have been apportioned based on 
this sectors share of total recycled water demand. Therefore only those capital and operating 
costs directly linked to the residential sector of the dual supply scheme have been included in 
the PV LCC modelling.  

Based on the above discussion as well as examination of other financial indicators 
(i.e. inflation rates, etc.) the following dual supply scheme PV LCC base case model input 
parameters were established: 

• 25- and 50-year LC period considered 

• 7% discount rate applied for base case PV LCC 

• Assumption that all households in the region have a standalone dual supply scheme only 
(i.e. zero proportion of households with IPRWT) 

• 2508 residential properties for 2009 (ET = 2.8; population = 6252) growing to 
approximately 22 000 in 2034 (GCWF) and 46 000 in 2056 

• $47 million government subsidy towards the advanced recycling component of the 
recycled water system included in cost (PCWF 2007) 

• 76% of appropriate scheme capital and operation costs assigned to the residential 
component of the scheme (i.e. 24% non-residential) as only residential potable water 
savings are examined in this study 
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• $107.5 million capital costs assigned to advanced recycling component of dual supply 
scheme (see Table 25) including $68 million for RWTP (i.e. Package A consisting of 
$6 million, $40 million Australian Government subsidy and $22 million half of common 
costs), $16 million for recycled water mains (i.e. Package B consists of $7 million, 
$2 million and a $7 million Australian Government subsidy), and $23.5 million assigned to 
other recycled water reticulation costs (i.e. Package D: $15 million and $8.5 million (50% 
of the $17 million assumed for recycled water)) 

• Capital infrastructure refurbishments required every 20 years 

• Recycled water capital infrastructure staging requirements 

○ capital infrastructure refurbishments required at Years 20 and 40 for all assessments 

○ demand scenarios S1–S3 for 25-year PV LCC assessment requires no major staging 
since forecasting indicates that the RWTP infrastructure (i.e. 9 ML/day) will be able to 
service the current demand without further staging 

○ demand scenario S4 for 25-year PV LCC assessment requires 6 ML/day expansion 
to current RWTP capacity (i.e. 9 + 6 = 15 ML/day) 

○ demand scenarios S1–S3 for 50-year PV LCC assessment requires 6 ML/d 
expansion to current RWTP capacity (i.e. 9 + 6 = 15 ML/day) 

○ demand scenario S4 for 50 years PV LCC assessment requires two separate 
expansion stages of 6 ML/day to current RWTP capacity (i.e. 9 + 6 + 6 = 21 ML/day). 

• Developer costs to provide recycled water service pipe (i.e. purple pipe), water meter and 
associated installations at lot development stage inputted as $3000 per connection. 

• Builder costs to provide lot and household recycled water reticulation to appropriate end 
uses inputted as $2000 per connection (i.e. extra home build cost). 

• 7.3% electricity price inflation, 4% inflation rate for labour and treatment chemicals, and 
3% for service pipe infrastructure installation and maintenance. 

• 1.046 kg CO2-e/kWh emissions conversion rate (DERM 2007). 

• Carbon cost of $20/t with 4% escalation with 0.1 kWh/kL energy intensity values for 
pumping and 0.4 kWh/kL for treatment. 

• Base year total treated Class A+ water determined as 5.3 ML/day for treatment energy 
intensity purposes. 

• Base year maintenance cost for recycled water pump and pipe network estimated as a 
lump sum $100 000 increasing at 3% per annum. 

• Base year major maintenance cost for RWTP (e.g. membrane or filter replacements) 
estimated as a lump sum $100 000 increasing at 3% per annum. 

• Base year scheme governance/maintenance/management cost for scheme determined 
as $200 000 increasing at 3% per annum. 

• Annual RWTP operating costs as per Table 26 (i.e. only RWTP costs applied) for base 
year with incremental increase relating to treatment capacity as well as inflation rate. 

10.7.3.  Dual supply scheme PV LCC unit cost summary 
Table 28 presents the dual-supply scheme PV LCC assessment summary and resulting unit 
cost ($/kL) for potable water savings–demand scenarios S1–S4. The unit costs presented in 
Table 28 represent the total resource unit cost perspective, covering costs to all parties 
including the federal government, water business and householder. The water business 
stakeholder perspective unit cost is discussed later. 
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The economic assessment adopts a few overarching principles that should be explained. 
Firstly, it only considers the additional costs associated with the dual supply scheme above 
the traditional mix of water supply and wastewater services that would be needed for the 
region. Therefore only the advanced RWTP to treat water from Class B to Class A+ and 
associated recycled water infrastructure is costed. Secondly, since this assessment is 
concerned with residential demand determined from the bottom-up (i.e. from end use data) 
water saving/demand value from only this customer base, costs are proportioned based on 
the residential component of total recycled demand. Thirdly, federal government subsidy 
provided to deliver the scheme is included in the base case model. Lastly, the additional lot 
development costs to construct service pipe and meters (i.e. purple pipe) to the household 
and the additional building costs to provide the additional recycled water supply to appropriate 
end uses is also included in the assessment. Table 28 details these latter cost components so 
different stakeholders can compose a unit cost reflecting their particular cost perspective 
(e.g. not considering the development and building costs). 

This scheme adopted both 25- and 50-year LCs in order to determine unit costs, however, the 
50-year LC was deemed more appropriate for interpretation of scheme unit costs. There are a 
few reasons why longer life cycles may be more appropriate for this particular scheme. Firstly, 
unlike desalination, which immediately supplies the existing potable water grid network, dual 
supply schemes must be built in greenfield communities at their early stages of development. 
Therefore, a significant capital infrastructure investment is required initially to serve a small 
customer base. However, providing that population growth rates match forecasts, the scheme 
will get to a viable operating capacity in time. Secondly, for the case of the PC scheme 
examined, the forecast demand for recycled water is much lower than originally forecast 
(about one third). Therefore, the Stage 1 capacity will be able to service a larger population 
before further staging is required. For these two main reasons, 50-year LCs are viewed more 
appropriate to represent dual supply schemes.  
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Table 28: Dual supply scheme PV LCC summary 

Financial item description PV LCC summary results 

25 year LC 50 year LC† 

S1: adjusted potable water savings (29.5 kL/hh/a)   

PV LCC of dual supply scheme ($) 161 190 214  323 434 014  
Life cycle potable savings of scheme (kL) 6 686 933  31 156 130  
Class A+ capital cost component of total unit cost ($/kL)* 14.28   6.93  
Lot development capital cost component of total unit cost ($/kL)* 7.90  2.59  
Operating cost component of total unit cost ($/kL) 1.93   0.86  
Unit cost ($/kL) 24.11  10.38  

S2: unadjusted potable water savings (41.1 kL/hh/a)   

PV LCC of dual supply scheme ($) 161 190 214  323 434 014  
Life cycle potable savings of scheme (kL) 9 316 371  43 407 354  
Class A+ capital cost component of total unit cost ($/kL)* 10.25 4.97 
Lot development capital cost component of total unit cost ($/kL)* 5.67 1.86 
Operating cost component of total unit cost ($/kL) 1.38 0.62 
Unit cost ($/kL) 17.30 7.45 

S3: Class A+ recycled water demand (48.4 kL/hh/a)   

PV LCC of dual supply scheme ($) 161 190 214  323 434 014  
Life cycle potable savings of scheme (kL) 10 971 104  51 117 176  
Class A+ capital cost component of total unit cost ($/kL)* 8.70 4.22 
Lot development capital cost component of total unit cost ($/kL)* 4.81 1.58 
Operating cost component of total unit cost ($/kL) 1.18 0.53 
Unit cost ($/kL) 14.69 6.33 

S4: Historical irrigation/toilet water rebound (pre-restriction 2005) (102.2 kL/hh/a)  

PV LCC of dual supply scheme ($)  219 767 437  383 156 600  
Life cycle potable savings of scheme (kL) 23 166 257  107 937 509  
Class A+ capital cost component of total unit cost ($/kL)* 6.65 2.55 
Lot development capital cost component of total unit cost ($/kL)* 2.28 0.75 
Operating cost component of total unit cost ($/kL) 0.56 0.25 
Unit cost ($/kL) 9.49 3.55 
*Note: for this scheme the RWTP capital cost is funded by the water business and the service pipes and associated 
lot infrastructure is funded by the developer or builder. Both are necessary costs to deliver the potable water savings. 
† 50 year life cycles are more appropriate for the dual supply scheme. 

From a potable water savings perspective (S1 and S2), which is the difference between the 
potable water supplied to a traditional potable-only household and the potable demand in the 
dual supply scheme (extracted from Tables 9 and 10), the 50-year unit costs were $10.38/kL 
and $7.45/kL for the adjusted (S1) and unadjusted (S2) potable water savings, respectively.  

Given that most PV LCC assessments conducted previously consider the alternative source 
demand to be the potable water saving (i.e. as they do not consider a potential induced higher 
demand from the alternative source being available), the actual demand sourced from the 
Class A+ supply of 48.4 kL/hh/a was also considered. For S3, a unit cost of $6.33/kL was 
determined. 

Finally, a water demand scenario (S4) was created considering total water demand to revert 
to pre-2005 and pre-restriction levels of approximately 300 L/p/day and that recycled water 
composed one-third of this demand. Given that the toilet end use is unlikely to rebound, only 
irrigation demand could rebound considerably. For this ‘potential’ scenario S4, a unit cost of 
$3.55/kL was estimated. Rebound to 102.2 kL/hh/a recycled water demand from households 
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as considered for S4 is considered unlikely given the range of factors driving down external 
demand (i.e. smaller lot sizes, dual working families, drought proof plant stock, low 
maintenance housing, less social pressure to have green grass, younger generation of 
families much less inclined to irrigate, etc.). Also, toilet demand will only decrease with the 
gradual installation of higher efficiency toilet cisterns (i.e. 6 L full flush and 3 L half flush toilets 
are standard in most homes and only have a 3-star rating). 

The operating cost proportion of the total unit cost makes up the smallest proportion of the 
total unit cost (8–10%). Also, the dual supply scheme operating unit cost for the 50-year LC is 
comparable with the desalination and IPRWT schemes. Two thirds of the unit cost is 
composed of the major infrastructure implemented by the water business. Approximately one 
quarter of the unit cost is related to the additional infrastructure costs to the developer and 
builder to provide the recycled water supply source to the designated water end uses, which 
is ultimately passed onto the homeowner entering the PC region. The additional cost to build 
residential dwellings in this region would potentially be considered by homeowners when 
choosing where to live.  

In summary, from a potable water saving perspective, the dual-supply scheme unit cost is 
between $7.45–10.38/kL and from a recycled water demand perspective $6.33/kL. These unit 
costs are higher than the desalination and IPRWT schemes discussed above; reasons will be 
explored later. 

Many existing reported approaches to levelised costing of water supply alternatives do not 
consider the following total resource cost elements in their LCC unit cost assessment: (1) 
additional lot and building development costs borne by developer and builder and ultimately 
homeowner to provide Class A+ recycled water to the home; and (2) federal or state 
government subsidies received for such schemes, which in the case of the dual supply 
scheme in PC was $47 million.  

As argued here, the total resource cost above the traditional mix of water and wastewater 
services should be considered against potable water savings to extract the true unit cost of 
contemporary water supply schemes. Nonetheless, scenarios were considered that removed 
these two cost components to reflect the different viewpoints of different stakeholders 
(i.e. mainly the water business in this case). For example, given that the federal government 
subsidy and the lot development or building cost components are not carried by the water 
business for dual-supply schemes, they often do not concern themselves with these costs.  

Table 29 details the unit costs considering the removal of these two cost components for the 
more appropriate 50-year LCC period. Therefore, from the perspective of the water business, 
which often considers source demand (i.e. S3) and only their own cost outlays (i.e. B – L – G; 
meaning the costs associated with L and G are removed from the total resource cost 
perspective base case detailed in Table 28), the unit cost has reduced to $4.05/kL, and if 
recycled water demand returns to past historical levels of 300 L/p/day (i.e. original design 
demand) reduces to $2.47/kL. Dual-supply scheme implementation with the government 
subsidy removed from the economic assessment (i.e. B – G) for S3 resulted in a unit cost of 
$5.63/kL. Such unit rates are potentially more comparable with other unit cost assessments, 
which also take this narrow water business stakeholder view on contemporary scheme costs. 
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Table 29: Influence of government subsidy (G) and lot or building (L) costs on scheme 

Scenario 

Unit cost ($/kL) for 50 year LC 

B B - L B - G B - L - G 

S1 10.38 7.79 9.23 6.65 
S2 7.45 5.59 6.63 4.77 
S3 6.33 4.75 5.63 4.05 
S4 3.55 2.80 3.22 2.47 
Where: 
B = base case unit cost (total resource perspective unit cost as per Table 28); 
L = additional lot and building development costs to provide Class A+ to home; and 
G = federal government subsidy removed from cost assessment. 

10.7.4.  Scheme PV LCC unit cost sensitivity analysis 
Sensitivity analysis was conducted to explore the unit cost implications of a range of 
scenarios going forward (Table 30). It should be noted that both a 25- and 50-year LCC has 
been considered for this scheme given the arguments discussed above. Sensitivity analysis 
was conducted for water saving or demand scenarios S1–S4 for the following changes in 
financial parameters (Scenarios A–C): 

• SA—discount rate set at 4%, 6%, 7% (base case) and 9% 

• SB—1% increase in base case operating cost inflation rates (i.e. CPI) 

• SC—1% decrease in base case operating cost inflation rates (i.e. CPI). 
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Table 30: Dual supply scheme PV LCC summary – sensitivity analysis 

Scenario Parameter modified 25 year PV LCC results 50 year PV LCC results† 

 Discount rate (i) 4% 6% 7% 9% 4% 6% 7% 9% 

S1: Adjusted potable water savings (29.5 kL/hh/a) 

SA Discount rate change 
alone 

29.80 25.66 24.11 21.71 14.53 11.38 10.38 9.04 

SB 1% increase in 
operating CPI 

32.51 27.55 25.69 22.84 16.94 12.63 11.31 9.56 

SC 1% decrease in 
operating CPI 

27.52 24.07 22.77 20.76 12.78 10.45 9.69 8.63 

S2: Unadjusted potable water savings (41.1 kL/hh/a) 

SA Discount rate change 
alone 

21.39 18.42 17.30 15.59 10.43 8.16 7.45 6.49 

SB 1% increase in 
operating CPI 

23.34 19.77 18.44 16.39 12.16 9.07 8.12 6.86 

SC 1% decrease in 
operating CPI 

19.75 17.28 16.34 14.90 9.18 7.50 6.95 6.19 

S3: Class A+ recycled water demand (48.4 kL/hh/a) 

SA Discount rate change 
alone 

18.16 15.64 14.69 13.23 8.85 6.93 6.33 5.51 

SB 1% increase in 
operating CPI 

19.82 16.79 15.66 13.92 10.33 7.70 6.89 5.83 

SC 1% decrease in 
operating CPI 

16.77 14.67 13.88 12.65 7.79 6.37 5.90 5.26 

S4: Historical irrigation and toilet water demand (pre-restriction 2005) (102.2 kL/hh/a) 

SA Discount rate change 
alone 

11.22 9.96 9.49 8.74 4.80 3.85 3.55 3.31 

SB 1% increase in 
operating CPI 

12.00 10.51 9.94 9.06 5.50 4.22 3.82 3.28 

SC 1% decrease in 
operating CPI 

10.56 9.51 9.10 8.46 4.30 3.59 3.35 3.01 

† 50-year life cycles are more appropriate for the dual-supply scheme. 

For particular water saving or demand scenarios S1–S4 (50-year LC only), sensitivity analysis 
indicated the following unit cost ranges for the dual supply scheme: 

• $8.63–16.94/kL for S1 (base case = $10.38/kL) 

• $6.19–12.16/kL for S2 (base case = $7.45/kL) 

• $5.26–10.33/kL for S3 (base case = $6.33/kL) 

• $3.01–5.50/kL for S4 (base case = $3.55/kL). 

The most realistic range of unit costs is $6.95–11.38/kL for potable water savings and $5.90–
6.93/kL for recycled water demand. 

10.7.5.  Unit cost comparison with other assessments 
This study determined unit costs for the base case 50-year LCC scenarios S1–S3 to be 
greater than $6.00/kL for standalone dual supply schemes based on current demand. This is 
higher than IPRWTs and desalination discussed earlier when compared on a similar basis. I 
examined other unit cost studies to enable comparison for later discussion. Schott (2010) 
stated a unit cost range of $4.00–6.00/kL or higher for residential recycled water. Moran 
(2008) listed unit costs of $3.00–4.00/kL for the Rouse Hill dual supply scheme in Sydney. 
Detailed assessments on dual-supply schemes are limited or not publicly available. This study 
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indicates a base case (S1–S3) unit cost at the higher end of previous estimates. However, it 
is likely that previously reported unit cost assessments for dual-supply schemes only 
considered the viewpoint of the water business, which excludes additional lot or building 
capital costs to provide Class A+ recycled water and potentially any secured federal or state 
government subsidies (see Table 29). In this case, unit costs detailed in Table 29 for S3 are 
close to those reported before. 
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11. Scheme 4—Traditional 
infrastructure mix supplemented by 
hybrid scheme 
11.1. Scheme overview 
Following from the implementation of the QDC MP 4.2 in 2007, dwellings within the PC 
northern growth corridor of GCC included an IPRWT, as well as the recycled water supply. In 
effect, the PC community now has a potable, Class A+ recycled and IPRWT supply to each 
residential household. This hybrid scheme has recycled water plumbed to two external taps 
and the toilet (as per traditional dual supply homes) and a 5000 L rain tank plumbed to one 
external tap and the cold water laundry tap. All other end uses are supplied by potable water, 
including one external tap. Figure 33 provides a schematic of this hybrid scheme that is 
presently being rolled out in the PC region. The hybrid scheme most closely resembles the 
characteristics of the PCWF Master Plan. 

Figure 33: Traditional infrastructure mix supplemented by hybrid scheme 

  
This scheme was originally proposed to include a greater number of potable source-
substituted end uses, principally the hot water system, which would have substantially 
increased the utilisation rate of the rain tank and the scheme’s overall potable water savings. 
The intended PCWF Master Plan was not fully realised due to a range of constraints, 
predominately surrounding public health fears about human indigestion of rainwater or 
Class A+ recycled water, as well as fears of rainwater potentially damaging heating systems. 
Therefore, the uses of diversified supply sources are largely limited to the end uses of toilets, 
cold water washing machine feed and outdoor use. This has restricted potable water savings 
to 30–60% of household consumption. Such changes to the supply and demand picture 
undoubtedly have implications on the economic modelling underpinning the business case for 
such diversified water-supply schemes. This study seeks to go some way to encourage water 



 

NATIONAL WATER COMMISSION — WATERLINES 91 

businesses that are exploring diversified water supply schemes to revisit historical 
assumptions. 

11.2. Hybrid scheme assessment preamble 
Given that this scheme is a hybrid of the above-mentioned, standalone contemporary 
schemes (i.e. dual supply and IPRWT), the majority of the previous sections relating to capital 
costs, operating costs, inflation rates and non-monetary implications are also relevant to this 
scheme and have not been discussed in great detail here. This scheme assessment should 
be read in conjunction with Scheme 3 because I have only presented major deviations from 
the above estimates or discussions in the following sections. Moreover, this scheme is based 
on the actual PC dual supply scheme situational context (i.e. costs, population forecasts, 
scheme design), and is an attempt to model its unit costs based on the four scenario 
conditions (S1–S4) presented below. 

11.3. Scheme influence on water demand 
estimates and water balance 

11.3.1. Historical context and dwelling stock proportions 
The PCWF Master Plan has changed a number of times from its original concept due to a 
number of factors largely outside the control of water business (e.g. political constraints, 
environmental and health compliance). The initial plan had both rain tanks and recycled water 
covering most household end uses except potable drinking. However, the initial 
implementation had a standalone dual-supply arrangement (i.e. as for Scheme 3) with 
Class A+ recycled water to toilets and two outdoor taps and potable to the remaining end 
uses. However, the introduction of QDC MP 4.2 in 2007 required a 70 kL/hh/a water saving 
target to be achieved by new dwellings. In most new potable-only households, this target was 
achieved by the installation of an IPRWT to toilet, outdoor and cold water laundry tap end 
uses. Due to this new code and GCW decision-making, from 2007, new households in PC 
were required to have an IPRWT installed to the cold water laundry tap and one external tap, 
Class A+ recycled water to two outdoor taps and the toilet, and potable to all other end uses. 
This latest arrangement is termed the ‘hybrid’ scheme and will ultimately comprise the largest 
proportion of dwelling stock in the PC region (Figure 34), unless there is another shift in 
requirements post drought, which is possible. Given that the households with only dual 
supplies will make up less than 5% of the dwelling stock in 2056, the economic assessment 
assumes that all households have the hybrid scheme for simplicity. 
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Figure 34: Forecast proportion of dual supply stock with an internally plumbed rainwater tank 
in Pimpama Coomera 

 

11.3.2. Hybrid scheme water demand estimates  
As for the previous schemes examined, four potable water savings or alternative source water 
demand scenarios were considered to examine the implications of the various approaches to 
evaluating scheme performance. These included adjusted potable water savings (S1), 
unadjusted potable water savings (S2), total demand for each alternative source (S3) and 
historical demand (S4) (i.e. pre-drought 2005 per capita demand values of 300 L/p/day). The 
values applied for these schemes were extracted from Tables 9 and 10 and are presented 
later; the purpose here is to discuss the demand or potable water savings implications of the 
hybrid scheme design. 

The results from the end use and rain tank yield modelling studies showed that the IPRWT 
demand does not highly interrelate with the standalone demand from a dual-supply system. 
This means that it behaves (capital, operating, etc.) almost the same as the standalone 
system discussed above. However, the IPRWT demand is considerably less than its 
standalone version, as it is applied to only two end uses (i.e. cold water laundry tap for 
washing machine and one outdoor tap). The washing machine has a consistent demand 
pattern and the outdoor rainwater tap has some potential to reduce potable outdoor demand 
as homeowners would be inclined to use a rainwater tank for end uses such as filling the 
pool, washing the car, etc. Additionally, given that the IPRWT has less overall demand as it 
supplies limited end uses, it will not switch to potable supply (i.e. when emptied) as often as 
the standalone IPRWT scheme, which is more widespread across SEQ. The nature of each 
scheme’s design means that it can effectively operate as two independent systems—with few 
capital and operating cost reductions—when compared to the standalone schemes, due to 
the operation of the other. The influence of the hybrid scheme on standalone cost 
components is discussed below. 

11.4. Adjustment to standalone scheme costs 
The purpose of this section is to discuss the implications of the hybrid scheme arrangement 
on the standalone capital infrastructure staging and costs, operating costs and LC periods. 
This brief discussion should be read in conjunction with the above two standalone scheme 
assessments in order to fully understand the cost components applied in the economic 
assessment model. 
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11.4.1. Influence on capital costs and major works staging 
Given that recycled water demand is the same for both the standalone dual-supply scheme 
and the hybrid scheme, and the recycled water source infrastructure requirements are also 
the same, there is no significant variance in capital costs. Therefore, the above-mentioned 
capital costs for the dual -upply scheme have been largely applied for the hybrid scheme.  

There are some minor capital cost implications associated with the IPRWTs when applied in 
the hybrid scheme. Largely, the hybrid is identical to the standalone IPRWT with the 
exception of some reduced plumbing requirements (i.e. labour and 20 mm plastic piping to 
one external tap and one or two toilets). This would reduce the plumbing cost component 
detailed in Table 22 for this scheme. 

11.4.2. Influence on operational costs 
The operational and maintenance cost for the recycled water source for this scheme would 
also be very similar to the standalone version given the same demand patterns and 
infrastructure. The IPRWTs would have varied operational costs. Firstly, IPRWT-supplied 
water demand is lower in the hybrid scheme (34.1 kL/hh/a) than the standalone IPRWT 
scheme (53 kL/hh/a). This results in a lower annual pumping energy requirement and lower 
energy-related carbon costs. There may also be some flow-on extensions to the life span of 
the pump (i.e. less kL throughput per year), but the demand differences are not substantial 
enough to argue an extension to the current, generous 15-year life span considered for the 
rainwater tank pump. 

11.5. Non-monetary considerations 
The social, environmental, public health and economic implications of the standalone 
schemes discussed above generally apply here. This discussion considers the additional non-
monetary implications posed by the hybrid scheme. 

The tri-supply scheme can be expected to significantly reduce potable water demand through 
the implementation of both recycled water and rainwater supply sources. It is undoubtedly a 
reasonable scheme from a water security (i.e. insurance) perspective. Since rainwater is not 
used for toilet flushing under a tri-supply scheme, demand on the rain tank is less than the 
standalone IPRWT scheme and thus top-up from potable is minimal. In a residential setting, 
this is beneficial as space limitations for water storage enables a mandated 5000 L tank to be 
effectively utilised without regular depletion before the next rain event, thereby requiring 
minimal potable supply top-up. Clothes washing can be largely supplied from a rain tank with 
only a small portion required from the potable supply due to the use of hot water.  

Irrigation and external use have three available water sources for fit-for-purpose end uses. 
While total consumption for the tri-supply scheme is the highest of all the schemes, the choice 
of supply enables appropriate water sources to be used where required and most importantly, 
potable water consumption is reduced through the presence of recycled water and rainwater 
sources within a household. 

The potential downsides of the hybrid system are larger total resource infrastructure costs 
(recycled water and rainwater capital), long-term operation and maintenance of rain tank by 
the homeowner, and the considered use of Class A+ recycled water for other fit-for-purpose 
end uses may be limited by presence of the IPRWT (e.g. cold water laundry tap could 
potentially be supplied by recycled water if public health approvals were obtained, thereby 
removing need for IPRWT). 
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11.6. Hybrid scheme PV LCC assessment 
11.6.1. Potable water savings and source demand parameters 
For this hybrid scheme, I used four potable water savings or alternative source water demand 
scenarios to examine the implications of the various approaches to evaluating scheme 
performance: 

• S1—59.5 kL/hh/a adjusted potable water savings per residential connection with hybrid 
scheme (Table 10; adjusted end-use breakdown and associated modified water savings 
value) 

• S2—70.8 kL/hh/a unadjusted potable water savings per residential connection with hybrid 
scheme (Table 9; unadjusted end-use breakdown and potable water savings value) 

• S3—48.4 kL/hh/a total annual demand for Class A+ recycled water and 34.1 kL/hh/a total 
annual demand for IPRWT-sourced water (Table 9) 

• S4—pre-2005 demand of 300 L/p/day (for all schemes regardless of supply sources) and 
(100 L/p/day or 102.2 kL/hh/a) of demand for Class A+ recycled irrigation and toilet, and a 
further 20% (i.e. 40 L/p/day or 40.9 kL/hh/a) of demand sourced from the IPRWT for 
clothes washing and outdoor use (e.g. filling up pool, washing dog). This final demand 
scenario would be close to the initial planning assumptions made for the PCWF Master 
Plan. 

11.6.2. Hybrid PV LCC modelling parameters  
Based on previous discussion, most of the Scheme 2 and Scheme 3 PV LCC model input 
parameters have been applied for this hybrid assessment (Section 9.7.2 for IPRWT and 
Section 10.7.2. for dual supply). I considered 25- and 50-year LCs for the hybrid scheme, 
mainly due to the lower-than-expected recycled water demand reducing the presently planned 
staging requirements. A consistent 7% discount rate was applied for all cost components in 
the hybrid scheme. PV LCC parameters that varied considerably from those used for the 
standalone IPRWT scheme included:  

• costing based on scheme population growth over 25 years and 50 years to align with 
dual-supply conditions (instead of per connection basis) 

• plumbing cost reduced from $729 to $600 in base year to reflect slight reduction in 
plumbing requirements 

• annual pumping energy requirement for IPRWT reduced due to 34.1 kL/hh/a demand 
because less end uses are supplied by the IPRWT in the hybrid scheme. 

11.6.3. Hybrid scheme PV LCC unit cost summary 
Given that this scheme effectively has two supply sources and four water saving or demand 
scenarios, four results tables were required (Tables 31–34). As mentioned previously, the 50-
year LCC was the preferred unit cost following similar arguments to the standalone dual-
supply scheme. Predominantly, 50-year unit costs ($/kL) will be discussed and compared.  

Tables 31 and 32 relate to the PV LCC assessment based on the potable water savings 
derived from the hybrid scheme (i.e. S1 and S2) when compared to the traditional potable-
only scheme (Tables 9 and 10). Given that these scenarios represent the difference between 
the potable demand from a sample of households with traditional potable-only supply and 
those in the hybrid scheme, the unit costs were not assigned to a particular source but 
presented as aggregate unit costs. The 50-year unit costs were $7.22/kL and $6.06/kL for S1 
and S2, respectively. This represents the unit cost range ($6.06–7.07/kL) to deliver potable 
water savings from the hybrid scheme. The dual supply cost component contributed to 71% of 
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this unit cost, with water business capital infrastructure comprising close to half of the entire 
unit cost. Operational costs considering both IPRWT and dual-supply components make up 
only 10% of the unit cost.  

Capital replacements for the IPRWT make up a larger component of the unit cost than the 
original capital outlay when considering the 50-year LCC. Reduced life spans of IPRWT 
infrastructure (due to arguments discussed in Section 9.5.2) with the standalone scheme 
could result in this source contributing a greater component to the higher overall unit cost of 
the hybrid scheme. 

Table 31: Scenario 1 hybrid scheme PV LCC summary 

Item Major component description 
Minor component description 

25-year life cycle 50-year life cycle‡ 

Total volume (kL) Total volume (kL) 

A Water savings/demand   

 
Hybrid scheme potable 
savings 13 487 204 62 840 330 

  
Scheme PV 

total ($) 
Unit cost 

($/kL) 
Scheme PV 

total ($) 
Unit cost 

($/kL) 

B Dual supply component         

B-1 
Water business capital 
infrastructure  95 490 588 7.08  215 947 766 3.44  

B-2 Lot/building services capital* 52 798 397 3.91  80 613 773 1.28  
B-3 Operating costs 12 901 230 0.96  26 872 475 0.43  
  TOTAL 161 190 214 11.95  323 434 014 5.15  

C IPRWT component         
C-1 Capital installations 33 159 770 2.46  52 383 697 0.83  
C-2 Capital replacements† 4 125 561 0.31  58 704 792 0.93  
C-3 Operating costs 5 048 463 0.37  18 967 074 0.30  
  TOTAL  42 333 794 3.14  130 055 563 2.07  

D Aggregate hybrid scheme      
  TOTAL 203 524 008 15.09  453 489 577 7.22  
* These costs are borne by the developer/builder and ultimately homeowner to service recycled water to end uses.  
† denotes replacement of pumps and tanks over life cycle. 
‡ 50-year life cycles are more appropriate for the dual-supply scheme. 
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Table 32: Scenario 2 (S2) hybrid scheme PV LCC summary 

Item Major component description 
Minor component description 

25-year life cycle 50-year life cycle‡ 

Total volume (kL) Total volume (kL) 

A Water savings/demand   

 
Hybrid scheme potable 
savings 16 048 640 74 774 713 

  
Scheme PV 

total ($) 
Unit cost 

($/kL) 
Scheme PV 

total ($) 
Unit cost 

($/kL) 

B Dual supply component     

B-1 
Water business capital 
infrastructure  95 490 588 5.95  215 947 766 2.89  

B-2 Lot/building services capital* 52 798 397 3.29  80 613 773 1.08  
B-3 Operating costs 12 901 230 0.80  26 872 475  0.36  
  TOTAL 161 190 214 10.04  323 434 014 4.33  

C IPRWT component     
C-1 Capital installations 33 159 770 2.07  52 383 697 0.70  
C-2 Capital replacements† 4 125 561 0.26  58 704 792 0.79  
C-3 Operating costs 5 048 463 0.31  18 967 074 0.25  
  TOTAL  42 333 794 2.64  130 055 563 1.74  

D Aggregate hybrid scheme      
  TOTAL 203 524 008 12.68 453 489 577 6.06 
* These costs are borne by the developer/builder and ultimately homeowner to service recycled water to end uses.  
† denotes replacement of pumps and tanks over life cycle. 
‡ 50 year life cycles are more appropriate for the dual supply scheme. 

The third table (Table 33) relates to the present demand (i.e. S3) for the two examined 
alternative sources based on recent end-use data in the GCC region (Table 9). Given that this 
and the last scenario are based on the total demand for the IPRWT and Class A+ sourced 
water, they can be costed as both aggregate unit costs for the entire hybrid scheme and as 
components related to the costs and water demand for each source. Most of the previous PV 
LCC assessments considered the alternative source demand to be the potable water saving 
(i.e. they did not consider a potential induced higher demand from the alternative source 
being available). Here, I considered the actual demand to be 48.4 kL/hh/a from the Class A+ 
supply and 34.1 kL/hh/a from the IPRWT. For this scenario, two parts were considered: 
Part A of Table 33 relates to the unit cost for the individual water source components of the 
dual-supply scheme and Part B relates to the aggregate unit cost for the scheme. A unit cost 
of $6.33/kL was determined for the dual-supply component, with the water business capital 
infrastructure making up two-thirds of this cost, and 25% being borne by the homeowner 
(through higher land or building costs). For Part A of Table 33, the IPRWT component unit 
cost was determined at $3.61/kL, with the highest cost component coming from capital 
replacements. This scheme had a considerably higher unit cost than the standalone IPRWT 
specification in QDC MP 4.2 (i.e. $5.48/kL versus $3.55/kL for S3; 25-year PV LCC 
assessment) because a similar capital infrastructure requirement in the hybrid scheme is 
being used to service a lower demand (i.e. predominately the cold water tap of washing 
machine). For Part B of Table 33, the aggregate scheme unit cost was $5.20/kL, which is 
lower than a standalone dual-supply scheme, but expectedly higher than the IPRWT-only 
scheme. From the perspective of a water business, the unit cost is somewhat lower as 
approximately half these cost components will be borne by others (i.e. largely homeowners); 
this will be explored later. 
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Table 33: Scenario 3 (S3) hybrid scheme PV LCC summary 

Item Major component 
description  

25-year life cycle 50-year life cycle‡ 

Minor component 
description 

Total volume (kL) Total volume (kL) 

A Source water demand   
A-1 Class A+ demand 10 971 104  51 117 176  
A-2 IPRWT demand 7 729 641  36 014 374  
 TOTAL 18 700 745  87 131 551  

  
Scheme PV 
total ($) 

Unit cost 
($/kL) 

Scheme PV 
total ($) 

Unit cost 
($/kL) 

Part A: Components of hybrid scheme considered separately 
B Dual supply component     
B-1 Water business capital 

infrastructure  95 490 588 8.70  215 947 766 4.22  
B-2 Lot/building services 

capital* 52 798 397 4.81  80 613 773 1.58  
B-3 Operating costs 12 901 230 1.18  26 872 475 0.53  
 TOTAL 161 190 214 14.69  323 434 014 6.33  
C IPRWT component     
C-1 Capital installations 33 159 770 4.29  52 383 697 1.45  
C-2 Capital replacements† 4 125 561 0.53  58 704 792 1.63  
C-3 Operating costs 5 048 463 0.65  18 967 074 0.53  
 TOTAL  42 333 794 5.48  130 055 563 3.61  
Part B: Aggregated hybrid scheme unit costs 
D Aggregate hybrid 

scheme      
D-1 Dual supply component 161 190 214 8.62  323 434 014 3.71  
D-2 IPRWT component 42 333 794 2.26  130 055 563 1.49  
 TOTAL 203 524 008 10.88  453 489 577 5.20  

* These costs are borne by the developer/builder and ultimately homeowner to service recycled water to end uses.  
† denotes replacement of pumps and tanks over life cycle. 
‡ 50-year life cycles are more appropriate for the dual supply scheme. 

The last scenario (S4) relates to the possible, but unlikely, scenario that demand rebounds to 
pre-2005 levels (i.e. 300 L/p/day) in the GCC region (Table 34). Demand values used in 
Table 34 were similar to those adopted to justify the PCWF Master Plan, making them useful 
to examine the approximate unit costs ($/kL) that were potentially applied in the planning 
stage to justify the project. It is possible that per capita water demand might return to 
300 L/p/day but it is considered unlikely due a range of factors (e.g. smaller lot sizes, dual 
working families, drought proof plant stock, low maintenance housing, less social pressure for 
green lawns, younger generation of families much less inclined to irrigate, water tariff rises). 
Also, toilet demand will only decrease with the gradual installation of more efficient cisterns. 
S4 resulted in an aggregate scheme unit rate of $3.40/kL. The dual supply unit cost 
component was considerably lower from those obtained for the other demand scenarios (S1–
S3). This implies that dual-supply systems are more cost-effective when there is much higher 
levels of irrigation than those presently occurring, which was the case prior to the extreme 
drought period of 2006–2008 in GCC, and the associated drastic restriction regime and social 
behavioural marketing campaign that was introduced. 
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Table 34: Scenario 4 (S4) hybrid scheme PV LCC summary 

Item Major component 
description 

25-year life cycle 50-year life cycle‡ 

Minor component 
description 

Total volume (kL) Total volume (kL) 

A Source water demand   
A-1 Class A+ demand 23 166 257  107 937 509  
A-2 IPRWT demand  9 271 036  43 196 126  
 TOTAL 32 437 293  151 133 635  

 
 

Scheme PV 
total ($) 

Unit cost 
($/kL) 

Scheme PV 
total ($) 

Unit cost 
($/kL) 

Part A: Components of hybrid scheme considered separately 
B Dual supply component     
B-1 Water business capital 

infrastructure  154 067 810 6.65  275 670 352 2.55  
B-2 Lot/building services 

capital* 52 798 397 2.28  80 613 773 0.75  
B-3 Operating costs 12 901 230 0.56  26 872 475 0.25  
 TOTAL 219 767 437 9.49  383 156 600 3.55  

C IPRWT component     
C-1 Capital installations 33 159 770 3.58  52 383 697 1.21  
C-2 Capital replacements† 4 125 561 0.44  58 704 792 1.36  
C-3 Operating costs 5 048 463 0.54  18 967 074 0.44  
 TOTAL  42 333 794 4.57  130 055 563 3.01  

Part B: Aggregated hybrid scheme unit costs 
D Aggregate hybrid 

scheme      
D-1 Dual supply component 219 767 437 6.78  383 156 600 2.54  
D-2 IPRWT component 42 333 794 1.31  130 055 563 0.86  
 TOTAL 262 101 231 8.08  513 212 162 3.40  
* These costs are borne by the developer or builder and ultimately homeowner to service recycled water to end uses.  
† denotes replacement of pumps and tanks over life cycle. 
‡ 50-year life cycles are more appropriate for the dual supply scheme. 

In summary, the hybrid scheme had a unit cost range of $6.06–7.22/kL from a potable water 
saving perspective and $5.20/kL from a water source demand perspective. These unit costs 
are higher than the desalination and IPRWT schemes discussed above, but lower than the 
standalone dual-supply scheme; this will be explored later. 

Many reported approaches to the levelised costing of water supply alternatives do not 
consider the total resource unit cost perspective as detailed in Tables 31–34. They often only 
consider a particular stakeholder unit cost perspective (e.g. water business), often excluding 
additional lot and building development costs borne by developer, builder and ultimately 
homeowner to provide Class A+ recycled water to the home, and subsidies received from 
federal or state governments for such schemes, which in the case of the dual-supply scheme 
in PC was $47 million. Unit costings calculated by the water service provider might not 
consider that the present form of the PC scheme has a requirement that new homes built in 
the region also have an IPRWT, but they would likely claim the water savings from the 
installation of the IPRWT, as it is considered part of their scheme configuration. 

To better understand the driving forces behind contemporary water supply schemes from the 
perspective of different stakeholders, I explored the influence of the cost encapsulation 



 

NATIONAL WATER COMMISSION — WATERLINES 99 

considerations of unit costing. Some cost components were removed from the base case (B; 
50-year unit cost $/kL; Tables 31–34) unit cost model: 

• L = additional lot and building development costs to provide Class A+ recycled water to 
home and relevant end uses (borne ultimately by homeowner) 

• G = Australian Government subsidy provided to the PC scheme 

• R = IPRWT costs borne by the homeowner when constructing their household.  

Different combinations of stakeholder unit cost perspective scenarios were used to consider a 
range of viewpoints on unit costing. The base case (B) was considered the true unit cost for 
the scheme (i.e. total resource cost); it is the most representative of unit costs as it 
encapsulates all the cost components of an alternative water-supply scheme and addresses 
the cost concerns of all parties.  

Table 35 details the unit costs considering the incremental removal of these cost components 
from the base case (B) for the more appropriate 50-year LCC period. From the perspective of 
the water business, which often considers source demand (i.e. S3) and only their cost outlays 
(i.e. B – L – G – R; meaning the costs associated with L, G and R are removed from the ‘total 
resource cost perspective’ base case B detailed in Tables 31 to 34), the unit cost reduced to 
$1.70/kL. This unit cost is still higher than the 2010 tariff for Class A+ recycled water of 
$1.60/kL, implying that the scheme may be subsidised by the greater customer base through 
higher overall potable water tariffs or fixed charges. If recycled water demand returns to past 
historical levels of 300 L/p/day (original design demand), the unit cost reduces to $1.20/kL, 
which is lower than the present tariff (i.e. 75% of $1.60/kL) and was likely the ‘planned’ unit 
cost for which the original tariff was set.  

In summary, this report has purposely detailed the various unit costs possible (depending on 
the viewpoint or approach of the analyst) for alternative water-supply schemes to provide a 
more transparent approach to unit or levelised cost methods than those presently reported in 
many technical reports commissioned by governments or water businesses. This provides 
better information on unit cost results, thereby better informing urban water management 
policy and planning. 

Table 35: Influence of government subsidy and lot or building costs for hybrid scheme 

Scenario 

Unit cost ($/kL) for 50 year LC 

B B - L B - G B - R B - L -
G 

B - L - 
R 

B – G - 
R 

B – L – G - 
R 

S1 7.22 5.93 5.71 5.15 4.43 3.86 3.64 2.36 
S2 6.06 4.99 4.80 4.13 3.72 3.25 3.06 1.98 
S3 5.20 4.28 4.12 3.71 3.20 2.79 2.63 1.70 
S4 3.40 2.86 2.60 2.54 2.06 2.00 1.74 1.20 
Where: 
B = base case unit cost; 
L = Additional lot and building development costs to reticulate Class A+ water that is borne by homeowner; 
G = Federal government subsidy not considered in cost assessment; and 
R = IPRWT costs borne by homeowner.  

11.6.4. Hybrid scheme PV LCC unit cost sensitivity analysis 
I used sensitivity analysis to explore the unit cost implications of a range of scenarios going 
forward (Table 36). A 25- and 50-year LCC has been considered for this scheme given the 
arguments discussed previously; the 50-year LCC was considered more appropriate for unit 
costing for the hybrid scheme. Sensitivity analysis was conducted for the following changes in 
potable water savings or source water demand with variation in financial analysis parameters: 

• SA–discount rate set at 4%, 6%, 7% (base case) and 9% 
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• SB–1% increase in base case operating cost inflation rates (i.e. CPI) 

• SC–1% decrease in base case operating cost inflation rates (i.e. CPI). 

Table 36: Hybrid supply scheme unit cost summary – sensitivity analysis 

Scenario Parameter modified 25-year PV LCC results 50-year PV LCC results 

 Discount rate (i) 4% 6% 7% 9% 4% 6% 7% 9% 

S1: adjusted potable water savings (59.5 kL/hh/a) 

SA Discount rate change 
alone 

19.64  16.35  15.09  13.16  11.30  8.22  7.22  5.87  

SB 1% increase in operating 
CPI 

21.95  17.93  16.42  14.11  14.28  9.82  8.44  6.61  

SC 1% decrease in 
operating CPI 

17.80  15.02  13.97  12.35  9.36  7.07  6.33  5.33  

S2: unadjusted potable water savings (70.8 kL/hh/a) 

SA Discount rate change 
alone 

16.50 13.74 12.68 11.06 9.49 6.91 6.06 4.93 

SB 1% increase in operating 
CPI 

18.45 15.07 13.80 11.86 12.00 8.25 7.09 5.56 

SC 1% decrease in 
operating CPI 

14.96 12.62 11.74 10.38 7.87 5.94 5.32 4.48 

S3: Alternative source water demand (Class A+ demand: 48.4 kL/hh/a; IPRWT demand: 34.1 kL/hh/a) 

SA Discount rate change 
alone 

14.16 11.79 10.88 9.49 8.15 5.93 5.20 4.23 

SB 1% increase in operating 
CPI 

15.83 12.93 11.84 10.18 10.30 7.08 6.09 4.77 

SC 1% decrease in 
operating CPI 

12.84 10.83 10.08 8.91 6.75 5.10 4.57 3.84 

S4: Historical water demand (Class A+ demand 102.2 kL/hh/a; IPRWT demand: 40.9 kL/hh/a) 

SA Discount rate change 
alone 

10.03 8.62 8.08 7.24 5.13 3.82 3.40 2.81 

SB 1% increase in operating 
CPI 

11.00 9.28 8.63 7.63 6.37 4.49 3.90 3.12 

SC 1% decrease in 
operating CPI 

9.27 8.07 7.62 6.90 4.33 3.35 3.03 2.59 

For particular water saving or demand scenarios S1–S4 (50-year LC only), sensitivity analysis 
indicated the following unit cost ranges for the hybrid supply scheme: 

• $5.33–14.28/kL for S1 (base case = $7.22/kL) 

• $4.48–12.00/kL for S2 (base case = $6.06/kL) 

• $3.84–10.30/kL for S3 (base case = $5.20/kL) 

• $2.59–6.37/kL for S4 (base case = $3.40/kL). 

The most realistic ranges of unit costs are $5.32–8.22/kL from a potable water savings 
perspective and $4.57–5.93/kL from a source demand perspective. 

11.6.5. Scheme unit cost comparison with other studies 
There are no available studies specifically detailing a unit cost for the particular hybrid 
scheme examined here. The closest studies are those covering dual-supply systems, 
discussed previously, with a reported unit cost of $3.00–6.00/kL (Schott 2010; Moran 2008). 
From a demand perspective (S3 base case; $5.20/kL), this study fits this range but it is higher 
from a potable water saving perspective. Turner et al. (2007) reported a lower unit cost 
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($2.27/kL) for a ‘residential smart growth’ scheme, which considers some of the urban water 
design principles at PC. This is close to the unit cost established when only the water 
business costs are considered, that is, $2.79/kL for (B – L – R) and $1.70/kL for (B – L – G –
 R) stakeholder perspective scenarios; Table 35. 

11.6.6. Hybrid scheme refinement opportunity discussion 
The two main opportunities to refine the hybrid scheme (i.e. PCWF Master Plan) are 
increasing demand for Class A+ recycled water through much greater expansion in the non-
residential sector (e.g. large industry), and exploration of greater residential indoor fit-for-
purpose end uses of Class A+ recycled water. The first opportunity will undoubtedly be 
explored by the water business as the region grows and attracts major businesses that may 
require significant water supplies for their operations. The second was explored in detail in 
this study, and the most feasible indoor end use where recycled water source is considered fit 
for purpose is the cold water tap of the washing machine, which is currently serviced by the 
IPRWT. Therefore, the present hybrid scheme could be refined to a standalone dual-supply 
scheme with recycled water supplied to the toilets, two outdoor taps and the cold water 
laundry tap. If deemed feasible to implement, this revised dual-supply scheme has two main 
benefits over the present hybrid scheme: higher demand for recycled water would make the 
scheme more viable for water businesses from both system utilisation and economic 
perspectives, and removing the requirement for an IPRWT in this dual-supply region would 
avoid the extra cost to the householder when building their dwelling. 

From Tables 9 and 10, the refined scheme could achieve approximately 60–65 kL/hh/a of 
potable water savings and 70 kL/hh/a of recycled water demand. Considering that the dual 
supply cost profile for this scheme is only slightly different with the inclusion of the additional 
end use, the total resource unit cost was calculated as $4.71–5.10/kL for potable water 
savings and $4.37/kL from a recycled water demand perspective (50-year LCC). From the 
water business stakeholder perspective (i.e. B – L – G), the unit cost (50-year LCC) reduces 
to $2.16–2.43/kL for potable water savings and $2.01/kL for recycled water demand.  

By removing the requirement for the IPRWT—a cost borne by the homeowner (transferred 
from builder)—a calculated NPV of approximately $130 million will be saved over the 50-year 
LC for the region. While not intended to be a detailed economic justification on this refined 
scheme option, this examination provides some indication that refining the scheme may be a 
viable option to reduce present unit costs of the hybrid scheme, especially from a ‘total 
resource’ unit cost perspective. 
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12. Scheme comparative 
assessment 

12.1. Water savings and demand comparisons 
As mentioned previously, four water saving or demand scenarios (S1–S4) were considered 
for Schemes 2–4 and the associated unit costs were calculated. S1 and S2 relate to the 
adjusted and unadjusted potable water savings, respectively. S3 relates to the actual demand 
of the alternative source (i.e. Class A+ recycled water or rainwater). S4 considers historical 
300 L/p/day water demand pre-2005 (pre-drought and restrictions) to gauge the initial unit 
costs of these schemes when they were planned and to see what they could be if demand 
returned to those levels (current per capita demand is 150–200 L/p/day in Queensland). As 
argued in Section 7.3, the calculated potable water saving derived from the implementation of 
the alternative scheme, when compared to a traditional potable-only scheme, is considered to 
be the true water use input value applied for unit costing purposes. However, common 
practice in unit costing assessments is to apply the actual demand value for the water supply 
source, which is often slightly higher than the associated potable water saving. This practice 
is due to unit costs being mainly derived from readily available household water-use data, due 
to the lack of comparative end-use data to build water balances schedules from water end-
use categories. 

Figure 35 presents the S1–S4 water saving or demand values established for Schemes 2–4. 
Scheme 1 is related to desalination extended supply, which for the purposes of this study has 
been considered as a water-supply measure rather than a source-substitution measure as 
with the other schemes, and assigning Scheme 1 with a potable saving or demand value is 
not really appropriate in Figure 35. The unit cost of augmenting the existing traditional town 
water supply scheme with desalination in the same regional context as the other schemes 
(i.e. GCC) is considered a good reference unit cost for scheme comparison. Schemes that 
have unit costs above desalination may not be worthwhile, particularly if an existing plant is 
available and not operating at full capacity; this will be explored in subsequent sections. For 
the purpose of this study, the unit cost scenarios for desalination relate to the plant’s 
operating capacity (i.e. OC1 is 100% operating capacity, OC2: 67% and OC3: 33%). 

Only the total demand for Scheme 4 is illustrated in Figure 35; S3 total demand of 
82.5 kL/hh/a is comprised of 48.4 kL/hh/a recycled water and 34.1 kL/hh/a rainwater, and S4 
total demand of 143.1 kL/hh/a is comprisedof 102.2 kL/hh/a recycled water and 40.9 kL/hh/a 
rainwater. 

Figure 35 illustrates that potable water savings (S1 and S2) are lower than the actual demand 
for the alternative source (S3) for Schemes 2–4, and particularly for the adjusted dual-supply 
scheme. Given that some alternative supplies actually increased total demand and did not 
have any reduction in potable demand, which is the critical concern during drought periods, 
the unadjusted and adjusted potable water savings were deemed the more appropriate input 
parameters for unit costing. For the IPRWT, the potable water saving and actual demand 
value were the closest, implying that this scheme may not actually increase outdoor demand, 
as may be the case for Class A+ recycled water, which may be perceived as a low-cost and 
environmentally friendly water source. Figure 35 also illustrates that the historical demand 
scenario has a much higher demand than that which was recorded through end use 
measurement (i.e. 1.8–2 times current actual demand for scheme types with recycled water). 
S4 for the IPWRT was based on the QDC MP 4.2 target of 70 kL/hh/a, which may be 
unrealistic given that IPRWT yield modelling completed by a number of parties indicated an 
achievable value closer to 50 kL/hh/a.  
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Figure 35: Water saving or demand scenarios comparative assessment 
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12.2. Base case unit cost comparisons 
Figure 36 presents the base case unit cost ($/kL) comparative assessment for the four 
schemes and their respective water demand saving or demand scenarios. S1 and S2 are 
concerned with potable water savings and best considered together as a range when 
applying unit costs from this perspective (i.e. Scheme 2 potable savings unit cost is $3.71–
4.06/kL). S3 is related to the alternative source demand and may be preferred by water 
businesses when considering the implementation of a certain scheme (e.g. Scheme 2 unit 
cost is $3.55/kL from a water demand perspective). S4 relates to the water demand values for 
which these schemes were designed, which is an average daily per capita residential water 
consumption demand of approximately 300 L/p/day. Scheme 1 (desalination) unit costs for 
S1–S3 are not related to the above scenario descriptions (Figure 36) because desalination is 
considered as a ‘reference unit cost’ potable supply extension, rather than a potable source 
substitution measure, unlike the other schemes. Instead, S1–S3 are related to the plant’s 
operating capacity (i.e. S1 100%; S2 67% and S3 33%). 

Figure 36: Base case unit cost ($/kL) comparative assessment 
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From this assessment, desalination operating at 66 to 100% capacity provided the lowest unit 
cost. While demand management initiatives (e.g. shower retrofits, washing machine rebates) 
are undoubtedly the lowest unit cost measure for achieving potable water savings or demand, 
this study provides evidence—contrary to popular opinion—that desalination does not have a 
higher unit cost than most other large-scale water supply or source substitution opportunities 
available, such as two of the largest contemporary water supply schemes underway in 
Queensland that are analysed here. However, desalination plants sitting idle for long periods 
or operating at low capacity (i.e. less than 33% average yearly production) generate very high 
unit costs; it may be prudent to operate them when dam supplies reach 60% instead of much 
lower levels. A number of environmental concerns are associated with desalination plants, 
and they are particularly sensitive to electricity pricing and associated GHG and other 
environmental compliance costs, which see no sign of abating. 

IPRWTs offered the second lowest unit costs with potable water savings at $3.71–4.06/kL 
and source demand at $3.55/kL. However, the IPRWT unit cost is highly sensitive to the 
replacement schedule for its capital infrastructure. Potentially generous base case average 
life spans of 25 years for the RWT and 15 years for the pump may not actually eventuate 
given that the supply is maintained by the homeowner, who may have poor knowledge of tank 
maintenance requirements. Sensitivity analysis indicated that reducing life spans to 15 years 
for the RWT and 10 years for the pump resulted in IPRWT-sourced water increases in the unit 
cost of $0.84–1.24/kL, to $3.66–5.33/kL. IPRWT infrastructure serviceability considerations 
and governance are two factors that could potentially escalate the unit cost of IPRWTs. A 
detailed discussion of the factors that influence the cost-effectiveness of IPRWTs is discussed 
in Section 9. 

Scheme 3 (standalone dual-supply scheme) had the highest base case unit costs from those 
examined in this study ($7.45–10.38/kL for potable water savings and $6.33/kL for alternative 
source demand). Explanations for the high costs are discussed in Section 10, but the two 
main factors are that the base case unit cost includes developer or builder service costs to 
provide additional purple pipe service to end uses, and that scheme implementation is 
required at early stages of a large greenfield communities development, relying on population 
growth to reach viable system capacity. The first factor will be addressed in a subsequent 
section. Often water businesses argue that dual-supply schemes are essential, not as an 
income-producing part of their operation, but as a necessary measure to meet environmental 
compliance measures (e.g. outflow to sensitive waterways). 

Scheme 4, which is based on the features of the PC dual-supply scheme, has a base case 
potable water savings unit cost of $6.06–7.22/kL and alternative-source demand of $5.20/kL. 
This is lower than the standalone dual-supply scheme because its IPRWT component has a 
lower unit cost, reducing the aggregate scheme unit cost. Both Schemes 3 and 4 have the 
most notable drop in unit cost for scenarios S3 to S4, implying that historical outdoor-demand 
levels would substantially improve the viability of dual-supply schemes. Undoubtedly, the PC 
scheme, along with Mawson Lakes and Rouse Hill, were designed for these higher per capita 
consumption rates and irrigation proportions. This raises the point that dual-supply schemes 
may be too reliant on sporadic irrigation demand instead of more reliable indoor end uses, 
such as the cold water laundry tap, which could provide a more dependable demand of 
around 25 kL/hh/a. Evidence shows that this is a fit-for-purpose end use for Class A+ recycled 
water. Also, there may be greater potential for large non-residential customers to use 
Class A+ recycled water. By removing the requirement for the IPRWT in PC and adding the 
option of homeowners using Class A+ recycled water for their cold water clothes washing, the 
base case unit cost could potentially reduce below $4.00/kL. As a final note for the hybrid 
scheme, the unit costs consider all the costs to the developer or builder to establish the 
scheme (i.e. total resource unit cost); this is examined in the next section. 



 

NATIONAL WATER COMMISSION — WATERLINES 105 

12.3. Water business perspective unit costing  
A range of adjusted base case unit costs have been detailed in the relevant scheme sections 
(i.e. Schemes 3 and 4) to explore the different viewpoints of stakeholders, particularly the 
water business that may not consider the total resource cost of a contemporary urban water 
scheme. For example, costs borne by homeowners for an additional supply to their land lot or 
installation of an IPRWT, or even the government subsidies provided to implement 
contemporary water supply–demand schemes.  

Figure 37 illustrates some of the ‘total resource perspective’ unit cost adjustment scenarios 
(see Section 11.6.3 for a detailed description on adjustment factors L, G and R) completed for 
Scheme 4, which potentially reflects the perspective of water businesses implementing such 
schemes. In Figure 37, the scenario (B) histogram columns represent the base case total 
resource perspective unit cost for the four water savings or demand scenarios (S1–S4). 
Scenario (B – L – R) represents the ‘water business perspective’ unit cost, without the 
additional cost components (above traditional potable-only reticulation) in the PV LCC 
assessment model borne by the developer or builder to provide both recycled water (L) and 
IPRWT capital infrastructure (R) to the relevant household end uses. The final water business 
perspective unit cost scenario (B – L – G – R) also considers the inclusion of the Australian 
Government subsidy provided to deliver the hybrid scheme (i.e. subsidy subtracted from 
capital cost). The selection and justification of the PC scheme would have likely been based 
on the latter water business perspective unit cost as it includes only those outlays to the water 
business. 

As evident from Figure 37, the water business perspective unit costs are substantially lower 
than those determined for the total resource cost perspective base case (B), and are within a 
range that could appeal more to proponents of such schemes. Water business perspective 
unit cost scenarios worthy of particular mention include:  

• the water business perspective unit cost (B – L – G – R) of $1.70/kL for the S3 water 
demand profile (which would potentially be viewed by a water business as the unit cost of 
implementing the hybrid scheme based on current residential water demand levels) 

• the scheme would have been premised on the historical water demand (i.e. S4) with a 
$1.20/kL unit cost (which is below the 2010 recycled water charge of $1.60/kL for PC 
residents).  

While a water business perspective unit costing approach is deemed appropriate for most 
economic justifications of small-scale water and wastewater services to proceed, regional 
urban water solutions should consider the total resource costs and benefits of contemporary 
water supply schemes to society at large.  

Water supply costs, whomever is bearing them, are ultimately adding to the total cost to the 
customer and greater society, whether through direct or indirect water charges or higher 
building or home maintenance costs (in the case of IPRWTs), or even higher taxation in 
different areas to service high debts taken on in supply constrained drought periods in order 
to provide large-scale urban water infrastructure.  

For example, IPRWTs are a very low (almost zero) unit cost scheme to derive potable water 
savings from the state government or water business perspective in the short term, but have 
long-term total cost implications that may not be evident unless total costs and benefits are 
examined.  
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Figure 37: Hybrid scheme water business perspective unit costs 
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12.4. Unit cost comparison with those reported 
Each scheme has a section comparing unit costs established in this study with other LCP, 
IRP or PV LCC assessments in the literature. A short summary discussion is provided here. 
The desalination scheme was within ±10% of the mean value of other reported unit costs, 
which is understandable as desalination plants are a contained, water-production factory with 
highly predictable cost components. Also, the base case unit cost of $3.00–4.00/kL for the 
IPRWTs was similar to those reported in the literature.  

However, the dual-supply scheme and hybrid scheme unit costs were at the upper end or 
higher than the $2.27–6.00/kL range reported in the sparse literature addressing the 
economics of such schemes. This may be due to these assessments only reporting the 
project proponent perspective (e.g. water business) unit cost (as explained in Section 12.3), 
thereby reducing total resource perspective unit costs by about 40% to a unit cost range of 
$1.70–3.86/kL for the hybrid scheme (Figure 37). 

12.5. Customer billing comparative 
assessment 

Based on the Allconnex Water 2010–11 water and wastewater charge schedule (Allconnex 
Water 2011), a customer bill was prepared using the adjusted water demand values in 
Table 10, with an average household size of 2.8 persons (Table 37). There is no fixed charge 
related to the reticulation of Class A+ recycled water to the household because this cost must 
be absorbed in the greater water supply charge, and additional cost to maintain and upgrade 
the dual-supply system is spread across the citywide customer base. The fixed cost of the bill, 
using household demand values from this study comprises 65–72% of the total, implying that 
customer water billing is less sensitivity to demand, as per other utilities such as electricity. 
Such pricing arrangements have long been argued as inadequate but Australian water 
businesses have only marginally—if at all—shifted towards greater use of variable charges in 
lieu of some of their fixed charges. The Class A+ recycled water charge in the case of the PC 
region of GCC was $1.60, which is approximately 60% of the potable water variable charge of 
$2.68 (Allconnex Water 2011).  

As detailed in this assessment, the unit cost of the hybrid scheme (Scheme 4) considering the 
perspective of the water business (Figure 37; B – L – G – R; S3) was determined as $1.70/kL 
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based on present ADD determined through collected end-use data. This unit cost is still 
higher than the 2010 tariff of $1.60/kL for Class A+ recycled water (Allconnex Water 2011), 
implying that the scheme’s consumption is also subsidised by the greater customer base 
through higher overall potable water tariffs or fixed charges. This is also evident by examining 
the cost component attributed to recycled water in the bill, which amounts to only 6%. This is 
a low proportion of the total bill considering that the infrastructure requirements to supply 
recycled water to the household are similar to that of potable supply. 

From this assessment, both the potable and standalone dual-supply scheme customers 
would have the highest overall annual bills. The lowest was reported for the IPRWTs due to 
rainwater demand not attracting a tariff. However, customers in the IPRWT and hybrid 
schemes will need to carry the LC maintenance cost burden of the IPRWTs in order to 
maintain this supply source. If the annualised equivalent cost to the customer to maintain the 
IPRWT over its LC were added as a line item to the bills of Schemes 2 and 4, the total bill 
differences would be even closer. 

Urban water utility service prices have increased by 9.1% per annum over the past five years 
in Australia (RBA 2010). Increasing water and wastewater service charges are not likely to 
recede in the medium term as expensive drought-proofing infrastructure loans need to be 
repaid. This increase in pricing could potentially reduce consumption, encouraging customers 
to use lower-cost sources more readily (e.g. RWTs, IPRWTs, Class A+ recycled, etc). 
Undoubtedly, pricing will be of greater consideration to the householder going forward and will 
influence unit costs. 

Table 37: Customer billing breakdown for schemes examined 

2010 tariff schedule 

Illustrative bill only 

Scheme 1 
Potable-
only 

Scheme 2 
IPRWT 

Scheme 3 
Dual supply 

Scheme 4 
Hybrid 

Fixed costs     
Water access $192.00 $192.00 $192.00 $192.00 
Wastewater $656.40 $656.40 $656.40 $656.40 
Total $848.40 $848.40 $848.40 $848.40 
Potable     
Per person demand (L/p/day) 162.3 115.9 133.4 104.1 
Per household demand* (kL/hh/a) 165.9 118.5 136.3 106.4 
Variable costs     
Potable $2.68/kL $444.53 $317.45 $365.38 $285.13 
Class A+ recycled supply     
Per person demand (l/p/day) na na 47.4 47.4 
Per household demand* (kL/hh/a) na na 48.4 48.4 
Variable costs     
Class A+ $1.60 per kL na na $77.44 $77.44 
Annual bill $1,292.93 $1,165.85 $1,291.22 $1,210.97 
* Assumes average 2.8 ET per household 
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13. Conclusions and implications 
13.1. Evidence-based approach to planning 
This study adopted an evidence-based approach to model and economically assess the 
performance of contemporary, urban water-supply schemes, and the conclusions and 
implications related to this approach are provided below. 

• Smart metering technologies allow high-resolution metering and remote monitoring of 
water demand across a variety of customer segments. Such technology needs to be 
applied more widely to gain a better understanding of current average and peak day 
demands. Government and water businesses are often too slow to modify service 
standards to reflect changing demand, and often plan contemporary schemes based on 
high alternative source demand values, as evidenced in this study (e.g. Class A+ recycled 
water demand). 

• End-use studies, such as those underpinning this work, allow for the disaggregation of 
household end uses (or micro-components) and assist our understanding of the individual 
components of water consumption. End-use studies should be conducted to further 
evaluate the performance of contemporary schemes, such as dual-supply systems 
(e.g. Willis et al. 2011). 

• This study demonstrates that strong empirical data collection, in conjunction with robust 
modelling approaches, provides evidence-based assessment on any scheme’s viability 
and enables better planning decisions to be made in the urban-water context. 

13.2. Unit cost analysis transparency 
This study has highlighted some fundamental issues with commonly practiced levelised unit 
cost pricing approaches, as well as opportunities for improvements. 

• Unit costs should be evaluated against a potable consumption ‘baseline level’, which is 
the current total per capita or household consumption of the region’s traditional town 
water supply system (i.e. potable-only system), as this is what would be provided as the 
norm (i.e. business as usual). Any increased demand above this baseline (e.g. increased 
demand induced by secondary source availability) created by a diversified supply system 
does not save potable water supply and does not improve water security when compared 
against a business-as-usual water supply scheme.  

• Justification of contemporary water supply schemes is often based on non-validated 
forecasts of alternative-source demand. End-use studies, in conjunction with recent bulk 
water forecasting, will provide a better indication of residential demand in a region. Also, 
demand forecasts and end-use data from other environmental or situational contexts are 
often applied to a new region without adaptation. Better investment in planning will result 
in substantial cost savings due to better decision-making. 

• The cost elements assigned in reported unit cost assessments often do not follow a 
common set of defined principles. Some assessments consider the total resource cost of 
the scheme and others consider only the cost to the scheme proponent (e.g. water 
business). This distorts perceptions of the true unit cost of contemporary schemes and 
their range. For example, dual-supply schemes incur a cost to the government, water 
business and homeowner through higher land or building costs. All such cost elements 
associated with a contemporary urban water scheme should be considered, and a 
general set of principles and definitions for a type of unit cost should be followed (i.e. IRP 
framework). 
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13.3. Water pricing transparency 
This study has highlighted some issues about water pricing transparency: 

• Centralised, contemporary water supply schemes appear to be heavily subsidised by the 
greater region customer base or the state or federal governments. As per the examined 
dual-supply scheme, the unit cost to produce Class A+ recycled water is higher than the 
present water charge, implying that this water is subsidised by the potable volumetric 
water charge or fixed charge. Similarly, there is no fixed charge associated with the dual-
supply scheme to cover major upgrades and maintenance, even though this infrastructure 
requirement is essentially the same as the potable water system. Again, these costs must 
be borne by the entire region regardless of their supply arrangement. Greater pricing 
transparency for contemporary and also traditional supply schemes needs to be 
established.  

• The fixed cost of the consumer water bill makes up a large proportion of the total bill, 
implying that water billing is less sensitivity to demand, as per other utilities such as 
electricity. For example, homeowners with an IPRWT that will likely reduce their potable 
demand by 25–35% will receive a much lower saving in their water bill (5–15%) due to 
the high proportion of fixed charges (e.g. water service and wastewater charges). Such 
pricing arrangements have long been argued as inadequate but Australian water 
businesses have been reluctant to shift to higher levels of variable pricing. It is difficult for 
the customer to truly value the worth of an alternative source of water (e.g. IPRWTs) 
when there is limited pricing transparency.  

• Potable water-substitution schemes, such as IPRWTs, have some flow-on benefits to the 
operational performance of the pump and pipe network. Given that homes with an IPRWT 
draw less from the potable supply and likely have a proportionally lower contribution to 
peak demand factors, which drive most pump and pipe infrastructure upgrades and 
greenfield development infrastructure sizing, they could potentially be entitled to a small 
reduction in fixed charges. A reduction in fixed charges for having a ‘functioning’ IPRWT 
may provide a financial incentive for householders to actively maintain their system. The 
current economic drivers for homeowners to maintain their IPRWTs are inadequate 
(i.e. cost of pump replacement is equivalent to four years of potable variable water costs). 

13.4. Desalination plants 
This study provided unit costs for the operation of a 125 ML/day desalination plant, which has 
effectively augmented the GCC traditional potable-water supply. A number of conclusions and 
implications were drawn from this study: 

• Desalination operating at 66 to 100% capacity had the lowest unit cost of the four 
examined contemporary schemes, from a ‘total resource perspective’ (i.e. covering costs 
to all stakeholders). Given that desalination plants are already in place in many parts of 
Australia, they should be operated at full capactity rather than planning new alternative 
water supply schemes with perhaps high unit costs. 

• Given current full dam capacities in Queensland, the Queensland Government may need 
to delay future expansion of the Tugun plant and consider potentially smaller increments 
of expansion. As such, it would be better for the existing plant to operate at higher 
capacities to achieve optimal operating-cost efficiencies. 
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13.5. Internally plumbed rainwater tanks 
13.5.1. Water savings, demand and reliability 
The following conclusions and implications relate to the potable water savings and IPRWT-
source demand (i.e. rain tank system plumbed to cold water laundry tap, toilets and two 
external taps according to QDC MP 4.2 requirements) in an urban context: 

• The IPRWT scheme provided a potable water saving unit cost range of 47.4–51.8 kL/hh/a 
and a demand of 54.2 kL/hh/a. 

• The demand of 54.2 kL/hh/a modelled for an average-year scenario for the IPRWT 
scheme was 77.4% of the targeted 70 kL/hh/a stated in the QDC MP 4.2 (Table 9). 

• Total demand of rain tank supplied end uses was estimated by the model at 76.6 L/p/day 
with 53.0 L/p/day supplied by the rain tank and another 23.6 L/p/day sourced from 
potable supply due to depleted rain tank supplies. This implies that the utilisation ratio for 
the rain tank is approximately 70% for the average conditions modelled. 

• To simulate an average yield for one tank and multiply that yield by the number of 
households with the same configuration may overestimate total rainwater yield. An 
advanced simulation technique or a demand reduction factor is necessary to avoid 
overestimation of rainwater yield across a region. Further research is needed to ascertain 
the yield and operational reliability levels in order to generate such factors. 

• Demand for clothes washing and toilet end use from rainwater supply is reliable, while 
irrigation demand is highly sporadic and should not be relied upon to justify IPRWT 
schemes. Most planning studies consider historical rates of irrigation demand, which are 
likely overestimates of post-drought demand, as a range of factors are driving down 
outdoor demand (e.g. smaller lot sizes, less available time to irrigate, longer working 
hours of families, higher water pricing, changing water conservation attitudes). 

• Increasing irrigation demand on IPRWT yield sensitivity analyses indicated that three-
quarters of any irrigation demand increase above the base value comes from the potable 
supply, implying that the tank switches to potable supply more frequently due to this 
higher irrigation demand. If the availability of an IPRWT is actually inducing much higher 
irrigation demand in those households, it is counterproductive from a potable water 
savings perspective (i.e. potable-water use in an IPRWT scheme becomes closer to that 
in traditional potable-only supply household). 

13.5.2. Cost-effectiveness 
The following conclusions and implications relate to the cost-effectiveness of an IPRWT in an 
urban context. 

• IPRWT unit costs were $3.71–4.06/kL for potable water savings and $3.55/kL for water 
demand. These unit costs compare with previously completed economic assessments. 
The potable water savings unit costs have a value range because this study applies both 
an unadjusted and adjusted water end-use balance to establish potable water savings for 
each scheme. 

• The sensitivity analysis indicated that reducing life spans from 25 to 15 years for the RWT 
and from 15 to 10 years for the pump resulted in increases in unit cost of IPRWT-sourced 
water of $0.84/kL–$1.24/kL, to total unit costs of $3.66–5.33/kL. Life spans lower than 
those stated by manufacturers are highly probable since this system is maintained by 
homeowners who may have poor knowledge or concern for tank maintenance 
requirements. IPRWT capital replacement costs are substantial over a 50-year LC period 
due to multiple tank and pump replacements, and exacerbated by poor maintenance.  
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• As IPRWT capital equipment requires replacement, homeowners will need to consider 
whether to replace their pump and switch system, which could cost $400–800 installed. 
Given that the pump and switch system is designed to revert to potable in the event of an 
empty rain tank, loss of power or failed pump, the homeowner will still receive adequate 
water service. As the water service will not be inconvenienced by the failed pump, 
householders can delay pump replacement and potentially never replace the pump. A 
pump and switch replacement of around $600 equates to 224 kL of potable sourced 
water (or 4.13 years of IPRWT-sourced water) when priced at $2.68/kL (2010 Allconnex 
Water Price; GCC).They will also save the electricity consumption of running the pump in 
that period. Some homeowners will consider these economic indicators and purposely not 
replace their tank pump, thereby reducing the reliability of potential water savings of such 
schemes across a city. 

• IPRWTs may reduce total daily per capita potable demand by approximately one-third. 
While not empirically demonstrated here, they would also have some effect on the peak 
hour (8–9am) demand (L/p/h/day) for potable water, which needs to be the subject of 
future research. Reductions in peak demand may have water and wastewater 
infrastructure benefits in both existing and greenfield situations. Such infrastructure 
deferral benefits from IPRWTs are not yet fully understood and have not been adequately 
costed. Nonetheless, the infrastructure deferral benefits of decentralised systems such as 
IPRWT should be considered alongside developed unit costs for potable water savings. 

13.5.3. IPRWT scheme governance 
The following conclusions and implications relate to the QDC MP 4.2 requirements, as well as 
the ongoing scheme governance arrangement required for the IPRWT scheme: 

• Given that modelled demand based on actual end-use demand parameters indicated that 
only 77.4% of the stated 70 kL/hh/a target in the QDC MP 4.2 would likely be achieved, 
the target set in this code could potentially be modified to reflect a more achievable 
target. 

• Ongoing governance arrangements are essential for the long-term performance of 
IPRWTs in SEQ and across Australia, given their widespread implementation. There are 
long-term serviceability issues related to IPRWTs that need to be controlled through 
regular inspection and maintenance. 

• Anecdotal evidence suggests that some homeowners may have a tank or switch system 
that is not functioning. Given the design of switch systems, the water supply reverts to 
potable supply when the pump has failed or power is turned off. Owners will still receive 
water even if their pump is not functioning and may choose to turn them off completely if 
the noise upsets them or they do not have sufficient funds to replace the pump. It would 
be advisable to send homeowners annual reminders or to look into other ways of 
educating them on how to check and maintain their system. 

• The PC scheme has both Class A+ recycled water and an IPRWT. Given that Class A+ 
recycled water demand is presently well below plant operating capacity, demand could be 
increased through further reticulation of fit-for-purpose recycled water to other end uses. 
From 2007, homes in PC also included an IPRWT connected to one internal end use 
(i.e. cold water laundry tap). In Melbourne, Yarra Valley Water has mandated Class A+ 
recycled water to the cold water laundry tap. Plumbing fit-for-purpose Class A+ recycled 
water to the cold water laundry tap instead of an IPRWT could save the homeowner 
additional capital works costs. Moreover, the higher and more reliable demand for 
Class A+ recycled water improves the economic viability (i.e. lower unit cost) of the 
standalone dual-supply scheme. 
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13.5.4. Environmental, social and health implications 
The following points cover the main environmental, social and health implications of 
implementing a rapidly expanding dwelling stock consisting of IPRWTs. 

• The energy intensity of decentralised rain tank pumps is significantly higher than that for 
large-scale potable-only supply. Moreover, domestic electricity demand for such pumps is 
sensitive to increases in the peak electricity tariff due to an increasing carbon price. 

• IPRWTs are a decentralised supply source maintained by the homeowner or householder 
and may incur a higher incidence of dilapidation over time, increasing the likelihood of 
public health risks. Only over time (e.g. as first cohort of mandated IPRWTs in 
Queensland get close to replacement life in early 2018) will the full extent of public health 
risks associated with the dilapidation of IPRWTs start to appear. 

• When IPRWTs are included as part of the WSUD treatment train, they reduce intense 
flow rates from significant rain events entering stormwater drainage networks and 
retention systems, increasing retention times and improving water quality. The 
stormwater system monetary and environmental implications of the widespread roll-out of 
IPRWTs should be a consideration along with unit costs. 

13.6. Dual supply and hybrid schemes 
13.6.1. Water savings, demand and reliability 
Potable water savings, demand performance and reliability have been examined for the dual-
supply and hybrid schemes. Conclusions and implications are presented below: 

• The standalone dual-supply scheme resulted in a potable water savings range of 29.5–
41.1 kL/hh/a and a total recycled water demand of 48.4 kL/hh/a. 

• The hybrid scheme resulted in a potable water savings range of 59.5–70.8 kL/hh/a, a total 
recycled water demand of  48.4 kL/hh/a and a total demand for IPRWT-sourced water of 
34.1 kL/hh/a. 

• Households with recycled water supplied appeared to have increased their total demand 
due to the availability of this lower cost water source (Table 9). A very low level of potable 
supply outdoor use was expected with the introduction of the recycled water. However, 
the potable irrigation volume is only 4 L/p/day lower than for the potable-only scheme. 
The increased demand over the potable-only scheme is solely related to recycled water 
irrigation as other end uses are similar or lower. Moreover, this study provides some 
evidence (Table 9), while not statistically significant, that the dual-supply scheme 
potentially induced greater overall toilet demand. 

• There is still a reasonable demand on the outdoor potable supplied taps in the dual-
supplied households, indicating that residents still used this source for filling pools and 
potentially a range of other activities where they did not feel comfortable to use recycled 
water, or it was not convenient. 

• Average recycled water for irrigation was recorded at 11.4% of total per capita demand in 
the first year of operation. This is below planned expectations of around 30%. Rebound in 
recycled water use for irrigation purposes could occur, however it is unlikely to treble from 
current levels given changed habits towards irrigation, smaller lots, working families, etc. 
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• Advanced recycled water plants should not be designed to be too reliant on domestic 
irrigation demand as this study shows that this demand has high fluctuations and may 
never be as high as a decade ago because of a range of factors discussed previously 
(e.g. smaller lot sizes). Dual-supply schemes should also seek to diversify the Class A+ 
recycled water customer base to include significant portions of demand from more 
reliable, industrial connections. Cases where Class A+ recycled water is released to 
outflow due to limited demand or storages should be limited, where feasible, as it 
markedly increases the unit cost of this supply. 

13.6.2. Cost-effectiveness 
Unpacking the unit costs of dual-supply and hybrid schemes is complex, particularly when it 
includes an IPRWT, as in the case in the PC scheme. The conclusions and implications listed 
below resulted from assessments of the Schemes 3 and 4: 

• Scheme 3 (standalone dual-supply scheme) had the highest base case unit costs from 
those examined ($7.45–10.38/kL for potable water savings and $6.33/kL for alternative 
source demand). This is at the upper end or higher than previous reported unit costs. The 
three main factors that contributed to this relatively high unit cost were total resource 
perspective unit costing, requirements to implement the scheme at early stages of a large 
greenfield community’s development thereby having to rely on population growth before 
reaching a viable system capacity, and the scheme was initially planned when water 
demand was almost double current levels.  

• Scheme 4 (based on the features of the present PC scheme configuration) had a base 
case unit costs of $6.06–7.22/kL (S1–S2 range) for potable water savings and $5.20/kL 
(S3) for alternative source demand. This is lower than the standalone dual-supply 
scheme since its IPRWT component has a lower unit cost that reduces the aggregate 
scheme unit cost. Dual-supply schemes have a notable drop in unit cost when historical 
outdoor demand levels are modelled (S4). 

• Dual-supply schemes are too reliant on sporadic irrigation demand instead of more 
reliable indoor end uses, such as the cold water laundry tap, which could provide a more 
dependable demand of around 25 kL/hh/a. Evidence shows that this is a fit-for-purpose 
end use for Class A+ recycled water. Also, there may be greater potential for large non-
residential customers to use Class A+ recycled water (e.g. large steel works facility), 
which can be a far more cost-effective means to provide available recycled water. By 
removing the requirement for the IPRWTs in PC and including the option for households 
to use Class A+ recycled water for their cold water clothes washing, the base case 
(i.e. total resource perspective) unit cost could potentially drop below $4.00/kL (and 
$1.00–2.00/kL considering only those costs borne by water businesses). Dual-supply 
schemes are an acceptable alternative to IPRWTs according to QDC MP4.2 regulations, 
presenting no impediment to making scheme adjustments.  

• Considering the water businesses perspective unit costs for the S3 water demand profile, 
a unit cost of $1.70/kL was estimated. However, the scheme would have been designed 
on the historical water demand (300 L/p/day for S4), which provides a $1.20/kL unit cost 
that is below the the current $1.60/kL recycled water charge for PC residents (Allconnex 
2010 tariff structure). 

13.6.3. Environmental implications 
This section relates to the key environmental implications of the dual-supply and hybrid 
schemes. 
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• Water businesses often argue that dual-supply schemes are essential, not as an income 
producing part of their operation, but as a necessary measure to meet environmental 
compliance requirements in locations where they are allowed limited or nil Class B 
wastewater discharges, on account of the sensitive nature of receiving waters. 

• The reuse of wastewater through centralised dual-supply schemes, like that in PC, is 
claimed to have a range of environmental advantages, including reducing the quantum of 
effluent disposal, improving receiving water quality by reducing the pollutants discharged 
into downstream water systems, and reducing draw on the water extracted from the 
freshwater system. This study did not monitor water quality. 

• Dual-supply schemes are more energy intensive than traditional potable-only schemes 
due to the energy required for the recycled water treatment processes, as well as the 
additional pump energy required to distribute two water-supply sources to the household. 

13.6.4. Social and health considerations  
This last section relates to the key social and health implications of the dual-supply and hybrid 
schemes. 

• Well-maintained gardens and outdoor areas are understood to provide a range of 
benefits, such as facilitating human relationships, providing a physiological and 
recreational sense of place and demonstrating a reflection or extension of a residents’ 
home. Dual-supply schemes offer an undoubted benefit for those who enjoy gardening. 

• All water supply schemes are inherently associated with some form of public health risk, 
predominately due to harmful biological constituents (e.g. pathogens) or incorrect 
treatment procedures (e.g. over fluoridisation). Dual-supply schemes have additional 
public health risks such as cross-connections in pipe work at the lot or building 
development stage, incorrect use at end use (e.g. drinking from outdoor recycled tap) and 
failure of advanced treatment trains resulting in lower-than-specified water quality to 
households. All these risks are real and possible, but are easily contained with good 
governance, operational procedures and practices. Nonetheless, while not considered a 
major issue as highly controllable, the additional ongoing costs to control the system can 
be quite high and needs to be considered. 
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14. Recommendations 
A number of key recommendations or policy considerations have been formulated from this 
study for consideration by stakeholder groups. 

Water businesses considering dual supply and hybrid 
schemes 
• Water businesses considering dual supply (i.e. purple pipe) schemes should also 

consider conservative irrigation demand scenarios at the feasibility stage. 

• Investigate the feasibility of reticulating Class A+ recycled water to a wider range of 
residential end uses (e.g. washing machine provides 25 kL/hh/a potable substitution). 

• Investigate the wider application of Class A+ recycled water in the non-residential sector, 
particularly targeting any potential large-scale users of recycled water. 

• Conduct research to gain a better understanding of actual Class A+ recycled water peak 
demand factors compared with those presently applied for planning purposes, and make 
the necessary refinements to service standards documentation. 

• Complete rigorous economic viability assessments when considerng capital-intensive 
reticulation of both recycled and rainwater supplies to residential households. 

• Given dual-supply infrastructure is designed for peak-demand parameters, investigate the 
cost–benefit of larger storages (e.g. reservoirs) to meet short-term peak demand periods 
compared to augmenting recycled water treatment plant capacity. 

Agencies governing and implementing internally plumbed 
rainwater tank schemes 
• Conduct extensive modelling to test whether desired citywide potable water savings 

targets are achievable from a particular configuration for an internally plumbed rainwater 
tank scheme. 

• Develop a governance framework for the long-term management and maintenance of 
internally plumbed rainwater tanks by householders. 

• Develop a detailed registry, database and social marketing material to better educate 
customers on the life cycle maintenance requirements of rain tanks. 

State government and water businesses 
• Apply smart metering and associated end-use studies more widely to better understand 

the end uses of residential and non-residential water demand, and use collected data to 
conduct evidence-based assessments of scheme performance. 

• Examine schemes based on both potable water savings and source-demand level. 

• Gradually transition to a variable-based pricing regime, providing greater financial 
incentive for customers to implement and maintain full or partial decentralised systems, 
such as internally plumbed rainwater tanks.  

• Investigate the influence that water source substitution schemes of on the average and 
peak day diurnal demand patterns when compared to those taken from traditional town 
water schemes, and investigate implications on pump and pipe infrastructure deferral. 
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Australian government and national water associations 
• Promote Council of Australian Governments (COAG) urban water planning principles, 

which call upon integrated resource planning and whole-of-water-cycle planning. Such 
approaches provide consistent terminology, definitions and rules for the levelised unit 
costing of water supply–demand opportunities, thereby enabling more transparent 
comparisons between schemes. 

• Promote national approaches to research, collation and documentation of evidence to 
support fit-for-purpose uses of recycled water to improve confidence in scheme design 
and consistency with national water quality frameworks.  



 

NATIONAL WATER COMMISSION — WATERLINES 117 

References 
Altman D 2007, ‘Marginal Cost Water Pricing: Welfare Effect and Policy Implications Using 

Minimum Cost and Benchmarking with Case Studies from Australia and Asia’, Doctoral 
Thesis, University of Adelaide. 

American Water Works Association 1999, Residential End Uses of Water. Aquacraft, Inc. 
Water Engineering and Management, Denver, CO. 

Anderson JM 1996, ‘The potential for water recycling in Australia: Expanding our horizons’, 
Desalination, 106(1-3): 151-156. 

Anderson J 2003, ‘The environmental benefits of water recycling and reuse’, Water Science 
and Technology: Water Supply, 3(4): 1–10.  

Arbués F, García-Valiñas MA and Martínez-Espiñeira R 2003, ‘Estimation of residential water 
demand: a state-of-the-art review’, Journal of Socio-Economics 32: 81-102. 

Athuraliya A, Gan K and Roberts P 2008, ‘Appliance stock and usage patterns survey’, Yarra 
Valley Water, Victoria, May 2008.  

Baldwin, C. (2008) Aurora: A Case Study. Your Development Webpage, online article, 
available at: http://yourdevelopment.org/casestudy/view/id/13. 

Bates BC, Kundzewicz ZW, Wu S and Palutikof J P 2008, ‘Climate Change and Water’, IPCC 
Technical Paper VI, Intergovernmental Panel of Climate Change (IPCC) Secretariat, 
Geneva. 

Beal C, Gardner, T, Sharma A and Barton R 2010, ‘A desktop analysis of potable water 
reductions from internally plumbed rainwater tanks in South East Qld’, Urban Water 
Security Research Alliance Technical Report.  

Beal, C., Stewart, R.A., Huang, T.T., Rey, E., 2011. SEQ residential end use study. Journal of 
the Australian Water Association. 38(1), 80-84. 

Beecher JA 1996, ‘Avoided Cost: An essential concept for integrated resource planning’, 
Journal of Contemporary Water Research and Education (previously Water Resources 
Update), 24 (28). 

Bhatti M 1999, ‘The meanings of gardens in an age of risk’ in Chapman T and Hocky J (Eds) 
Ideal Homes? Social Change and Domestic Life. Routledge, London, 181–193.  

Bhatti M and Church A 2000, ‘I never promised you a rose garden: gender, leisure and home-
making’, Leisure Studies, 19: 183–197.  

Birrell B, Rapson V and Smith F 2005, Impact of Demographic Change and Urban 
Consolidation on Domestic Water Use. Water Services Association of Australia Inc, 
Melbourne. 

Blokker E, Vreeburg J and van Dijk J 2010, ‘Simulating residential water demand with a 
stochastic end-use model’, Journal of Water Resources, Planning and Management 
136(1), 19-26 

Cole G 2010, Reforming the economics of urban water supply: draft document for Milestone 
1, Waterlines report series, National Water Commission, Canberra. 

Coombes PJ 2007, ‘Energy and economic impacts of rainwater tanks on the operation of 
regional water systems’,  Australia Journal of Water Resources, 11(2). 

Coombes PJ, Kuczera G and Kalma JD 2003, ‘Economic, water quantity and quality impacts 
from the use of a rainwater tank in the inner city’, Australian Journal of Water 
Resources, 7 (2): 111–120. 

http://yourdevelopment.org/casestudy/view/id/13


 

NATIONAL WATER COMMISSION — WATERLINES 118 

CRC for Water Quality and Treatment (2005) ‘Assessment of Water Quality and Health Risk 
Analysis of Water from Urban Rainwater Tanks’. Research Report # 42. 

Crisp GJ 2010, ‘Reducing Carbon Footprint of a Seawater Desalination Plant – An Australian 
Case Study’, MSSC Annual Salinity Summit Water and Energy: Preparing for Global 
Impacts. 

de Lange WJ 2006, ‘Multi-criteria decision-making for water resource management in the 
Berg Water Management Area’, Doctoral Thesis, University of Stellenboch. 

DeOreo and Mayer 1999 ‘Residential end uses of water, AWWA Research Foundation.  

Department of Energy and Climate Change (DECC) 2007, Meeting the Energy Challenge: A 
White Paper on Energy, www.berr.gov.uk/energy/whitepaper/page39534.html 

Department of Environment and Resource Management (DERM) (2007) ecoBiz Queensland 
tables of conversions and units, http://www.derm.qld.gov.au/register/p01295al.pdf 

DIP 2009, South East Queensland Regional Plan 2009-2031. Department of Infrastructure 
and Planning, Queensland Government, September 2009. 

DNRM 2005, Planning Guidelines for Water Supply and Sewerage. Department of Natural 
Resources and Mines. 

Dimitriadis S 2006, Issues encountered in advancing Australia’s water recycling schemes: 
Research Brief. Canberra, Parliament of Australia Department of Parliamentary 
Services. 

Dobes L 2009, ‘A practical guide to cost benefit analysis’ in Argyrous G (Ed) Evidence for 
policy and decision making. UNSW Press, 42–71. 

Dolnicar S and Schafer A 2006, ‘Public perception of desalinated versus recycled water in 
Australia’, AWWA Desalination Symposium 2006. University of Wollongong, Australia. 

El Saiby I, Okour Y, Shon HK, Kandasamy J and Kim IS 2009, ‘Desalination Review and 
Facts’, Desalination 247: 1–14 

Ebensperger U and Isley P 2005, ‘Review of the current state of desalination’, Water Policy 
Working Paper, 2005–2008. 

Energex 2009, ‘Response to Queensland Competition Authority – Review of electricity pricing 
and tariff structures, stage 2, request for comments paper’, 
http://www.qca.org.au/files/ER-RevEPandRS-Energex-Stage2Sub 

Fane S, Blackburn N and Chong J 2011 ‘Sustainability assessment in urban water IRP’, in 
Integrated resource planning for urban water – resource papers’, Waterlines Report 
Series No 41, National Water Commission, Canberra. 

Fane S, Turner A and Mitchell C 2004, ‘The Secret Life of Water Systems: Least Cost 
Planning beyond Demand management’, 2nd IWA Conference on Sustainability in 
Water Limited Environments, Sydney. 

Fearnley EJ, Thomas KD, Luscombe, A and Cromar N 2004, ‘Determination of water usage 
rates and water usage patterns in residential recycling initiative in South Australia’, 
Environmental Health, 4(2): 72-81. 

Fresner, J. Jantschgi, J. Birkel, S. Barnthaler, J. and Krenn, C. (2010) The theory of inventive 
problem solving (TRIZ) as option generation tool within cleaner production projects, 
Journal of Cleaner Production, 18(2), 128-136. 

Fritzman C, Lowenberg J, Wintgens T and Melin T 2007, ‘State-of-the-art of reverse osmosis 
desalination’, Desalination, 216: 1–76. 

Fuguitt D and Wilcox SJ 1999, Cost–benefit analysis for public decision makers, Quorum 
Books, Westport. 

http://www.berr.gov.uk/energy/whitepaper/page39534.html
http://www.sciencedirect.com/science/journal/09596526


 

NATIONAL WATER COMMISSION — WATERLINES 119 

Gardiner 2007 (as cited on page 89) 

Gardiner A 2009, ‘Domestic rainwater tanks: usage and maintenance patterns in south east 
Queensland’, Water 36(1): 73-77. 

Gardner EA 2003, ‘Some examples of water recycling in Australian urban environments: a 
step towards environmental sustainability’, Water Science and Technology: Water 
Supply, 3(4): 21–31. 

Garnaut, R 2008, The Garnaut climate change review: final report, Ross Garnaut Cambridge 
University Press, Port Melbourne. 

Giurco D, Carrard N, McFallan S, Nalbantoglu M, Inman M, Thornton N and White S 2008, 
Residential end-use measurement Guidebook: a guide to study design, sampling and 
technology. Prepared by the Institute for Sustainable Futures, UTS and CSIRO for the 
Smart Water Fund, Victoria. 

Gold Coast Water (GCW) 2004, Pimpama Coomera Waterfuture Master Plan March 2004. 
Gold Coast Water and Gold Coast City Council. 

Gold Coast Water (GCW) 2005, Gold Coast Water Future: Living with Rainwater Tanks, 
Factsheet 1, Gold Coast Water, accessed 9 August 2010. 

Gold Coast Water (GCW) 2009a, Gold Coast City's Water Consumption 2008/09. Internal 
report, Gold Coast Water. 

Gold Coast Water (GCW) 2009b, Pimpama Coomera Waterfuture - residents and businesses: 
Class A+ recycled water, Gold Coast Water. Online article, accessed 27/11/09. 
Available at: http://www.goldcoastwater.com.au/t_gcw.aspx?PID=7608. 

Government of South Australia. 2003, Rainwater Tanks, Government of South Australia, 
viewed 10 August 2010, 
<http://www.sa.gov.au/upload/franchise/Water%20and%20the%20environment 
/Using%20rainwater%20section/rainwater_tanks.pdf>. 

Hansen JK 2009, ‘The economics of Urban Water Policy: Infrastructure, Scarcity and Cost’, 
Doctoral Thesis, University of New Mexico. 

Hauber-Davis G & Idris E 2006, ‘Smart water metering’, Water Journal of the Australian Water 
Association, 33(3) 56-59. 

Heinrich M 2007, Water End Use and Efficiency Project (WEEP) - Final Report. BRANZ Study 
Report 159, Branz, Judgeford, New Zealand. 

Hernandez F, Urkiaga A, De las Fuentas L, Bs B, Chiru E, Balazs B and Wintgens T 2006, 
‘Feasibility studies for water reuse projects: an economical approach’, Desalination, 
187: 253–261. 

Howe, C. and White, S. (1999) Integrated resource planning for water and wastewater, Water 
International, 24(4), 356-362. 

Hurlimann A and McKay J 2006a, ‘Urban Australians using recycled water for domestic non-
potable use - an evaluation of the attributes price, saltiness, colour and odour using 
conjoint analysis’, Journal of Environmental Management, 83: 93-104. 

Hurlimann AC and McKay J M 2006b, ‘What attributes of recycled water make it fit for 
residential purposes? The Mawson Lakes experience’, Desalination, 187(1-3): 167-177. 

Idris E 2006, Smart metering: a significant component of integrated water conservation 
system. Proceedings of the 1st Australian Young Water Professionals Conference. 
Sydney, International Water Association. 

Inman D and Jeffrey P 2006, ‘A review of residential water conservation tool performance and 
influences on implementation effectiveness’, Urban Water Journal, 3(3): 127-143. 

http://www.goldcoastwater.com.au/t_gcw.aspx?PID=7608
http://www.sa.gov.au/upload/franchise/Water%20and%20the%20environment%20/Using%20rainwater%20section/rainwater_tanks.pdf
http://www.sa.gov.au/upload/franchise/Water%20and%20the%20environment%20/Using%20rainwater%20section/rainwater_tanks.pdf


 

NATIONAL WATER COMMISSION — WATERLINES 120 

Jenkins GA 2007, ‘Use of continuous simulation for the selection of an appropriate urban 
rainwater tank’, Australian Journal of Water Resources, 11(2): 231-246. 

Jenkins GA 2009, RainTank, version 2.0, computer program, Griffith University, Gold Coast, 
Queensland. 

Lange de WJ 2006, ‘Multi-criteria decision-making for water resource management in the 
Berg Water Management Area’, Doctoral Thesis, University of Stellenboch. 

Infrastructure Australia 2009, ‘Better Infrastructure Decision–Making: Guidelines for making 
submission to Infrastructure Australia’s infrastructure planning process, through 
Infrastructure Australia’s Reform and Investment Framework’, Australian Government. 

Institute for Sustainable Future (ISF) University of Technology Sydney 2011, ‘Integrated 
resource planning for urban water – resource papers,’ Waterlines Report Series No. 41, 
National Water Commission. 

Kaplan R and Kaplan S 1990, ‘Restorative experience: The healing power of nearby nature’, 
in Francis M and Hestor R (Eds), The Meaning of Gardens. MIT Press, Cambridge, 
238–243.  

Kellogg Brown and Root Pty Ltd 2008, ‘South East Queensland regional water supply 
strategy: energy consumption discussion paper, a report prepared for Queensland 
Water Commission. 

Kidson R, Spaninks F and Wang Y 2006, Evaluation of water saving options: Examples from 
Sydney Water’s demand management programs. Water Efficiency 2006, Australian 
Water Association, Ballarat, 13 October 2006. 

Krozer Y, Hophmayer-Tokich S, Meeredonk HV, Tijsma S and Vos E 2010, Innovations in the 
water chain: Netherlands experience, Journal of Cleaner Production, 18(5): 439–446. 

Lane J, de Haas D and Lant P 2010, ‘Life cycle assessment of the Gold Coast urban water 
system’, Urban Water Security Alliance Technical Report. 

Loonat NI 2010, ‘Assessing the impacts of rainwater tanks at the whole of urban system 
scale: potable water savings’, Masters Research Project, University of Melbourne. 

Mandele van der M, Walker W and Bexelius S 2010, ‘Policy Development for Infrastructure 
Networks: Concepts and Ideas, Journal of Infrastructure Systems, 12(2): 69–143. 

Marks JS and Zadoroznyj M 2005, ‘Managing sustainable urban water reuse: structural 
context and cultures of trust’, Society & Natural Resources, 18(6): 557-572. 

Marsden Jacob Associates 2006, Securing Australia’s Urban Water Supply: Opportunities 
and Impediments, A discussion paper prepared for the Department of the Prime 
Minister and Cabinet. 

Marsden Jacob Associates 2007, The economics of rainwater tanks and alternate water 
supply options, a report prepared for ACF, Nature Conservation Council and 
Environment Australia. 

Marsden Jacobs Associates (2009) The cost effectiveness of residential rain water tanks in 
Perth, A report prepared for Water Corporation and the Department of Water. 

Master Builders Queensland 2009, Review of the Queensland Development Code MP 4.2 
Water Saving Targets, a submission to the Department of Infrastructure and Planning, 
Brisbane. 

Mayer PW, DeOreo W, Towler E, Martien L and Lewis D 2004, Tampa Water Department 
residential water conservation study: The impacts of high efficiency plumbing fixture 
retrofits in single-family homes. Aquacraft, Inc Water Engineering and Management, 
Tampa. 



 

NATIONAL WATER COMMISSION — WATERLINES 121 

Mayer PW and DeOreo WB 1999, Residential End Uses of Water. Denver, CO, Aquacraft, 
Inc. Water Engineering and Management. 

McKay J 2005, Water institutional reforms in Australia, Water Policy, 7: 35–52. 

Mead N and Aravinthan V 2009, ‘Investigation of household water consumption using smart 
metering systems’, Desalination and Water Treatment 11: 115-123. 

Mitchell C, Fane S, Willetts J, Plant R and Kazaglis A2007, Costing for sustainable outcomes 
in urban water systems: a guidebook, Institute for Sustainable Future, University of 
Technology Sydney and The Cooperative research Centre for Water Quality and 
Treatments, Report No. 35. 

Mitchell VG 2006, Applying integrated urban water management concept: A review of 
Australian experiences, Environmental Management, 37: 589–605 

Mitchell VG, Siriwardene N, Duncan H and Rahily M 2008, ‘Investigating the impact of 
temporal and spatial lumping on rainwater tank system modeling’, Water Down Under 
Conference, Adelaide. 

Moran A 2008, ‘An examination of costs and availabilities of new water supply sources for 
Melbourne and other urban areas in Victoria’, Water Supply Options for Melbourne, 
Occasional Paper, Institute of Public Affairs. 

MWH 2007, Regional water needs and integrated urban water management opportunities 
report. Report 4 of the SEQRWSSS IUWMA Taskgroup, MWA-01. 

Nancarrow B, Leviston Z, Tucker D, Greenhill MP, Price J and Dzidic P 2007, Community 
Acceptability of the Indirect Potable Use of Purified Recycled Water in South East 
Queensland and Preferences for Alternative Water Sources: A Baseline Measure. 
Australian Research Centre for Water in Society, CSIRO Land and Water, Brisbane. 

National Water Commission 2007, ‘The cost-effectiveness of rainwater tanks in urban 
Australia’, report by Marsden Jacobs Associates for the National Water Commission, 
Canberra. 

National Water Commission 2009, Governance at a glance - water pricing and economic 
regulation. Available at: http://www.nwc.gov.au/www/html/1523-water-pricing-and-e 

New York State Energy Research and Development Authority, 2003 A Primer on Smart 
Metering. 

Optimatics 2009, Genetic Algorithm Optimisation of the Pimpama Coomera Class A+ recycled 
network for Allconnex Water. 

Pimpama Coomera Water Futures 2007, Draft Water Balance Review. 

Pimpama Coomera Water Futures 2008, Pimpama Wastewater Treatment Plant Stage 2 
Volume 1 Draft Environmental Impact Statement – Options Evaluation.  

Prime Minister’s Science, Engineering and Innovation Council (PMSEIC) 2003, ‘Recycling 
water for our Cities’, Available: http://www.dest.gov.au/NR/rdonlyres/076C55AA-FB04-
42A6-8794-B6760767ED5E/1997/Recyclingwaterforourcities.pdf 

Productivity Commission 2008, ‘Towards urban water reform: a discussion paper’, 
Productivity Commission Research Paper. 

Queensland Competition Authority (2010) Interim Price Monitoring of SEQ Water and 
Wastewater Distribution and Retail Activities, Available at: 
http://www.qca.org.au/water/SEQRetailPriceMon/1011finalreport.php  

Queensland Competition Authority 2011, Notified Electricity Prices 2007–2012. 
http://www.qca.org.au/electricity-retail/NEP/ 

http://www.nwc.gov.au/www/html/1523-water-pricing-and-e
http://www.dest.gov.au/NR/rdonlyres/076C55AA-FB04-42A6-8794-B6760767ED5E/1997/Recyclingwaterforourcities.pdf
http://www.dest.gov.au/NR/rdonlyres/076C55AA-FB04-42A6-8794-B6760767ED5E/1997/Recyclingwaterforourcities.pdf
http://www.qca.org.au/water/SEQRetailPriceMon/1011finalreport.php
http://www.qca.org.au/electricity-retail/NEP/


 

NATIONAL WATER COMMISSION — WATERLINES 122 

Queensland Water Commission 2009, SEQ Desalination Siting Study Supplement Reports 
Appendix I; WaterSecure Gold Coast Desalination Facility – 45, 135 and 270 megalitres 
per day expansion Study. 

Radcliffe, J. (2003) An overview of water recycling in Australia — Results of the recent ATSE 
study Proc. Water Recycling Australia, 2nd National Conference, AWA and SIA, 
Brisbane, Australia. 

Renwick MA and Green RD 2000, ‘Do residential water demand side management policies 
measure up? An analysis of eight California water agencies’, Journal of Environmental 
Economics and Management, 40: 37-55. 

Renzetti S 2003, ‘Full cost accounting for water supply and sewage treatment: a case study of 
the Niagara Region, Canada’, World Bank resources management group on economic 
instruments. http://worldbank.org 

Reserve Bank of Australia (2010) Developments in utilities priced, RBA Bulletin – December 
Quarter 2010. Editors: M. Plumb and K. Davis,  
http://www.rba.gov.au/publications/bulletin/2010/dec/2.html  

Retamal M, Glassmire J, Abeysuriya K, Turner A and White S 2009, The Water-Energy 
Nexus: investigation into the energy implications of household rainwater systems. 
Prepared for CSIRO, Institute for Sustainable Futures, UTS, Sydney. 

Roberts P 2005, Yarra Valley Water 2004 residential end use measurement study. Final 
Report, June 2004. 

Saliba G and Withers G (2009) Scenario analysis for strategic thinking, in Argyrous G (Ed), 
Evidence for policy and decision making. UNSW Press, 116–138. 

Schott K 2010, ‘Presentation to the Australian Economic Forum’ 
www.australianeconomicforum.com.au 

Sime J 1993, ‘What makes a house a home: the garden?’, in Bulos M and Teymur N (Eds), 
Housing: Design, research, education. Aldershot, Averbury, 239–254.  

Stewart RA Willis R Giurco D Panuwatwanich K and Capati G 2010, Web based knowledge 
management system: linking smart metering to the future of urban water planning, 
Australian Planner 47, 66–74. 

Sydney Water 2008, Recycled water in the Rouse Hill area - saving drinking water for 
drinking. Online article, accessed 10/03/08. Available at: 
http://www.sydneywater.com.au/ 
Publications/FactSheets/FINAL_Rouse_Hill_Brochure_Feb_08.pdf#Page=1 

Syme GJ, Shao Q, Po M and Campbell E 2004, Predicting and understanding home garden 
water use, Journal of Landscape and Urban Planning, 68: 121–128.  

Talebpour, RM, Stewart, RA, Beal C, Dowling C, Sharma, A, Fane, S 2011, Rainwater tank 
end usage and energy demand: a pilot study, Water, 38(1): 97–101. 

Tam VWY, Tam T and Zeng SX 2010, Cost effectiveness and tradeoff on the use of rainwater 
tank: An empirical study in Australian decision making, Resources, Conservation and 
Recycling, 54: 178–186. 

Turner, A.J. & White, S. 2003, 'ACT Water Strategy: Preliminary Demand Management and 
Least Cost Planning Assessment', Institute for Sustainable Futures, UTS, Sydney. 

Turner A and White S 2006, Does demand management work over the long term? What are 
the critical success factors? Sustainable Water in the Urban Environment II Conference. 

Turner A, White SB and Bickford 2005, The Canberra Least Cost Planning Study, Water 
Science and Technology: Water Supply, 5: 257–263. 

http://worldbank.org/
http://www.rba.gov.au/publications/bulletin/2010/dec/2.html
http://www.australianeconomicforum.com.au/
http://www.sydneywater.com.au/%20Publications/FactSheets/FINAL_Rouse_Hill_Brochure_Feb_08.pdf#Page=1
http://www.sydneywater.com.au/%20Publications/FactSheets/FINAL_Rouse_Hill_Brochure_Feb_08.pdf#Page=1


 

NATIONAL WATER COMMISSION — WATERLINES 123 

Turner A, Hausler G, Carrard N, Kazaglis A, White S, Hughes A and Johnson T. 2007, 
Review of water supply–demand options for South East Queensland, Institute for 
Sustainable Futures, Sydney and Cardno, Brisbane. 

Turner A, Willetts J, Fane S, Giurco D, Kazaglis K and White S 2008, Guide to Demand 
Management for WSAA, Institute for Sustainable Future, UTS, Sydney. 

Vieritz A, Gardner T and Baisden J 2007, ‘Rainwater TANK model designed for use by urban 
planners’, Proceedings of Ozwater 2007 Convention & Exhibition. 4–8 March 2007. 
Sydney. (CD). ISBN 978-0-908255-67-2. Australian Water Association. 

UNESCO Centre for Membrane Science and Technology, University of New South Wales 
(2008), Emerging trends in desalination: a review. Waterlines Report Series No. 9. 
National Water Commission, Canberra. 

Victorian Government (2009) Recycled water for residents at Marriott Waters. The Premier of 
Victoria Media Release, Victoria. Online article, accessed 25/03/09, available at: 
http://www.premier.vic.gov.au/minister-for-water/recycled-water-for-residents-at-
marriott-waters.html  

WSAA 2002, MRWA WSA 03 Dual Water Supply Systems: Version 1.1. Water Services 
Association of Australia, Melbourne Retail Water Agencies Edition of the Water Supply 
Code of Australia. 

WSAA 2003, Urban Water Demand Forecasting and Demand Management: research needs 
review and recommendations. White, S. Robertson, J. Cordell, D. Jha, M. Milne, G. 
Institute for Sustainable Futures UTS for Water Services Association, Sydney. 

WSAA 2008, Guide to Demand Management. Water Services Association Australian and 
Institute for Sustainable futures, Sydney. 

WSAA 2009a, Media Release (August 19, 2009) Australia the world leader in urban water 
efficiency. Water Services Association of Australia. Online article, available at: 
https://www.wsaa.asn.au/Media/Press%20Releases/20090820%20News%20Release%
20-%20Report%20Card.pdf. 

WSAA 2009b, News Release (30 July 2009) Positive business sector response to water 
challenge. Water Services Association of Australia. Online article, available at: 
https://www.wsaa.asn.au/Media/Press%20Releases/20092707%20News%20Release%
20Meeting%20Australia’s%20water%20challenges.pdf. 

WSAA 2009c, Vision for a sustainable urban water future. Position Paper No. 03 January 
2009. Water Services Association of Australia. Available online at: 
https://www.wsaa.asn.au/Publications/Documents/WSAA%20PositionPaper%203%20-
%20Vision%20for%20a%20Sustainable%20Urban%20Water%20Future.pdf. 

Water Services Association of Australia 2010, Implications of population growth in Australia 
on urban water resources. Occasional Paper No.25 July 2010. 

WBM Oceanics 2005, ‘Pimpama Coomera Waterfuture Masterplan implementation – 
rainwater tank optimisation study’. Report by WBM, Urban Water Cycle Solution, Bligh 
Tanner and Noosphere Ideas. 

White S 2001, Demand Management and Integrated Resource Planning in Australia. Efficient 
Use and Management of Water for Urban Supply. Madrid. 

White, S., Turner, A.J. & Mitchell, C.A. 2004, 'Review of BASIX - Water', Institute for 
Sustainable Futures, UTS, Sydney. 

White S and Turner A 2003, ‘The role of effluent reuse in sustainable urban water systems: 
untapped opportunities’, National Water Recycling in Australia Conference, Brisbane.  

http://www.premier.vic.gov.au/minister-for-water/recycled-water-for-residents-at-marriott-waters.html
http://www.premier.vic.gov.au/minister-for-water/recycled-water-for-residents-at-marriott-waters.html
http://www.wsaa.asn.au/Media/Press%20Releases/20090820%20News%20Release%20-%20Report%20Card.pdf
http://www.wsaa.asn.au/Media/Press%20Releases/20090820%20News%20Release%20-%20Report%20Card.pdf
http://www.wsaa.asn.au/Media/Press%20Releases/20092707%20News%20Release%20Meeting%20Australia’s%20water%20challenges.pdf
http://www.wsaa.asn.au/Media/Press%20Releases/20092707%20News%20Release%20Meeting%20Australia’s%20water%20challenges.pdf
http://www.wsaa.asn.au/Publications/Documents/WSAA%20PositionPaper%203%20-%20Vision%20for%20a%20Sustainable%20Urban%20Water%20Future.pdf
http://www.wsaa.asn.au/Publications/Documents/WSAA%20PositionPaper%203%20-%20Vision%20for%20a%20Sustainable%20Urban%20Water%20Future.pdf


 

NATIONAL WATER COMMISSION — WATERLINES 124 

Wilf M 2004, Fundamentals of RO-NF technology, International conference on desalination 
costing, Limaso, Cyprus. 

Willis RM, Stewart RA, Williams PR, Hacker C, Emmonds S and Capati B, 2010, Residential 
potable and recycled water end uses in a dual reticulated supply system, Desalination, 
12(2): 201–211. 

Willis R Stewart RA Panuwatwanich K Capati B and Giurco D 2009, Gold Coast domestic 
water end use study, Water: Journal of Australian Water Association, 36: 79–85. 

Willis RM Stewart RA Panuwatwanich K Williams PR Hollingsworth AL 2011, Quantifying the 
influence of environmental and water conservation attitudes on household end use 
water consumption, Journal of Environmental Management, 92(8): 1996–2009. 

 



 

NATIONAL WATER COMMISSION — WATERLINES 125 

Appendix A – IPRWT modelling 
Models applied 
RainTank (Jenkins, 2007) and Rainwater TANK (Vieritz et al. 2007b) computational software 
was used to model rain tank scenarios. Water consumption demand parameters were based 
on the recent GCREUS completed by Willis et al. (2009). This total per capita consumption 
value and its associated end-use breakdown is considered representative of GCC between 
2008 and the present. 

Jenkins’ (2007) model for RainTank uses daily water consumption data for each of the 
household end uses and rainfall data to simulate the operation of a rain tank. The model was 
created primarily for the purpose of optimising rain tank design and evaluating performance in 
a particular design and environmental context (Jenkins 2007). The model considers excess 
rain water to become runoff when the tank is full and consumption is subtracted from the full 
tank volume. Villareal and Dixon (2005) explained that this ‘spill before yield’ approach 
provided a conservative estimate of yield from the tank. The daily consumption parameters 
are based on typical household end uses for potable water, including bathroom, toilet 
flushing, washing and dishwashing, drinking and cooking, miscellaneous and outdoor 
activities. 

The user can select the operation of the rain tank to top-up continuously, bulk top-up, 
automatic supply override or no supplementary supply. The continuous top-up option (as the 
name suggests) uses water from potable mains to fill the rain tank once the level reaches a 
minimum threshold. This option simulates a ‘trickle top-up’ controlled by a float valve (Jenkins 
2007.) The automatic override is similar to the continuous top-up option, however, once the 
level in the tank reaches a minimum threshold, the system switches from rain to potable water 
to provide an uninterrupted supply of water. The system switches back to rain water once the 
level in the tank is above the minimum threshold. The bulk top-up option simulates a specified 
volume of water being trucked in once the level in the tank reaches the minimum threshold. 
Finally, the no supplementary supply is for a plain rain tank, and the level in the rain tank can 
be completely emptied. In that case, harvested rainwater would be required to fill the tank and 
water from the potable supply would not be used. 

The second program, Rainwater TANK, was developed by Vieritz et al. (2007a; 2007b) for 
urban planners, and uses a FORTRAN programming language with a Microsoft Excel 
interface (Vieritz et al. 2007). Similarly to the Jenkins (2007) model, Rainwater TANK (Vieritz 
et al. 2007a) adopts a water balance analysis. Unlike the ‘spill before yield’ approach applied 
by Jenkins’ (2007; 2009), Rainwater TANK can calculate ‘spill after yield’ (2007a; 2007b). The 
‘spill after yield’ approach may underestimate tank water yield and Vieritz et al. (2007a) 
recommended taking the mean of the ‘spill before yield’ and ‘spill after yield’ results for the 
rain tank yield to increase accuracy. Given this key difference between the two models, as 
well as other minor variants, it was considered worthwhile to model all scenarios with each 
software and compare results to ensure that they were behaving similarly. 

Modelling stages 
The key modelling stages completed for analysing the specified internally plumbed rainwater 
tank configuration mandated in GCC (and greater Queensland) were as follows: (1) obtain 
rainfall data for region; (2) determine residential consumption end-use demand; (3) determine 
household size for region; (4) define input model parameters; (5) model scenarios; (6) run 
water balance model using RainTank and Rainwater TANK; and (7) obtain results. The 
residential end-use data was obtained from a study conducted in GCC, Queensland (Willis et 
al. 2009). The average household size in the Willis et al. (2009) study was 3.4 occupants per 
household due to it being conducted in the urban fringe where there are higher proportions of 
young families. However, the average household size in GCC is 2.8 occupants, and this was 
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the preferred value used for modelled scenarios (ABS 2009; Queensland Treasury 2010). 
The scenarios used in the modelling of rain tanks will be explained later. Rainfall data was 
obtained from the Department of Natural Resources and Mines’ Silo Data Drill website for 
Southport, Gold Coast (SILO 2008).  

Model limitations 
Although both models use a water-balance approach, each one has particular advantages 
and disadvantages depending on the objectives of the modelling study. Table A1 compares 
the limitations of the two models. 

Table A1: Limitations of the RainTank and Rainwater TANK models 

Parameter RainTank 
(Jenkins 2009) 

Rainwater TANK 
(Vieritz et al. 2007a) 

Hot/cold water allocation from tank No Yes 
Demand per capita per day used with household size to 
provide demand per connection per day No Yes 

Extensive outdoor use (irrigation) parameters to be 
defined by user No Yes 

Swimming pool parameters Yes No 
Life cycle costs (installation costs, running costs, etc.)  Yes No 
Model can use both ‘yield before spill’ and ‘yield after spill’ 
approaches No Yes 

Extensive results (end-use breakdown of demand from 
potable and rain tank, graphs, etc.) No Yes 

Breakdown of rain water demand, water from potable 
saved at end use level (i.e. after simulation) No Yes 

Model parameters 
Both computation software programs required a number of parameters to be inputted to 
model the annual potable and rain tank yield supplied. The end-use parameters were sourced 
from Willis et al. (2009) as this study provides a recently completed residential water 
consumption study located in the GCC environmental context. Moreover, the per capita 
residential consumption of 157.2 L/p/day is reflective of QWC reported consumption for GCC 
in 2010. Rain tank properties were defined by plumbing codes and regulations stipulated in 
the QDC MP 4.2 (e.g. 5 kL rain tank connected to 100 m2 of roof area plumbed to toilet, cold 
water washing machine tap, and two outdoor taps). Table A2 displays the input parameters 
used for the two models. 

Rainwater TANK was quite sophisticated for its module defining external use (i.e. irrigation 
demand) when compared to RainTank. While the former model requested a number of soil 
and garden area parameters to simulate demand, for the purposes of this study, irrigation 
demand was more sensibly taken as that determined empirically (i.e. 18.6 L/p/day) by Willis et 
al. (2009). Given that the recent drought in GCC in the past decade has instilled water 
conservation behaviours, along with a range of other factors (e.g. smaller lot sizes, two 
working parents, etc.), there is far less irrigation reported than in previous end-use studies 
(e.g. Loh and Coghlan 2003). Even with full capacity dams in SEQ for most of 2010, irrigation 
demand has not rebounded to a significant extent. Table A3 details the external use 
parameters used for the Rainwater TANK model. 

The determined end-use breakdown adopted for this study is detailed in Table A4. Both 
RainTank and Rainwater TANK models do not allow the user to define actual end uses in the 
same categories typically utilised in previous end use studies (i.e. tap, dishwasher, shower, 
clothes washer, irrigation, bath tub, leak). Instead, users must proportion demand to laundry, 
kitchen, bathroom, toilet flushes and outdoor end uses. 
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Table A2: Input parameters for the Rainwater TANK and RainTank models 

Parameter Value 

Climatic region Southport (Gold Coast) 
Model years# 1980–2008; 1996; 1983 
Switch system Automatic with supply override level at 15% 
External use 2 outdoor taps 
Area of roof   100 m² (Gardiner 2009; GCW 2005) 
Tank volume 5 kL 
Tank intake height  0.15 m 
Initial volume 0 kL 
First flush volume 15 L (Queensland Government 2007) 
Height of tank 2 m 
People per household## 1.0, 2.8 & 3.4 
Per capita water consumption  157.2 L/p/day (Willis et al. 2009) 

Per household water consumption 
1.0 person 157.2 L/hh/day 
2.8 persons 440.2 L/hh/day 
3.4 persons 534.5 L/hh/day 

End uses utilised by tank Two outdoor taps, toilet, cold water laundry tap 
# 1980–2008 is the average year model; 1996 is for the dry period; 1983 is for the wet period.  
## This value changed depending on the scenario modelled; 3.4 occupants per household was used for larger 
households (Willis et al. 2009); 2.8 occupants per household was taken as the average for GCC (ABS 2009). 

Table A3: External use parameters for the Rainwater TANK model 

Parameter Value 

Annual external water 
use 

This is dependent upon the number of occupants/scenario 
modelled. The irrigation component of 18.6 L/p/day (Willis et al. 
2009) was adopted. 

Garden area 120 m2 
Available water capacity 100 mm/m 
Root depth 20 cm 
Crop coefficient 0.7 
Irrigation Schedule Fixed to raise soil moisture to field capacity every three days 
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Table A4: End-use breakdown (Willis et al. 2009) 

End use 
category 

Daily per capita 
demand (L/p/day) 

End use to total 
demand (%) 

Daily demand per connection 
(L/hh/day) for 3.4 occupants 
per house 

Clothes 
washer 30.0 19 102 

Shower 49.7 33 169 
Tap 27.0 17 91.8 
Dishwasher 2.2 1 7.5 
Bathtub 6.5 4 22.1 
Toilet 21.1 13 71.7 
Irrigation 18.6 12 63.2 
Leak 2.1 1 7.1 
Total 157.2 100 534.5 

Table A5 shows the tabulated end uses and proportioning (of Table A4 end uses) of water 
demand for suitable input into RainTank and Rainwater TANK. The end use ‘tap’ was divided 
into three components and was proportioned to laundry, kitchen and bathroom. This tap was 
used for indoor considerations while the outdoor taps were assumed for outdoor purposes, 
such as irrigation and swimming pool top-up (also included in the irrigation end-use category). 
Rainwater was used for toilet flushing, washing machine cold water tap and irrigation. 

Table A5: Proportioning end uses for the RainTank and Rainwater TANK models 

RainTank Rainwater TANK* 

End use Actual end use % End use Actual end use % 

Laundry 
Tap/3 

24.7 Laundry 
Tap/3 

24.9 
Clothes washer Clothes washer 

Kitchen 
Dishwasher 

6.7 Kitchen 
Dishwasher 

6.9 
Tap/3 Tap/3 

Bathroom 
Shower 

42.6 Bathroom 
Shower 

42.8 Bathtub Bathtub 
Tap/3 Tap/3 

Toilet  Toilet 13.0 Toilet Toilet 13.2 
Outdoor Irrigation 12.0 

Outdoor Irrigation 12.2 
Miscellaneous** Leak 1.0 
 Total 100.0  Total 100.0 
*A 1% leak component was evenly distributed to laundry, kitchen, bathroom, toilet and outdoor (i.e. 0.2% each). 
**RainTank had a ‘miscellaneous’ category in which the leak component of 1.0% of total demand was used. 

Modelling scenarios 
Three sets of scenarios were modelled with the two computational software programs. The 
first set of scenarios was related to the household size: 2.8 occupants per household (ABS 
2009), 3.4 occupants per household (Willis et al. 2009) and a single-person household. The 
greater the household size, the greater the demand and thus a varied rain tank yield. 

The second set of scenarios involved climatic data and a selected period. The periods of 
interest were 1980–2007, 1983 and 1996, as the average, wet and dry periods, respectively. 
A rain tank’s yield is dependent upon rainfall, as well as demand, so these scenarios would 
simulate a rain tank’s operation in average, high and low harvest periods.  

The third set of scenarios involved increasing outdoor (irrigation) demand. According to Willis 
et al. (2009), irrigation per capita was 18.6 L/p/day, and 19 kL/a for a 2.8-person household. 
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Scenarios with increasing annual irrigation demand were modelled for 30, 40 and 50 kL/a to 
observe the influence of any increased irrigation demand from current levels on rain tank 
yields. The purpose of this irrigation demand sensitivity analysis was to explore the proportion 
of increased irrigation demand sourced from the rain tank verses potable supply.  

Tables A6 and A7 display the different scenarios and descriptions modelled for Rainwater 
TANK and RainTank, respectively. RainTank runs fewer scenarios and modelling analysts 
must extract the wet and dry weather yields from detailed results. The RainTank program was 
principally used to corroborate total rain tank yield and potable water supplied. For more 
extensive modelling on further scenarios and an average year end-use breakdown, Rainwater 
TANK was deemed more sophisticated and therefore used here.  

Modelling results 
The complete modelling results from the RainTank model are presented in Tables A8, A9 and 
A10 for 2.8-person, single-person and 3.4-person households, respectively, for the average 
weather model period 1980–2007. The wet (1983) and dry (1996) periods are highlighted. 
The average annual rainwater and potable water demand were determined to be 54.2 kL/a 
and 95.0 kL/a for a 2.8-person household; 24.2 kL/a and 29.1 kL/a for a single person 
household; and 60.7 kL/a and 120.4 kL/a for a 3.4-person household.  

Table A6: Scenarios modelled for Rainwater TANK with varying household size and rainfall 

Variable Scenario Scenario ID 

Household  
size 

2.8 persons per household. YAS. Average weather. A_2.8 persons 
2.8 persons per household. YBS. Average weather. B_2.8 persons 
3.4 persons per household. YAS. Average weather. A_3.4 persons 
3.4 persons per household. YBS. Average weather. B_3.4 persons 
1.0 person household. YAS. Average weather. A_1 person 
1.0 person household. YBS. Average weather. B_1 person 

Weather 

2.8 persons per household. YAS. Dry weather. Dry_A_Gold Coast 
2.8 persons per household. YBS. Dry weather. Dry_B_Gold Coast 
2.8 persons per household. YAS. Wet weather. Wet_A_Gold Coast 
2.8 persons per household. YBS. Wet weather. Wet_B_Gold Coast 

Outdoor 
demand* 

2.8 persons per household. YAS. 30 kL per year. Outdoor_30kL_A 
2.8 persons per household. YBS. 30 kL per year. Outdoor_30kL_B 
2.8 persons per household. YAS. 40 kL per year. Outdoor_40kL_A 
2.8 persons per household. YBS. 40 kL per year. Outdoor_40kL_B 
2.8 persons per household. YAS. 50 kL per year. Outdoor_50kL_A 
2.8 persons per household. YBS. 50 kL per year. Outdoor_50kL_B 

*Average weather period, i.e. 1980–2007 
Note: YAS – ‘yield after spill’ approach, YBS – ‘yield before spill’ approach 

Table A7: Scenarios modelled for RainTank for different household sizes 

Scenario Scenario ID 

2.8 persons per household. YBS. 2.8 persons_RainTank 
3.4 persons per household. YBS. 3.4 persons_RainTank 
1.0 person household. YBS. 1 person_RainTank 
Note: YBS – ‘yield before spill’ approach 
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Table A8: RainTank model summary table for 2.8 persons (1980–2007) 

Year Annual 
harvest (kL) 

Volumetric 
reliability (%) 

Probability of 
failure (%) 

Annual potable 
consumption (kL) 

Annual 
rainfall (mm) 

1980 50.3 71.00 26.00 101.0 1408 
1981 51.8 75.60 22.20 96.9 1443 
1982 55.1 80.90 18.40 93.2 1359 
1983 65.7 98.60 1.60 81.2 2134 
1984 63.5 93.10 6.60 85.1 1519 
1985 57.3 85.60 15.60 89.9 1477 
1986 54.2 79.90 20.00 93.8 852 
1987 60.8 89.70 8.50 87.2 1929 
1988 57.5 84.40 14.50 91.0 2147 
1989 55.8 83.30 14.80 91.4 1654 
1990 47.3 68.20 29.60 102.3 2001 
1991 50.7 72.80 25.50 99.2 1109 
1992 54.1 79.30 18.60 94.6 1301 
1993 59.8 87.40 12.90 88.8 992 
1994 48.0 69.20 29.30 101.6 1157 
1995 54.2 79.00 21.60 94.6 1317 
1996 37.7 50.60 46.20 117.3 861 
1997 42.3 58.50 40.80 110.2 905 
1998 56.8 83.50 17.00 91.4 1285 
1999 65.5 98.60 1.90 81.2 2031 
2000 52.2 75.60 21.90 97.2 1090 
2001 56.2 81.00 18.40 93.4 1225 
2002 52.2 73.40 26.00 99.1 971 
2003 58.7 85.10 13.70 90.5 1690 
2004 44.9 63.30 35.80 106.4 1537 
2005 52.6 76.50 22.20 96.3 1139 
2006 58.7 85.10 15.10 90.5 1314 
2007 54.9 79.50 20.00 94.4 1091 
Aver
age 54.24 78.88 20.17 94.99 1390.6 

Table A9: RainTank model summary table for 1.0 person (1980–2007) 

Year Annual 
harvest (kL) 

Volumetric 
reliability (%) 

Probability of 
failure (%) 

Annual potable 
consumption (kL) 

Annual 
rainfall (mm) 

1980 24.9 98.50 1.40 29.1 1408 
1981 24.4 100.00 0.00 28.6 1443 
1982 24.3 100.00 0.00 28.6 1359 
1983 23.8 100.00 0.00 28.6 2134 
1984 24.3 100.00 0.00 28.7 1519 
1985 23.9 100.00 0.00 28.6 1477 
1986 24.2 100.00 0.00 28.6 852 
1987 24.2 100.00 0.00 28.6 1929 
1988 24.3 100.00 0.00 28.7 2147 
1989 23.9 100.00 0.00 28.6 1654 
1990 24.8 100.00 0.00 28.6 2001 
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Year Annual 
harvest (kL) 

Volumetric 
reliability (%) 

Probability of 
failure (%) 

Annual potable 
consumption (kL) 

Annual 
rainfall (mm) 

1991 21.9 88.20 9.90 31.6 1109 
1992 24.4 100.00 0.00 28.7 1301 
1993 24.4 100.00 0.00 28.6 992 
1994 24.8 100.00 0.00 28.6 1157 
1995 24.5 100.00 0.00 28.6 1317 
1996 23.3 87.50 11.70 32.0 861 
1997 25.4 98.40 1.90 29.0 905 
1998 24.2 100.00 0.00 28.6 1285 
1999 23.7 100.00 0.00 28.6 2031 
2000 23.0 93.40 5.50 30.3 1090 
2001 24.8 100.00 0.00 28.6 1225 
2002 24.9 98.10 1.90 29.1 971 
2003 24.6 100.00 0.00 28.6 1690 
2004 22.6 89.40 9.30 31.4 1537 
2005 24.5 100.00 0.00 28.6 1139 
2006 24.6 100.00 0.00 28.6 1314 
2007 24.6 100.00 0.00 28.6 1091 

Aver
age 24.2 98.34 1.49 29.05 1390.6 

The volumetric reliability is defined by Linsley et al. (1992) as the probability that a reservoir 
(in this case, a rain tank) can accommodate the expected demand throughout its lifetime. One 
would expect a rain tank used by a single occupant to have a greater volumetric reliability 
compared to a 3.4-person household, simply because the demand is lower. This means more 
water from potable mains would be required to accommodate the demand from a larger 
household. For the 3.4-person household, the average volumetric reliability is 72.8% 
compared to the average volumetric reliability of 98.3% for a single-person household. As 
mentioned earlier, the more occupants, the greater the demand, so this finding is expected. 

The outdoor demand component (i.e. for irrigation and not for topping-up swimming pools) 
had the following parameters for determining the frequency of outdoor use: a rainfall threshold 
of 1 mm and a minimum dry period of three days. This means that if rainfall doesn’t exceed 
1 mm in a period of three days, RainTank would then classify the period as being ‘dry’ and 
then outdoor demand (which is predefined by the user) is included in the water balance for 
that particular day. Rainwater TANK’s parameters for external use (i.e. irrigation) are more 
sophisticated than RainTank. As mentioned earlier, Rainwater TANK requires the user to 
specify external-use parameters. The parameters are listed in Table A2 and for the purpose 
of this study the default parameters have been used. 

The probability of failure is proportional to the volumetric reliability. A higher the probability of 
failure would mean the rain tank could not accommodate the demand; this can be seen for 
the drier years and vice versa for the wetter years (Tables A8–A10). Schumann (1993) 
defined the risk of failure as ‘the probability that the reservoir will be empty at the end of the 
next time step.’ The American Society of Civil Engineers (1996) and Deo (1983) also agreed 
with Schumann (1993).  
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Table A10: RainTank model summary table for 3.4 persons (1980–2007) 

Year Annual 
harvest 
(kL) 

Volumetric 
reliability (%) 

Probability of 
failure (%) 

Annual potable 
consumption (kL) 

Annual 
rainfall (mm) 

1980 56.4 65.70 31.40 127.1 1408 
1981 58.1 69.80 28.80 122.4 1443 
1982 63.0 76.30 23.30 116.9 1359 
1983 77.9 96.30 4.10 100.3 2134 
1984 71.0 85.80 14.20 109.3 1519 
1985 66.4 81.70 19.50 112.2 1477 
1986 56.5 68.70 33.70 123.1 852 
1987 71.7 87.20 11.00 107.9 1929 
1988 65.2 78.90 19.10 115.0 2147 
1989 64.9 79.90 18.10 113.7 1654 
1990 53.0 62.90 35.60 128.6 2001 
1991 55.8 66.00 30.70 126.1 1109 
1992 62.0 74.80 23.50 118.5 1301 
1993 65.3 78.60 21.10 115.2 992 
1994 51.4 61.10 37.50 130.1 1157 
1995 60.7 72.90 27.10 119.9 1317 
1996 39.9 44.00 52.50 148.2 861 
1997 47.6 54.30 45.20 137.5 905 
1998 62.9 76.20 24.10 116.9 1285 
1999 75.4 93.50 6.60 102.6 2031 
2000 58.3 69.60 27.30 123.0 1090 
2001 62.9 74.70 24.70 118.6 1225 
2002 55.9 64.70 34.80 127.8 971 
2003 66.3 79.20 20.00 114.8 1690 
2004 49.5 57.50 41.80 134.2 1537 
2005 56.6 67.90 32.10 124.1 1139 
2006 64.9 77.60 23.00 116.1 1314 
2007 60.3 72.00 27.90 120.8 1091 
Avg. 60.7 72.78 26.38 120.4 1391 

The average household size for GCC is 2.8 according to the Australian Bureau of Statistics 
(2009) and Queensland Treasury (2010). Given this average occupancy for the city, the 
2.8 persons per household scenario was used for the dry and wet weather demands 
(Table A1). Rainwater and potable water use for the wet period (1983) was determined as 
65.7 and 81.2 kL/a, respectively. The rainwater and potable water for the dry period (1996) 
were 37.7 and 117.3 kL/a, respectively. As mentioned earlier, RainTank cannot determine the 
end-use breakdown for the rain and potable water use, therefore the results were compared 
for the two models at the total demand or yield level (Table A16). Subsequent water end uses 
attributed to each supply sources were only extracted from the Rainwater TANK model. 

In 1986, the Gold Coast received 852 mm of rain compared to the selected dry period of 
1996, which had 861 mm. However, the RainTank modelled scenarios were showing 1996 as 
the lowest annual use of rainwater. Hence, 1996 was used as the dry period as it provided 
consistent findings in both RainTank and Rainwater TANK. As mentioned before, the average 
modelling period used rainfall data from 1980 to 2007. 
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The results from the Rainwater TANK model are displayed in Tables A11–A15. The different 
household size models are shown in Tables A11, A12 and A13. The results from the wet and 
dry period models are in Tables A14 and A15, respectively. These models had to be run 
twice, once under a ‘spill after yield’ approach and the other under a ‘spill before yield’ 
approach. Vieritz et al. (2007a) mentioned that the mean of the two results should be used. 
This mean was then tabulated in Tables A11–A15. Rainwater TANK’s results established 
from the scenarios are summarised in Table A16. These results are compared to those from 
RainTank. 

Table A11: Rainwater TANK model: 1.0 person for average year (1980–2007) 

End Use Rainwater (kL/a) Potable (kL/a) 

Bathroom 0 24 
Toilet 8 0 
Kitchen 0 4 
Laundry 10 4 
Outdoor 7 0 
Total 25 32 

 

Table A12: Rainwater TANK model: 2.8 persons for average year (1980–2007) 

End Use Rainwater (kL/a) Potable (kL/a) 

Bathroom 0 67 
Toilet 17 5 
Kitchen 0 12 
Laundry 23 17 
Outdoor 13 6 
Total 53 107 

 

Table A13: Rainwater TANK model: 3.4 persons for average year (1980–2007) 

End Use Rainwater (kL/a) Potable (kL/a) 

Bathroom 0 81 
Toilet 19 8 
Kitchen 0 15 
Laundry 26 23 
Outdoor 14 10 
Total 59 137 
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Table A14: Rainwater TANK model: 2.8 persons for wet period (1983) 

End Use Rainwater (kL/a) Potable (kL/a) 

Bathroom 0 67 
Toilet 20 2 
Kitchen 0 12 
Laundry 27 13 
Outdoor 16 3 
Total 63 99 

 

Table A15: Rainwater TANK model: 2.8 persons for dry period (1996) 

End Use Rainwater (kL/a) Potable (kL/a) 

Bathroom 0 67 
Toilet 17 5 
Kitchen 0 12 
Laundry 23 17 
Outdoor 4 15 
Total 44 116 

Rainwater TANK, like RainTank, can split rainwater and potable water use. However, 
Rainwater TANK can go a step further and breakdown both uses into their end-use 
components such as laundry, kitchen, bathroom, toilet and irrigation. However, these 
Rainwater TANK specified end uses would have to be proportioned back into the end use 
categories typically used in other studies to enable later comparison with traditional potable-
only and dual-supply recycled water schemes. In Table A5, actual end uses were combined 
to form kitchen, laundry, outdoor, bathroom and toilet uses. The three end uses that the rain 
tank will be supplying partially are clothes washer, toilet flushing and irrigation. These 
apportioned three rain tank supplied end uses are detailed in Table A17. The percentages 
from Table A17 were used to determine the per capita end use consumption volumes from 
Rainwater TANK.  

No ‘leak’ component is mentioned for the rain tank category. An assumed leak component of 
2.0% of total rainwater used was added on top of the total 53 kL/a value modelled in 
Rainwater TANK. Potable water was proportioned accordingly to the percentages from Willis 
et al. (2009) in Table A4. 

The values from Rainwater TANK were averaged from the ‘spill before yield’ and ‘spill after 
yield’ approaches, whereas RainTank results only consider the ‘spill before yield’ approach. 
The ‘spill before yield’ approach determines a conservative value (i.e. over estimates the 
tank’s yield) according to Villareal and Dixon (2005). A ‘spill after yield’ approach 
underestimates the tank’s yield and Vieritz et al. (2007b) recommended running the model for 
both ‘spill after yield’ and ‘spill before yield’ for a more realistic prediction of tank yield. 

As evident in Table A16, both the RainTank and Rainwater TANK models have produced 
comparable results. The potable water use modelled by Rainwater TANK varies the most, 
while the rainwater use for both the RainTank and Rainwater TANK are within a few percent 
of each other in almost all cases. A reason for this could be due to external use modelling, 
particularly the garden parameters for Rainwater TANK, which might be drawing more potable 
to accommodate irrigation demand. As expected, for the modelled dry weather conditions 
(i.e. 1996), water sourced from the potable supply is much higher, and vice versa for the wet 
weather conditions (1983) where rain tank water use increased.  

Tables A18 and A19 provide the proportioned end-use breakdown for rainwater and potable 
water use, respectively. As mentioned earlier, an assumed leak component of 2.0% of total 
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rainwater use was added to the determined rainwater demand of 53 kL/a for a 2.8-person 
household (established from Rainwater TANK). This amounted to a leak component of 
1.1 L/p/day for rainwater use. A leak component of 1.0% or 1.1 L/p/day for total potable water 
use was adopted (Willis et al. 2009). From Table A18, the clothes washer was the highest 
volume rainwater end use, using 42.2% of total rainwater use, followed by toilet flushing 
(29.6%) and irrigation (26.2%). For potable water use (Table A19), showers were the most 
significant end use (47.3% of total potable water use), confirming research by Kappel and 
Grechenig (2009). The end uses supplied by the rain tank (i.e. clothes washer, irrigation and 
toilet flushes) only use a small portion of total potable water for the average year 2.8-person 
household scenario modelled. However, clothes washer still maintains a high portion of 
potable water use; actually the third highest of 12.1 L/p/day. Figures A1 and A2 illustrate the 
end-use breakdown for rain and potable water use, respectively.  

Table A20 summarises the potable and rainwater end uses. The total rain and potable water 
use was calculated to be 53.0 L/p/day (33.4%) and 105.8 L/p/day (66.6%), respectively, 
leading to a total per capita water use of 158.8 L/p/day. Total demand of rain-tank supplied 
end uses was estimated by the model at 76.6 L/p/day, with 53.0 L/p/day supplied by the rain 
tank and another 23.6 L/p/day sourced through potable due to depleted rain tank supplies. 
This implies that the utilisation ratio for the rain tank is approximately 70% for the ‘average’ 
conditions modelled, as expected. 

Table A16: RainTank and Rainwater TANK modelling summary 

 RainTank Rainwater TANK 

Scenario Rainwater 
(kL/hh/a) 

Potable 
(kL/hh/a) 

Rainwater 
(kL/hh/a) 

Potable 
(kL/hh/a) 

1.0 person# 24.2 29.1 25.0 32.0 
2.8 persons# 54.2 95.0 53.0 107.0 
3.4 persons# 60.7 120.4 59.0 137.0 
2.8 persons, dry weather## 37.7 117.3 44.0 116.0 
2.8 persons, wet weather## 65.7 81.2 63.0 99.0 
# Average weather period is 1980–2007. ## 1983 wet weather year; 1996 dry weather year.  

Table A17: Proportioning for rainwater use 

Rainwater end use Daily per capita 
demand (L/p/day)* 

Percent (%) of 
total demand 

Clothes washer 30.0 43.0 
Toilet 21.1 30.3 
Irrigation 18.6 26.7 
Total 69.7 100.0 
*Values based off Willis et al. (2009). 

Table A18: Rainwater TANK model: rainwater end-use breakdown for 2.8 persons (avg. year) 

End use category Rainwater use (kL/hh/a) Daily per capita rain 
water demand (L/p/day) 

Percent (%) of total 
rainwater demand 

Clothes washer 22.8 22.3 42.2 
Toilet 16.0 15.7 29.6 
Irrigation 14.2 13.9 26.2 
Leak* 1.1 1.1 2.0 
TOTAL 54.1 53.0 100.0 
*Leak component ranged from about 0.6% to 3.0% from end use studies (Willis et al, 2009). An assumed leak 
component of 2.0% of total rainwater use leak component was added on top of the 53 kL/a.  
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Table A19: Rainwater TANK model: potable end-use breakdown for 2.8 persons (avg. year) 

End use 
category 

Potable demand 
(kL/hh/a) 

Daily per capita water 
demand from potable 
(L/p/day) 

Percent (%) of total 
potable demand 

Shower 51.1 50.0 47.3 
Tap 22.7 22.2 21.0 
Dishwasher 2.4 2.3 2.2 
Leak* 1.1 1.1 1.0 
Bathtub 6.7 6.6 6.2 
Clothes 
washer 13.1 12.8 12.1 

Toilet 5.0 4.9 4.6 
Irrigation 6.0 5.9 5.6 
Total 108.1 105.8 100.0 
*An assumed leak component of 1.0% of total potable water use was added to the 107 kL/a (2.8 persons, ave. 
period). 

Figure 38: Rainwater TANK model: rainwater end-use breakdown (L/p/day) 

 

Figure 39: Rainwater TANK model: potable water end-use breakdown (L/p/day) 
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Table A20: Summary of rainwater and potable water uses 

End use category End use consumption (L/p/day) Percent (%) of total demand 

Potable water supply 

Clothes washer 12.8 8.1 
Shower 50.0 31.5 
Tap 22.2 14.0 
Dishwasher 2.3 1.4 
Bathtub 6.6 4.2 
Toilet 4.9 3.1 
Irrigation 5.9 3.7 
Leak 1.1 0.7 
Total (potable) 105.8 66.6 

IPRWT supply 

Clothes washer 22.3 14.0 
Irrigation 13.9 8.8 
Toilet 15.7 9.9 
Leak 1.1 0.7 
Total (rain tank) 53.0 33.4 
Total (all supplies) 158.8 100 

Modelling variation in irrigation demand on IPRWT yield 
Once establishing an end-use breakdown, scenarios were analysed to evaluate the influence 
of increasing irrigation demand from current levels on rain tank yield (Table A21). Rainwater 
TANK external use required annual irrigation demand values to be inputted. For a 2.8-person 
household and using 18.6 L/p/day for irrigation from Willis et al. (2009), irrigation is 19 kL/a. 
Three other increasing irrigation demand scenarios were modelled (30 kL/a; 40 kL/a; and 
50 kL/a). Irrigation becomes a dominant proportion of total consumption in the higher ranges, 
especially for 50 kL/a, where it reaches 25.8% of the total demand. From Table A21, the total 
per capita water use for the 19 kL/a, 30 kL/a, 40 kL/a and 50 kL/a scenarios modelled 
equates to 158.8 L/p/day, 171.5 L/p/day, 180.4 L/p/day and 189.4 L/p/day, respectively. The 
most notable finding here is that approximately three-quarters of any increased irrigation 
demand comes from the potable supply, implying that the tank switches to potable supply 
more frequently due to this higher irrigation demand. The system is not providing the intended 
potable water savings from the centralised water supply source at these higher levels of 
irrigation. This study confirms work by Beal et al. (2010) that the IPRWT configuration to the 
QDC MP 4.2 specifications yields within a 40–60 kL/hh/a range. Reliable yields above this 
range are unlikely without modifications to tank sizing, roof connection and the number of end 
uses to which this supply source is connected. For the latter suggestion, adding additional 
end uses (e.g. hot water system) will unlikely generate substantial potable water savings 
without also increasing both roof catchment area and tank sizing. 

Summary 
The 158.8 L/p/day total consumption value is very close to the potable-only supply sample 
(i.e. 156.5 L/p/day for potable-only sample determined through end use study approach), with 
a potable demand of 105.8 L/p/day (see Table A20). This IPRWT scheme result is compared 
with the traditional potable-only supply scheme, as it appears that increased irrigation 
demand only provides diminishing potable water savings. Table A21 indicates that should 
irrigation demand increase total per capita consumption to 189.4 L/p/day (i.e. 30.6 L/p/day 
increase in demand from current levels in GCC), only 7.5 L/p/day or one-quarter of this 
increased demand would be supplied by the IPRWT.  
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Table A21: Varying demand in irrigation (2.8-person household; 1980–2007 modelled) 

Annual 
irrigation 
demand 

19 kL/hh/a (18.6 
L/p/day) 

30 kL/hh/a (29.4 
L/p/day) 

40 kL/hh/a (39.1 
L/p/day) 

50 kL/hh/a (48.9 
L/p/day) 

L/p/day % L/p/day % L/p/day % L/p/day % 

Potable water supply 

Clothes 
washer 12.8 8.1 14.3 8.3 15.1 8.4 15.8 8.3 

Shower 50.0 31.5 50 29.2 50 27.7 50 26.4 
Tap 22.2 14.0 22.7 13.2 22.9 12.7 23.2 12.2 
Dishwasher 2.3 1.4 2.3 1.3 2.3 1.3 2.3 1.2 
Bathtub 6.6 4.2 6.6 3.8 6.6 3.7 6.6 3.5 
Toilet 4.9 3.1 5.9 3.4 6.8 3.8 7.8 4.1 
Irrigation 5.9 3.7 12.7 7.4 17.6 9.8 22.5 11.9 
Leak 1.1 0.7 1.1 0.6 1.2 0.7 1.3 0.7 

Total 
(Potable) 105.8 66.6 115.6 67.4 122.5 67.9 129.5 68.4 

Internally plumbed rain tank supply 

Clothes 
washer 22.3 14.0 20.5 12.0 19.6 10.9 18.6 9.8 

Irrigation 13.9 8.8 18.6 10.8 22.5 12.5 26.4 13.9 
Toilet 15.7 9.9 15.7 9.2 14.7 8.1 13.7 7.2 
Leak 1.1 0.7 1.1 0.6 1.1 0.6 1.2 0.6 

Total (rain 
tank) 53.0 33.4 55.9 32.6 57.9 32.1 59.9 31.6 

Total (all 
supplies) 158.8 L/p/day 171.5 L/p/day 180.4 L/p/day 189.4 L/p/day 

 


	Acknowledgements
	Executive summary
	1. Introduction
	1.1. Report overview
	1.2. Study objectives
	1.3. Study scope

	2. Background
	2.1. Urban water consumption in Australia
	2.2. Climate change and urban water security
	2.3. Water security decision-making in Australia
	2.4. Urban water demand forecasting
	2.5. IUWRM philosophy
	2.6. Planning for alternative water sources
	2.7. Infrastructure planning considerations
	2.7.1. Infrastructure cost recovery approaches
	2.7.2. Understanding system capacity

	2.8. Urban water policy

	3. Potable source substitution
	3.1. Achieving potable water savings
	3.2. Source substitution with recycled water
	3.2.1. Dual-supply schemes
	3.2.2. Overview of dual-supply schemes in Australia

	3.3. Source substitution with IPRWTs
	3.3.1. Implications of QDC MP 4.2 policy
	3.3.2. Popular IPRWT configurations
	3.3.3. Reported rainwater tank performance
	3.3.4. IPRWT water end use modelling


	4. Evidence-based scheme evaluation
	4.1. Advent of smart metering
	4.2. Residential water end-use research
	4.2.1. Introduction
	4.2.2. Advanced end-use measurement 
	4.2.3. Typical residential end uses
	4.2.4. Residential end-use study comparison


	5. Research method
	5.1. Method overview
	5.2. End-use study experimental procedure
	5.2.1. Instrumentation for data capture
	5.2.2. Data transfer and storage
	5.2.3. End use analysis process

	5.3. IPRWT experiment for end-use summary
	5.3.1. Designing rain tank end use study experiment
	5.3.2. Designing rain tank end use study experiment

	5.4. IPRWT end use modelling approach
	5.4.1. Rainwater TANK model
	5.4.2. RainTank model

	5.5. NPV LCC unit cost evaluation

	6. Determining scheme end uses
	6.1. Scheme 1: Potable-only supply
	6.1.1. Sample selection process
	6.1.2. Participating household characteristics
	6.1.3. Environmental data
	6.1.4. Water policy context
	6.1.5. Developing winter 2010 end-use summary
	6.1.6. Developing summer 2010 end-use summary
	6.1.7. Potable scheme end use values summary

	6.2. Scheme 2: Potable supplemented by an IPRWT
	6.2.1. Introduction
	6.2.2. IPRWT scheme end use summary
	6.2.3. Modelling variation in irrigation demand on IPRWT yield
	6.2.4. Summary

	6.3. Scheme 3: Dual-supply scheme
	6.3.1. Sample selection process
	6.3.2. Participating household characteristics
	6.3.3. Environmental data
	6.3.4. Water policy context
	6.3.5. Developing summer 2010 end-use summary
	6.3.6. Developing winter 2010 end-use summary
	6.3.7. Dual-supply scheme end-use summary

	6.4. Scheme 4: Hybrid scheme
	6.4.1. Introduction
	6.4.2. Modelling approach applied
	6.4.3. Hybrid end-use breakdown discussion


	7. Unit cost assessment
	7.1. Overview
	7.2. Objectives and scope
	7.3. Residential end use water balance
	7.3.1. Established end-use balance
	7.3.2. Alternative source water demand
	7.3.3. Demand-adjusted potable water savings
	7.3.4. Adjusted water end-use balance
	7.3.5. Adjusted potable water savings

	7.4. Determining key IRP input parameters
	7.4.1. Inflation rates applied to the costs
	7.4.2. Offset principles
	7.4.3. Sensitivity analysis
	7.4.4. Primary data sources for IRP assessment


	8. Scheme 1—Traditional infrastructure mix supplemented by desalination
	8.1. Scheme overview
	8.2. Potable scheme end-use breakdown
	8.3. Desalination capital and operating costs
	8.3.1. GCC desalination plant capital and operating costs
	8.3.2. GCC desalination plant energy costs

	8.4. Non-monetary considerations
	8.4.1. Environmental effects
	8.4.2. Economics and social effects

	8.5. Economic assessment summary
	8.5.1. Plants operating capacity scenarios
	8.5.2. Desalination PV LCC unit cost summary
	8.5.3. Desalination PV LCC unit cost sensitivity analysis
	8.5.4. Desalination unit cost comparison with other studies


	9. Scheme 2: Traditional infrastructure mix supplemented by IPRWTs
	9.1. Scheme overview
	9.2. Bulk water demand estimates and balance
	9.3. IPRWT cost and effectiveness aspects
	9.4. IPRWT capital cost estimates
	9.5. IPRWT operating and maintenance costs
	9.5.1. IPRWT energy requirements and GHG implications
	9.5.2. Maintenance and replacement schedule
	9.5.3. Other annual operating and maintenance costs
	9.5.4. Rain tank operational reliability

	9.6. Non-monetary considerations
	9.6.1. Design and building serviceability implications
	9.6.2. Financial implications
	9.6.3. Social implications
	9.6.4. Public health risk implications
	9.6.5. Infrastructure deferral implications
	9.6.6. IPRWT yield reliability implications
	9.6.7. Stormwater management implications

	9.7. IPRWT economic assessment summary
	9.7.1. Potable water savings and source demand parameters
	9.7.2. PV LCC base case financial model parameters 
	9.7.3. IPRWT PV LCC unit cost summary
	9.7.4. Sensitivity analysis
	9.7.5. IPRWT unit cost comparison with other studies 


	10. Scheme 3—Traditional infrastructure mix supplemented by dual supply
	10.1. Scheme overview
	10.2. Dual-supply scheme demand estimates
	10.2.1. Per capita potable and recycled water demand
	10.2.2.  Reconciling planned and actual demand differences
	10.2.3. Exploring implications of DSS and peak demand
	10.2.4. Staging plan based on demand estimates

	10.3. Dual supply scheme capital costs
	10.3.1.  Government and water service provider capital costs
	10.3.2. Developer and builder capital cost considerations

	10.4. Dual supply scheme operations costs
	10.4.1. Recycled water treatment and distribution
	10.4.2. Recycled water system management and maintenance

	10.5. Dual supply scheme energy costs
	10.6. Non-monetary considerations
	10.6.1. Environmental implications
	10.6.2. Social implications
	10.6.3. Public health risk implications
	10.6.4. Water pricing implications
	10.6.5.  Infrastructure planning implications

	10.7. Dual supply scheme summary
	10.7.1. Potable water savings and source demand parameters
	10.7.2. Dual supply scheme PV LCC modelling parameters
	10.7.3.  Dual supply scheme PV LCC unit cost summary
	10.7.4.  Scheme PV LCC unit cost sensitivity analysis
	10.7.5.  Unit cost comparison with other assessments


	11. Scheme 4—Traditional infrastructure mix supplemented by hybrid scheme
	11.1. Scheme overview
	11.2. Hybrid scheme assessment preamble
	11.3. Scheme influence on water demand estimates and water balance
	11.3.1. Historical context and dwelling stock proportions
	11.3.2. Hybrid scheme water demand estimates 

	11.4. Adjustment to standalone scheme costs
	11.4.1. Influence on capital costs and major works staging
	11.4.2. Influence on operational costs

	11.5. Non-monetary considerations
	11.6. Hybrid scheme PV LCC assessment
	11.6.1. Potable water savings and source demand parameters
	11.6.2. Hybrid PV LCC modelling parameters 
	11.6.3. Hybrid scheme PV LCC unit cost summary
	11.6.4. Hybrid scheme PV LCC unit cost sensitivity analysis
	11.6.5. Scheme unit cost comparison with other studies
	11.6.6. Hybrid scheme refinement opportunity discussion


	12. Scheme comparative assessment
	12.1. Water savings and demand comparisons
	12.2. Base case unit cost comparisons
	12.3. Water business perspective unit costing 
	12.4. Unit cost comparison with those reported
	12.5. Customer billing comparative assessment

	13. Conclusions and implications
	13.1. Evidence-based approach to planning
	13.2. Unit cost analysis transparency
	13.3. Water pricing transparency
	13.4. Desalination plants
	13.5. Internally plumbed rainwater tanks
	13.5.1. Water savings, demand and reliability
	13.5.2. Cost-effectiveness
	13.5.3. IPRWT scheme governance
	13.5.4. Environmental, social and health implications

	13.6. Dual supply and hybrid schemes
	13.6.1. Water savings, demand and reliability
	13.6.2. Cost-effectiveness
	13.6.3. Environmental implications
	13.6.4. Social and health considerations 


	14. Recommendations
	References
	Appendix A – IPRWT modelling

